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ABSTRACT 
 

Land clearing and modification of natural habitats is threatening biodiversity 

globally. In Australia, most native grassland habitats have been heavily modified for 

agriculture, including cropping and grazing. Grassland specialist species, including earless 

dragon lizards (Tympanocryptis spp.) in north-eastern Australia, are of conservation 

concern due to this continued habitat loss and fragmentation. However, the north-eastern 

Australian group of earless dragons (including the recently described T. condaminensis, T. 

wilsoni and T. pentalineata) are at significant risk, due to the presence of multiple 

undescribed cryptic Tympanocryptis lineages within this region. It is imperative that the 

taxonomy is resolved for these cryptic lineages of conservation concern, so conservation of 

these species may occur. 

One of the major challenges for taxonomists in recent times has been the species 

delimitation of morphologically cryptic taxa. The detection of distinct molecular lineages 

within cryptic genera has increased exponentially over the past decades with advances in 

genetic techniques. However, there are discrepancies in the rate and success of detection of 

cryptic taxa between studies using genetic methods and those using classic external 

morphology analyses. Therefore, novel integrative methods for species delimitation of 

cryptic taxa provide an avenue to incorporate multiple lines of evidence, including the 

application of osteological variation assessment where external morphological assessment 

fails to distinguish species. I develop a new pipeline integrating genomic data using single 

nucleotide polymorphisms (SNPs) and osteological geometric morphometric evidence 

from micro X-ray computed tomography (CT) imagery to assess variation between cryptic 

lineages for confident species delimitation.  
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Here, I use this novel integrative pipeline to delimit cryptic lineages of earless 

dragons in north-eastern Australia. Prior to this study, there was evidence of three 

undescribed species of Tympanocryptis in this region. Using single mitochondrial and 

nuclear genes along with >8500 SNPs, I assess the evolutionary independence of the three 

target lineages and several closely related species. I then integrate these phylogenomic data 

with osteological cranial variation from CT imagery between lineages. I find that the very 

high levels of genomic differentiation between the three target lineages is also supported 

by significant osteological differences between lineages. By incorporating multiple lines of 

evidence for species delimitation, I provide strong support that the three cryptic lineages of 

Tympanocryptis in north-eastern Australia warrant taxonomic review. 

Earless dragons are found in most environments across the Australian continent, 

including a variety of ecological niches, from stony desert to tropical woodland or cracking 

clay savannah, although each species is often restricted to s certain habitat-type. I 

investigate the phylogenetic relationships among currently described earless dragons and 

newly delimited putative species with an assessment of broad biogeographic divisions, 

focussing on the north-eastern Australian Tympanocryptis group. I found significant 

structure across the north-eastern Australian lineages, with deep divergence between 

lineages occurring in the inland Great Artesian Basin region and more coastal Great 

Dividing Range. Regional diversification is estimated to have occurred in the late Miocene 

with subsequent Plio-Pleistocene speciations, and divergence and distributions of these 

species may therefore be reflective of the climate induced grassland-rainforest oscillations 

during this time. Based on these phylogenetic geographic relationships and the species 

delimitation from the integrative taxonomy approach, I describe three new species of 

Tympanocryptis from the cracking clay grasslands of the Darling Riverine Basin (T. 

darlingensis sp. nov.) and Queensland Central Highlands (T. hobsoni sp. nov.), and the 
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stony open eucalypt woodlands on the Einasleigh Uplands (T. einasleighensis sp. nov.). 

The revision of these species provides further taxonomic clarity within the Tympanocryptis 

genus, and is an imperative step in the conservation of the north-eastern Australian earless 

dragons. 

These three putative Tympanocryptis species and the other three recently described 

earless dragons in north-eastern Australia inhabit restricted niches and areas with varying 

levels of habitat fragmentation and modification, and are therefore of significant 

conservation concern. However, little is known about these six north-eastern Australian 

earless dragon species. I utilise genomic methods to investigate population connectivity 

and genetic structure to determine management units. I then use species distribution 

modelling (SDM) to assess habitat suitability and fragmentation of each species. I integrate 

results of these analyses to form conclusions on the distribution and population structure of 

these earless dragons. I then discuss the major threatening processes and potential 

conservation strategies. 

This thesis uses several integrative approaches in resolving the taxonomy and 

forming conclusions on the conservation management of the north-eastern Australian 

Tympanocryptis species. This study successfully delimits cryptic lineages, explores the 

phylogenetic and geographic relationships between species, and provides baseline 

population genomics and ecological data to be used for conservation assessments and 

management decisions of earless dragons in north-eastern Australia.  
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PREFACE 
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chapters. Christy Hipsley advised on the osteological geometric morphometric approach in 

Chapter 1, and contributed to the analysis and interpretation of these data. Rod Hobson 

assisted with fieldwork and contributed conclusions for conservation management in 

Chapter 3. The conservation assessment for T. wilsoni in Appendix 1 was in collaboration 

with Melanie Venz. All co-authors commented on previous drafts of the manuscripts. 

This thesis includes the following chapters for publication: 

Chaplin K, Sumner J, Hipsley C, Melville J (in prep) A workflow pipeline for integrative 

species delimitation of cryptic taxa: a case study of earless dragon lineages in north-

eastern Australian grasslands. 

Chaplin K, Sumner J, Melville J (in prep) Phylogenetic relationships of north-eastern 

Australian earless dragons (Agamidae: Tympanocryptis spp.), with description of 

three new species. 

Chaplin K, Sumner J, Hobson R, Melville J (in prep) Population genomics and species 

distribution modelling in conservation management of north-eastern Australian 

earless dragon lizards (Agamidae: Tympanocryptis spp.) 
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accepted by the Species Technical Committee of the Queensland Department of 
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Venz M, Chaplin K (2016) Conservation assessment for Vulnerable listing of Roma 

earless dragon, Tympanocryptis wilsoni, under the Queensland Nature Conservation 
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GENERAL INTRODUCTION 

 
 

 
Photo: Tympanocryptis darlingensis sp. nov., taken by K. Chaplin. 
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ANTHROPOGENIC IMPACTS ON BIODIVERSITY 

Humans have had a profound and detrimental impact on global biodiversity. Among 

biologists it is becoming widely accepted that the sixth mass extinction event is already 

underway – the Anthropocene epoch (Mendenhall et al., 2014) - and the irreversible 

consequences of this epoch will last millions of years before biodiversity levels are restored 

(Barnosky et al., 2011). Based on the geological records over the previous 65 million years, 

the background rate of extinction is 0.1-1 species lost per million species per year, with 

current rate of biodiversity loss hundreds of times higher than the expected rate of extinction 

(Dirzo and Raven, 2003). The rate of biodiversity decline has not slowed over the last couple 

of decades (Butchart et al., 2010), and climate change is also predicted to have significant 

and increasing consequences for taxa, especially for range-restricted or habitat-specialist 

species (Parmesan, 2006). The most prominent cause of biodiversity loss is anthropogenic 

resource use, which can be seen most noticeably in European-settled or developed regions 

(Woinarski et al., 2015). Converting natural landscapes for agricultural, industrial or urban 

purposes is the primary cause of species decline, due to the loss, degradation or fragmentation 

of habitat (Dobson, 1997; Guida-Johnson and Zuleta, 2013; Sala et al., 2000)(Alkemade et al. 

2009). 

