The conservation and ecology of a rare and declining agamid
lizard, the grassland earless dragon Tympanocryptis
pinguicolla in the Monaro region of New South Wales,
Australia.

Mitchell 1948

Tim McGrath
BSc

Institute for Applied Ecology
University of Canberra

A thesis submitted in fulfilment of the requirements for a Masters in Applied Science by
Research at the University of Canberra
2015

i

Abstract
The conservation of the world’s biodiversity is a challenge of paramount importance as the
world changes rapidly and global land use intensifies. Today, nearly 20% of reptile species
across the globe are threatened with extinction yet knowledge of diversity in this group
remains poor. The problem is most critical in the world’s expanding agricultural
environments where there have been extensive declines and localised extinctions of reptiles.
The Monaro region of south eastern NSW in Australia is a prominent agricultural region
where livestock grazing has occurred for some 180 years, largely replacing natural grassland
modification processes that included wildfire, kangaroo grazing and burning by indigenous
people. Much of the vertebrate fauna that once occupied this region (e.g. emus, bandicoots,
rat kangaroos, wallabies and bustards) has disappeared since European settlement. Yet
reptiles remain a significant component of the vertebrate fauna in this region.
The grassland earless dragon Tympanocryptis pinguicolla is one such species. This cryptic
lizard is one of Australia’s rarest and most endangered reptiles having declined and
contracted in range dramatically. The rediscovery of this species in the Monaro region in
1993 was followed by limited surveys that suggested a relatively broad but undefined
distribution within the region. Despite this, little was known about the species habitat
preferences, making difficult informed decisions about its conservation management. This
was concerning given the region is subject to agricultural intensification, changes to
vegetation clearing laws, increasing renewable energy developments such as wind turbines
and the potential sale of Travelling Stock Reserves.
In this thesis, I report on three key aspects of the ecology of T.pinguicolla: (1) the
effectiveness of detection techniques, (2) the extent of its distribution and habitat
requirements, and (3) how land management practices in the region may affect the lizard. To
address these aims, I employed a targeted, landscape wide, probabilistic sampling program
which accounted for T. pinguicolla rarity through statistical inference. Specifically, I
conducted repeated presence/absence winter rock turning surveys at 67 sites over four years
and used a robust binomial mixture model in WINBUGS and logistic regression modelling
using R to estimate occupancy and detectability and the landscape and microhabitat variables
that drive its presence. I determined that T. pinguicolla has a very low detectability (0.0098)
and an occupancy estimate of 0.46 suggesting the species was likely to have been missed at
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some sites during survey. It is therefore likely that the lizards are more widespread across the
Monaro region than previously thought. I also found that the lizard’s occupancy is likely to
be greatest at higher elevations in native grasslands not dominated by Themeda triandra on
private lands, on both basalt and sedimentary geology between the Murrumbidgee and
MacLauchlan river systems. Occupancy was not influenced by Travelling Stock Reserves or
Nature Reserve indicating private grazing lands make up most of the species area of
occupancy.
By considering survey effort and the level of confidence in the estimate of detectability I
assessed detection at 60 sites. This analysis revealed that about 2400 rocks need to be turned
at an occupied site to have a 90% chance of detecting T. pinguicolla. The number of rocks
increased to 5400 to raise confidence to 99%. My survey effort was sufficient to infer
absence with high confidence at some sites highlighting serious concern for the species at
numerous sites around Cooma in particular the Kuma Nature Reserve; the only grassland
reserve for this lizard in the Monaro region. Overall, my analysis confirms the low
effectiveness and likely destructive nature of rock turning as a survey technique for this lizard
and other threatened rupicoline reptiles, suggesting the need for alternative survey
approaches.
I also compared remote activated cameras at one site in the Monaro region with rock turning.
The cameras provided clear and easily identifiable photos and video recordings of the lizard
while rock turning failed to detect the species. This preliminary trial indicates that camera
traps are likely to offer an effective less invasive and less labour intensive alternative
approach to the detection and monitoring of T. pinguicolla. Despite the species extremely low
level of detection, my surveys resulted in the discovery of new locations for T. pinguicolla on
private properties and Travelling Stock Reserves, extending our understanding of the species
range and habitats.
Analysis of habitat data collected at sites using logistic regression modelling confirmed that
Lycosid spider burrows associated with partially embedded surface rocks of any size are of
critical importance to T. pinguicolla. This is because these burrows provide shelter sites for
overwintering, refuge from trampling by livestock and predation and as locations where eggs
can be laid. T. pinguicolla showed a clear preference for overwintering sites where there were
no other burrows in the immediate vicinity. Surprisingly, the number of medium or large
rocks showed no relationship with the occurrence of the lizards. Individuals were found
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overwintering beneath rocks of different sizes including small rocks and large boulders. The
analysis revealed that high densities of small rocks in moderate height grasslands (200-300
mm average tussock height), particularly those dominated by Poa sieberiana and Austrostipa
spp were good predictor’s of T. pinguicolla habitat. Where this habitat occurred in close
proximity to landscape and habitat structural changes such as rock outcrops this improved the
likelihood of it being habitat for the lizard.
Modelling for both occupancy and paddock scale habitat preferences revealed a negative
influence of Themeda triandra dominated grasslands on T. pinguicolla occupancy. I
identified that occupancy is improved in T. triandra dominated sites with abundant small
rocks that have a moderate to high density of mature tussocks and which are in close
proximity to landscape and habitat structural features such as rock outcrops. I discovered that
landform and aspect were not good predictors of T. pinguicolla habitat with surveys
confirming T. pinguicolla inhabited the full spectrum of landforms and aspects available in
the Monaro region including native grasslands with a dominant exotic herbaceous understory.
These habitat findings are most important given the current protection criteria of natural
grasslands and proposed changes to vegetation clearing laws in the Monaro region.
This research has provided the first ever comprehensive review and investigation into the
ecology and conservation of T.pinguicolla in the Monaro region of NSW providing a baseline
for future research and conservation action. It provides an improved understanding of this
species’ ecology and conservation needs and addressed several priority recovery actions
identified in the National Recovery Plan for the species. A key message from this research is
that managed grazing regimes in natural temperate grasslands are likely to be compatible
with the conservation of T. pinguicolla in the Monaro region. Such managed grazing
practices that exclude overgrazing are best placed to mimic pre European settlement
modification processes. By contrast the overwintering and microhabitat preferences of this
lizard indicate pasture improvement through ploughing, application of fertiliser and removal
of rocks are not compatible with the conservation of this species.
Additional efforts in conservation are required for this nationally critically endangered lizard
and must involve further surveys across the region, prompt investigation into suspected
declines in parts of its range and exploration into spatial and temporal land use and its role in
driving occupancy. This will require improved collaboration and relationships with private
landholders in the Monaro region and an adaptive plan that has the objective of monitoring,
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protecting and managing lizard populations on private lands and ultimately entering into
conservation agreements with private landholders. Where feasible it may also involve
addition to the reserve network.
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Chapter 1 | Literature review
Biodiversity conservation in a rapidly changing world
The conservation of biodiversity, particularly of rare and declining species, is a challenging
and complex task on all scales; global, national and local. Of the 372,820 described animals
and plants in the world, 17,455 are threatened with extinction, listed as critically endangered,
endangered or vulnerable on the International Union for Conservation of Nature’s Red List of
Threatened Species (IUCN, 2013). Despite such numbers indicating the extensive nature of
this challenge, we have some understanding of the significant causes of species extinctions,
namely habitat loss and degradation, agricultural intensification, invasive species, and
overexploitation (Baillie et al., 2004, Kingsford et al., 2009, Hoffmann et al., 2010).
However, potentially more significant threats to global biodiversity are emerging, including
the impacts of a changing climate and a growing human population (Sutherland et al., 2014).
Whilst biodiversity conservation is complex it is of integral importance for human survival
and the maintenance of ecosystem processes (Rands et al., 2010).
Australia is a country with a poor record of species extinction and has been identified as
having ongoing and emerging significant conservation challenges and being on the brink of a
new wave of species extinctions (Kingsford et al., 2009, Flannery 2013). In Australia, some
1, 739 animals and plants are threatened with extinction, while 55 species are listed as
already extinct (DoE, 2013). Halting further extinctions in Australia poses a major challenge
for conservationists, especially when there is little evidence about which approaches to
conservation are effective in arresting or reversing species decline (Taylor et al., 2011).
Better understanding of what is effective in reversing declines will be challenging in
Australia when consideration is given to the recent spates of substantial policy, legislative,
and management changes made by successive governments that are likely to have negative
effects on Australia’s biodiversity, in particular the exploitative uses of National Parks such
as logging, grazing by domestic livestock, mining, commercial development and recreational
hunting and fishing (Ritchie et al., 2013). With such a large number of species threatened
with extinction, and given the scale of ongoing challenges faced by conservationists, it seems
that Australia’s highly diverse, and predominantly endemic biodiversity, is seriously
imperilled (Ritchie et al., 2013).
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Effective and progressive biodiversity conservation is further impaired by the lack of funds
required to address the plight of threatened species. This has resulted in calls for the
prioritisation of the conservation of some of Australia’s threatened taxa over others (DECC,
2007, Marsh et al., 2007, Bottrill et al., 2008, Joseph et al., 2009). As a consequence, much
species conservation is likely to be left without funding. Species that do receive conservation
attention are those that are iconic, inexpensive to conserve, are site-managed and/or whose
distributions fall predominantly within jurisdictional boundaries (OEH, 2013a).
Poorly managed agriculture and unsuitable livestock grazing practices threaten biodiversity
around the world (Fischer et al., 2009, Macfadyen et al., 2012), particularly in grassland
ecosystems (Sala et al., 2000). Yet these negative changes to biodiversity in the world’s
agricultural landscapes have largely escaped attention (Perrings et al., 2006). Australia shares
this global problem (Smith et al., 2013) and its native biodiversity is particularly vulnerable
to agricultural intensification because of its evolution in typically low nutrient, fire prone
environments, without large herd-forming ungulates (McIntyre, 2011).
Agricultural intensification is a major cause of reptile decline worldwide (Michael et al.,
2014). In Australia, this vulnerability appears to be of particular concern in temperate grazing
environments where there is a concentration of reported decline and considered concern for
reptiles as their natural environments become degraded (Fischer et al., 2004, Brown et al.,
2008, State of the Environment Committee, 2011, Dimond et al., 2012, Webb et al., 2015). In
these temperate grazing environments in south eastern Australia, there is a poor perception of
native grasslands by landholders (Williams and Cary, 2001) and working towards the
conservation of biodiversity remains difficult (Dorrough et al., 2004b).
These environments have been subject to ongoing land-use pressures including clearing of
native vegetation for farming and urban development, urban expansion and ongoing pastoral
management (Armstrong et al., 2013). Reptiles in these environments, particularly rare and
declining reptiles, are in urgent need of protection and management and much research is
needed to provide the basic data that would allow adequate conservation measures to be
determined and implemented (Cogger, 2014).

Species rarity
Rare species carry a connotation of uniqueness, of being especially valuable, and of
heightened extinction risk (Drever et al., 2012). Yet the ‘rare’ status given to a species has
2

long been used loosely in ecological literature (Cunningham and Lindenmayer, 2005). The
term rare can sometimes be used to represent a lack of knowledge about the species and its
detectability, or simply be based on an inadequate sampling design (McDonald, 2004). This
is concerning, particularly in Australia where the conservation of threatened species is today
subjected to triage (Marsh et al., 2007, Bottrill et al., 2008, Joseph et al., 2009), the rare status
of a species is often the key reason behind substantial management and conservation focus
(Hartley and Kunin, 2003, Cunningham and Lindenmayer, 2005) and, rare species could be
vital to long term ecosystem sustainability in the event of drastic environmental changes
(Main, 1982, Pianka, 2014). Clearly the identification of population and species distributional
trends and conservation of rare species is of vital importance now and into the future to halt
species extinctions (Drever et al., 2012) .
The rarity of a species is generally characterised by its geographic range, habitat specificity
and local population size (Rabinowitz, 1981). Other characteristics can include the species
reproductive and dispersal ability, its trophic hierarchy or its body size (Kunin and Gaston,
1993, Gaston and Kunin, 1997). Thompson’s (2004) review of what constitutes a rare species
concluded that rare species are those with a low probability of detection. Cunningham and
Lindenmayer (2005) advocate the same, declaring that rare species are those characterised by
zero inflated data sets resulting from presence/absence surveys. While the magnitude of
abundance and range size may serve as some common lowest denominator, there remains a
bewildering diversity of viewpoints on the limits to what constitutes rarity (Gaston, 1994).
Rare or declining reptiles
Recent assessments of global reptile conservation status have highlighted that it is the
combination of often small range and narrow niche requirements, comparatively low
dispersal abilities, morphological specialisation on substrate types, relatively small home
ranges and thermoregulatory constraints which makes reptiles susceptible to anthropogenic
threat processes and worthy of conservation concern (Kearney et al., 2009, Böhm et al.,
2013).
Nearly 20% of reptile species across the globe are threatened with extinction yet knowledge
of diversity in this group remains poor (Gibbons et al., 2000, Sinervo et al., 2010, Böhm et
al., 2013). Recent State of the Environment Reports from around Australia, as well as
previous national reports for over a decade, have expressed general concern about many
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reptiles from most states and territories in Australia, especially those that live in native
grasslands and woodlands (State of the Environment Committee, 2011).
There are some 864 species of Australian reptile described in Cogger (2014) but there is a
general paucity of information on many of them (Cogger et al., 1993, Böhm et al., 2013,
Cogger, 2014). Some 58 of these reptiles are threatened with extinction, as evidenced by their
listing under Australia’s national environmental law, the Environment Protection and
Biodiversity Conservation Act 1999 (DoE, 2013). Of the 230 known reptile species in New
South Wales, 42 (18%) are listed as threatened, while one, the Fierce Snake Oxyuranus
microlepidotus, is presumed to be extinct (OEH, 2013b). Also in NSW, 8% of all reptile
species are assessed to be in severe decline, 14% in moderate decline, 21% in no significant
decline, while there are no data available for the other 57% (State of the Environment
Committee, 2011).
Two Australian lizard species, the pygmy blue tongue lizard Tiliqua adelaidensis and the
retro slider Lerista allanae, have previously been presumed extinct on the continent but have
been rediscovered in small numbers in restricted areas in the last decade (Ehmann, 1982,
Milne et al., 2003, Borsboom et al., 2010). A suite of other reptiles endemic to Christmas
Island, the forest skink Emoia nativitatis, blue-tailed skink Cryptoblepharus egeriae and
Lister’s gecko, Lepidodactylus listeri have all undergone dramatic and unexplainable declines
and their futures lie in the hands of captive bred populations (DEWHA, 2009, Smith et al.,
2012a). Other Australian reptiles like the Nangur spiny skink Nangura spinosa and Western
Swamp tortoise Pseudemydura umbrina have contracted ranges and now only occur as small
and highly threatened populations with the latter requiring last ditch efforts to avoid
extinction (Kuchling et al., 1992, Burbidge et al., 2004, Borsboom et al., 2011).

Detecting and identifying trends in rare or declining species
Rare species are associated with a heightened probability of extinction and are placed on
conservation lists and often prioritised for research and conservation (Drever et al., 2012).
Such threatened species become increasingly difficult to detect as their populations decline
(Chadès et al., 2008) and gaining important information on them can be difficult, timely and
expensive (Thompson, 2004, MacKenzie, 2005). A lack of data or survey effort for rare
species results in limited information about their occurrences which can lead to challenges in
designating conservation areas or landscape management schemes for rare species (Drever et
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al., 2012). The only mitigation to a lack of data is increased search effort but sufficient
searching is not always economically feasible (Drever et al., 2012).
A common problem in surveying for rare species is that the areas containing populations of
rare species are almost always too large to survey for most survey approaches (Thompson,
2004, MacKenzie et al., 2005). This issue requires that sampling occurs in a such a manner
that permits inductive (statistical) inference about sampling units that are not visited
(MacKenzie et al., 2005). The second issue is that survey methods never permit complete
censuses, but instead yield counts of animals that represent some unknown fraction of that
population of interest, and thus requires inference about detection probability (MacKenzie et
al., 2005).
Traditional sampling and statistical approaches to studying rare species have been largely
inadequate or of limited value (Thompson, 2004, Guisan et al., 2006).

Approaches to

monitoring and gaining insight into rare or declining species have included capture /
recapture procedures where capture probabilities are sufficiently high (Seber, 1982), and
distance sampling which is especially useful for large scale studies (Buckland et al., 1993,
Thompson, 2004). Intercept sampling or sighting probability models are also well recognised
approaches (Becker, 1991, Thompson, 2004). Niche based models have been proposed to
improve sampling, through an adaptive process that may allow increasing the number of
occurrences and counteract problems with understanding rare species (Guisan et al., 2006).
The difficulty with studying rare species is that the data collected is usually characterised by
a high frequency of zero observations (MacKenzie et al., 2002). While some zeros reflect true
species absences, data sets are often ‘zero inflated’ in the sense that they contain ‘false zero’
observations (Martin et al., 2005). In such cases, zeros result from the species being missed at
sites where they are present. Imperfect detection is a common problem in ecological surveys
(Yoccoz et al., 2001, Kéry, 2002). Disregarding species detectability can induce bias in the
estimation of species occupancy (MacKenzie et al., 2002, MacKenzie et al., 2006), its
relationship with the environment (Tyre et al., 2003, Gu and Swihart, 2004, Kéry, 2011) and
the parameters characterizing the processes underlying its dynamics (MacKenzie et al., 2003,
Kéry et al., 2013, Lahoz-Monfort et al., 2014).
Imperfect detection is also an issue for surveys that aim to infer whether a species is present
or absent from a given site, an issue commonly associated with environmental impact
assessments (Reed, 1996, Kéry, 2002, Pellet and Schmidt, 2005, Garrard et al., 2008, Wintle
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et al., 2012). Hence, the importance of understanding and accounting for imperfect detection
extends to major decision-making bodies including governments and natural resource
management organisations (MacKenzie et al., 2006). Failure to recognise it can result in
inadequate conservation measures and alarmist reactions in conservation decisions and
strategies (Wintle et al., 2004).
Accounting for detectability while estimating species occupancy is best achieved by using
statistical models that explicitly describe the detection process (MacKenzie et al., 2006,
Royle and Dorazio, 2008). Over the last decade there has been considerable focus and
advances in statistical methods for patch occupancy models and presence/absence surveys
(MacKenzie et al., 2006, Bailey et al., 2013) and related sampling design considerations
(MacKenzie and Royle, 2005, Bailey et al., 2007, Rota et al., 2009, Guillera-Arroita et al.,
2010, Guillera-Arroita, 2011, Efford and Dawson, 2012, Guillera-Arroita and LahozMonfort, 2012).
The binomial mixture model (MacKenzie et al., 2002, Tyre et al., 2003) is a robust method
for estimating species occupancy and detectability based on repeated presence/absence
surveys. This method allows for the modelling variation in these two quantities as a function
of relevant environmental variables. While effective and increasingly used, these methods are
also subject to assumptions particularly relating to population closure. Violations of such
assumptions can induce bias in the estimation of occupancy which can have negative
consequences for conservation and management decisions (Rota et al., 2009). Failure to
account for important sources of heterogeneity in detection probability is another potential
source of bias (Royle, 2006).
Occupancy models that account for detectability are being used for determining species
distribution and range (Kéry et al., 2013), informing large scale monitoring programs (Pellet
and Schmidt, 2005, Guillera-Arroita et al., 2010, Neilson et al., 2013), identifying priority
habitat for species and assisting with reserve design (Cabeza et al., 2004) and guiding the
design of surveys for rare species in environmental impact assessments (Garrard et al., 2008).