 

STUDY SYSTEM: NORTH-EASTERN AUSTRALIAN GRASSLANDS AND SAVANNAHS 

Grasslands are the most wide-spread ecosystem in the world, occurring naturally across 

all continents except Antarctica (Scurlock and Hall, 1998). However, grassland or savannah 

ecosystems have been one of the most highly modified communities due to the ease of 

replacing grasslands with urban development or agricultural lands (Rockström et al. 2010, 

Kuppler et al. 2015, Estes et al. 2016, de Oliveira et al. 2017). A study by Gang et al. (2014) 
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estimates that globally, over 49% of grasslands have experienced degradation between 2000 

and 2010, and 5% of these grasslands have been subject to strong or extreme degradation. 

Australia is no exception to this ongoing habitat loss and modification.  

As a country relatively recently settled by Europeans, with high rates of development 

and agriculture, there has been a significant loss or modification of native grasslands and 

savannahs over the past two centuries (Moore 1970, Mott and Groves 1994, McIvor 2005). In 

south-eastern Australia, less than 1% of the native grasslands remain (McDougall 1994, 

Williams et al. 2005), and there has been a loss of over 34% of the grassland and forblands in 

Queensland (Department of Environment and Heritage Protection 2015, Neldner et al. 2017). 

This habitat loss and modification has primarily been attributed to the conversion of native 

grasslands for agricultural practices, open-cut and coal seam gas mining, modified fire 

regimes, and weedy species invasion (Benson 1991, Goodland 2000, Department of the 

Environment 2008, Dorrough et al. 2012, Gang et al. 2014, Neldner et al. 2017). In addition 

to this loss of habitat, the fragmentation of grasslands has resulted in most patches being less 

than ten hectares, with very limited connectivity (Department of the Environment, 2008). The 

biodiversity loss and invasion of weedy species in these grasslands has led to many 

communities being so degraded they can no longer function as an ecosystem. The grasslands 

were listed as a nationally threatened ecological community in 2009, with the Central 

Highlands as critically endangered, and southern Queensland and northern New South Wales 

as endangered (Department of the Environment, 2008). 

The decline of these ecosystems has severe implications for many taxa, including 

grassland-specialist fauna, and degradation and modification of these grasslands have led to 

declines in many species (Benson 1991, Goodland 2000, Eddy 2002, Melville et al. 2007, 

Neldner et al. 2017). Grassland specialist reptiles are often significantly affected by habitat 
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fragmentation and losses, due to their small ranges and limited dispersal ability (Stevens et al. 

2010, Michael et al. 2011). 

 

STUDY SPECIES: NORTH-EASTERN AUSTRALIAN TYMPANOCRYPTIS SPP. 

The Tympanocryptis genus (earless dragons) is an endemic group of small terrestrial 

Australian agamid lizards (Mitchell, 1948; Wilson and Swan, 2013). The genus extends 

across most of Australia, and although a few species are widely distributed, most species are 

restricted to a small geographic range or specialist habitat-type, including pebble deserts, 

semi-arid zones, volcanic open woodlands, and grasslands (Austin and Melville, 2006; Hoehn 

et al., 2013; Melville et al., 2007; Smith et al., 1999). The number of recognised species in 

Tympanocryptis has almost doubled since 2014, with recent taxonomic studies describing 

multiple new species (Melville et al. 2014, Doughty et al. 2015), bringing the total number to 

16. Tympanocryptis has provided ongoing difficulty to taxonomists due to the presence of 

multiple cryptic species groups, where genetically divergent lineages have little external 

morphological variation (Melville et al. 2014). The presence of these cryptic lineages within 

the genus and lack of definitive morphological characters and natural interbreeding evidence 

have prompted the use of a phylogenetic-based species concept (over the morphological or 

biological species concept counterparts) (Wiley 1978, Donoghue 1985, Nixon and Wheeler 

1990) as the most appropriate for Tympanocryptis species delimitation (Melville et al. 2014, 

Doughty et al. 2015). There is still significant work required to resolve numerous further 

taxonomic uncertainties in this genus, including within the Tympanocryptis assemblage in 

north-eastern Australia, with evidence suggesting there are several cryptic lineages in this 

region identifiable as potential new species (using the Phylogenetic Species Concept) that are 

yet to be recognised. 
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Very little is known about the biology or ecology of these north-eastern Australian 

Tympanocryptis species (Melville et al. 2014). Most of the north-eastern species are cracking-

clay grassland specialists, and inhabit native remnant grassland patches, crop fields 

(especially sorghum and wheat stubble), grassy verges on the sides of roads, or grazing 

paddocks (Wilson and Swan 2013, Melville et al. 2014, Hobson 2015). With the continued 

loss and modification of their natural habitats, coupled with the unresolved taxonomy and 

little empirical ecological data to base a conservation framework on, these north-eastern 

Australian earless dragon species are of significant conservation concern. 

 

NEW APPROACHES TO INTEGRATIVE TAXONOMY AND CONSERVATION 

There have been extensive advances in evolutionary and ecological research techniques 

in recent years, primarily through the development of genome-sequencing methods (Andrews 

and Luikart 2014), modelling algorithms (Phillips et al. 2006, Leaché and Fujita 2010, 

Grummer et al. 2014) and integrative platforms for the analysis of multiple lines of evidence 

(Gotelli and Stanton-Geddes 2015, Solís‐Lemus et al. 2015). Whole-evidence approaches 

(incorporating a combination of data from different techniques) can provide a better 

understanding on the evolutionary history, ecology and biology of species, and the use of 

cutting-edge techniques can often enhance the confidence or resolution of conclusions that 

can be drawn from these studies (Dayrat 2005, Sattler et al. 2007, Trumbo et al. 2016). 

Genomics and geometric morphometrics have the potential to significantly advance 

taxonomic work in highly cryptic groups, which is highly important in species groups of 

conservation concern (Grismer et al. 2013, Melville et al. 2014, Raupach et al. 2016). 

Additionally, combining population genomics and distribution modelling data for species can 

provide informative conclusions that may be drawn upon for conservation management 



 INTRODUCTION 

6 

(Trumbo et al. 2016, Hanson et al. 2017). Integrating several cutting-edge techniques can 

therefore have profound impacts on the conservation of cryptic species that are of 

conservation concern, such as the north-eastern Australian earless dragons. Here, I introduce 

several of the methods that I utilise in my research. 

OSTEOLOGICAL MORPHOLOGY FROM MICRO X-RAY COMPUTED TOMOGRAPHY (CT)  

The field of morphological research has been advancing rapidly over the last decade 

with the application of alternative approaches to geometric morphometrics and morphological 

character analysis (Faulwetter et al. 2013). The use of micro X-ray computed tomography 

(CT) imagery has been a standard practice in other fields in past decades, predominantly for 

medical purposes (Maintz and Viergever 1998), and more recently in earth sciences, for 

analysis of the internal structure of geological components including rocks, gems or 

meteorites (Colletta et al. 1991). Similarly to geological analysis, the use of CT imagery in 

evolutionary biology allows for internal structure analysis without destructive sampling of 

biological specimens or museum vouchers (Faulwetter et al. 2013, Fernández et al. 2014). 

Using CT imagery of rare or valuable specimens or those that are very small in size, can even 

be used to digitally reconstruct a holotype specimen (known as a ‘cybertype’) for species 

descriptions (Akkari et al. 2015). 

CT imagery provides an informative new layer of morphological data that can be used 

for 3D geometric morphometric analyses (Pyle et al. 2008, Sobral et al. 2012). This approach 

is advantageous to other external or osteological morphology methods in that there is 

excellent data accuracy by using computer-based multidimensional landmarking of characters 

(Faulwetter et al. 2013). These internal morphometric data and analyses allow taxonomists 

and evolutionary biologists to consider the osteological variation between taxa, and this 

additional information regarding the evolutionary history of taxa may sometimes be seen only 
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through internal structure variation (Spoor et al. 1994, Faulwetter et al. 2013, Fernández et al. 