Detection and occupancy of rare or declining reptiles
A number of methods for the survey detection of reptiles are well recognised and trialled in
Australia (DoE, 2011). Methods

include pitfall trapping (MacNally and Brown, 2001,

Moseby and Read, 2001, Thompson et al., 2005, Garden et al., 2007), active searching
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including turning rocks and woody debris (Porter, 1998, Michael et al., 2012, Manning et al.,
2013), spotlighting (Sarre et al., 1995), use of artificial refuges (Dorrough et al., 1996,
Dimond et al., 2012, Michael et al., 2012), funnel traps (Thompson and Thompson, 2007)
and, more recently, remote activated cameras (McGrath et al., 2012, Welbourne, 2013).
Such survey approaches for reptiles will vary in effectiveness and do so under certain
conditions and sampling designs (Moseby and Read, 2001, Read and Moseby, 2001,
Thompson et al., 2005, Ellis, 2014). Recent research has suggested that effective surveys for
reptiles should consider the use of both active searching applications (i.e. turning of rocks and
woody debris) and artificial refuges or pitfall trapping for successful detection of reptiles
(Garden et al., 2007, Michael et al., 2012). Information or proper evaluation of the effort
necessary to attain confidence in reptile detection using rock turning is generally poor in
Australia. There have been analyses of detection approaches for Australian reptiles ranging
between 100 – 200 rocks per survey (Osborne et al., 1991, Dorrough et al., 1996, Porter,
1998). Given the small number of rocks recommended to be turned for confidence in reptile
detection, the potential impacts on reptile populations raised in the literature about this
technique could appear minimal or less concerning (Goldingay and Newell, 2000, Goode et
al., 2005, Pike et al., 2010). However given that there is no detailed evaluation of rock
turning effort required to confidently detect threatened reptiles it is unclear how effective this
frequently used technique is in Australia (DoE, 2011).
Knowledge of reptilian diversity remains poor both in Australia and across the globe (Cogger
et al., 1993, Gibbons et al., 2000, Böhm et al., 2013). Innovative means of gaining insight
into the status of reptiles are needed in order to highlight urgent conservation cases and
inform environment policy with appropriate information in a timely manner (Gibbons et al.,
2000, Böhm et al., 2013). Occupancy models which account explicitly for detectability
(discussed in the previous section) offer an innovative means of gaining insight into rare or
declining reptiles and additionally can provide insight into the effectiveness of survey
techniques such as rock turning to detect reptiles.
Much of the application of detection and occupancy modelling in Australia has been
conducted on other groups of threatened species particularly amphibians (Heard et al., 2006),
forest owls and small mammals (Wintle et al., 2005, Gibson, 2011), woodland birds (Tyre et
al., 2003) and plants (Garrard et al., 2008). Although there have been several detection and
occupancy studies done internationally with reptiles (Kéry, 2002, Roughton and Seddon,
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2006, Durso et al., 2011, Sewell et al., 2012) to the best of my knowledge it has not been
applied to a rare and declining reptile in Australia. Indeed very few people have collected
large enough samples of rare Australian lizards to assess their rarity and ecology (Pianka,
2014).

Natural temperate grasslands in south-eastern Australia
Grasslands, in particular managed pastures and rangelands, are widespread, covering
approximately 40% of the Earth's land surface (Gibson, 2009). In Australia, grasslands occur
in a variety of formations ranging broadly from tall savannah grasslands in the Northern
Territory (i.e. Heteropogon and Sorghum spp.), hummock grasslands in the arid and semi
arid areas of Australia (Triodia and Plectrachne spp.), coastal and freshwater or periodically
flooded grasslands, tussock grasslands on fine textured soils in semi arid Australia (Aristida,
Astrebla and Eragrostis spp.) and temperate grasslands (Poa spp.) in south eastern Australia
(Beadle, 1981). The latter, temperate grasslands of south eastern Australia are one of the most
threatened ecosystems in Australia (Kirkpatrick et al., 1995) and now largely occur in only
small, disconnected fragments (Environment ACT, 2005).
Kirkpatrick et al (1995) estimated that 99.5% of natural temperate grasslands in south eastern
Australia have been destroyed or grossly altered since European settlement. The key
threatening processes which have contributed to this range contraction and which still operate
today include; clearing for agriculture and urbanisation, grazing, fertiliser application,
introduction of exotic species and inappropriate management regimes both on private and
reserved land (Benson, 1994, Eddy et al., 2000, Williams et al., 2005, Armstrong et al., 2013,
Environment

ACT, 2005). Livestock grazing management practices, in particular, have

resulted in considerable changes to the structure and composition of temperate grassy
vegetation in Australia (Dorrough et al., 2004b).
Native temperate grassland in Victoria has been substantially reduced, modified and
fragmented as a result of urban development and associated impacts (Williams et al., 2005)
and this too is the case with native temperate grassland in the Australian Capital Territory
(Osborne et al., 1993b, Environment ACT, 2005). In the Monaro region of NSW, grassland
communities have also been substantially modified since European settlement with estimates
that exotic species comprise over 35% of the flora in most places on the Monaro (Benson,
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1994). Furthermore less than 1% of Stipa and Themeda dominated grasslands on the Monaro
remain in good condition (Benson and Wyse Jackson, 1994).
Despite this, the Monaro region contains the largest remaining areas of Natural Temperate
Grassland in south-eastern Australia and these grasslands exist in a less modified state and
better condition than is found in more arable regions in south eastern Australia (Eddy et al.,
2000). Indeed, these native grasslands were extensive occupying some 250,000 ha in the
Monaro region before European settlement (Benson, 1994). The presence of more substantial
areas of native grassland in the Monaro region is suggested to be a result of the relatively low
and unreliable rainfall and low arability of the soils which has resulted in less intensive
agricultural development than in most of the rest of eastern NSW (Costin, 1954, Hancock,
1972).
Despite being recognised predominately for its floristic and community values, the native
temperate grasslands of south eastern Australia are home to a wide variety of fauna species, a
number of which are unique to the community (Eddy, 2007). On the Monaro, grasslands were
once occupied by small mammals such as rat kangaroos, bandicoots and wallabies and large
birds like the bustard and emu (Costin, 1954). However the rapid transformation of these
grasslands by pastoral activity from the early 1800’s has resulted in the decline and extinction
of these and other species (Whalley, 2003). A number of the species remaining in these
grasslands are reptiles (Osborne et al., 1993b), and several of these are grassland specialists.
As a result of historical loss and modification of their habitat, several are now protected
species under state and Commonwealth legislation (Environment ACT, 2005).
Threatened reptile species which occur in grasslands in the Monaro region include the
grassland earless dragon (Tympanocryptis pinguicolla), the striped legless lizard (Delma
impar) and the little whip snake (Suta flagellum) (Eddy, 2007). Information regarding the
distribution and habitat of these threatened grassland reptiles in the Monaro region is limited
(Osborne et al., 1993b, Dorrough et al., 1996, Robertson and Evans, 2009) and this raises
challenges for those responsible for the management and consideration of these protected
reptile’s needs and the management of the grasslands for agricultural production and
conservation (Dorrough et al., 2004a).
The Monaro region is characterised by expansive stepped plateaux, fertile basalt soils, surface
rocks and small lowland lakes (Costin, 1954, Hancock, 1972, Dovers, 1994). Much of this
region is naturally without tree cover. This region has been the subject of several
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comprehensive vegetation surveys that have reported on the condition and extent of natural
grasslands. Costin (1954) conducted the first comprehensive study of grassland across the
Monaro, followed by Benson (1994), Rowell (1994) and more recently Rehwinkel (2009).
All of these studies have drawn attention to the presence and extent of grasslands across the
region as well as to the specific sites of conservation significance and the presence of rare and
threatened flora.
Recent modelling of natural temperate grassland in south eastern Australia by Rehwinkel
(2009) revealed classifications consistent with past modelling done by Benson (1994),
grouping

grassland in the Monaro region as predominately “Snow grass (Poa spp.) -

Wallaby grass (Austrodanthonia spp.) – Kangaroo grass (Themeda triandra) – Common
everlasting (Chrsocephalum apiculatum) – Corkscrew grass (Austrostipa scabra) – Sheep’s
burr (Aceana ovina) – Common woodruff (Asperula confertus) dry tussock grassland
occurring on dry sites”. Other grassland communities recognised to occur sub-dominantly on
the Monaro included dense and tall moist tussock grassland communities associated with
creek lines and dominated by Poa labillardieri and Themeda triandra dominated
communities on sedimentary and volcanic soils (Benson, 1994, Rehwinkel, 2009).
One of the first European explorers of the Monaro was Lhotsky who provided the first
description of grasslands in the Monaro region. Lhotsky (1835) who, when arriving in the
vicinity of Cooma wrote, ‘The scene all around was composed of undulating downs, long
projected hills among them, covered with very few trees’ (Hancock, 1972). This naturally
treeless state was frequently ascribed to various interacting natural causes including low
rainfall, high wilting point properties of the heavy textured soils, desiccating winds, frost,
rapid percolation, and poor aeration (Costin, 1954). A botanist who knew the Monaro region
well, R.H. Cambage, laid most emphasis on the underlying basaltic soils (Hancock, 1972).
It was these basalt soils and extensive native grasslands that attracted the first European
settlers to the Monaro region from 1830 onwards. The subsequent introduction of stock and
invasive animals led to the deterioration and loss of natural grasslands in the Monaro region
with early explorers noting a decade later the impacts that drought, cropping and grazing
were having on the landscape (Hancock, 1972). In 1840, a railway was installed through the
Monaro region which led to the intensification of sheep and cattle grazing (Hancock, 1972).
By the 20th century, ninety-five per cent of the gross value of agricultural production on the
Monaro came from wool and beef commodities (Litchfield, 2000).
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Grazing is still the dominant agricultural pursuit on the Monaro (Garden et al., 2000,
Dorrough et al., 2004b) with the majority of the region being privately owned and grazed by
stock with some minor cropping taking place on the alluvial flats (Benson, 1994). Garden et
al (2000) surveyed landholders in the Monaro region and found that 94% of the proportion of
properties sampled had wool production as their primary enterprise with only 3 % with beef
production as their primary enterprise. The main type of stock management on the Monaro
was continuous grazing with significantly less strategic grazing practised compared to the
central and southern tableland regions in NSW (Garden et al., 2000). Garden et al (2000)
revealed that landholders in the Monaro region have used single superphosphate application
and some have used gypsum on high phosphorus/low sulphur soils derived from basalt.
However fertiliser application in the Monaro region is reported to be low compared to the
central and southern tableland regions of NSW and landholders on the Monaro generally
perceived natural grasslands to be beneficial (Garden et al., 2000) .
Despite this perception, past and present land uses in the Monaro region have resulted in
much of the native grasslands either being largely replaced with introduced pastures or crops,
or highly modified by a combination of livestock grazing, application of fertilisers and
introduction of exotic legumes (Eddy, 2007). Such practices have resulted in considerable
modifications to vegetation structure and concomitantly to fauna habitat (Dorrough et al.,
2004b). Today, the remaining areas of native grassland that are in good condition are
generally only small and exist in Travelling Stock Reserves, town commons, cemeteries or
road side reserves (Benson, 1994, Rowell, 1994) or on private lands where conservations
agreements have been arranged with private landholders (Eddy, 2007).
Although small good condition grassland remnants and large tracts of natural modified
grasslands still exist in the Monaro region, the impacts of historical and current grazing
management approaches are an issue of importance in this area (Dorrough et al., 2004b).
Today, only one native grassland reserve exists in the Monaro region which is managed for
biodiversity conservation (NSWPWS, 2007). However considerable work has been done in
advancing conservation on private lands with the Monaro Grassland Conservation
Management Network engaging 80 private landholders to manage some 7000 ha of native
grassland across the Monaro (Eddy, 2007).
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The grassland earless dragon
The grassland earless dragon, Tympanocryptis pinguicolla (Mitchell, 1948) is the subject of
this thesis. T.pinguicolla is a rare, endangered and declining agamid lizard restricted to the
natural temperate grasslands of south eastern Australia (Osborne et al., 1993a, Osborne et al.,
1993b, Robertson and Evans, 2009, Dimond et al., 2012, Hoehn et al., 2013). It is the
southernmost occurring species of Tympanocryptis and is the only member of the genus to
inhabit natural temperate grasslands (Wilson and Swan, 2010).
T. pinguicolla is listed as an endangered species under Australia’s national environmental
law, the Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act). The
species endangered status under the EPBC Act provides for its protection and recovery across
its national distribution. This is guided by a recovery plan which synthesises what is known
about T.pinguicolla across its range and identifies actions to halt the decline and support the
recovery of populations (Robertson and Evans, 2009).
Morphology
T. pinguicolla is a small, stout, light to dark brown, strikingly patterned lizard of the
Agamidae family (Cogger, 2014) (Figure 1). Tympanocryptis in Latin, meaning lacking an
external ear opening (tympanum) and pinguicolla, meaning fat neck, distinguish this species
from other agamid lizards in the temperate zone of Australia. T. pinguicolla has short robust
legs, a body mass between five and nine grams and has three dorsal thin white lines running
along the length of its body which separate darker transverse patches into individual
segments (Robertson and Evans, 2009).
Colouration is pale fawn to reddish brown but can differ between individuals with orange to
yellow on the throat, sides of the heads, flanks, ventral surface, groin and under the tail
(Robertson and Evans, 2009). Jenkins and Bartell (1980) suggested that such colourations
were male reproductive colours with only adult males displaying orange, predominantly in
the autumn and spring. Females and juveniles are also known to show such colouration,
however this generally appears to be limited to the gular region and the sides of the head
(Langston, 1996a). The snout to vent length in adults ranges from 50- 70 mm with the head to
tail length usually less than 150 mm (Smith, 1994, Langston, 1996a).
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Figure 1 The grassland earless dragon T. pinguicolla