2014). Additionally, comparative evolution techniques now also allow the integration of 

phylogenomic data into the geometric morphometric analyses, which can provide us with 

greater taxonomic resolution for species delimitation in cryptic taxa (Audzijonyte et al. 2008, 

Klages et al. 2013, Stoev et al. 2013). 

GENOMICS 

The fields of taxonomy and conservation research have been transformed by advances 

in population genomics, with the rise of next-generation sequencing (NGS) techniques 

(Luikart et al. 2003). Single nucleotide polymorphisms (SNPs) are a highly informative 

genetic marker due to their genome-wide abundance and robustness, and are one of the 

preferred nuclear genetic marker used in contemporary genomics studies (Kumar et al. 2012). 

The large number of SNPs obtained from NGS provide an advantage over markers 

commonly used in previous decades, such as microsatellites, with current SNP genotype 

datasets often thousands of times larger than those using historic markers (Lemmon and 

Lemmon 2013). The accessibility of NGS genotyping techniques and associated costs have 

reduced substantially in recent years (Kumar et al. 2012), and so SNP-based methods are 

being used more frequently across many fields of evolutionary and ecological genetics. 

Genomic data have been utilised in studies of population dynamics, evolutionary history, 

distribution and adaptive potential of species (Hancock-Hanser et al. 2013; Kumar et al., 

2012; Luikart et al., 2003; Van Tassell et al., 2008), and are revolutionizing the fields of 

taxonomy, phylogenomics and conservation genetics due to their high abundance and 

comprehensive genome-wide nature (Steiner et al. 2013, Andrews and Luikart 2014). 

Although SNPs provide an exciting option in conservation genetics research, 

computational analyses have struggled to keep up with the increasing sizes of genomic 
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datasets (Clayton and Leung 2007). Increasingly, population genomics software packages 

have been developed or modified in recent years to be able to handle these data (Paradis et al. 

2004, Jombart and Ahmed 2011) but these are still relatively new and often have fewer 

analysis options than the mature packages used in microsatellite analyses. Nonetheless, 

analysis packages are now available for most NGS data formats for population statistics, 

including fixation indices such as Wright’s FST (Wright 1978) and Hedrick’s G’ST (Hedrick 

2005), differentiation such as Jost’s D (Jost 2008), the inbreeding coefficient FIS (Wright 

1949) and various heterozygosity measures. Thus, we can now use genomic datasets in 

conservation genetics research to estimate genetic “health” (through inbreeding and 

heterozygosity levels), population or habitat connectivity (through measures of fixation and 

differentiation) and to define management units for conservation (Luikart et al. 2003, Morin 

et al. 2004, Angeloni et al. 2012).  

SPECIES DISTRIBUTION MODELLING 

There are two distinct methods that may be used in developing ecological niche or 

species distribution models; mechanistic or correlative. Mechanistic models use species’ 

biophysiology and functional traits (thermal tolerances, desiccation resistance, etc) to predict 

species distributions based on these physiological tolerance data, cross-referenced with 

abiotic GIS data such as climate, topology and land cover (Kearney and Porter 2009). 

Conversely, correlative approaches use statistical analyses to first determine an association 

(correlation algorithm) between known geographic locations of species (using GPS 

coordinates), and the environmental conditions experienced at each of these localities 

(Raxworthy et al. 2003). These algorithms are then used to predict species distributions, by 

(similarly to mechanistic methods) using GIS landscape layers. Correlative approaches are 

more commonly used for distribution modelling of species with little empirical data on 
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physiological tolerances and ecological interactions, such as the north-eastern Australian 

earless dragon species, and I will only focus on these methods henceforth. 

Ecological niche or species distribution modelling (SDM) offer effective ways of 

assessing niche availability of a species through space and time and has a variety of 

applications (Peterson 2006). SDM has been effective in predicting the location of hybrid 

zones, by comparing parallel models for each of the hybridising species (Chatfield et al. 

2010, de Lima et al. 2014). Similarly, multi-species niche modelling of closely related taxa 

has led to the discovery of new species in unsurveyed areas, based on the intersection of 

predicted suitable habitats (Raxworthy et al. 2003). Other uses include furthering our 

understanding of biogeography and dispersal barriers, predicting impacts of climate change, 

evaluating where species invasions may be, and many conservation-based applications 

(Hirzel and Le Lay 2008, Thorn et al. 2009, Qi et al. 2012, Russell et al. 2014). 

SDM doesn’t predict where a species is, it simply identifies areas that are most 

environmentally similar to the points of occurrence (Soberon and Peterson 2005). These areas 

are known as the fundamental niche, and essentially represent areas with abiotic conditions 

that would currently support the species if it happened to exist there, irrespective of biotic 

dispersal restrictions such as inter-specific competition or geographic barriers (Phillips et al. 

2006). The subset of the fundamental niche that species actually occur in is called the realised 

niche, which is constrained due to the interaction of abiotic and biotic requirements (Peterson 

2006). Although SDMs do not accurately predict the realised niches of a species, we can use 

the fundamental niche output from the model coupled with prior knowledge of the species’ 

ecology and evolutionary history to surmise the expected distribution. Furthermore, using a 

suitable training area for the SDM that reflects the past and current dispersal capacities of the 

species will result in a fundamental niche output more likely to emulate the realised 

distribution (Thuiller et al. 2004, Barbet-Massin et al. 2012). SDM can be invaluable in the 
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conservation of species with little prior ecological or biological empirical data, such as new 

or recently described species (Raxworthy et al. 2003, Kumar and Stohlgren 2009).  

The north-eastern Australian earless dragons are a perfect example of a study system 

requiring conservation attention, but with little information available on the species’ 

distributions and ecology to base decisions on. Utilising a combination of molecular and 

morphological data with distribution modelling can provide an integrative approach for 

species delimitation and conservation assessments (Qi et al. 2012, Shabani et al. 2013, 

McCallum et al. 2014). 
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THESIS OUTLINE 

My research focusses on three themes; taxonomy, conservation genomics and ecology. 

Within the scope of these three themes, I assess species delimitation of north-eastern 

Australian cryptic Tympanocryptis lineages, revise the taxonomy of these and explore 

phylogenetic and biogeographic relationships, and analyse each species’ genetic structure, 

population connectivity and distribution. 

CHAPTER 1 

I provide a new step-down pipeline for integrative taxonomy of cryptic species 

delimitation, using the north-eastern Australian earless dragons as a case study. By 

combining multiple lines of evidence, including standard genetics, genomics and osteological 

geometric morphometrics (from computed tomography (CT) imagery), I use a phylogenetic-

based species concept to distinguish three distinct Tympanocryptis lineages using this novel 

integrative taxonomy pipeline for species delimitation. 

CHAPTER 2 

Following the delimitation of three Tympanocryptis lineages, I investigate the 

phylogenetic and biogeographic relationships between these lineages and four other currently 

described earless dragon species in north-eastern Australia. I explore the genetic divergence 

of the two deeply diverged clades present in this region, both between and within each clade. 

I then formally describe each of the three putative new species; Tympanocryptis darlingensis 

sp. nov., Tympanocryptis hobsoni sp. nov. and Tympanocryptis einasleighensis sp. nov.. 