Taxonomy
Tympanocryptis pinguicolla was first described by Mitchell (1948) in his taxonomic review
of the Tympanocryptis genus. Mitchell (1948) identified the south eastern occurring species
of the genus, which occurred on the Monaro, as a sub species of the T. lineata group, namely
T.l. pinguicolla(Mitchell, 1948). It was morphologically distinguished as a sub species by
scale morphology and body dimensions (Mitchell, 1948). Despite this review, its presence on
the Monaro remained documented as T. lineata (Costin, 1954).
Some fifty years later, the systematic status of T. l. pinguicolla was re-examined by Smith et
al (1999a) and T. l. pinguicolla was raised to the full species level as T. pinguicolla.
T.pinguicolla was confirmed to occur in Victoria, NSW and the Australian Capital Territory
(ACT) and morphologically distinguished from other Tympanocryptis by the absence of
femoral pores and the height of its dorsal spinous scales greater than their width (Smith et al.,
1999a).
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Further taxonomic revision was recommended by Scott and Keogh (2000) and Melville et al
(2007) when they identified considerable genetic differentiation in the NSW and ACT
populations of T. pinguicolla was confirmed. These differences were substantial and in line
with species level differences rather than differences within a single species, suggesting that
the two populations of T. pinguicolla (ACT region and the Monaro) be considered separate
taxonomic units (Scott and Keogh, 2000, Melville et al., 2007).
This molecular phylogenetic work provided strong evidence that the divergence between the
two populations pre-date European settlement, indicating that these populations have existed
as geographically isolated populations for approximately 1.8 million years (Melville et al.,
2007). Melville et al (2007) also disproved a previous assumption that a recently discovered
species of Tympanocryptis species on the Darling Downs of Queensland was an outlying
population of T.pinguicolla.
More recent investigations by Carlson (2013) based on microsatellite DNA, further supported
previous genetic work (Scott and Keogh, 2000, Melville et al., 2007) and recommended that
the ACT and Monaro populations constitute separate populations and management units
based on their independent evolutionary trajectories (Moritz, 1994) .
Conservation status
Tympanocryptis pinguicolla is listed as ‘endangered’ under the Commonwealth EPBC Act,
the New South Wales Threatened Species Conservation Act 1995 and the Australian Capital
Territory’s Nature Conservation Act 1996. T. pinguicolla is also listed as ‘critically
endangered’ in Victoria under the Flora and Fauna Guarantee Act 1988 and vulnerable
internationally in the International Union of Conservation Network Red List of Threatened
Species.
Despite the series of genetic studies described earlier, the current national listing status for
T.pinguicolla under the EPBC Act encompasses five disjunct populations which surprisingly
include the Queensland population (now clearly identified as a separate species; (Melville et
al., 2007)) with the Monaro and ACT populations and the presumed extinct populations in
Victoria and Bathurst (DoE, 2014).
The national recovery plan indicates the species endangered listing status is a consequence of
the loss of its specialist grassland habitat (in which less than 1% remain), its decline to
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extinction in Victoria and its restricted extant range in the ACT and NSW (Robertson and
Evans, 2009). In addition, the national recovery plan for T.pinguicolla outlines the main
causal factors in its decline which are thought to be the loss and fragmentation of habitat
through urban, industrial or agricultural development and degradation processes occurring in
remaining areas of habitat such as ploughing, changed fire regimes, changed grazing regimes
(introduced and native grazers), weed invasion, use of agricultural chemicals, rock removal,
and the impacts of introduced animals, either by predation or by grazing (Robertson and
Evans, 2009) .
National distribution
Historically, T. pinguicolla has been recorded from grasslands in the Geelong, Melbourne,
Rutherglen and Maryborough regions of Victoria (McCoy, 1889, Lucas and Frost, 1894,
Mitchell, 1948, Brereton and Backhouse, 2003), the Bathurst, Queanbeyan and Cooma
regions of NSW (Mitchell, 1948, Osborne et al., 1993b, Robertson and Evans, 2009,
McGrath et al., 2012) and the Majura and Jerrabomberra Valleys of the ACT (Langston,
1996a, Smith et al., 1999b, Dimond et al., 2012, Hoehn et al., 2013).
Tympanocryptis pinguicolla is now presumed extinct in Victoria having not been sighted
since 1994 (Robertson and Evans 2009) and presumed extinct from near Bathurst where no
sightings have been recorded since two specimens (R.25980 and R. 26077) were lodged at
the Australian Museum in 1966 (ALA, 2014). T.pinguicolla is now only known from small,
isolated patches of grassland in the ACT and adjacent areas of Queanbeyan in NSW and on
the Monaro, 100 km south of the ACT extending from Cooma south to around Nimmitabel
(Robertson and Evans 2009).
Distribution and abundance in the Monaro region
Information regarding the distribution of T. pinguicolla on the Monaro is quite limited
(Osborne et al., 1993b, Robertson and Evans, 2009). T. pinguicolla was first documented to
occur on the Monaro in 1907 when two specimens (R.3872 and R.131836) were collected
near Cooma and vouchered with the Australian Museum (ALA, 2014). For decades, well
after these vouched records, T.pinguicolla was presumed extinct on the Monaro. It wasn’t
until the rediscovery of T.pinguicolla in the ACT in 1991 (Osborne et al., 1993a) that further
surveys for the species were prompted and subsequently resulted in the rediscovery of
T.pinguicolla on the Monaro in 1993, just south of Cooma (Osborne et al., 1993b).
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Using hand searching, Osborne (1993b) surveyed for reptiles at 13 sites, recording ten
T.pinguicolla at three sites on the Monaro which he identified as Bondo, Bondo North and
North Brother Travelling Stock Reserves (TSR’s) just south of Cooma on the Myalla and
Bobundara Roads.
Only preliminary investigations have been undertaken into the distribution of T.pinguicolla
across private lands in the Cooma Parish (Dawson, 1999) and some private property across
the Monaro (Biosis, 1995, Dorrough et al., 1996, AFJ, 1997, Ecological Australia, 2009) In
1999, nine T.pinguicolla were recorded in the Kuma Nature Reserve and adjacent private
property just south of Cooma alongside the Monaro Highway as part of surveys for the
Eastern Gas Pipeline Corridor Project (Doody et al., 2003) and a further 15 individuals in
land adjacent to the Kuma Nature Reserve (Dawson, 1999). The Kuma Nature Reserve is the
only grassland reserve on the Monaro managed for T.pinguicolla and Natural Temperate
Grassland (NSWPWS 2006).
These surveys and historical accounts of T.pinguicolla on the Monaro suggest that the species
was frequently encountered across the Monaro and was particularly abundant at several
locations in the region during the mid 1990’s through to early 2000, including in the Kuma
Nature Reserve and in the vicinity of the Dry Plains, north west of Cooma (Dorrough, 2011,
Hunter, 2014).
More recent surveys for T.pinguicolla were undertaken in 2009 to assess the environmental
impacts of a proposed wind farm near Nimmitabel on the Monaro. These surveys resulted in
the discovery of previously unknown populations of T.pinguicolla with 23 captures of
T.pinguicolla through hand searching and the use of artificial arthropod burrows and funnel
traps (Ecological Australia, 2009). These discoveries extended the southerly known range
extent for the T.pinguicolla on the Monaro to south west of Nimmitabel with several
populations discovered on private properties in the vicinity of ‘Boco’ off the Springfield and
Avon Lake Roads (Ecological Australia, 2009).
Habitat in the Monaro region
Osborne et al (1993b) noted that habitat potential for T.pinguicolla was difficult to assess on
the Monaro because of the few records available. However, they stated that the habitat there
differed from that in the ACT with T. pinguicolla discovered beneath rocks in either burrows,
rock crevices or depressions (Osborne et al., 1993b). T.pinguicolla was discovered at sites
16

consisting of sparse to medium native tussock grasslands dominated by Poa siebriana with
Stipa and Danthonia spp as sub dominants. T.pinguicolla were generally found on flat rocky
sites containing large patches of bare soil interspersed amongst the tussocks (Osborne et al.,
1993b). Osborne failed to detect the species at sites north of Cooma near Adaminaby and
Bredbo and south west of Cooma near Berridale and Dalgety (Osborne et al., 1993b).
Osborne’s habitat descriptions provided the first ever habitat descriptions for T.pinguicolla on
the Monaro.
The study sites of Nelson (2004) in the Cooma region where T.pinguicolla was recorded
were on well drained north facing slopes that had not been subject to ploughing or pasture
modification and were open in structure and characterised by intertussock spaces that were
occupied by bare ground, cryptogams and low growing forbs. Nelson (2004) also noted the
presence of rocks and grazing activity at sites with T.pinguicolla. Habitat information
gathered from recent wind farm environmental impact studies indicated T.pinguicolla
suggested a preference for Poa sieberiana and Austrostipa scabra dominated grasslands with
sub dominant Austrodanthonia caespitosa or Austrodanthonia racemosa (Ecological
Australia, 2009).
Despite some idea of what grasslands provide habitat for T.pinguicolla from a suite of sites
and preliminary surveys, no detailed nor structured research has been undertaken across the
Monaro into the habitat requirements of T.pinguicolla and indeed what habitat is critical to
the species long term survival.
Biology
Nelson (2004), remains the only detailed studies of T.pinguicolla biology on the Monaro. As
a result, current assessments of T.pinguicolla on the Monaro generally assume biological
sympatry with the better understood populations in the ACT (Smith, 1994, Langston, 1996a,
Langston, 1996b, Stevens et al., 2010, Dimond et al., 2012).
Nelson (2004) who investigated the thermal ecology of the T.pinguicolla and implications for
its life history variation found that adult lizards on the Monaro had significantly higher mean
body condition indices than adult lizards in the ACT. This research also suggested later
recruitment in lizards on the Monaro, though both populations showed the same seasonal
trends with rapid growth in juveniles, males exhibiting higher condition indices than females
in autumn and females with higher body condition indices in spring and summer. Nelson
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(2004) proposed two explanations for differences in body condition between individuals from
the different regions: 1) that lizards from the Monaro region have a greater fat reserve that is
necessary to survive long, cold winters; and 2) that differences in the quality and quantity of
food may play a role in fat accumulation.
Nelson (2004) demonstrated that some T.pinguicolla individuals can survive beyond two
years in the field and thus longer than the maximum age of 22 months previously recorded
for the species in the field (Langston, 1996b). Nevertheless those lizards that reached adult
size appeared to survive through one breeding period only, suggesting that populations on the
Monaro would be particularly vulnerable to stochastic events that affected females prior to
oviposition and events that harmed eggs during incubation (Nelson, 2004).
From research into T.pinguicolla in the ACT we assume that T.pinguicolla on the Monaro is
semelparous where the young hatch in late summer, grow to adult size rapidly (by late
autumn-early winter), mate the following spring, and die within one year of birth (Smith
1994). However it is recognised that some individuals may live longer than one year perhaps
those unable to reach reproductive size in their first year (Langston, 1996b, Nelson, 2004).
Females are oviparous and known to lay a clutch of between 5-6 eggs which are laid in
shallow nests and take 9-12 weeks to develop before hatching (Langston, 1996b). The young
are thought to disperse soon after hatching in late summer / early autumn (Smith, 1994).
Refuge and movement
T.pinguicolla has been reported to be torpid in winter (Brereton and Backhouse, 2003). Upon
rediscovery of T.pinguicolla in the Monaro region during the winter of 1993, individuals
were found curled up in burrows or crevices beneath rocks, in some cases covered in frozen
soil and ice and in torpor, suggesting the species is highly inactive during the winter
(Osborne, 2014). In the ACT, some individuals have been reported to be active in mid June
and trapped in pitfall traps in August (Robertson and Evans 2009).
Radio tracking studies of T.pinguicolla in the ACT have shown that burrows excavated by
arthropods were an important resource for the species with individuals having one or two
home burrows around which they maintained home ranges of between 925 m2 and 4768 m2
(Stevens et al., 2010). Fidelity to these burrows also increased with the onset of winter,
indicating their importance as over winter sites (Stevens et al 2009). Mitochondrial DNA
analysis demonstrated

that there was little genetic structuring between T. pinguicolla
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populations in the Monaro region suggesting exchange may be occurring across distances
>100 km (Carlson, 2013). This is highly possible given the greater extent of natural
grasslands on the Monaro and more superior connectivity compared to that of grasslands in
the ACT.
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Introduction to thesis
This thesis reports on investigation into the ecology and conservation of T.pinguicolla in the
Monaro region of NSW. It is based on four years of field research aimed at better
understanding the species rarity and detectability, habitat and full extent of its distribution;
priority actions which have been identified as vital for the species recovery (Robertson and
Evans, 2009). The intended outcomes of this research is to improve knowledge of the species
ecology to enable a platform on which to commence improved collaboration with the relevant
stakeholders and implement immediate conservation work for T.pinguicolla in the Monaro
region.
The focal point of the thesis is three manuscripts; one already published, one accepted as a
final manuscript awaiting publication and the other prepared for submission to a journal. In
Chapter 2, I use logistic regression to model T.pinguicolla habitat and report on distribution
and conservation. In chapter 3, I apply a robust occupancy model which accounts explicitly
for detectability to report on T.pinguicolla occupancy, detectability and conservation in the
Monaro region. In Chapter 4, I report on preliminary investigations using remote activated
cameras to detect T.pinguicolla given the challenges associated with the species detectability
as outlined in chapter 3.
Chapter 1 provides the global and national setting for these manuscripts and some important
background. Chapter 5 provides a summary of this research and its contribution to science as
well as conservation recommendations for T.pinguicolla in the Monaro region.
The manuscript presented in Chapter 2 is prepared for submission to the Elsevier journal
Agriculture, Ecosystems & Environment:
•

McGrath, T, Osborne, W, Gruber, B, and Sarre S (2014). Managed livestock grazing,
spiders and embedded surface rocks are critical for the conservation of a rare and
declining grassland lizard in Australia.

The manuscript presented in Chapter 3 is in press for publication in the journal Biological
Conservation in February 2015:
•

McGrath, T, Guillera-Arroita, G, Lahoz- Monfort, J.J, Osborne, W, Hunter, D and
Sarre S. Accounting for detectability when surveying for rare or declining reptiles;
turning rocks to find the grassland earless dragon in Australia.
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The manuscript presented in Chapter 4 was published in the journal Herpetological Review as
follows:
•

McGrath, T., Hunter, D., Osborne, W. & Sarre, S. (2012) A Trial Use of Camera
Traps Detects the Highly Cryptic and Endangered Grassland Earless Dragon
Tympanocryptis pinguicolla (Reptilia: Agamidae) on the Monaro Tablelands of New
South Wales, Australia. Herpetological Review, 43, 249.

Please note that throughout each of the chapters I use the collective term “we”. This is
because I was writing these chapters for jointly authored papers.

Important note
In chapters 2 and 3 of this thesis, I report the use of detection and habitat data gathered
entirely through the application of rock turning. It is important to note that in the first year of
field research for this thesis, lizards were targeted using the more conventional approach of
artificial arthropod burrows (Fletcher et al., 2009). Five sites at which the lizard had
previously been detected were targeted using artificial arthropod burrows following the effort
and methodology outlined in the national recovery plan for T.pinguicolla (Robertson and
Evans, 2009).
This initial sampling program proved unsuccessful on the Monaro. T. pinguicolla was
detected on only two occasions from one of the five monitoring sites despite 4253 trap nights
across the Monaro. For this reason and others including time constraints, land tenure,
landholder perceptions and access restrictions, I employed rock turning as a technique to
detect this endangered lizard in this prominent and expansive grazing region. I considered
this the most cost and time efficient, and spatially effective technique to detect the species
and one which would generate enough data for improving the confidence of any statistical
analysis. This method was also better suited for assessment of the species distribution and
habitat preferences at both the paddock and landscape level.

Contribution of others to this thesis
The work in this thesis includes manuscripts for which I am the main but not the sole author.
Will Osborne, Stephen Sarre, Bernd Gruber and David Hunter were included as co-authors in
acknowledgement of their intellectual contributions to the research. Bernd Gruber, Gurutzeta
Guillera-Arroita and José J Lahoz- Montfort were also included as co-authors as they
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provided assistance with statistical analyses in the manuscripts. These people also made
contributions in the form of advice and input on project design and draft manuscripts. I took
the lead in this work, I designed the research, undertook the field work, identified and
requested the statistical help, analysed the results and wrote the manuscripts.
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Chapter 2 | Managed livestock grazing, spiders and embedded
surface rocks are critical for the conservation of a rare and declining
grassland lizard in Australia.
Abstract
Knowledge of how agricultural processes affect reptiles is lacking despite it being a major
threat to reptiles globally. We conducted targeted investigations into Tympanocryptis
pinguicolla, a rare and endangered lizard in south eastern Australia which has contracted
significantly in range as a result of loss and modification of grassland habitat from
agricultural intensification. Our results contrast with those of earlier surveys after its
rediscovery in the region which indicated the species was common and abundant at some
sites around Cooma during the late 1990’s. We failed to detect T. pinguicolla at 15 sites in
the Cooma area and from another 31 sites in the broader Monaro region, detecting the lizard
at only 14 of 67 sites surveyed. We analysed habitat data collected from sites to identify good
predictors of habitat at the paddock level namely dominant tussock grasses, number of mature
tussock clumps, rockiness, grassland height and structural proximity. Importantly we confirm
occupancy in native pastures subject to livestock grazing and indeed a preference for
microhabitat that is likely to be maintained by grazing. We confirmed T. pinguicolla
overwinters in burrows excavated by wolf spiders beneath partially embedded surface rocks
in these grasslands with rock size not influencing overwintering site selection. These micro
habitat components are likely to be critical throughout T. pinguicolla’s lifecycle for
overwintering, thermoregulation, successful egg incubation, refuge from predators and as
sole refuges during periods of drought or heavy grazing. We warn of the species vulnerability
to land management practices which are likely to affect these critical microhabitat
components particularly ploughing, rock collection and removal, heavy machinery use and
heavy or uncontrolled grazing by livestock. We emphasise the opportunities for both farming
and conservation outcomes in the Monaro region urging for initial increased survey effort to
determine the full extent of the species distribution and further investigation into the species
decline. We advocate commencement of a monitoring program to identify livestock grazing
regimes which accommodate the conservation needs of T. pinguicolla and the productivity
needs of Monaro landholders with improved landholder consultation and education.
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Introduction
Agricultural intensification is a major cause of reptile decline worldwide (Fischer et al., 2004,
Fischer et al., 2009, Ribeiro et al., 2009, Michael et al., 2010b, Dorrough et al., 2012, Böhm
et al., 2013, Michael et al., 2014). The causes are multifaceted and include habitat loss
through destruction and degradation as well as changes to microclimate and the introduction
of invasive species (Lindenmayer and Fischer, 2006, Doody et al., 2009a, Sinervo et al.,
2010, Lindenmayer et al., 2012). Because of the complex interactions at play in these highly
modified systems, little is known about the ways in which agricultural processes affect
reptiles (Sarre et al., 1995, Driscoll, 2004, Dorrough et al., 2012) or where reptile
vulnerability is most likely to occur. Of particular concern is the way in which habitat
modifications may affect reptile refuges for shelter from predation (Winne et al., 2007,
Fellows et al., 2009, Pettigrew and Bull, 2011, Lowenborg et al., 2012) and from thermal and
moisture extremes for thermoregulation and egg laying (Sinervo et al., 2010, Lowenborg et
al., 2012). Different types of agriculture are likely to have different impacts on these
characteristics of reptile habitat yet we have little idea of their short or medium term impact
on reptiles.
Australia contains approximately 11% of the world’s reptiles and has experienced recent and
extreme agricultural development (Chapman, 2009, Smith et al., 2013). Most of this
development has occurred since European settlement began in 1788 and includes wholesale
land clearance in much of temperate and sub-tropical Australia as well as modification by
grazing in temperate, semi-arid and arid regions (Kirkpatrick et al., 1995, Read and
Cunningham, 2010, Armstrong et al., 2013). One of the consequences of this widespread and
rapid modification of whole landscapes is a diminution of ranges for many reptile species
such that 58 species in Australia are now listed as threatened, endangered or declining (DoE,
2013). This process of habitat loss and degradation is likely to accelerate given recent
changes to land clearance laws (Ritchie et al., 2013).
Natural Temperate Grassland, characterised by naturally treeless grassy landscapes, are one
type of Australian vegetation that has experienced large scale clearing or modification for
farming and urban development (Benson, 1991, Benson, 1994, Kirkpatrick et al., 1995). The
clearing and modification of this vegetation community has been so widespread that over
95% of the pre-European estate is now lost or irreversibly modified (Kirkpatrick et al.,
1995). Much of the remaining areas of Natural Temperate Grassland occur in the Monaro
26

region of NSW in south eastern Australia (Eddy, 2007). Currently, the conservation emphasis
in this region, directed through Australian government policy is focused on protecting
predominately Themeda triandra dominated grasslands or other native pastures that contain
only a diverse or significant herbaceous understory (Environment

ACT, 2005). These

grasslands are the remnants of what were described as vast and dominant in this region prior
to European settlement (Costin, 1954, Hancock, 1972). Travelling Stock Reserves in the
region which are subject to limited or more intermittent livestock grazing are also a source of
much conservation attention (Benson, 1994, Eddy et al., 2000) while private grazing lands
dominate the Monaro region but are largely underrepresented in conservation initiatives.
Land management practices in this region, primarily livestock grazing, has had lasting
impacts on this landscape resulting in the decline or demise of native grasslands and their
fauna and flora (Dorrough et al., 2004a, Dorrough et al., 2004b, Lunt, 2005, Smith et al.,
2013). Much of the remaining fauna in Natural Temperate Grassland in this region are
reptiles.
The impacts of livestock grazing on reptiles are complex (Brown, 2001, James, 2003,
Dorrough et al., 2012, Jofre and Reading, 2012). They can include soil compaction and
erosion, vegetation and refuge loss, mortality from trampling, ground layer and understorey
simplification, reduced leaf litter biomass, root growth and water infiltration, spread of exotic
species and reduction of prey species (Abensperg-Traun et al., 1996, Smith et al., 1996,
Brown, 2001, Savidge et al., 2011). These impacts can result in declines in reptile diversity
and population numbers (Smith et al., 1996, Jellinek et al., 2004, Kutt and Woinarski, 2007,
Eyre et al., 2009) most likely reduced fitness from prolonged emergence from burrows as
well as increased predation (Pettigrew and Bull, 2011) and reluctance to disperse across bare
areas (Bock et al., 1990, Castellano and Valone, 2006). Other land management practices like
clearing or rock removal associated with cultivation leads to fragmentation and associated
reductions in the richness and composition of local reptile assemblages resulting in localised
reptile extinctions (Sarre et al., 1995, Driscoll, 2004, Masterson et al., 2009).
Commensurate with impacts to reptiles and grasslands has been the decline in distribution of
the grassland earless dragon Tympanocryptis pinguicolla (Dimond et al., 2012, Hoehn et al.,
2013, McGrath et al., 2014). This small, endangered Australian lizard once occupied large
expanses of Natural Temperate Grassland now used for agriculture in south eastern Australia
and has become one of Australia’s most at risk reptiles (Dimond et al., 2012, McGrath et al.,
2014). It is presumed extinct throughout the state of Victoria (Wilson and Swan, 2008), and
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indeed was thought to be extinct until rediscovered near Canberra (ACT) and Cooma (NSW)
(Osborne et al., 1993b). These widely separated populations may represent distinct
phylogenetic lineages (Melville et al. 2007). The ultimate cause of declines in the distribution
of T. pinguicolla is likely to be habitat destruction (Osborne et al., 1993b), but, like many
reptile species, it is unlikely to be tolerant to habitat modification (Robertson and Evans,
2009).
Preliminary surveys and historical accounts of T. pinguicolla after its rediscovery in the
Monaro region suggest that the lizards were common during the late 1990’s with high
numbers of captures in grasslands just outside the township of Cooma (Dawson, 1999, Doody
et al., 2003). These discoveries led to the declaration of the Kuma Nature Reserve as a key
measure in the protection of a population of T. pinguicolla

(NSWPWS, 2007). The

additional sites known to support T. pinguicolla in the Monaro region (12 sites at the time
that this study commenced) are either in close proximity to the Kuma Nature Reserve or very
widely separated (by many kilometres) and of unknown extent - therefore further information
on the distribution and habitat of the species was required to inform conservation decision
making given the species endangered status.
Here, we use targeted landscape wide investigations into the distribution and microhabitat
requirements of T. pinguicolla to confirm that the distribution of the species is likely to be
driven by the presence of superior overwintering sites and a grassland composition sufficient
for thermoregulation, refuge and reproduction.

Methods
Study area
This study was conducted in the area of the Monaro region of south eastern NSW known and
expected to encompass the distribution of T. pinguicolla (Figure 2). The region is
characterised by naturally treeless native grassland communities; predominately dry tussock
grasslands comprising snow grasses (Poa spp.), wallaby grasses (Rytidosperma spp.) and
kangaroo grass (Themeda triandra) (Benson, 1994, Rehwinkel, 2009). The underlying
geology is dominated by basalt with heavy clay soils but in some areas comprises mixed
sedimentary geology and skeletal soils (Costin, 1954). Annual average rainfall varies across
the study site from 540 mm in Cooma in the north to 644 mm in the south at Bombala, with
Nimmitabel in the southeast receiving the greatest average annual rainfall of 686 mm (Bureau
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of Meteorology, 2013). Summers in the Monaro region are characterised by hot days,
temperate nights, prolonged periods of relatively high temperatures and strong winds.
Winters are characterised by sub-zero overnight lows, frequent frosts, cold days and
occasional snowfall (Costin, 1954, Dovers, 1994).
Continuous grazing by livestock is the dominant form of land use in the Monaro region
(Dovers, 1994, Garden et al., 2000, Dorrough et al., 2004b) with most of the land being
privately owned and used for livestock grazing. Some minor cropping occurs on the alluvial
flats (Benson, 1994). Past and present land use has resulted in much of the original native
grasslands either being replaced with introduced pastures or crops, or highly modified by a
combination of livestock grazing, application of fertilisers and introduction of exotic legumes
(Eddy, 2007). Much of the study area comprises large paddocks (i.e. >100 ha), which vary in
composition, condition and topography. There are also some smaller paddocks associated
with special-purpose areas such as Travelling Stock Reserves (TSRs) of less than 100 ha,
which are relatively uniform and fenced. TSRs are crown land primarily used for grazing
leases during drought.
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Figure 2 Study sites in the Monaro region
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Data collection
We used an authoritative approach to select grasslands for survey. Key factors considered
were the topography, vegetation and surficial geology of known occupied sites which were
then used to visually assess sites as likely to contain T.pinguicolla. (Osborne et al., 1993b,
Biosis, 1995, Dawson, 1999, NSW Agriculture, 2001, Nelson, 2004, Eddy, 2007, Ecological
Australia, 2009, Rehwinkel, 2009, Robertson and Evans, 2009). Given this, surveys for T.
pinguicolla were restricted to study sites with natural, dry tussock grasslands on basalt or
sedimentary soils which contained surface rocks. Not all sites selected were surveyed because
access permission was not granted by some landholders. The extent of study sites were then
defined by the presence of roads, property boundaries, adjacent cultivated paddocks, creeks
or rivers, high crested ridgeline or the direction of land holders. The actual areas specifically
surveyed within a site were randomly searched with surveyors walking these areas turning
and searching beneath rocks for the species. To detect individuals we searched beneath 69,
892 rocks across 67 sites in the study area (Figure.2). In total, 241 rock turning surveys were
conducted across these sites during 2009-2013 in the cooler period of the year (May to
October). It is these months that the species is known to be in torpor beneath surface rocks.
Rocks of all sizes were searched (excluding very small stones) and repeat visits to sites
involved turning different rocks. All embedded rocks were placed back in their original
position to minimize the disturbance to lizards or other fauna.
Surveys were undertaken in accordance with University of Canberra Animal Ethics permit
(ref CEAE09-12) and a scientific purposes permit issued by the NSW Office of Environment
and Heritage (ref S13055).
Habitat assessment and analysis
A habitat assessment was undertaken at each site where a T. pinguicolla individual was
detected. The capture location was assessed by placing a 4m2 quadrat over the capture point.
We measured the size of the rock under which the lizard was found as well as its level of
embedment in the soil, the presence, length and width of the spider burrow, presence of any
spiders in the burrow as well as the number of other suitable burrows in the 4 m2 surrounding
quadrat. In addition we recorded the landform type, aspect, proximity to a structural change,
dominant grass and forb species and the average tussock height and number of mature
tussock clumps. The number of small, medium and large rocks was also recorded (Table 1).
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This procedure was also undertaken at three random located sites within a 100 m of the site
of capture to assess habitat within the known home range of the lizard (Stevens et al 2010).
This same procedure was also carried out at three random locations at each of the 21 study
sites where the lizard was not detected but which contained potential habitat i.e. rocky,
natural, dry tussock grasslands. These assessments were undertaken to make comparisons
against detection sites and identify preferable habitat characteristics at sites where the lizard
was detected overwintering. A total of 284 habitat assessments were undertaken throughout
the study area.
We used logistic linear regression (McCullagh and Nelder, 1989) to identify which of the
potential variables were good predictors of T. pinguicolla overwintering locations and habitat
in the landscape. These analyses were undertaken using the package MASS in program R
(Venables and Ripley, 2002). Using a stepwise backwards selection procedure (Zuur et al.,
2010) we selected best explanatory models using Akaikes Information Criterion (AIC) with
the variable that contributed least to the explanation of species habitat dropped if it did not
contribute significantly (p < 0.05). We used mosaic plots using R package VCD to visualize
the pattern of associations amongst variables, particularly high and small counts and show
diversity in habitat presence and use (Meyer et al., 2006). Mosaic plots represent the counts
in a contingency table by tiles whose size is proportional to the cell count (Hartigan and
Kleiner, 1981). We used jitter plots using R package LATTICE to show the relationship
between presence and explanatory variables whilst preventing over plotting (Sarkar, 2008 ).
Our key predictions were that T. pinguicolla presence would be related to 1) Poa siebriana
dominated grasslands which provided greater and advantageous tussock cover, 2) Sites with
an abundance of medium sized rock for increased refuge availability, and 3) Sites with a
dominant native forb understory and providing for greater prey diversity.
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Table 1. Descriptions of potential explanatory variables evaluated using logistic linear
regression modelling to identify drivers of T. pinguicolla habitat in the Monaro region of
NSW.
Variable

Class/s

Description

Overwintering
site
Rock class

3

Small (<10 cm in length, breadth and width including stones and
gravels), medium (>10 - 40 cm) or large (≥ 40 cm).

Burrow

2

Presence or absence of a wolf spider (Lycosa spp) burrow beneath
or beside the surveyed rock.

Spider

2

Wolf spider present or not present in the burrow beside or beneath
the surveyed rock.

Rock embedment

3

Rock embedded, not embedded or fully embedded in the soil.

Burrows

3

Number of other burrows per 4 m2: 0, 1, 2 or 2+.

Landform

4

Flat, lower slope, mid slope, upper slope.

Proximity to
structural change

3

<20 m, 20-50 m or >50 m. Structural changes included embedded
rocky outcrops, eroded rocky washouts, and rocky gullies or
degraded open areas such as a sheep camp.

Aspect

9

N, S, E, W, NE, NW, SE, SW or flat.

Dominant forb
species

7

A= Asperula conferta, CE = Chrysocephalum apiculatum, E=
exotics i.e. Salvia verbanaca or trifolium spp, SB= Aceana ovina,
V= Vittidinnia spp, S = Scleranthis diander, O = other spp i.e
Plantago varia, Scleranthus biflorus, Stackhousia monogyna,
Leptorhynchos squamatusor etc.

Dominant grass
species

7

P= Poa siebriana, S=Austrostipa spp, B= Bothriochloa macra, E
= Eragrostis curvula and Phalaris aquatica, T= Themeda triandra,
W = Rytidosperma spp, O= other spp i.e. Poa meionectes,
Eneapogon nigrescans, Elymus scaber etc.

Average tussock
height

3

Low (≤100 mm), Moderate (200-300 mm) or High (400-600 mm).

Habitat

Tussock clumps

Continuous Number of tussock clumps ≥100 mm in height per 4 m2.

Small rocks

Continuous No of stones, pebbles, rocks <150mm in length, width or breadth
per 4 m2.

Medium rocks

Continuous No of rocks per 4 m2 >15 cm in length, width or breadth not greater
than 40cm.

Large rocks

Continuous No of rocks ≥40 cm in length, width or breadth.
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Results
Distribution
T. pinguicolla was detected at 14 of the 67 sites surveyed in the Monaro region, producing a
total of 49 individuals. Surveys confirmed persistence at nine historically known sites,
discovered populations at five new sites but failed to detect the species at six historically
known sites. This takes the total number of individual specimens of T. pinguicolla recorded
in the Monaro region to 109 from 23 known sites (Table 1, Figure 3). Of the 23 known sites,
twelve are on privately owned agricultural land and eleven in Travelling Stock Reserves,
Nature Reserve or council owned land. Sites where T. pinguicolla were detected ranged in
elevation between 860 and 1160 ASL. We detected a northern range extension for T.
pinguicolla to ~40 km north-west of Cooma but failed to extend the species southerly range
despite surveys throughout what appeared suitable habitat as far south as Cathcart (Figures
2&3). We failed to record the species at numerous sites around Cooma including the Kuma
Nature Reserve and at sites north of the Murrumbidgee River or south of the MacLauchlan
River (Figure 3).
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Table 1 T. pinguicolla locations and records in the Monaro region of NSW (occurring north
to south).
Location

Top Hut TSR^
Snowy River Highway^
Cooma Township^
Cooma Tip^
Kuma Nature Reserve^
Carinya*
Four Mile TSR^
Quartz Hill^
North Bondo*
Myalla TSR^
Eight Mile Bobundara TSR^
Litchfield^
Cottage Creek^
Ravensworth TSR^
Severn Park^
Rock Lodge Road^
Nine Mile TSR^
Old Curry Flat^
Westons^
Sherwin’s Range*
Timberry Range *
Avon Lake TSR^
Bungarby Road*

Map id Tenure

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

Crown land
Private property
Local council
Local council
NSW government
Private property
Crown land
Private property
Crown land
Crown land
Crown land
Private property
Private property
Crown land
Private property
Private property
Crown land
Private property
Private property
Private property
Private property
Crown land
Private property

No of records
Last
(1907-2013) confirmed
record
1
2011
3
2013
2
1907
15
2006
5
1999
5
1995
4
2010
3
1999
5
1993
11
2013
13
2013
3
2011
1
1998
5
2012
5
2012
4
2009
9
2012
1
2010
1
2013
5
2009
3
2009
4
2012
1
2009

*Locations identified from literature review and or discovered by another party during this study but
not surveyed as part of this study due to access restrictions (Osborne et al., 1993, Biosis, 1995,
Dawson, 1999, NSW Agriculture, 2001, Nelson, 2004, Eddy, 2007, Ecological Australia, 2009,
Rehwinkel, 2009, Robertson and Evans, 2009).
^ Locations surveyed as part of this study.
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Figure 3 The distribution of the Grassland Earless Dragon (GED) in the Monaro region of
NSW.
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Habitat
Overwintering site
We demonstrated that T. pinguicolla overwinters in burrows excavated by wolf spiders
(Lycosa spp) beneath partially embedded surface rocks. T. pinguicolla showed no preference
for rock size but did prefer locations where no other burrows occurred in the immediate
vicinity of that rock and burrow (Table 2; Figure 4; Plate 1). Burrows under or beside the
rocks were preferred overwintering refuges but T. pinguicolla were on a few occasions,
discovered in crevices or fissures beneath the rocks (Figure 4; Plate 2). Tympanocryptis
pinguicolla showed no significant preference to overwinter beneath any particular size of
rock, being discovered in burrows beneath rocks of various sizes and forms, the smallest
being 12 x 7 x 4 cm and largest, 60 x 50 x 28 cm. All but four individuals were found beneath
basalt derived surface rocks; the four additional individuals were beneath shale and quartz
based rocks.
All spider burrows containing T. pinguicolla were aligned with the underside or edge of the
rock with the rock itself acting as the seal to the top or side of the burrow. The maximum
level of embedment for a rock that housed a burrow with T. pinguicolla was 150 mm.
Occupied burrow entrances had diameters between 20-35 mm and were 6-29 cm in length. T.
pinguicolla were usually positioned curled up at the end of the burrow but on several
occasions were discovered in torpor in the shaft of the burrow. T. pinguicolla were nearly
always alone in burrows and only on two occasions was an individual found to occupy a
burrow with a wolf spider. On these occasions T. pinguicolla was at the end of the burrow in
torpor with the wolf spider occupying the shaft.
Table 2 Logistic regression model for overwintering site characteristics

Variable

Df

Deviance

Res. Dev

Pr (>chi)

Burrow

1

80.87

142.38

0.0000

Rock embedded

2

14.09

128.29

0.0009

Spider presence

1

4.88

123.410

0.0271

Additional burrows

3

21.30

102.112

0.0001

37

Figure 4 Mosaic plot for detection against burrow presence or absence beneath a rock.

Key: Mosaic plots represent the counts in a contingency table by tiles whose size is proportional to the cell count (Hartigan
and Kleiner, 1981)

Habitat
T. pinguicolla habitat was found to vary in composition, structure, height, landform and
aspect (Figures 5-7).
). Regression modelling revealed there was no significant effect of forb
dominance, landform, aspect or the number of medium or large rocks in determining the
occurrence of T. pinguicolla at each of the sites (Fig.5). Habitat assessments revealed T.
pinguicolla occupied habitat which contained areas with few rocks to areas containing an
abundance of small, medium and large rocks (Table 3). T. pinguicolla was detected in low,
moderate and high grasslands on flats, foot slopes, mid slopes and upper slopes on a variety
of aspects in the landscape (Figures 5-7).
Although most of the sites where T. pinguicolla were found were located in landscapes
underlain by basalt, we did find the species at two sites that were characterised by soils
derived from sedimentary rock types (shale and quartz). At these two sites cover and
overwintering rocks comprised shale and quartz
quartz based rock on stony shallow soils with one
site, dominated by Bothriochl
hloa macra, Themeda triandra and Poa meionectes having a
dense immediate cover of low lying shrubs including Dillwynia prostrata and Brachyloma
daphnoides (Plate 3).
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Despite the broad spectrum of habitats in use, our modelling revealed that five of our ten
potential explanatory habitat variables significantly influenced T. pinguicolla habitat
preference in the Monaro region (Table 3). Our model indicates T. pinguicolla prefers
paddocks with abundant small rocks (>100 rocks of <150mm in length, width or height per
4m2), moderate height native grassland (20 -30 cm average tussock height) dominated by Poa
siebriana, Bothriacloa macra, Austrostipa or Rytidosperma spp (Table 3; Figure 8). This
habitat is more preferable if it is structured i.e. <20m to embedded rocky outcrop, eroded
rocky washout or degraded areas (Table 3; Figures 9-10; Plates 4-7). When in Poa siebriana
and Austrostipa dominated grasslands, which are most extensive in the study area, the
number of small rocks was an important habitat variable in grassland > 50 m from a structural
change (Figures 9-10). Moderate height grassland dominated with Poa siebriana and
Austrostipa spp were a good predictor of T. pinguicolla habitat suggesting the greater the
number of small rocks the more preferable the habitat (Figures 11-12).
Our model predicted Themeda triandra dominated grassland was the least preferred native
habitat type (Figure 8). However in sites dominated by T. triandra, suitability would improve
with an increasing level of stoniness particularly when structural change was < 20 m (Figure
13) and habitat was predicted to improve with a greater density of mature T. triandra
tussocks (Figure 8). Habitat suitability was predicted to be very low at sites dominated by T.
triandra when > 50m from a structural change with little to no small rocks (Figure 13). Our
modelling demonstrated the least suitable native grasslands were those where exotics such as
Eragrostis curvula and Phalaris aquatica showed some dominance (Figure 8).
Table 3 Logistic linear regression modelling of T. pinguicolla habitat
Variable

Df

Deviance

Resid. Dev

Pr(>Chi)

Average tussock height

2

56.79299

324.3210188

0.0000

No of mature tussock clumps

1

16.54404

307.7769822

0.0000

Dominant grass spp.