CHAPTER 3 

Little is known about the genetic structure, population connectivity, ecology or 

distribution of the three recently described and three putative new north-eastern Australian 
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earless dragon species. In this chapter, I use genomics to assess the genetic structure, 

population connectivity and standard population genetics measures of each species. I then use 

species distribution modelling to predict and identify suitable habitat, and update the current 

knowledge on the ecology and threatening processes for each species. I also provide 

conservation recommendations in this chapter, and the formal conservation assessment of T. 

wilsoni as vulnerable under the Queensland Nature Conservation Act (1992) (Venz and 

Chaplin 2016) is in Appendix 1. 
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CHAPTER 1

 

A workflow pipeline for integrative species delimitation of cryptic taxa: a 

case study of earless dragon lineages in north-eastern Australian 

grasslands. 
 

 

 
Photo: Tympanocryptis einasleighensis sp. nov., taken by K. Chaplin. 
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ABSTRACT 

Morphologically cryptic taxa have proved to be a long-standing challenge for 

taxonomists globally. With advances in genetic techniques over the past decades, the 

detection of distinct molecular lineages within cryptic genera has been increasing 

exponentially. Genetically independent lineages that lack ecological or external 

morphological variation pose a conundrum for taxonomists, as classic morphological 

analyses of these cryptic lineages struggle to keep up with species delimitation from 

molecular differentiation. Therefore, novel integrative methods for species delimitation of 

cryptic taxa provide an avenue to incorporate multiple lines of evidence, including the 

application of osteological variation assessment where external morphological assessment 

fails to distinguish species. Here, I propose a new pipeline integrating genomic and geometric 

morphometric evidence to assess the species delimitation of earless dragons (Tympanocryptis 

spp.) in north-eastern Australia. Using single mitochondrial and nuclear genes (ND2 and 

RAG1, respectively) for Bayesian and Maximum Likelihood phylogenetic and genetic 

distance analyses, along with >8500 SNPs (nuclear single nucleotide polymorphisms), I 

assess the evolutionary independence of target lineages and several closely related species. I 

then integrate these phylogenomic data with osteological cranial variation between lineages 

using geometric morphometric analyses of micro X-ray computed tomography. I find that the 

very high levels of genomic differentiation between the three target lineages is also supported 

by significant osteological differences between lineages. By incorporating multiple lines of 

evidence I provide strong support that there are three cryptic lineages of Tympanocryptis in 

north-eastern Australia which warrant taxonomic review. I demonstrate the successful 

application of novel integrative taxonomic techniques for cryptic species delimitation, which 

is broadly applicable across vertebrates containing morphologically similar yet genetically 

distinct lineages. Additionally, I review recent integrative taxonomy approaches for cryptic 
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species delimitation, and finally, provide detail on the step-down protocol used in my  

integrative taxonomy pipeline. 

 

 

[Integrative taxonomy, species delimitation, earless dragons, Tympanocryptis, 

phylogenomics, phylogenetics, geometric morphometrics.]  
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INTRODUCTION 

Prior to the current era of molecular techniques, assessment of external morphological 

characters was the primary basis of species delimitation, which relied heavily on the presence 

of morphologically distinguishable traits between lineages (Smith et al. 2011, McKay et al. 

2014). In the case of cryptic taxa - where there is little morphological variation among 

evolutionarily distinct lineages - this proved to be an ineffective method for species 

delimitation (Jörger and Schrödl 2013). Many cryptic taxa therefore remained undescribed 

until the rise of molecular taxonomy (using genetic techniques for species delimitation) over 

the past three decades (Moritz and Cicero 2004, Vogler and Monaghan 2007). This has led to 

an exponential increase in lineage delimitation or species descriptions based predominately 

on molecular data (see Schulte et al. (2003), Oliver et al. (2007) and Wagner et al. (2011) for 

examples).  

However, there has been ongoing criticism of the validity of genetically distinct 

lineages with little to no morphological variation being described as full species (Lipscomb et 

al. 2003, Will and Rubinoff 2004, Hebert and Gregory 2005, Vogler and Monaghan 2007, 

Kvist 2013). This is especially emphasised for such lineages identified by using only 

mitochondrial (mtDNA) loci (inherited maternally and only as a whole-genome single 

linkage group), or using mtDNA as a proxy for nuclear divergence. These single-gene 

approaches can lead to inaccuracies in lineage diversity due to introgression, hybridisation or 

sex-biased gene flow, or overestimations of lineage divergence (Moore 1995, Moritz and 

Cicero 2004, Petit and Excoffier 2009). Taxonomic assessments using other single lines of 

evidence (e.g., behavioural, morphological, ecological, etc.) have been scrutinised in the 

literature less than those that solely rely on genetic methods, but are still acknowledged as 

providing potentially erroneous conclusions on species delimitation due to a lack of 

comprehensive data (Padial et al. 2010, Wielstra and Arntzen 2014). 
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Whole-evidence species delimitation, integrating several lines of evidence, has been 

proposed as an optimal approach to species delimitation, providing confidence and stability 

in taxonomic decisions (Dayrat 2005). Using multiple lines of evidence for species 

delimitation provides support for the description of taxa without relying on single techniques 

with possible biases (Padial et al. 2010, Wielstra and Arntzen 2014). This whole-evidence 

approach, known as integrative taxonomy, is entering a new era, with the greater accessibility 

of genomic techniques and comparative evolutionary analyses (Padial et al. 2010, McKay et 

al. 2014). However, classic morphology-based taxonomy has struggled to keep pace with the 

increasing delimitation of species using genetic data, particularly in morphologically cryptic 

groups (Monaghan et al. 2009). Previously unknown cryptic species - evolutionarily distinct 

lineages with little to no morphological variation among them (Hebert et al. 2004, Satler et al. 

2013) – have been particularly prominent in this rapid increase in the delimitation of highly 

distinct genetic lineages. There is an obvious need to further refine techniques for species 

delimitation, to provide a robust whole-evidence approach to taxonomy for such cryptic 

lineages as we move into the genomic age (de Salle et al. 2005, Papakostas et al. 2016).  

I have developed an integrative taxonomic pipeline specifically designed to delimit 

cryptic species. My approach integrates evidence from multiple phylogenetic and genomic 

data with osteological geometric morphometric analyses. As the first initial step, I use broad 

geographic screening using mtDNA and nuclear genes, common in molecular taxonomy 

(Macey et al. 1997, Shoo et al. 2008), to identify samples to be used further in the workflow. 

These phylogeographic data provide a baseline understanding of geographic-based genetic 

structure and is broadly comparable to existing studies use similar single mtDNA and nuclear 

gene techniques for cryptic taxa delimitation (Oliver et al. 2007). I then utilise genomic data - 

through a genome complexity reduction method that uses a restriction-enzyme based pipeline 

to generate SNP libraries (Jaccoud et al. 2001, Cruz et al. 2013) - to provide a robust 
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phylogenomic framework for identifying evolutionary lineages (Morin et al. 2004, Van 

Tassell et al. 2008, Kumar et al. 2012). I then integrate osteological geometric morphometric 

data from micro X-ray computed tomography (CT) imagery, with the same samples used in 

the phylogenomic component. Thus, I have matching genomic and morphometric data for 

samples. Finally, I use a comparative analytical approach to integrate phylogenomic data with 

the geometric morphometric data to delimit cryptic taxa (Audzijonyte et al. 2008, Klages et 

al. 2013, Stoev et al. 2013). 