6

63.12699

244.6499962

0.0000

No of small rocks

1

25.31593

219.3340682

0.0000

Proximity to structural change

2

25.26545

194.0686147

0.0000
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Figure 5 Mosaic plot showing the relationship between detection of T. pinguicolla,
pinguicolla dominant
grass species and average tussock height.

Key: Y axis (grassland height = low, moderate or high),
high) X axis (Detection: 0= non detection, 1= detection,
detection Dominant grass
species: P= Poa siebriana, S=Austrostipa
=Austrostipa spp, B= Bothriochloa macra, E = exotics including Eragrostis curvula and
Phalaris aquatica, T=
= Themeda triandra, W = Rytidosperma spp, O = other spp including Poa meionectes, Eneapogon
nigrescans and Elymus scaber). Mosaic plots represent the counts in a contingency table by tiles whose size is proportional
to the cell count (Hartigan and Kleiner, 1981).
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Figure 6 Mosaic plot showing the relationship between detection of T. pinguicolla,
pinguicolla landscape
position and dominant forb species.

Key: Y axis (Landcsape =flat,
flat, footslope, midslope or upperslope),
upperslope X axis (Forb: A= Asperula conferta, CE =
Chrysocephalum apiculatum, E= exotics i.e. Salvia verbanaca or trifolium spp, SB= Aceana ovina,
ovina S= Scleranthus diander,
V= Vittidinnia spp, O = other spp including plantago varia, Scleranthus biflorus, Stackhousia monogyna,
mono
Leptorhynchos
squamatusor) (Detection = 1, non detection =0). Mosaic plots represent the counts in a contingency table by tiles whose size
is proportional to the cell count (Hartigan and Kleiner, 1981.
1981
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Figure 7 Mosaic plot showing the relationship between detection of T. pinguicolla and aspect.

Key: Y axis (Aspect = flat, N, S, E, W, NE, NW, SE, SW,
SW X axis (Detection = 1, non detection =0).
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Figure 8 The relationship between dominant grass species, detection of T. pinguicolla and
number of mature tussocks.

Key: P= Poa siebriana, S=Austrostipa
=Austrostipa spp, B= Bothriochloa macra, E = exotics including Eragrostis curvula and Phalaris
aquatica, T= Themeda triandra, W = Rytidosperma spp O = other spp including Poa meionectes, Eneapogon nigrescans
and Elymus scaber),ys
,ys = detection, xs = number of small rocks
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Figure 9 The relationship between the detection of T. pinguicolla and the number of small
rocks against detection for different distances to structural change in Poa sieberiana
grassland.

Key: 0 = > 50 m from a structural change. 1 = <20 m from structural change and 2 = 20-50
20 50 m from structural change
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Figure 10 Number of small rocks against detection for different distances to structural change
in Austrostipa spp dominant grassland.

Key: 0 = > 50 m from a structural change. 1 = <20
< m from structural change and 2 = 20-50
50 m from structural change
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Figure 11 Number of small rocks against detection for different levels of tussock height in
Poa dominated grassland.

Key: Low (≤100 mm), Moderate (200-300
300 mm) or high (400-600
(400
mm).

46

Figure 12 Number of small rocks against detection for different levels of tussock height in
Austrostipa dominated grassland.

Key: Low = ≤ 100 mm, Moderate = 200-300
200
mm, High = 400-600 mm.
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Figure 13 Number of small rocks against detection for different proximities to structural
change in Themeda triandra dominated sites.

Key: 0 = > 50 m from a structural change. 1 = <20
< m from structural change and 2 = 20-50
50 m from structural change
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Discussion
We have identified key features of the grassland environment that are associated with T.
pinguicolla in the Monaro region of NSW. These include livestock grazing, native tussock
grasses, spider populations and embedded surface rocks. Unlike arthropod burrows used by
T. pinguicolla in the ACT which are thought to be constructed by arthropods such as raspy
crickets and wolf spiders (Stevens et al., 2010), burrows used for overwintering by T.
pinguicolla in the Monaro region are engineered only by wolf spiders and occur beneath or
alongside partially embedded surface rocks. Lizards require microhabitats that provide for
thermoregulation and predation avoidance (Melville and Schulte Ii, 2001, Kerr et al., 2003).
Structural factors are particularly important in microhabitat occupation for Australian agamid
lizards while thermoregulatory considerations play a role in their microhabitat use (Melville
and Schulte Ii, 2001). Burrows excavated by arthropods and rocks are important microhabitat
components for a number of threatened Australian reptiles (Covacevich et al., 1996, Porter,
1998, Dorrough and Ash, 1999, Melville and Schulte Ii, 2001, Milne et al., 2003, Newell and
Goldingay, 2005, Michael et al., 2008, Wong et al., 2011).
Retreat-site selection by lizards can be affected by the interplay between thermal benefits,
social advantages and avoidance of predators (Downes and Shine, 1998). For T. pinguicolla,
the partially embedded rocks sealing wolf spider burrows are likely to provide for improved
protection from trampling and overgrazing by cattle and sheep. These two attributes are likely
to be the habitat features most important to successful overwintering given the exposure of
these grasslands to freezing winter temperatures, frequent frosts and occasional snow as well
as hot and windy summers (Costin, 1954). The cover provided by grass tussocks can be
significantly reduced or removed by uncontrolled livestock grazing. Therefore shelter
associated with burrows, rocks and stones may be the only form of refuge in paddocks when
grass cover is depleted. Because the embedded rocks act as a type of shield to the burrows,
they are likely to improve hatchling success during extreme temperatures as well as providing
protection from livestock and predators. Our data suggests that burrows engineered by wolf
spiders associated with embedded rocks are likely to be extremely advantageous to T.
pinguicolla and consequently of critical importance throughout their lifecycle.
Although other refuge sites for T. pinguicolla occur in the Monaro region in the form of
vertical arthropod burrows not associated with rocks, burrows in tussocks and tussocks
themselves, our field observations suggest these types of burrows are less frequently
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encountered and when encountered are of smaller size, suggesting these are much less
suitable. The tussocks themselves are unlikely to provide for successful overwintering due to
their vulnerability associated with livestock. Despite this our results suggest tussocks are
important microhabitat components for thermoregulation likely to provide for shade and as
temporary refuges and perch substrates.
Our modelling supports the proposition that native tussock grasses (particularly Poa
siebriana and Austrostipa spp) are a characteristic feature of the grasslands occupied by these
lizards. Like desert horned lizards in Utah, such a vegetative cover and litter blanketing of the
soil, may offer superior opportunities for thermoregulation compared with other available
native grass species (Newbold and MacMahon, 2014). Moreover, preference to these grass
species raises an important issue for conservation planning given grasslands dominated by
these two species have little conservation value when their component forb diversity is low
and common or exotic species are present (Environment ACT, 2005). Our modelling did not
find forb dominance to be a good indicator of T. pinguicolla habitat; in fact occupancy was
confirmed in native grasslands with a dominant intertussock cover of exotic herbs. This
indicates that Poa sieberiana and Austrostipa dominated grasslands are extremely important
for the conservation of T. pinguicolla and should be recognised as such for management.
Past descriptions of T. pinguicolla habitat in the Monaro region (Osborne et al., 1993b) are
consistent with our habitat model. The negative effect of T. triandra identified by our model
may explain Osborne et al’s (1993b) failure to detect the species at eight T. triandra
dominated sites they surveyed throughout the Monaro region, particularly now that we have
confirmed T. pinguicolla occupancy in some grasslands on sedimentary soils. Importantly
this study has identified what is likely to improve occupancy in T. triandra dominated sites,
specifically that a higher likelihood of presence occurs at sites that have a moderate to high
density of mature tussocks, high number of small rocks and that are in close proximity to
structural changes in the landscape such as rock outcrops. Our data also make clear the
importance of rocky outcrops as a critical component of the Monaro grasslands for reptiles
(Michael et al., 2008, Michael et al., 2010b).
Trampling and overgrazing by livestock are almost ubiquitous threats in the Monaro region
(Hancock, 1972) and it is likely to be contributing to the decline and disappearance of T.
pinguicolla from former strongholds in the Cooma and broader Monaro region (see chapter
3). The Monaro region was subject to severe droughts not long after the species rediscovery
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between 1997-2000 and 2002-2008 which resulted in a major decrease in vegetation
condition across the region (CMSC, 2004, CMSC, 2009). It is possible that the combination
of ongoing livestock grazing, reduced rainfall and high temperatures resulting in a decline in
vegetation condition during these drought periods may have affected clutch hatchling success
and caused localised extinction of T. pinguicolla from some sites. This lack of vegetation
cover is likely to have increased the impact of predators such as cats which have been
confirmed to prey on agamid lizards in south eastern Australia (Jones and Coman, 1981). The
impact of other native predators like birds of prey, Australian magpies and brown snakes is
also likely to have increased.
Some parts of the study area between Nimmitabel and Bombala appeared to be more heavily
grazed over the four year period of this research. We failed to detect dragons at these
locations and it is possible that grazing and significant changes to vegetation during recent
droughts (CMSC, 2004, CMSC, 2009) may be the reason for this. Although moderate height
grasslands were a good predictor of T. pinguicolla habitat, the species was detected in several
sites that were heavily grazed (average mature tussock cover <100 mm). Read and
Cunningham (2010) recorded their highest captures of agamid lizards including
Tympanocryptis intima at heavily grazed sites. Little is understood about T. pinguicolla use
and occupation of heavily grazed grasslands but given field observations confirmed spiders
and rocks still exist in heavily grazed paddocks, further investigation into optimal livestock
grazing regimes is imperative.
The site specific history of pasture improvement including application of fertiliser at the
paddock scale is difficult to determine and was not included in this study. These practices are
generally more detrimental to the persistence of native biodiversity than grazing alone
(Dorrough and Ash, 1999, Dorrough et al., 2004b) and have been shown to be a key
determinant of the occurrence of another threatened grassland reptile Delma impar (Dorrough
and Ash, 1999). Obtaining spatially and temporally explicit historical land use information to
explore the role of fertiliser and past management across the range of T. pinguicolla could
prove extremely useful to test hypotheses of the effects of changes in landscape processes,
and for research and conservation management activities (Lunt and Spooner, 2005).
It is possible that fertiliser use and historical practices may be affecting invertebrate
communities and ultimately the diet and engineers of burrows critical for T. pinguicolla
overwintering. In temperate Australia, Lycosid spiders have been observed to be most
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abundant in areas subject to moderate disturbance by livestock grazing (Abensperg-Traun et
al., 1996) and in the wheat belt of NSW, lycosid spiders have preferred locations with grass
cover rather than more open locations (Martin and Major, 2001). Our model conforms to
these findings suggesting tussock cover and moderate grazing promote wolf spiders and
subsequent engineering of burrows for T. pinguicolla. Australian lycosid spiders have also
shown decreasing abundance across sites with decreasing rainfall (Churchill, 1998). The low
annual rainfall at Cooma compared to other parts of the Monaro region and its positioning in
a rain shadow (Jenkins and Morand, 2002, Bureau of Meteorology, 2013) may be a
contributing factor to the decline and suspected disappearance from sites in this area.
We recognise that the long-term conservation of T. pinguicolla must include protection of
important microhabitats and the processes that maintain them. Arguably the most important
process would be that which maintains burrow constructing spiders (Fellows et al., 2009).
Landscape conservation planning for T. pinguicolla should include as a goal the retention of a
cover of native grasses that, through management involving livestock grazing, does not close
to form a dense closed sward, but does maintain a litter layer which has been identified as
important for Lycosid spiders particularly in extreme grazing circumstances (Bell et al.,
2001).
Conclusion
Surveys and modelling have provided some insight into the complex interactions at play in
the natural temperate grasslands in this region and the land management practices which are
likely to affect T. pinguicolla. We have provided support for the expectation that native Poa
and Austrostipa dominated grasslands with partially embedded rocks and wolf spider
populations with abundant small surface rock and proximity to structural changes are likely
to be of critical importance to T. pinguicolla throughout their short lifecycle for
overwintering, general refuge, thermoregulation and reproduction. In identifying these
microhabitat requirements and vulnerabilities we recommend that the conservation of sites
for T. pinguicolla should be indicative of our recent surveys and modelling including in
Chapter 3. Land management practices such as cultivation, fertilising or rock removal and
heavy or uncontrolled grazing by livestock as well as the spread of invasive species are not
compatible with retaining these important microhabitat attributes.
Our findings indicate that the future distribution, and ultimately survival of this species, will
depend on the way in which grazing is managed across this landscape. Fortunately, habitat
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subject to what appear compatible grazing regimes is widespread across large private
properties in the region and highlights an indisputably important conservation opportunity.
Further investigation into the species distribution and appropriate livestock grazing regimes
as well as improved collaboration with private landholders in the Monaro region is essential
to maximise the species chances of survival.
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PLATES

Plate 1: Partially embedded rock housing a wolf spider burrow

Plate 2: Female T. pinguicolla discovered in a crevice beneath a rock
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Plate 3: New habitat discovery north west of Cooma on the Dry Plains Rd

Plate 4. Example of structural change in grassland <20 m (shale and quartz rock outcrop)
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Plate 5 Eroded rocky washout at Ravensworth TSR, example of structural change in
grassland within 20 m

Plate 6 Embedded rock outcrop - example of an embedded rocky outcrop within 20 m
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Plate 7 Embedded rock outcrop - example of an embedded rocky outcrop within 20 m

Plate 8 Relatively homogeneous grassland: example of no structural change within 50m
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Chapter 3 | Accounting for detectability when surveying for rare or
declining reptiles; turning rocks to find the grassland earless dragon in
Australia.
Abstract
Reptiles are in global decline with nearly 20% of species currently threatened with extinction.
Despite these alarming trends, data documenting detailed changes in reptile populations
remain sparse and the methods for detecting those changes are largely unevaluated. Rock
turning is one commonly used method for detecting the presence or absence of reptiles. Here,
we use data from four years of rock turning surveys for the endangered Tympanocryptis
pinguicolla to estimate the probability of species occurrence while accounting for
detectability. Our data set was zero-inflated with only 36 detections despite some 69,146
detection attempts (rocks turned) across 60 sites. Our analysis revealed the species
probability of detection per detection attempt is extremely low (0.00098 (95% CI: 0.000640.00142)) and suggested that the species remained undetected at some sampling sites where it
was present. Indeed, our estimate of actual site occupancy was nearly double the naïve
estimate obtained when not accounting for detectability, suggesting the species is more
widespread than previously thought. Our results highlight some important considerations for
landscape conservation planning for T. pinguicolla and rupicoline (rock inhabiting) reptiles
more generally. In particular, the application of rock rolling as a sampling technique must be
questioned given the low confidence of detecting a presence in the study reported here and
the likely destructive nature of the approach. We recommend that the effectiveness of
detection surveys by rock rolling be fully evaluated for any species before it is applied widely
as a detection technique and suggest that other approaches such as camera traps may prove
equally or more effective while being less destructive.

Introduction
Evaluating the conservation status of rare or declining fauna is a major conservation
challenge, especially given that resources are limited and the rate of species decline continues
to grow. This problem has become particularly stark in reptiles where nearly 20% of species
are threatened with extinction yet knowledge of diversity in this group remains disparate and
in need of innovative approaches to the analysis of changes in status (Gibbons et al., 2000,
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Sinervo et al., 2010, Böhm et al., 2013). Presence-absence surveys across a species
distribution can provide meaningful insights into population dynamics and factors correlating
with persistence (MacKenzie and Nichols, 2004, Pollock, 2006) and have been applied to
determine the population status of reptile species with survey approaches including spotlight
surveys (Sarre et al., 1995), diurnal searching (Kéry, 2002, Sewell et al., 2012, Manning et
al., 2013), pitfall trapping (Moseby and Read, 2001, Garden et al., 2007), funnel traps
(Thompson and Thompson, 2007), camera trapping (McGrath et al., 2012, Welbourne, 2013),
use of artificial refuges (Dorrough et al., 1996, Dimond et al., 2012, Michael et al., 2012) and
rock turning (Porter, 1998, Wong et al., 2011). Using data collected in such surveys to
estimate the occupancy of a species (i.e. the proportion of area, patches or sample units that it
occupies) can help guide important conservation and management decisions (MacKenzie et
al., 2006).
Presence-absence data for rare species are usually characterised by a high frequency of zero
observations (MacKenzie et al., 2002). While some zeros reflect true species absences, data
sets are often ‘zero inflated’ in the sense that they contain ‘false zero’ observations i.e. a
species is not detected at a site even if it is present (Martin et al., 2005). A failure to account
for species detectability can induce bias in the estimation of species occupancy (MacKenzie
et al., 2002, MacKenzie et al., 2006, Guillera-Arroita et al., 2014a), its relationship with the
environment (Tyre et al., 2003, Gu and Swihart, 2004, Kéry, 2011, Lahoz-Monfort et al.,
2014), the parameters characterizing the processes underlying its dynamics (MacKenzie et
al., 2003, Kéry et al., 2013) and affect the validity of inferences made about the presence or
absence of a species from a given site (Reed, 1996, Kéry, 2002, Pellet and Schmidt, 2005,
Garrard et al., 2008, Wintle et al., 2012). Hence, the importance of understanding and
accounting for imperfect detection extends to major decision-making bodies (MacKenzie et
al., 2006). Failure to do so risks inadequate conservation measures (Wintle et al., 2004).
Accounting for detectability while estimating species occupancy is best achieved by using
statistical models that explicitly describe the detection process (MacKenzie et al., 2006,
Royle and Dorazio, 2008). When data are collected based on repeated presence-absence
surveys (or more correctly, detection/non-detection), the binomial mixture model
(MacKenzie et al., 2002, Tyre et al., 2003) is a robust method for estimating species
occupancy and detectability, enabling the user to model how these two quantities vary as a
function of relevant environmental variables. Occupancy and detectability modelling has
established itself strongly in the scientific literature for a wide variety of taxa. However, it
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has had limited application to data of rare or declining reptiles (with few exceptions e.g.
(Kéry, 2002, Roughton and Seddon, 2006, Durso et al., 2011, Sewell et al., 2012)). Such
models have been used for determining species distribution and range (Kéry et al., 2013),
informing monitoring programs (Pellet and Schmidt, 2005, Guillera-Arroita et al., 2010,
Wibisono et al., 2011, Neilson et al., 2013), identifying priority habitat for species and
assisting with reserve design (Cabeza et al., 2004) and guiding the design of surveys for rare
species in environmental impact assessments (Garrard et al., 2008).
Despite having a poor record of species extinctions (Kingsford et al., 2009) and being on the
brink of a new wave of species extinctions (Flannery 2013), no mainland reptile has become
extinct in Australia. Keeping this record at zero however appears challenging when there is a
general paucity of information on many reptiles in Australia (Cogger et al., 1993), reports of
global decline and concerns about their status (Gibbons et al., 2000, Böhm et al., 2013) and
little evidence about which conservation approaches are effective in arresting or reversing
species declines in Australia (Taylor et al., 2011). This challenge is particularly daunting
when dealing with reptiles in temperate grazing environments. There are reported declines in
reptile species and heightened concerns for reptiles in these environments resulting from
inappropriate grazing regimes (Fischer et al., 2004, Brown et al., 2008, Dimond et al., 2012).