I demonstrate the use of this integrative taxonomic pipeline for species delimitation in 

Australian earless dragons (Agamidae: Tympanocryptis spp.); a group with unclear 

systematics and unresolved taxonomy due to the presence of cryptic lineages (Smith et al. 

1999, Melville et al. 2007, Doughty et al. 2015). Several lineages of Tympanocryptis in 

north-eastern Australian grasslands have remained in question due to a lack of taxonomic 

resolution based on traditional phylogenetic data and external morphology. Previous work 

indicated there are potentially three undescribed lineages within this region (Melville et al. 

2014). However, limited sampling, a lack of distinguishing morphological characters and 

phylogenetic analyses that were unable to rule-out mtDNA introgression prevented a 

taxonomic treatment for these lineages. Here, I use this integrative taxonomic pipeline to 

improve species delimitation based on a Phylogenetic Species Concept (Donoghue 1985, 

Nixon and Wheeler 1990, Mishler and Theriot 2000) within the Tympanocryptis genus in 

north-eastern Australian grasslands. 
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METHODS 

SAMPLING 

Samples from the three target lineages (Lineage A, B and C) and closely related taxa 

from the Great Artesian Basin species group (T. tetraporophora, T. condaminensis, T. wilsoni 

and T. pentalineata) were collected throughout their known ranges and across suitable 

habitats (Fig. 1), with additional samples from Museums Victoria, Queensland Museum and 

Western Australia Museum included for species where available. 

Genomic DNA was extracted from either tail tissue or liver samples using the Qiagen 

Blood & Tissue Kit (Qiagen, Hilden, Germany) as per manufacturer guidelines, for use in 

phylogenetic and/or phylogenomic analysis. GenBank data from previously sequenced 

samples were also incorporated into phylogenetic analyses. At least one sample from all other 

currently described Tympanocryptis species were included to allow me to determine the 

phylogenetic relationships within the genus Tympanocryptis, and Amphibolurus muricatus, 

Rankinia diemensis and Pogona vitticeps were used as outgroups. Genomic sequencing was 

undertaken for all available samples from the three target species and GAB species group that 

met quality control thresholds, and a subset of these individuals were used for geometric 

morphometric analyses, chosen from populations spanning the geographic range of each 

species to ensure full representation. Two to three specimens of each sex for each species 

were used to account for any effect of sex, and only adult specimens were used to remove any 

effect of ontogeny. Locality data, Museum numbers and GenBank accession numbers of all 

samples utilised in phylogenetic, phylogenomic and morphometric analyses are listed in 

Supplementary Table 1. 

PHYLOGENETICS LABORATORY PROTOCOLS AND DATA ANALYSIS 
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The mitochondrial gene ND2 and nuclear gene RAG1 were amplified using the primers 

(Metf.1, COIr.aga, JRAG1f.1 and JRAG1r.13) and protocols described in Shoo et al. (2008) 

in a Bio-Rad MyCycler Thermal Cycler (Bio-Rad, California, USA). Negative controls were 

used in each PCR run. Amplification products were visualised on a 1.2% agarose gel with 

Sybr SAFE (Invitrogen, California, USA), then purified using ExoSAP-IT (Thermo-Fisher, 

California, USA) as per manufacturer guidelines, and sent to Macrogen (Seoul, South Korea) 

for sequencing. Sequence chromatograms were edited and aligned separately in Geneious 

6.1.8 (Biomatters, Auckland, New Zealand). 

Pairwise uncorrected genetic distances for the ND2 alignment were calculated in 

Mega7 (Kumar et al. 2016), with the codon frame set as the 3
rd

 nucleotide position. ND2 and 

RAG1 were each found to follow the GTR+I+G model of substitution with no partitioning 

schemes using the corrected Akaike Information Criterion (AICc) on PartitionFinder2 on the 

CIPRES Science Gateway (Miller et al. 2010, Lanfear et al. 2017). RaxML analyses 

(Stamatakis 2014) for ND2 and RAG1 were performed on XSEDE on the CIPRES Science 

Gateway using the GTR+G model of substitution (as using the proportion of invariable sites 

estimate in RaxML is strongly discouraged by the software developers), with 1000 non-

parametric bootstraps . Bayesian analyses for ND2 and RAG1 were performed using 

MrBayes (Huelsenbeck and Ronquist 2001) on the CIPRES Science Gateway, with two runs 

of four independent MCMC chains (each 50,000,000 generations long, sampled every 1,000 

generations), under a GTR+I+G model with flat priors. Tracer v1.6 (Rambaut et al. 2014) 

was used to check for stationarity and convergence of the chain outputs. The trees were 

subject to a 25% burn-in in MrBayes, summarised and posterior probabilities obtained. 

PHYLOGENOMICS LABORATORY PROTOCOLS AND DATA ANALYSIS 
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The DNA concentration of each extraction sample was quantified using a QIAxpert 

microfluidic spectrophotometer (Qiagen, Hilden, Germany), and adjusted to 30-100ng/μl 

(required for DArTseq arrays). 15μl volumes were sent to Diversity Arrays Technology 

(Canberra, Australia) for digestion using genus-specific restriction enzymes, ligation, 

amplification and sequencing on an Illumina HiSeq2500 (California, USA), in a genome 

complexity reduction method optimised for Tympanocryptis species. The genome sequence 

of the related Pogona vitticeps was used as the reference alignment (Georges et al. 2015). 

The preliminary pipeline applied filters to ensure quality and reproducibility of markers, and 

a secondary pipeline using DArTseq proprietary calling algorithms scored the genotypes of 

polymorphic loci across all individuals. The loci were combined into a matrix of SNP 

genotypes for individuals, with integers representing genotype states compared to the 

reference; homozygous; heterozygous and alternate homozygous. 

SNP data were imported into R v3.3.3 (R Core Team 2015) and metadata (genetic 

lineage, population, sampling locality) assigned with the R package ‘dartR’ (Gruber et al. 

2017). The ‘dartR’ package was used to filter the data for all subsequent analyses under 

several parameters; callrate by individual > 0.95, callrate by locus > 0.95, monomorphic loci 

= 0, reproducibility = 1. Principle coordinates analyses (PCoA) were ran using dartR, and the 

‘faststructure’ data recoding function was used to generate the files required for analysis by 

fastSTRUCTURE (Raj et al. 2014). Plink (Purcell et al. 2007) was first used to test for the 

number of clusters (K), which was subsequently used as the clustering parameter for 

fastSTRUCTURE analysis. I used the dartR ‘fasta’ function with method 3 (SNPs are 

converted to base pairs with heterozygous loci replaced by standard ambiguity codes) to 

generate a single concatenated sequence for each individual across all loci. Invariant sites 

were removed using Mesquite (Maddison and Maddison 2009). A Lewis-type ascertainment 

bias correction was applied to a RaxML analysis of these sequences with 1000 non-
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parametric bootstraps on XSEDE on CIPRES. The AICc on jModelTest (Posada 2008) on 

CIPRES indicated a GTR+I+G model of substitution, although I used GTR+G for the 

RaxML analysis (again, as the use of the proportion of invariable sites estimate is not 

recommended in RaxML). Pairwise FST values were calculated using the R package 

‘StAMPP’, with 100 bootstraps (Pembleton et al. 2013). 

GEOMETRIC MORPHOMETRICS LABORATORY PROTOCOLS AND DATA ANALYSIS 

The cranium of specimens were scanned using a 180kV nanofocus tube in a Phoenix 

Nanotom M machine (GE Measurement & Control, Massachusetts, USA) with a tungsten 

target, for 600 projections at 55kV and 400μA for 500ms. The final voxel size was 15μm. 

Volumetric reconstructions of the skulls were generated by datos|x-reconstruction software 

(GE Sensing & Inspection Technologies GmbH, Wunstorf, Germany) and three dimensional 

surface models were subsequently prepared in VGStudio Max2.1 (Volume Graphics, 

Heidelberg, Germany). 49 landmarks were chosen to form a holistic representation of overall 

cranial shape, and were placed ventrally, dorsally, laterally and posteriorly across the surface 

models using Landmark Editor v3.6 (Institute of Data Analysis and Visualisation, UC Davis, 

USA). Three-dimensional landmark coordinates were exported to MorphoJ (Klingenberg 

2011) and subject to a Generalised Procrustes fit to align and orient the points and standardise 

for size relative to their centroid.  

The Generalised Procrustes coordinates were used for subsequent data analysis, using 

the R v3.3.3 package ‘geomorph’ (Adams et al. 2013) unless otherwise stated, where 

statistical tests of significance were subject to 10,000 iterations under a randomised residual 

permutation scheme. ANOVAs testing for effects of sex or centroid size on morphology were 

conducted to ensure there was no results bias due to sexual dimorphism or specimen size. An 

ANOVA was used to test for effect of species on morphological variation, followed by 
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pairwise tests to identify differences among species. For these ANOVAs and post-hoc 

pairwise tests, I defined highly significant results as those with p-values less than 0.001, 

moderate significance with p-values between 0.001 and 0.05, low significance with p-values 

between 0.05 and 0.099, and non-significance with p-values over 0.10. A preliminary PCA 

was conducted in MorphoJ, and the PC1 and PC2 scores for each landmark were assessed to 

determine which characters contributed the most amount of morphological variation. The 

negative and positive extremes of the variation of each PC axis were used to warp a general 

mesh to graphically represent the morphological variation observed and explained by PC1 

and PC2. 

SNP data for all scanned specimens (filtered to 8860 polymorphic loci and converted to 

sequences, as per methods described previously) were used in a RaxML analysis on XSEDE 

on CIPRES. A Lewis-type ascertainment bias correction was applied with 1000 non-

parametric bootstraps, and a GTR+G model of substitution was used as indicated by the AICc 

on jModelTest on CIPRES. This genomic phylogeny was integrated with the morphometric 

data and PC warps to in a PCA to visualise the evolutionary relationships in relation to the 

variation in morphospace. The multivariate K-statistic for phylogenetic signal, Kmult (Adams 

2014), was used to analyse the strength of the relationship between genetic divergence and 

cranial morphology. 

 

RESULTS 

PHYLOGENETIC RELATIONSHIPS 

There was strong support for the independent evolutionary history of each of the target 

lineages A, B and C based on inferences from the mtDNA ND2 phylogeny (Fig. 2a and 2b). 
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Each clade was supported as monophyletic, with posterior probabilities and bootstrap branch 

support values over 0.95/95, however the evolutionary relationships between clades were not 

as highly supported. Within the GAB species group, including T. condaminensis, T. wilsoni 

and T. pentalineata, Lineage A was supported as the sister taxon to the broadly distributed T. 

tetraporophora. Lineages B and C were supported as sister species, together forming the 

GDR clade, which forms the sister clade to the GAB species group. Each of these GDR 

lineages had long branches, indicating deep divergence, and substantial genetic structure 

within each lineage. Pairwise uncorrected genetic distances of >10% support the deep 

mtDNA evolutionary history of Lineages B and C (Table 1). There was between 4% and 7% 

uncorrected genetic distances between lineages within the GAB species group, with 4-6.7% 

between Lineage A and the other lineages within the GAB clade.  

Phylogenetic relationships between many clades in the nuclear RAG1 phylogeny were 

not well supported; however, all lineages, except Lineage A, were well-supported as 

monophyletic. The topology of this RAG1 tree differed to that of mtDNA tree (Fig. 2c). 

Notably, Lineage A was nested within the T. tetraporophora and T. condaminensis species 

complex, forming the Eyre-Darling Basin group, along with T. wilsoni. In addition, T. 

pentalineata was the sister lineage to the Eyre-Darling Basin species group. Lastly, the T. 

lineata-T. pinguicolla-T. houstoni species group was recovered as a sister clade to Lineage C.  

Based on results from both the mtDNA and RAG1 phylogenies samples were selected 

for inclusion in phylogenomics, selecting all from the three target species and GAB species 

group that met quality control thresholds (N = 238). 

PHYLOGENOMICS 

The DArTseq low-density assay produced 120931 loci across 238 samples. After 

filtering the full dataset for SNP call rate, individual call rate, monomorphs and 
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reproducibility, 8783 loci across 231 individuals were used for the PCoA, pairwise FST and 

fastSTRUCTURE analyses. All pairwise FST results were highly significant (p<0.001) with 

very high levels of genomic fixation, ranging from 0.665 to 0.944 between species (Table 1). 

There was clear clustering of each molecular lineage in the fastSTRUCTURE plot (Fig. 2d) 

and distinct grouping in the PCoA (Fig. 3a), indicating the evolutionary independence of each 

species. Using the genomic identity threshold of 10%, the fastSTRUCTURE analysis 

indicated the presence of one hybrid individual from Lineage C (with 11% T. pentalineata 

identity), although only 2.5% of samples registered any detectable genomic signal 

discordance. 

Principle coordinates one and two accounted for over 66% of the described genomic 

variation. The Eyre-Darling Basin species (T. tetraporophora, T condaminensis, T. wilsoni 

and Lineage A) were closely grouped in the PCoA (Fig. 3a), prompting a secondary analysis 

of just these four lineages. After filtering the data, 39062 SNP loci across 111 individuals 

were used for a PCoA of the Eyre-Darling Basin species (Fig. 3b), with 71.9% of the 

variation explained by PC1 and PC2. This secondary PCoA (Fig. 3b) confirms the strong 

independent genomic identity of each of these lineages, which was not detected in original 

PCoA (Fig. 3a) because of the significant genomic distance between the Eyre-Darling Basin 

group and the other three highly distinct lineages (T. pentalineata, Lineage B and Lineage C). 

Phylogenomic analysis of 10019 polymorphic loci using a corrected Maximum 

Likelihood approach provided strong support for the independent evolution of each lineage 

(Fig. 2e). All clades were monophyletic and well-supported with bootstrap values of 100%, 

except for between T. tetraporophora and T. wilsoni (bootstrap support = 84%). The 

topology of the GAB clade in the SNP phylogeny was slightly dissimilar to that in the 

mtDNA phylogeny, with T. pentalineata as the most basal lineage, T. wilsoni and T. 
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tetraporophora supported as sister species, and Species A supported as the sister lineage to T. 

condaminensis. 

GEOMETRIC MORPHOMETRICS 

A subset of individuals included in the phylogenomic analyses were used for geometric 

morphometric analyses (N = 34), chosen from populations spanning the geographic range of 

each species/lineage, with 2-3 specimens of each sex for each lineage. There was a 

moderately significant but weak effect (R
2
=0.087056, p=0.0011) of size on morphology, and 

also a weak effect with low significance (R
2
=0.048231, p=0.06389) of sex. There were 

moderate to highly significant differences in the cranial morphology of all species (except 

low significant difference between Lineage A and T. wilsoni) (Table 5), with a moderate but 

highly significant effect (R
2
=0.43797, p<0.001) of species identity on morphological 

variation. 