The Grassland Earless Dragon Tympanocryptis pinguicolla is one such species. This small
agamid lizard, which inhabits temperate grazing lands in south eastern Australia, has
contracted severely in geographic range and undergone a significant recent decline leading to
its listing as an endangered species under the Australia’s Environment Protection and
Biodiversity Conservation Act 1999 (Dimond et al., 2012). Urban expansion and agricultural
practices have reduced this species habitat to only 5% of its former range (Kirkpatrick et al.,
1995). The species currently occurs in only two isolated regions on the Southern Tablelands
of NSW separated by some 100 km. These two populations show genetic distinctiveness from
each other (Melville et al., 2007) and are threatened by habitat loss and fragmentation
(Dimond et al., 2012, Hoehn et al., 2013).

T. pinguicolla is difficult to detect so it is likely that the species remains undetected at sites
where it is present even after significant survey effort. Indeed, this species was thought
extinct until accidentally rediscovered (Osborne et al., 1993a). Here, we use occupancy
modelling to estimate site occupancy and detection probabilities with two aims: as a
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framework within which to test hypotheses about the drivers of occupancy for T. pinguicolla
and as a means to investigate the effectiveness and application of rock turning, a frequently
used survey technique for detecting rare or declining reptiles.

Methods
Study area
This study was conducted in the Monaro region of New South Wales in south eastern
Australia, across the known and potential distribution of the southern population of T.
pinguicolla (Fig.14). The study area is characterised by naturally treeless native grassland
communities; predominately dry tussock grasslands comprising snow grasses (Poa spp.),
wallaby grasses (Austrodanthonia spp.) and kangaroo grass (Themeda triandra) (Benson,
1994, Rehwinkel, 2009). The underlying geology is dominated by basalt with heavy clay
soils but in some areas comprises mixed sedimentary geology and skeletal soils (Costin,
1954). Elevation ranges from 758 m asl in the north and south with areas as high as 1234 asl
in between. The major river systems in the study area are the Murrumbidgee River in the
north, the Maclaughlin River and Bombala rivers in the south and the Snowy River in the
southwest. Annual average rainfall varies across the study area from 540 mm in Cooma in the
north to 644 mm in the south at Bombala, with Nimmitabel in the southeast receiving the
greatest average annual rainfall of 686 mm (Bureau of Meteorology, 2013). Summers in the
Monaro region are characterised by hot days, temperate nights, prolonged periods of
relatively high temperatures and strong winds. Winters are characterised by sub zero
overnight lows, frequent frosts, cold days and occasional snowfall (Costin, 1954, Dovers,
1994).
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Figure 14 The study area and sites sampled for Grassland Earless Dragon (GED) shown by
circles (no of detection attempts is number of rocks turned at the site).
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Continuous grazing by livestock is the dominant form of land management in the study area
(Dovers, 1994, Garden et al., 2000, Dorrough et al., 2004b) with the majority of the area
being privately owned and grazed by stock with some minor cropping taking place on the
alluvial flats (Benson, 1994). Past and present land use has resulted in much of the native
grasslands either being largely replaced with introduced pastures or crops, or highly modified
by a combination of livestock grazing, application of fertilisers and introduction of exotic
legumes (Eddy, 2007). Much of the study area comprises large paddocks (i.e. >1000 ha),
which vary in composition, condition and topography, and small paddocks such as Travelling
Stock Reserves (i.e. 11-100 ha), which are relatively uniform and fenced.

Study species
T. pinguicolla is a sit-and-wait predator known to forage predominately on ants and other
invertebrates. It basks on tussocks and occupies home ranges of between 925 m2 and 4768 m2
(Stevens et al., 2010). The species seeks overwintering refuge in crevices or burrows
excavated by wolf spiders beneath surface rocks (Osborne et al., 1993b). Fidelity to these
burrows is known to increase with the onset of winter (Stevens et al., 2010) and the species is
reported to be torpid in winter . The species is short lived, surviving for only one to two years
(Dimond et al., 2012).

Data collection and site determination
The sampling program involved turning surface rocks at 60 sites (Fig.1). Sites were either
small (≤50 ha), fenced and relatively uniform or, if contained within a larger paddock, they
were delineated by (i) a significant change in vegetation i.e. natural rocky tussock grassland
fringing pasture improved grassland free of rock or (ii) presence of a significant barrier to
movement i.e. sealed road, river or flowing stream, large modified areas or large plateau.
When in large and relatively uniform paddocks, sites were separated by distances greater than
300 m, well beyond the recorded home range of the species (Stevens et al., 2010). In total,
237 rock-turning surveys were conducted from 2010 to 2013 between the months of May and
September when the animals were in torpor. T. pinguicolla are easily identifiable in burrows
beneath rocks during this time as burrows are short, shallow and generally lateral with rocks
acting as a seal to the burrows. Surveys at a site involved diurnal traverses throughout the
area during which the number of rocks turned and species detections were recorded. A total
of 69,146 rocks were checked across the 60 sites. Of the 60 sites, 34 were surveyed on 5 or
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more occasions, with each visit generally involving a minimum of 200 rocks turned.
Sampling was never totally exhaustive and many rocks at sites remain unsurveyed as
paddocks in study area are generally extremely rocky. Rocks of all sizes were surveyed
(excluding small stones). Upon revisits to sites, different rocks were always surveyed. All
embedded rocks were placed back in their original position to minimize the disturbance to the
lizards or other fauna.
Surveys were undertaken in accordance with University of Canberra Animal Ethics permit
(ref CEAE09-12) and a scientific purposes permit issued by the NSW Office of Environment
and Heritage (ref S13055).

Data analysis - Estimation of detection and occupancy
We analysed our data using the binomial mixture model by Mackenzie et al (2002) and Tyre
et al (2003), which allows for the estimation of the probability of site occupancy while
accounting for detectability. Key to this model is the explicit description of the detection
process at occupied sites. In our analysis we define a detection attempt as the turning of one
rock. Although at some sites surveys were conducted on different visits and in different years,
we collapsed the data set assuming that the sites were closed to changes in species occupancy
over the survey period, and that detectability was constant. These two assumptions were
considered sufficiently reasonable given the relatively short time frame, the characteristics of
the species (low dispersal capability) and the fact that all surveys were conducted under
similar conditions at the same time of year. Hence, for each site i, our final data set consisted
of the number of detections di and the number of detection attempts Ki (i.e. number of rocks
turned). The probabilistic description of the model is:
Pr data| ,

=

1−

+ 1−

I

=0 ,

eq1

where S denotes the number of sites surveyed, ψ the probability that the species is present at a
site, and p the probability that the species is detected in a detection attempt given that it is
present at the site. In eq1, I(.) denotes the indicator function, which takes value 1 when the
expression in brackets is true. This means that the second term in the expression, which
accounts for the probability that the site is empty, disappears if there are detections at the site.
The model assumes independence among detections and no false positives. Both assumptions
are reasonable for our application. We carried out inference in the Bayesian framework using
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Markov chain Monte Carlo (MCMC) methods implemented in program WinBUGS
(Spiegelhalter et al., 2003). We used uninformative priors for both parameters (ψ and p), i.e.
uniform distributions ranging from 0 to 1. We assessed convergence with the Gelman–Rubin
statistic ( ! ) calculated as modified by Brooks and Gelman (1998) based on three MCMC

chains. We found no evidence of lack of convergence ( ! ≈1.001) after 20000 iterations,

which were discarded as burn-in. We conducted inference based on a further 20000 iterations
of the three MCMC chains for each parameter of interest. The WinBUGS code is outlined in
Appendix A.
Data analysis - Exploration of potential explanatory variables for dragon occupancy
Our first model assumed a constant probability of occupancy across sites. We then relaxed
this assumption to test a priori hypotheses concerning the most likely drivers of occupancy
for this species derived from expert knowledge (Table 4). Four potential explanatory site
characteristics (‘Basalt’, ‘River’, ‘Elevation’ and ‘Reserve’) were identified using the most
recent topographical, geological and Travelling Stock Reserve mapping available (Lewis and
Glen, 1995, NSW Agriculture, 2001, Geosciences Australia, 2004, Department of
Environment Climate Change and Water, 2009) and verified in the field. The ‘Themeda’ site
characteristic was measured using replicated 4m2 quadrat sampling at sites based on a single
measurement of dominant tussock cover. Extending the model to incorporate covariates
implies that, in eq1, the probability of occupancy is made site-specific (i.e.
for site #). We modeled

instead of

,

as a function of the relevant factor following the generalized linear

modeling framework, using a logit link function.

Table 4 Site characteristics evaluated as predictors of grassland earless dragon site
occupancy.
Covariate

Type

Explanation and Hypothesis

‘Basalt’:

Binary (0/1)

Historical records of T. pinguicolla prior to this study

Basalt/mixed

were restricted to grasslands on basalt soils despite

sedimentary

suitable

grassland

habitats

occurring

on

mixed

sedimentary geologies in the study area [Hypothesis 1:
‘T. pinguicolla occupancy is restricted to basalt derived
grasslands in the study area’].
‘River’:

Binary (0/1)

Apparently suitable habitat for T. pinguicolla occurs
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Murrumbidgee

extensively from north to south in the study area but

/MacLauchlan

historical records for the lizard are limited to the central
region bounded by the two major rivers in the study
area indicating they these rivers act as barriers to
dispersal within the region [Hypothesis 2: ‘The two
major river systems intersecting the study area
represent the southern and northern distributional limits
of T. pinguicolla ’]

‘Themeda’:

Binary (0/1)

Dominance of the grass Themeda triandra at sites

Themeda

suggests that these sites are better managed or less

triandra

modified (Vickery, 1961, Benson, 1994, Forbes et al.,

dominant / not

2001) and hence are expected to have a higher

dominant

likelihood of being occupied by T. pinguicolla.
[Hypothesis 3: ‘T. pinguicolla occupancy is higher at
sites dominated by Themeda triandra’]

‘Reserve’:

Binary (0/1)

The majority of historical records in the study area are

Reserve /

from travelling stock reserves and considered likely to

not reserve

contain better managed and less modified habitats
[Hypothesis 4: ‘Existing reserves are more likely to
contain T. pinguicolla than non-reserves’]

‘Elevation’ (m)

Continuous

T. pinguicolla were believed to be present at low

(z-standardized)

altitudes only but recent surveys identified new and
possibly larger populations at higher elevation locations
along the Great Dividing Range suggesting that higher
altitudes may be more suitable [Hypothesis 5: ‘T.
pinguicolla occupancy increases with elevation’]

WinBUGS had convergence problems when more than one covariate was included in the
analysis which was most likely due to the very few detections contained in our analysis. We
therefore limited our analyses to testing one variable at a time. For the continuous covariate
‘elevation’, we modified the WinBUGS code so that logit(ψ) * = β+ + β C) where Ci is the
value of the covariate at site i. For the binary covariates, there is an alternative equivalent
model formulation, directly describing each category as having its own occupancy
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probability,

or

+.

In our analysis we used this formulation, as the initial one displayed

convergence problems due to the small number of detections. The analysis in WinBUGS and
convergence assessment proceeded as described in the previous section. The required
modification to the WinBUGS code is outlined in Appendix A.
Determination of survey effort requirements
Based on the estimates of detectability, we determined the number of detection attempts
required to have a given probability of detecting the species at a site where it is present (Kéry,
2002). The probability of detecting the species at an occupied site after - detection attempts
is

∗

=1− 1−

. Hence, the number of attempts - required to achieve a probability

∗

is derived as:
-=

log 1 −
log 1 −

∗

.

Rather than computing this quantity for a single target probability, we included in our code
the estimation of

∗

as a function of -, which allowed us to explore the survey effort required

for different probability targets (see Appendix A).
Determination of site-specific occupancy probabilities conditional to the observed data
We computed the probability of site occupancy at sites where the species was not detected,
conditional to the survey effort expended at each of them and based on the estimates of
occupancy and detectability obtained from the constant model. Applying Bayes theorem, we
calculated the probability that a site was occupied after K failed attempts of detection as
(MacKenzie et al., 2006, Wintle et al., 2012)
0123

= Pr occ|undet =

1− ∗
1− ∗ + 1−

Results
Occupancy and detection
The turning of 69,146 rocks from 237 surveys across 60 sites resulted in 36 detections of T.
pinguicolla at 14 sites (Fig. 14). The occupancy estimate obtained disregarding imperfect
detection is hence 0.23 (ψ

naïve

= 14/60). Our analysis, which accounted for imperfect

detection, indicates that the probability of site occupancy for T. pinguicolla is double the
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naïve estimate (ψ = 0.46, 95% credible interval: 0.27-0.70) and that the probability of
detecting the species when turning a single rock is extremely low p = 0.00098 (95% CI:
0.00064-0.00142). This means that, on average, only about one out of 1000 rock-turning
events yields detection at sites where the species is present.
Our analysis indicates that about 2400 rocks need to be turned at an occupied site to have a
90% chance of detecting the species (Fig. 15). The number of rocks increases significantly to
raise confidence in detecting the species (e.g. 5400 rocks are required to be 99% confident).
This amount of rocks is larger than that applied in most of the sampling sites (see a selection
in Table 5) and is consistent with our occupancy estimate suggesting the species might have
been missed at some of the sites where it was present. Our survey effort was sufficient to
infer absence with high confidence at some sites where the species was not detected during
our surveys (i.e.

0123

was low). This was the case for Kuma Nature Reserve sites,

Yallakool, Rock Flat, Gunningrah and Frasers Hill TSR sites.
Figure 15 Probability of detecting the species at a site where present (p*) as a function of the
amount of survey effort (The shaded area represents the 95% credible interval).
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Table 5 Detection attempts and site-specific detection and occupancy probabilities at a
selection of sites in the study area where the species was not detected during the surveys
(95% credible intervals shown in brackets).
Site name
Cooma Common
Four Mile TSR 1
Frasers Hill TSR
Gunningrah
Bredbo 2
Kuma NR 1
Kuma NR 2
Yallakool
Murrumbucca
Quartz Hill 1
Quartz Hill 2
Severn Park 1
Slacks Creek TSR
Weroona
Maclaughlin River TSR
Hillstead
Mattapo
Rock Flat TSR

K
972
1118
2304
1899
737
1484
2220
2456
757
1304
1613
1528
1350
1331
313
359
1290
2465

p*
0.61 (0.46-0.74)
0.67 (0.51-0.79)
0.90 (0.77-0.96)
0.84 (0.70-0.93)
0.51 (0.37-0.65)
0.77 (0.61-0.88)
0.88 (0.76-0.96)
0.91 (0.79-0.97)
0.52 (0.38-0.66)
0.72 (0.57-0.84)
0.79 (0.64-0.89)
0.78 (0.62-0.88)
0.73 (0.57-0.84)
0.73 (0.58-0.85)
0.26 (0.18-0.36)
0.30 (0.21-0.40)
0.72 (0.56-0.84)
0.91 (0.79-0.97)
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0.24 (0.10-0.53)
0.22 (0.09-0.50)
0.08 (0.02-0.30)
0.12 (0.03-0.36)
0.29 (0.14-0.57)
0.16 (0.06-0.44)
0.09 (0.02-0.31)
0.07 (0.01-0.28)
0.29 (0.13-0.57)
0.19 (0.07-0.47)
0.15 (0.05-0.41)
0.16 (0.05-0.43)
0.19 (0.07-0.46)
0.19 (0.07-0.46)
0.39 (0.20-0.64)
0.37 (0.20-0.64)
0.19 (0.07-0.47)
0.07 (0.02-0.28)

Note: K is the number of detection attempts at the site (i.e. number of rocks turned), p* is the probability of detecting the
species at that site given K and conditional on it being occupied, 0123 is the probability the site is occupied by the species
despite not being detected after K attempts. Both p* and 0123 were derived based on the estimates for species detectability
and occupancy in the constant model (p= 0.00978 and = 0.46).

Exploration of potential explanatory variables for dragon occupancy
Our analysis provides evidence of higher occupancy probability in sites that are not
dominated by Themeda triandra; occupancy estimates were very different between the two
types of sites, with little overlap in their confidence intervals (Table 5). Our results also
confirm that sites at higher elevations are more likely to contain the species, as indicated by
the positive regression coefficient estimated in our logistic regression model (b1= 3.50, CI:
1.20-8.88; Fig. 16). We found no effect of ‘reserve’ on occupancy, suggesting that private
grazed lands provide for similar occupancy rates. We did not find evidence in our data of an
effect of basalt geology suggesting that both mixed sedimentary geologies and basalt provide
habitat for the species (Table 5). Our results suggest that the species could be absent from
sites beyond the two rivers, as indicated by the low value of the corresponding occupancy
probability estimate and the lower limit of the credible interval (ψ (river=0) = 0.17, CI:
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0.006-0.737). Although clearly left-skewed (Figure B3 in Appendix B), the posterior
distribution has some non-negligible mass for relatively high occupancy probabilities, which
implies that there are also chances that the species could indeed be present in some of those
sites outside the rivers and it was simply not detected with the effort that was applied. Note
that the amount of effort tended to be smaller than average at sites outside of the two rivers.
Table 6 Estimates and 95% credible intervals for each of the models fitted.