The PCA of cranial geometric variation showed distinct clustering of each species 

concordant with the imposed phylogenomic topology, with little overlap between genomic 

lineages and morphological grouping (Fig. 4). PC1 accounted for 22.5% of the variation, and 

was related to the shape of the temporal and orbital regions of the skull. PC2 accounted for 

13.5% of the variation, with most of the differences observed in the morphology of the snout 

and posterior cranial components. PC warps in Figure 5 demonstrate the variation among 

species, with species such as T. pentalineata, Lineage A and T. wilsoni exhibiting more 

spherical orbital and temporal morphometrics attributed to PC1. Conversely, Lineage C and 

Lineage B displayed a flatter medial region of the skull. However, there were pairwise 

differences relating to PC2 within the flatter skull species and the more spherical cranium 

species as differentiated by PC1, with T. pentalineata and Lineage C possessing blunt snouts 

and posterior regions, and Lineage B and T. wilsoni demonstrating more tapered or elongated 
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features. There was a highly significant but very weak phylogenetic signal (Kmult=0.05001, 

p<0.0001) in the cranial morphology of these species. 

 

DISCUSSION 

NORTH-EASTERN AUSTRALIAN TYMPANOCRYPTIS SPECIES DELIMITATION 

There was support for the independence of the currently described Tympanocryptis 

species (T. tetraporophora, T. condaminensis, T. wilsoni and T. pentalineata) and Lineages 

A, B and C through all lines of evidence in this study - phylogeographic, phylogenomic and 

geometric morphometric data. There was strong support from these results of geographically-

associated relationships between evolutionary lineages, including recovery of Lineages B and 

C together in the clade occurring on the GDR, and T. tetraporophora, T condaminensis, T. 

wilsoni, Lineage A and T. pentalineata forming a highly supported clade inhabiting the GAB. 

A subset of the GAB was also consistently recovered in nuclear and genomic analyses, 

comprising the Eyre-Darling Basin species group (T. tetraporophora, T condaminensis, T. 

wilsoni and Lineage A).  

The high pairwise FST values of the taxa in this study indicate the fixation and 

monophyletic stability of each mtDNA lineage (Wright 1978, Corcoran et al 2010). Lineage 

A and T. tetraporophora had the lowest pairwise FST value of 0.665, concordant with the 

clustering configuration in the Eyre-Darling Basin PCoA (Fig. 3b), although an FST of 0.665 

is still indicative of very little recent mitochondrial gene exchange between taxa (Hartl and 

Clark 1997). Each mtDNA lineage was highly supported as monophyletic. In contrast, in the 

RAG1 phylogeny a number of lineages remained unresolved, with several incongruences 

between the topology of this nuclear and the mtDNA phylogeny probably due to differing 
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evolutionary histories of each gene (Brown et al. 1982, Caccone et al. 2004). The use of 

single gene nuclear markers, including RAG1, has often been ineffective for phylogenetic 

studies of many other Tympanocryptis and Australian agamid species (Shoo et al 2008, 

Melville et al 2014, Doughty et al 2015). The lack of taxonomic resolution that single nuclear 

gene phylogenetic analyses provide is clear in this study, and provides further evidence that 

multi-locus approaches are often required (Moore 1995, Dayrat 2005, Satler et al. 2013, 

Papakostas et al. 2016). While some previous studies utilised multiple microsatellite loci 

(either instead of or in conjunction with RAG1 or single nuclear genes) to provide better 

resolution in nuclear DNA phylogenetic relationships (Austin et al 2006, Schwartz et al 

2007), the recent advances in genome-wide SNP sequencing has superseded the use of multi-

locus microsatellite genotyping. The resolution provided by the genome-wide SNP analyses 

reflects the utility of a multi-locus approach, when combined with an initial baseline mtDNA 

phylogeographic analysis. This approach provided a robust assessment of evolutionary 

lineages within north-eastern Australian Tympanocryptis. 

In addition to providing information on well-supported evolutionary relationships 

between lineages, the genomic sampling in this study was enough to observe intra-specific 

structure relating to the geographic distribution of populations. This geographic-based 

genomic structure was most evident in the target Lineages A, B and C, as well as the widely 

distributed T. tetraporophora. However the distance between the sampled populations of T. 

tetraporophora (>1100km) is far greater than the maximum distribution of populations of 

each of Lineage A (maximum 275km), Lineage B (maximum 190km) and Lineage C 

(maximum 320km). This genomic structure within lineages over relatively small geographic 

space suggests a complex evolutionary history in these regions of north-eastern Australia. 

Further analysis on the phylogeographic origins and biogeography of each lineage would be 

beneficial in understanding the evolutionary history of these highly distinct lineages. 
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In concordance with the phylogeographic and phylogenomic analyses, the geometric 

morphometric analyses found significant evidence of osteological morphological variation 

among the north-eastern Australian Tympanocryptis lineages. Species identity based on 

cranial morphology was supported by post-hoc tests identifying significant pairwise 

differences, providing morphological distinctiveness that not been identified previously in 

this morphologically cryptic group (see Melville et al. 2014). As expected from external 

morphological similarities, there was only a weak phylogenetic signal in cranial morphology 

between lineages, indicating that the variation in skull shape between these lineages is far less 

than that expected by their genetic divergence (Blomberg et al. 2003, Münkemüller et al. 

2012). This result, with deep genetic structure but little morphological divergence, suggests 

selection pressure or morphological stasis limiting morphological divergence in these dragon 

lizards (Melville et al. 2006, Adams 2014). Although they are allopatric, most of these 

species inhabit similar habitats (grasslands on cracking soils), and may be subject to 

convergent selection pressures (Wiens and Rotenberry 1980, Losos 2008, Smith et al. 2011).  

Prior to this study, the taxonomy of the north-eastern Australian earless dragons had 

remained unresolved. My integration of traditional phylogeographic data with genomic data 

and geometric morphometrics has provided a robust whole-evidence approach to species 

delimitation in this cryptic group of lizards. These data will provide confidence in future 

taxonomic work undertaken on this group. 

INTEGRATIVE TAXONOMIC PIPELINE FOR CRYPTIC SPECIES DELIMITATION 

Integrative taxonomy is a phrase that has been frequently used to describe studies that 

have utilised more than one approach for species delimitation (Dayrat 2005, Padial et al. 

2010, Schlick-Steiner et al. 2010). However, the term has been over-used, with many studies 

using this term not actually providing data integration to form taxonomic conclusions. I 
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reviewed 28 recent species delimitation studies, including those involving cryptic species 

with the stated use of “integrative taxonomy” (Table 3). The majority of cryptic taxa studies 

used two lines of evidence, usually external morphology and traditional phylogenetics, with 

most of these studies then using multivariate statistics to identify significant difference in 

external morphology between clades. There have been varying levels of effectiveness in 

using this simple form of species delimitation, with some studies successfully delimiting 

many species easily (Ceccarelli et al. 2012, Grismer et al. 2013), and other studies unable to 

confidently or consistently distinguish species (Wiens and Penkrot 2002, Satler et al. 2013). 

Other more novel methods of delimiting species, including bioacoustics (Meegaskumbura et 

al. 2002, Padial and De la Riva 2009), behavioural ecology (Tan et al. 2010), chemical 

compound analysis (Heethoff et al. 2011, Leavitt et al. 2011) and ecological niche modelling 

(Rissler and Apodaca 2007, Wielstra and Arntzen 2014) were often incorporated as 

additional lines of evidence to the classic morphology and genetic data. There has also been 

frequent use of phylogenetic or phylogenomic modelling approaches, with some studies also 

including phenotypic trait data in Bayesian multispecies coalescent models (Solís‐Lemus et 

al. 2015, Pyron et al. 2016).   