Model
.
basalt
river

Estimates of occupancy
! = 0.455 (0.273, 0.704)
! + = 0.498 (0.131, 0.939)
! = 0.461 (0.266, 0.717)
! + = 0.504 (0.306, 0.755)

Themeda

! = 0.174 (0.006, 0.737)
! + = 0.600 (0.361, 0.885)

reserve

! + = 0.436 (0.183, 0.783)

elevation

:!+ = -0.553 (-2.052, 2.319)

! = 0.170 (0.025, 0.492)
! = 0.487 (0.261, 0.776)

:! = 3.501 (1.202, 8.878)

Estimates of detectability
̂ = 0.00098 (0.00064,0.00142)
̂ = 0.00096 (0.00063,0.00139)
̂ = 0.00097 (0.00063,0.00140)
̂ = 0.00096 (0.00063,0.00139)
̂ = 0.00096 (0.00063,0.00139)
̂ = 0.00092 (0.00062,0.00135)
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Figure 16 Probability of T. pinguicolla occupancy with respect to elevation as estimated by
the model. Shaded area indicates the 95% credible interval.

Discussion
Our study demonstrates the need to account for imperfect detection in broad scale surveys of
rare or declining reptiles. Having disregard for detectability in broad scale surveys can be
problematic and result in trends being missed or spurious ones being wrongly detected,
particularly if detectability varies. Our findings provide evidence that T. pinguicolla, one of
Australia’s rarest reptiles, is likely to be present at double the number of sites where we
detected it and certain variables drive the species occupancy. Furthermore we demonstrated
that the application of rock turning as a sampling technique for rare or declining reptiles is of
low effectiveness and potentially destructive when used in broad scale surveys for reptiles.
These findings send an important message to management bodies responsible for rare or
declining reptiles across the globe, particularly when one in five species are data deficient
and threatened by habitat loss (Gibbons et al., 2000, Böhm et al., 2013).

Effectiveness and future application of rock turning for surveying reptiles
Our analysis provides a quantitative benchmark assessing the effectiveness of rock turning.
This benchmark can be of use for decision makers, particularly for one-off surveys of sites
that are proposed for development or of interest for protection and conservation agreements
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for T. pinguicolla. However, our findings show that large survey effort is required for this
relatively invasive technique to provide adequate detectability. Therefore, unlike other
occupancy and detectability studies that have provided future support for their sampling
techniques and occupancy modelling (Roughton and Seddon, 2006, Bailey et al., 2007,
Guillera-Arroita and Lahoz-Monfort, 2012), the low confidence of detecting a presence in our
study suggests that rock turning as a sampling technique is problematic for T.pinguicolla and
quite possibly for many other threatened rupicoline reptiles.
Given the substantial amounts of rocks to be turned for confidence to infer absence from a
site, it is also a potentially destructive approach for surveying and monitoring rare or
declining reptiles. Rock turning from the illegal collection of reptiles and its consequential
changes to the dynamics of refuge sites is reported to impact negatively on reptile species
(Schlesinger and Shine, 1994, Webb and Shine, 2000, Goode et al., 2004, Goode et al., 2005,
Croak et al., 2008, Pike et al., 2010). Our study suggests it could be detrimental to T.
pinguicolla, particularly at small and isolated or less rocky sites where the reduced
availability of refuge sites could accelerate decline in populations and result in localised
extinctions. Rock turning is also likely to be even less suitable during periods of drought or
other stressful conditions where alternative refuges such as tussocks are likely to be at a
minimum. We suggest that surveyors of rare or declining reptiles consider our low rate of
return of rock turning as well as its potentially destructive nature and explore other noninvasive techniques.
A possible alternative is the use of remote camera traps, which have been piloted to detect T.
pinguicolla and other reptiles, proving effective in detection and offering potential for use in
long term monitoring programs and in behavioural studies (McGrath et al., 2012, Welbourne,
2013). The use of detection dogs offers a second promising alternative for non-invasive
detection of rare species in challenging landscapes, providing a means to collect extensive
data on the status of species (Long et al., 2007, MacKay et al., 2008). Detection dogs have
successfully been used to detect rare reptiles at refugia sites and have promise for increasing
the knowledge of rare species (Cablk and Heaton, 2006, Savidge et al., 2011). We
recommend further investigation of these and other possible alternatives that may offer less
invasive and labour intensive survey techniques to detect T. pinguicolla and rare or declining
reptiles in general.
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T.pinguicolla occupancy drivers and conservation
Our occupancy modeling has provided the opportunity to test key hypotheses of relevance to
the management of a rare or declining reptile, improving our current understanding of how it
is distributed within its range. Our data supported two of our five hypotheses. While we did
not obtain evidence in support of the other three, those findings are similarly important for
explaining distributions within the species range and identifying site characteristics important
for landscape conservation planning.
Our modelling indicates lower dragon occupancy in sites dominated by Themeda triandra
corroborating the observations of Osborne et al (1993b) who detected the species on rocky
open sites dominated by Poa siebriana but failed to detect the species in sites dominated by
Themeda triandra. Despite T. triandra dominated grasslands representing high conservation
value grasslands in the study area and evidence of low to no intensity grazing (Vickery, 1961,
Benson, 1994, Forbes et al., 2001), they have a much lower prevalence in the study area
compared with continuously grazed native pastures dominated by Poa, Austrostipa and
Austrodanthonia spp (Costin, 1954, Hancock, 1972, Eddy, 2007). Our occupancy estimate
and the exploration of this variable suggests occupancy is heavily portioned to these grazed
native pastures which are likely to support the much shorter and open structure suggested to
be favoured by T. pinguicolla (Stevens et al., 2010).
Our analyses suggest that, amongst the sites surveyed, T. pinguicolla are more common at
higher elevation. As recommended by Fischer and Lindenmayer (2005) our study identifies
another species of reptile in Australia, which occurs in an undulating environment with a
temperate climate that is likely to be sensitive to elevation. The area under study is subject to
a rain shadow effect which could suggest that the higher elevation areas, which do receive
higher annual rainfall i.e. Nimmitabel (Bureau of Meteorology, 2013), are important for T.
pinguicolla. Possible mechanisms include that greater soil moisture provides improved egg
incubation conditions and hatchling success especially during prolonged periods of drought,
which are a feature of the study area.
Our discovery of T .pinguicolla in grasslands occurring on mixed sedimentary geologies
under shale and quartz surface rocks (Top Hut TSR and Snowy Mountain Hwy sites)
contradicts previous assumptions that T. pinguicolla was restricted to basalt-derived soils and
basalt rocks. Our modelling supports occupancy in these areas and is cause for further
76

exploration for T. pinguicolla in grasslands on mixed sedimentary soils at the northern and
southern bounds of its current range. Our analysis strongly suggests that areas outside of
reserves are just as important for the species. This is an important finding given the past
emphasis of protecting existing reserves in the study area for biodiversity values (Benson,
1994, Rowell, 1994, Eddy et al., 2000), our confidence of the species absence in some
reserve areas in the study area (Table 2) and our new discoveries on private grazing lands. Of
significance is that our analysis raises concern for the status of T. pinguicolla on the Kuma
Nature Reserve, the only grassland nature reserve in the study area managed for T.
pinguicolla conservation (NSWPWS, 2007). With the given survey effort applied, occupancy
probability estimates at two sites surveyed within this nature reserve were relatively low
(

0123

= 0.16 and 0.09), as were the chances of having missed the species had the sites been

occupied (1-p*= 0.23 and 0.12).
Our model provided low occupancy probability estimates for sites beyond the area delineated
by the two major rivers. The analysis did indicate that there is some chance the species is
indeed present at sites beyond the two rivers but it was not detected with the effort that was
applied (e.g. see Murrumbucca, Hillstead and Maclaughlin River TSR sites in Table 2). We
however lean in support of our river hypothesis considering our occupancy estimate for the
Gunningrah site, a site with high quality habitat, which suggest a low likelihood of occupancy
and high confidence that the species was not missed during surveys at that site (Table 2).
Until further surveys are undertaken to improve our understanding of this data deficient
population of T. pinguicolla in the Monaro region, our data suggests the conservation of this
species should target higher altitude non Themeda triandra dominated grasslands on both
basalt and mixed sedimentary geologies. These areas should be located between the
MacLauchlan and Murrumbidgee Rivers and in close proximity to existing reserves. Land
possessing these characteristics is currently threatened by crash grazing practices or
overstocking, ploughing or sowing of exotic pastures, rock removal and pasture
improvements through fertilising. Conservation of these lands in the study area would
contribute significantly to the recovery and persistence of T. pinguicolla.
Conclusion
The estimation of detectability, allows clear numerical benchmarks for the rock turning effort
to be established. Defining benchmarks for inferring the absence of a rare or declining reptile
enables management authorities to make informed decisions about key habitat and other
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threats to reptiles globally (Gibbons et al., 2000, Böhm et al., 2013). The estimation of
species occupancy and detectability, as incorporated here, provides essential information to
address a key dilemma for those responsible for managing species, which is to decide when
to stop managing or surveying for cryptic threatened species (Chadès et al., 2008).
Our explicit evaluation of species detectability highlighted that rock turning can have very
low effectiveness when surveying for rare reptiles while also being potentially destructive.
This is of concern when it is in widespread use globally and is being recognised as an
effective technique in surveying for rare and declining reptiles (Cogger et al., 1993, DoE,
2011, McDiarmid et al., 2012, Cogger, 2014). We recommend that the use and effectiveness
of detection surveys by rock turning be fully evaluated for any species before it is applied
widely as a detection technique. Our findings suggest that surveyors of rare or declining
reptiles should explore other non-invasive techniques such as remote cameras or sniffer dogs.
Moreover, the use of occupancy modeling provides the opportunity to test key hypotheses of
relevance to the management of a rare reptile providing an improved understanding of
species distribution, while accounting for the survey effort applied to each site.
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Appendix A: WinBUGS code
Constant occupancy and detection probability:
model {
# Likelihood
for (i in 1:S){
z[i] ~ dbern(psi)
h[i] <- z[i]*p
D[i] ~ dbin(h[i],R[i])
}
# Priors
psi ~ dunif(0,1)
p ~ dunif(0,1)
# Derived parameters:
# Kmin: num. rocks to turn to have (1-alpha) probability to find a dragon at an occupied site
Kmin <- log(alpha)/log(1-p)
# p*: prob. detecting the species at an occupied site after turning K rocks (for different K)
for (i in 1:40){
pdet[i] <- (1-pow((1-p),i*100))
}
}
Continuous covariate in occupancy:
model {
# Likelihood
for (i in 1:S){
logit(psi[i]) <- b0+b1*C[i]
z[i] ~ dbern(psi[i])
h[i] <- z[i]*p
D[i] ~ dbin(h[i],R[i])
}
# Priors
b0 ~ dunif(-10,10) # intercept
b1 ~ dunif(-10,10) # regression
p ~ dunif(0,1)
}
Binary covariate in occupancy:
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model {
# Likelihood
for (i in 1:S){
psi[i] <- psi.1*C[i]+psi.0*(1-C[i])
z[i] ~ dbern(psi[i])
h[i] <- z[i]*p
D[i] ~ dbin(h[i],R[i])
}
# Priors
psi.1 ~ dunif(0,1) # occupancy when covariate value =1
psi.0 ~ dunif(0,1) # occupancy when covariate value =0
p ~ dunif(0,1)
}
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Appendix B: Estimation results
Figure 17 Posterior distribution for the probability of site occupancy (left) and the probability
of detection under a rock at an occupied site (right).
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Figure 18 Effect of ‘basalt’ in the estimation of occupancy probability (non-basalt: solid line;
basalt: dashed line).
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Figure 19 Effect of ‘river’ in the estimation of occupancy probability (outside rivers: dashed
line; inside rivers: solid line).
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Figure 20 Effect of ‘Themeda’ in the estimation of occupancy probability (No Themeda
dominance: solid line; Themeda dominance: dashed line).
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Chapter 4 | A trial use of camera traps detects the highly cryptic and
endangered grassland earless dragon Tympanocryptis pinguicolla
(Reptilia: Agamidae) on the Monaro Tablelands of New South Wales,
Australia.
Introduction
The use of remote, infrared, sensor activated cameras (hereafter called cameras traps) is
becoming more widespread in wildlife research as they offer several advantages over
traditional manual survey methods. Camera traps are less invasive, offer opportunities to
increase detection of cryptic trap-shy fauna, and can collect data over long periods of time
with minimal input (Cutler and Swann, 1999, Swann et al., 2004). In Australia, much of the
focus when using camera traps for threatened wildlife has been on small to large sized native
mammals (Claridge et al., 2005, Nelson and Scroggie, 2009, Claridge et al., 2010). Camera
traps have also been used in Australia to monitor birds (Towerton et al., 2008) and introduced
pests (Vine et al., 2009).
There are few publications relating to the use of camera traps for detecting reptiles in
Australia. Publications known to the authors include Milne et al. (2003) who used video
recorders on stands at known burrows to monitor burrow use by the Pygmy Blue-tongue
lizard, Tiliqua adelaidensis, Doody et al.(2009b) who used camera traps for monitoring
nesting behaviour of the freshwater Pig-Nosed Turtle, Carettochelys insculpta and
Somaweera et al. (2011) who used camera traps to observe predation on the nests of the
Freshwater Crocodile, Crocodylus johnstoni. To the authors’ knowledge, there has been no
published research into the effectiveness of using camera traps to detect small and highly
cryptic reptiles.
The Grassland Earless Dragon, Tympanocryptis pinguicolla is a nationally listed, endangered
species under the Commonwealth of Australia’s Environment Protection and Biodiversity
Conservation Act 1999. Because of the highly cryptic nature of the Grassland Earless
Dragon, approaches to detecting and monitoring the species are very time consuming, labour
intensive and costly (Robertson and Evans, 2009). A survey typically involves the use of
artificial arthropod burrows in grids or transects, which implies a greater sampling effort
since a large number of traps must be installed for a long period of time for the sampling to
be effective. This methodology has been used to study the species in the Australian Capital
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Territory, where natural temperate grasslands lack large areas of rocky outcrop and surface
rocks (Fletcher et al., 2009). In rocky landscapes, searching beneath rock (rock-turning) is also
a recommended procedure (Robertson and Evans, 2009).
These techniques have recently been trialled on the Monaro Tablelands of New South Wales
(McGrath, unpublished data). Monitoring of artificial arthropod burrows at five known
locations across the Monaro Tablelands during the summer of 2010 resulted in the discovery
of only two individuals at one of the five locations despite some 4253 trap days, furthermore
rock turning during the winter of 2010-2011 across the Monaro Tablelands resulted in only
15 individuals being discovered at five locations despite 73 suitable grassland sites being
surveyed and > 23 000 rocks being turned (McGrath, unpublished data).
This low detectability of the species using prescribed survey techniques motivated the authors
to trial camera traps to detect one of Australia’s rarest and most cryptic reptiles, the Grassland
Earless Dragon, on the treeless basalt grasslands of the Monaro Tablelands of New South
Wales.

Methods
Six camera traps (Moultrie MFH-DGS-I60) were installed and set to photograph and record
the Grassland Earless Dragon within a Travelling Stock Reserve (TSR) approximately 15 km
south of Cooma on the Monaro Tablelands of New South Wales, Australia. Camera traps
were left within the TSR for a period of 75 days starting in autumn (7th April 2011) and
collected in early winter (20th June 2011). The TSR is situated on an east facing foot slope
and comprised treeless, rocky, native temperate grassland dominated by Kangaroo grass
Themeda triandra, spear grasses Austrostipa spp and red-leg grass Bothriochloa macra. The
site is surrounded in three directions by extensive stretches of native temperate grassland and
is generally representative of native temperate grassland across the Monaro Tablelands
(Figure 23). The study site had not previously been subject to recent standardised artificial
arthropod burrow surveys in the region however the Grassland Earless Dragon had previously
been recorded on the site through rock turning surveys (McGrath, unpublished data) .
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Figure 23 Native temperate grassland paddock on the Monaro Tablelands of New South
Wales, Australia (Travelling Stock Reserve study site within).

Four of the six camera traps were each attached to a wooden stake approximately 20 cm
above the ground at a 30 degree angle and focused on an artificial arthropod burrow which
was installed approximately 40 cm away (Figure 24). Artificial arthropod burrows are
constructed from PVC tubing and designed to mimic an arthropod burrow, which are used as
natural shelter sites by the Grassland Earless Dragon (Fletcher et al., 2009). As such, they do
not trap Grassland Earless Dragons because they can move in and out of them freely. The
four camera traps were installed at 30 m intervals along a 120 m east to west transect. The
remaining two camera traps were installed on fence posts along the northern boundary of the
TSR each 30 cm from the ground and 30 m apart. All camera traps were programmed on a 24
hour cycle and set to take a single photo upon each sensor trigger followed by 15 seconds of
video footage. To minimise false camera trap triggers the small section of grassland in sight
of each camera trap, approximately 1 m x 1 m, was trimmed down to approximately 10 cm in
height.
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Figure 24 Example of the camera trap set up used to detect the Grassland Earless Dragon in
native temperate grassland of the Monaro Tablelands, New South Wales, Australia

Results
Camera traps took a combined total of 1296 photos and 1294 video recordings over the 75
days. Two of the camera traps were effective in capturing clear and easily identifiable photos
(n =12) and video recordings (n=7) of the endangered Grassland Earless Dragon. The photos
and video recordings occurred on the 13th April commencing at 11.20 am and 17th April
2011 at 12.30 pm.
There were other possible photos (n=9) and recordings (n=2) of the Grassland Earless Dragon
on one other camera trap. We were not able to identify individuals on these photos or
recordings due to poor focus as a result of the camera trap set up and these out of focus
images could not be distinguished from other grassland lizards known to occur in the region
e.g. Whites skink Egernia whitti.
The camera traps captured photos of the Grassland Earless Dragon at the edge of the artificial
arthropod burrow and slightly overlooking the artificial arthropod burrow (Figure 7 & 8) as
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well as basking on a short tussock that had been trimmed beside an artificial arthropod
burrow (Figure 9). One camera trap recorded a Grassland Earless Dragon basking on a
nearby grassland tussock for three minutes before the lizard moved slowly to a nearby basalt
rock. Another recording in this sequence showed the same Grassland Earless Dragon actively
checking the inside of the artificial arthropod burrow (with its hind legs outside the burrow)
until it rapidly exited the burrow. Earlier recordings on this camera trap did not show any
evidence of anything entering the burrow prior to this recording. None of the Grassland
Earless Dragons took refuge inside the artificial arthropod burrows.
The remaining photos (n=1275) and video recordings (n= 1285) were false triggers appearing
to be triggered by windblown grass, insect activity (e.g. grasshoppers, butterflies and wolf
spiders), inquisitive Singing Bushlarks, Mirafra javanica, or Eastern Grey Kangaroos,
Macropus giganteus. The study site had previously been subject to multiple rock turning
surveys during the winter of 2010-2011 (McGrath, unpublished data) and a comparison of the
results of this trial use of camera traps with recent rock turning surveys is shown in Table 4.
Figure 25 The Grassland Earless Dragon Tympanocryptis pinguicolla
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Figure 26 The Grassland Earless Dragon Tympanocryptis pinguicolla

Figure 27 The Grassland Earless Dragon Tympanocryptis pinguicolla basking on a nearby
tussock

Note: Thermometer readings on the above images are incorrect.
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Table 7 A comparison of results from the camera trap trial and recent rock turning surveys at
the study site.
Rock

Rock turning

Rock

Camera

Rock

turning

survey 2

turning

trap trial

turning

survey 1
Survey date

June 2010

survey 3
September

survey 4

April 2011

April 2011

June 2011

Non

2

1

150 camera

20 rocks

2010
No of
Grassland

4

1

detection

Earless
Dragon
recorded
Total survey
effort at the

493 rocks

60 rocks

240 rocks

trap days*

study site

Number of
rocks turned

25, 70, 90,

/ camera trap

120 rocks

days to detect

respectively

specimen

20 rocks

Non

42 and 66

detection

camera trap

20 rocks

days
respectively

during the
survey
* The memory cards of four of the camera traps were full upon retrieving the camera traps. The six camera traps operated on
average for 25 days of the 75 days they were left on the study site (150 camera trap days where trap days are number of
artificial burrows times by the number of days on which they are checked i.e 25 days x 6 camera traps = 150).
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Discussion
Our trial involving the use of six camera traps at a single grassland site has proven effective
in detecting the cryptic and endangered Grassland Earless Dragon. The results of this trial
confirm that Grassland Earless Dragons are active in Autumn when temperatures reach a
daily maximum of between 13.2°C and 18°C and an overnight minimum of 2.6°C and -0.6°C
respectively (Bureau of Meteorology, 2011). Interestingly, the first recordings and photos of
Grassland Earless Dragon on 13th April occurred mid morning following the coolest night of
the month which reached an overnight minimum of -1.5°C (Bureau of Meteorology, 2011).
Despite not being the intent of this study, these results highlight the added bonus of using
camera traps to survey for this species in that they have the potential to be used to investigate
the activity periods of this highly cryptic lizard.
Despite being only a trial use of camera traps and not yet replicated, including at previously
unsurveyed sites or sites with a non detection, the comparisons between rock turning surveys
and camera traps at the site in Table 4 demonstrate the effectiveness and potential of camera
traps to detect the Grassland Earless Dragon. Where a rock turning survey conducted during
the same month as the camera trap trial (consisting of 240 rocks turned) failed to detect the
species at the site, the camera traps succeeded in detecting the species.
There is much potential for camera traps to be a more desirable survey and monitoring
technique than live trapping (Kays and Slauson, 2004), and in some situations to be more
effective (De Bondi et al., 2010). This trial offers insight into an innovative, less invasive and
labour intensive alternative for detecting and monitoring a highly cryptic and endangered
reptile across the basalt grasslands of the Monaro Tablelands of New South Wales.
Furthermore this pilot study highlights the potential of camera traps for surveying other
similar sized cryptic reptiles in Australia and elsewhere.
Pilot studies are a recommended means of gathering important information prior to
embarking on a full survey program using camera traps (Nelson and Scroggie, 2009). A need
to test other camera makes and models, appropriate camera trap distances from the burrow as
well as the angle of the camera trap to burrow in order to get the best focus and therefore
quality images will be required in future application of this method. There is also the need to
minimise false camera trap triggers caused by wind moving nearby vegetation and therefore
allow for more extended periods of monitoring. Being a largely treeless and undulating
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ecosystem, some further consideration may also need to be given to the site selection, aspect
and positioning of camera traps to avoid prolonged shading of artificial arthropod burrows
and increase the probability of detection. The kangaroos and birds photographed from camera
traps along the fence line also suggests avoiding fence lines in future camera surveys and
ensuring cameras are better stabilised.
Excitingly, the effective use of camera traps in this pilot study will enable us to address new
and important questions that relate to the lizard’s use of artificial and natural burrows,
activity patterns outside of key activity periods, behavioural attributes, predator-prey
interactions as well as the opportunity to investigate the effects of rock turning on the species.
The ease with which camera traps can be installed and relocated across the landscape
compared to the current labour intensive techniques (Robertson and Evans, 2009) suggests
camera traps could be ideal for improving detectability studies and implementing long term
monitoring programs for the Grassland Earless Dragon.
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Chapter 5 | Synopsis
In this thesis I have presented a series of manuscripts which build on four years of field
research on the endangered T. pinguicolla in the Monaro region of south eastern NSW. My
targeted, landscape wide, and repeated sampling program enabled a means of building
statistical inference about sampling sites using a robust binomial mixture occupancy model
which accounted for detectability as well as multiple logistic regression modelling. From a
broad, overarching perspective, adopting this approach and making statistical inference has
confirmed the status of this nationally endangered lizard in an important stronghold of its
range and contributed to the global and national conservation needs and direction for
threatened reptiles (Cogger et al., 1993, Gibbons et al., 2000, Böhm et al., 2013, Cogger,
2014, Webb et al., 2015). I achieved a better understanding of the species distribution and
habitat both at the landscape and paddock scale as well as identifying likely threats to the
species.
This research breaks new ground for reptile conservation. Indeed it is the first time such
modelling has been applied to an Australian reptile, moreover a species that is rare and
declining. My research is the first to fully evaluate the effectiveness of rock turning as a
survey technique for a threatened reptile and which is done in a scientifically current and
rigorous way. My results support previous cause for concern for reptiles as a result of altering
their critical refugia by reptile and rock collectors (Schlesinger and Shine, 1994, Shine et al.,
1998, Croak et al., 2008, Pike et al., 2010). Given this research clearly identified the
inefficiency of this reptile sampling technique for monitoring and its likely destructive nature,
I recommend further research and piloting of other techniques to monitor rare and declining
reptiles including the use of remote cameras or scent detection dogs. These techniques have
been applied well for mammals but have had limited but promising use with reptiles (chapter
4).
I demonstrate the significance of understanding and accounting for species detection
probability by concluding that T. pinguicolla is likely to be more widespread than previously
thought and likely to be missed during surveys. In a rapidly changing conservation
environment where threatened species face optimal allocation of resources (Marsh et al.,
2007, Joseph et al., 2009, Ng et al., 2014), understanding the detectability of threatened
species must be accounted for. Not accounting for detectability is dangerous having serious
consequences for modelling distributions and identifying critical habitats (Peterman et al.,
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2013, Guillera-Arroita et al., 2014b, Lahoz-Monfort et al., 2014) and inhibits good practice
conservation planning for threatened species (Pierce and Gutzwiller, 2004, Heard et al., 2006,
Garrard et al., 2008, Gibson, 2011, Smith et al., 2012a, Dostine et al., 2013). I recommend
improved awareness of the concept of detectability and its importance for threatened species
planning and decision making in Australian government policy noting its current omission.
This research is testimony to its importance.
Despite the loosely appointed ‘rare’ status of species in ecological literature (Cunningham
and Lindenmayer, 2005), my research, through innovative and rigorous means, has confirmed
the extremely rare status of this nationally endangered reptile. Whilst rare, I have
interestingly confirmed through modelling that it is likely to be more widespread than
previously known and easily missed during surveys at sites. However, worryingly, detection
estimates provided confidence in the lizard’s absence at some sites which contained suitable
habitat in close proximity of other extant populations likely to have connectivity to these
sites. Undeniably, my prediction that the range of T. pinguicolla is likely to have declined in
parts of the Monaro, including from the Kuma Nature Reserve (a reserve established for this
species) is of concern. I recommend prompt investigation into what may be driving the
potential disappearance of T. pinguicolla from the Kuma Nature Reserve. In addition, I
recommend that investigations explore other likely drivers of occupancy such as the lower
altitude and low rainfall in the Cooma area potentially affecting soil moisture.
Although I identified decline in parts of the species range around Cooma, I have confirmed
that T. pinguicolla is extant at many sites in the Monaro region. This is despite the
overarching use of the region for livestock production and to a lesser extent for other forms
of more intensive agriculture (Costin, 1954, Hancock, 1972, Dovers, 1994). T. pinguicolla
appears to have survived in this largely modified environment with my research indicating it
is able to exist in some situations where livestock grazing is the dominant land use. This is a
very important finding that needs to be conveyed to landholders in the Monaro region and
other stakeholders. The effective long-term management and conservation of T. pinguicolla
should be built on an understanding of the kinds of grazing regimes that maintain T.
pinguicolla habitat in an appropriate condition (Chapter 3) and which are compatible with the
productivity needs of landholders.
My research demonstrates that to ensure the ongoing survival of local populations in the
Monaro region the following criteria should be met: 1) retention of in situ embedded rocks of
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all sizes, 2) no fertilizer or pesticide application to ensure healthy invertebrate populations for
burrow construction and T. pinguicolla diet, 3) grazing that maintains a native tussock cover
of 200-300 mm average height across a suite of landscape aspects and positions, 4) grazing
that maintains on average of 20-30 mature tussock clumps per 4 m2 and 5) land management
that retains structural diversity in the form of rock outcrops and existing exposed rocky areas.
I recommend these criteria be used to guide further surveys for T. pinguicolla to improve
understanding of its distribution in the landscape and further advance understanding of its
habitat requirements. I recommend natural grasslands in the Bungarby and Dry Plain regions
as priority areas for future survey and monitoring.
Importantly, I established a negative effect of T. triandra on occupancy and habitat
preference for T. pinguicolla. Given many sites dominated by T. triandra are afforded high
conservation value and protection nationally (Benson, 1994, Rowell, 1994, Eddy, 2007,
Environment ACT, 2005), I warn of the potential for past and present negative outcomes of
conservation efforts for T.pinguicolla through the adoption of surrogacy approaches from
protecting Themeda triandra dominated grasslands in the Monaro region. The fact that
different conservation values of grasslands may not overlap has been cautioned previously by
Robertson and Evans (2009). I further reinforce the need for caution and urge for focus
primarily on privately owned grazed native rocky grasslands. These grasslands comprise the
most extensive and connected landscapes that potentially support the species. It is essential
that connectivity is retained and managed across natural grasslands in the Monaro region for
the long term survival of T. pinguicolla given the extreme declines experienced in the ACT as
a result of fragmentation (Hoehn et al., 2013) and the genetic findings of Carlson (2013)
which suggested greater dispersal of T. pinguicolla in the Monaro region.

In identifying these critical habitat components and likely drivers of T. pinguicolla occupancy
my research has contributed to the growing body of literature concerned with the extinction
of reptiles in south eastern NSW (Driscoll, 2004, Brown et al., 2008, Dimond et al., 2012),
the importance of rocks and rocky outcrops for endangered lizards in south eastern NSW
(Newell and Goldingay, 2005, Michael et al., 2008, Michael et al., 2010a, Michael et al.,
2010b, Wong et al., 2011) and in Australia generally (Cogger et al., 1993). I support findings
of another endangered Australian grassland lizard, the pygmy blue tongue lizard, Tiliqua
adelaidensis that burrows constructed by spiders, maintaining spider populations in
grasslands and avoiding heavy grazing regimes are critical for rare or declining grassland
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lizards (Milne et al., 2003, Souter et al., 2007, Fellows et al., 2009, Pettigrew and Bull, 2011).
My research adds to the growing national concern for reptiles (Covacevich et al., 1996,
Borsboom et al., 2010, Borsboom et al., 2011, Smith et al., 2012b, Webb et al., 2015).
On ground surveys and habitat assessments across the Monaro region identified numerous
threats which, if not abated, will continue driving local populations into decline, increasing
the likelihood that this species will become extinct. Specifically, these threats are ongoing
agricultural intensification (e.g. ploughing, pasture improvement), overgrazing by livestock,
particularly during drought, use of heavy machinery such as rock crushers or tractors,
removal of rocks, degradation and modification of native grassland habitat by invasive
weeds, rabbits and erosion, inappropriate use of fire and likely predation by feral cats, foxes,
raptors and snakes. I recommend improved community education and awareness of
T.pinguicolla and its threats in the Monaro region through appointment of a dedicated
biodiversity officer for the Monaro region with NSW state or local government’s agencies.
Immediate action should be taken to improve the control of African love grass in the Cooma
region to halt its spread further south in the Monaro region. This lizard would also benefit
from increased national compliance under the Environment Protection and Biodiversity
Conservation Act 1999 into unlawful clearing of native grasslands in the Monaro region.
My findings suggest that grazed, native rocky grasslands on privately owned land in the
Monaro region form a large portion of the species area of occupancy; particularly those
grasslands at higher elevations between the Murrumbidgee and MacLauchlan river systems
that are not dominated by Themeda triandra and occur on basalt or sedimentary geologies.
These features, in conjunction with the lizard’s highly specialised microhabitat requirements
further suggests its vulnerability to the threats operating in the Monaro region. It is therefore
questionable as to whether it will continue to persist like it has during the last 180 years of
grazing in the Monaro region without management intervention, particularly given that the
species is now presumed extinct in former areas of its range in Victoria and at Bathurst in
NSW, and that there is very clear evidence of the decline in the ACT population (Dimond et
al., 2012) and near Cooma (this thesis). A suite of new actions threatening native grasslands
in the Monaro region are likely to add considerable pressure to T.pinguicolla populations
unless managed effectively. These include large scale bauxite exploration activities planned
for the Monaro region (Volcan Holdings, 2014), relaxed vegetation clearing laws (OEH,
2014), growing acknowledgement of the region’s suitability for renewable energy projects
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(Cooma Monaro Shire Council, 2004) and a changing climate which is likely to intensify the
existing vulnerabilities of the Monaro region (Dovers, 1994, Sutton et al., 2008).
Although these findings will be useful to inform immediate conservation planning and on
ground action, I acknowledge that my research raises a number of questions that require
answering. These are similar to those which have led to improved understanding of other
endangered reptiles and include advances in the understanding of the impacts of heavy
grazing (Pettigrew and Bull, 2011), understanding of the use of burrows and interactions with
spiders (Milne et al., 2003, Fellows et al., 2009), use of other refuge sites, particularly
tussocks (Stevens et al., 2010), the importance of abiotic factors associated with vegetation
structure (Newbold and MacMahon, 2014) and how the turning of rocks affects the future use
of rocks as a refuge (Croak et al., 2008). I recommend implementation of a landscape wide
non invasive monitoring program for T. pinguicolla across private grazing lands to determine
appropriate land management regimes for T. pinguicolla which incorporates research into the
above uncertainties.
While working towards an improved understanding of the ecological requirements of T.
pinguicolla is essential for establishing better approaches to better management, ongoing
retention of T. pinguicolla habitat in the Monaro region and the creation of a managed reserve
network must also be of focus. Such a network should focus on grazed natural grasslands
meeting my proposed criteria and involve improved and ongoing engagement with private
landholders with the aim of entering into incentive based management agreements.
Successful conservation outcomes resulting from positive landholder and community efforts
have been demonstrated recently with reptiles in agricultural environments including for the
pygmy blue tongue lizard, Tiliqua adelaidensis in South Australia and another earless dragon,
Tympanocryptis cf tetraporophora on the Darling Downs of Queensland (Pettigrew and Bull,
2011, Melville et al., 2014).
Conservation attention and funding for T. pinguicolla in NSW has been minimal since
creation of the Kuma Nature Reserve back in 2003. Sadly recent bids for conservation
attention and funding for T. pinguicolla, in particular from the new NSW saving our species
program have been unsuccessful. This represents a very poor outcome for T.pinguicolla and
suggests conservation action will remain in its present condition with a continued focus on
existing Travelling Stock Reserves or sites of high floristic conservation value in the Monaro
region. Clearly the Monaro region provides a unique opportunity to demonstrate that reptile
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conservation and livestock grazing in Australia can be compatible. There has been extensive
ongoing work done with landholders to manage and monitor native grasslands in this region
including the establishment of the Monaro Grassland Conservation Management Network
(Eddy, 2007). Fortunately this region also has a limited history of modification compared to
other agricultural regions (Garden et al., 2000) and there has been a shift towards
recolonisation of sown pastures with native grasses in the Monaro region (Garden et al.,
2001). Landholders do understand the need to conserve biodiversity and are willing to
contribute (Litchfield, 2000).
To conclude, this research has contributed positively in part to the national recovery plan for
T. pinguicolla. My findings share a mix of good and bad news for T. pinguicolla. Ominously,
I have amplified national concern for this endangered lizard, identifying decline and
indisputable vulnerability for the species in the Monaro region amidst decline and extinction
in other parts of its national range. Valuably, I have identified that the Monaro region with
improved land management and awareness, offers significant hope for this lizard with more
widespread occurrence and connectivity and compatibility with managed livestock grazing. I
have demonstrated that a planned survey design can enable robust modelling which can
effectively assess the status and inform the conservation of rare and declining reptiles. By
doing this for T. pinguicolla I have built a platform on which to better understand more
complex ecological requirements of this lizard and upon which to action immediate
conservation. My research on this lizard points to a need for an improved understanding of
Australian reptiles more generally (Cogger et al., 1993, Cogger, 2014, Webb et al., 2015) and
development and implementation of a contemporary national action plan for Australia’s
threatened reptile taxa which emphasizes the priority for reptiles in agricultural environments
which inhabit natural grasslands and rocky outcrops.
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