Surprisingly, in the current genomics era, I found few studies employing an integrative 

taxonomic framework using genome-wide data (Table 3). The high numbers of loci provided 

using genomic approaches can offer much-needed resolution for cryptic taxa or species 

complex groups (Padial et al. 2010, Pyron et al. 2016, Raupach et al. 2016). Given the 

availability and improved cost-efficiency of genomic approaches, I encourage future studies 

to consider using such methods [eg., RADseq, exon capture, whole-genome sequencing, 

transcriptomics and many more (Lemmon and Lemmon 2013, Andrews and Luikart 2014)]. 

Pyron et al. (2016) used an anchored-loci NGS technique isolating 322 loci, (totalling 

227911bp), and combined these genomic data with morphological trait data in the common 
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Bayesian multispecies coalescent model – iBPP (Solís‐Lemus et al. 2015). In contrast, 

Leaché et al. (2014) did not incorporate morphological data, but used 1087 SNP loci from 

double-digest RADseq (Peterson et al. 2012), and built on the Bayes factor delimitation 

(BFD) approach (Grummer et al. 2014) to produce a genomic-based version (BFD*) of the 

model. Both of these phylogenomic modelling approaches were successful in delimiting 

species, with Leaché et al. (2014) finding the BFD* method to be consistently effective even 

with low sample sizes. My review here highlights the rarity of genomic approaches in 

integrative taxonomy for species delimitation. 

In contrast, the use of CT imagery in morphological, paleontological and taxonomic 

studies is starting to become more frequent (Audzijonyte et al. 2008, Sobral et al. 2012, Stoev 

et al. 2013, Akkari et al. 2015). There are many advantages with CT imagery for 

morphometric geometric analyses, including data accuracy by using computer-based 

multidimensional landmarking of characters, non-destructive sampling of museum 

specimens, and additional information regarding evolutionary history of taxa that may only 

be seen through internal structure variation (Spoor et al. 1994, Faulwetter et al. 2013, 

Fernández et al. 2014). Comparative evolution techniques now also allow the integration of 

phylogenomic data into the geometric morphometric analyses, which can provide us with 

greater taxonomic resolution (Audzijonyte et al. 2008, Klages et al. 2013, Stoev et al. 2013), 

and the use of this approach therefore has broad implications for assessing species 

delimitation of externally cryptic taxa (Klages et al. 2013, Fernández et al. 2014, Prötzel et al. 

2018). 

One of the limitations of most recent integrative taxonomy studies has been that only a 

single specimen (or few non-representative specimens) has been scanned per species or 

lineage, which may not reflect the geographic or sex-based variation within each taxonomic 

unit. I resolved this limitation with my step-down protocol, which allowed me to capture any 
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sex-based and phylogeographic variation within each lineage, as representative specimens are 

selected based on earlier steps within my integrative taxonomy pipeline. This representation 

of variation and whole-evidence approach gives me a more robust confidence of delimitation, 

and I am able to delimit species using truly comparative methods as I have phylogenetic and 

phylogenomic data for every specimen that is CT scanned. The step-down protocol for my 

integrative taxonomy pipeline incorporating phylogeography, phylogenomics, osteological 

geometric morphometrics and comparative analyses is described in Figure 5, and provides a 

novel approach that is broadly applicable across morphologically cryptic groups. 
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TABLES 

Table 1 – Pairwise FST values based on 8783 SNP loci (figures above the diagonal; all FST 

values were highly significant (p<0.001)) and pairwise uncorrected genetic distance of 

the mtDNA gene ND2 (figures below the diagonal) for north-eastern Australian 

Tympanocryptis species. 

   1 2 3 4 5 6 7 

1 T. condaminensis NA 0.937 0.906 0.723 0.918 0.793 0.892 

2 Lineage B 0.096 NA 0.908 0.922 0.938 0.919 0.944 

3 Lineage C 0.115 0.135 NA 0.872 0.892 0.847 0.916 

4 Lineage A 0.040 0.106 0.121 NA 0.878 0.665 0.842 

5 T. pentalineata 0.043 0.106 0.120 0.067 NA 0.865 0.938 

6 T. tetraporophora 0.042 0.108 0.112 0.055 0.060 NA 0.832 

7 T. wilsoni 0.048 0.102 0.096 0.061 0.070 0.058 NA 

 

Table 2 – Pairwise distance matrix of mean geomorphic cranial variation between north-

eastern Australian Tympanocryptis species. Figures above the diagonal indicate the 

pairwise least squares mean distances, supported by p-values listed below. 

 
T. condaminensis T. pentalineata Lineage A Lineage B Lineage C T. wilsoni 

T. condaminensis - 0.0464 0.0442 0.0424 0.0477 0.0448 

T. pentalineata 0.0122 - 0.0454 0.0567 0.0621 0.0444 

Lineage A 0.0203 0.0029 - 0.0507 0.0599 0.0355 

Lineage B 0.0348 0.0001 0.0007 - 0.0465 0.0426 

Lineage C 0.0069 0.0001 0.0001 0.0019 - 0.0610 

T. wilsoni 0.0163 0.0041 0.0720 0.0088 0.0001 - 
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Table 3 – A review of the methods used in 28 recent species delimitation studies, including those involving cryptic species with the stated use of 

“integrative taxonomy”. Common sets of approaches are grouped, with examples of studies using each combination of integrative 

techniques. 

Integrative approaches used Examples of studies 

Phylogenetics and ecological niche modelling Rissler and Apodaca (2007), Wielstra and Arntzen (2014) 

Phylogenetics and multivariate statistics of external 

morphology 

Wiens and Penkrot (2002), Wagner et al. (2011), Ceccarelli et al. (2012), Grismer et al. 

(2013), Satler et al. (2013), Shirley et al. (2014), Papakostas et al. (2016) 

   including ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ CT imagery Pyle et al. (2008), Klages et al. (2013), Stoev et al. (2013), Prötzel et al. (2018) 

 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ Phenotypic chemistry  Heethoff et al. (2011), Leavitt et al. (2011) 

 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ Colour photometry McKay et al. (2014) 

 ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ Other ecology/biology Meegaskumbura et al. (2002), Hebert et al. (2004), Padial and De la Riva (2009), Tan et 

al. (2010), Smith et al. (2011) 

Modelling of phylogenetic data (Bayesian 

multispecies coalescent or Bayes factor delimitation) 

Liu and Pearl (2007), Leaché and Fujita (2010), Yang and Rannala (2010) 

   including ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ External morphology Drummond et al. (2012), Solís‐Lemus et al. (2015) 

Modelling of phylogenomic data (Bayesian 

multispecies coalescent or Bayes factor delimitation) 

Leaché et al. (2014) 

   including ∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙∙ External morphology Pyron et al. (2016) 
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FIGURE CAPTIONS 

Figure 1 – Map of sampling sites across the known distributions of north-eastern Australian 

earless dragon species, including T. pentalineata, T. condaminensis, T. wilsoni, T. 

tetraporophora, and the three target Tympanocryptis lineages (A, B and C). Sites with 

asterisks are not included in SNP analyses. 

Figure 2 – Phylogenetic and phylogenomic relationships of earless dragons. a) Phylogeny of 

Tympanocryptis spp. (with north-eastern Australian lineages collapsed) from combined 

Bayesian and Maximum Likelihood analyses of the mtDNA gene ND2, b) expanded 

view of the collapsed north-eastern Australian lineages (T. pentalineata, T. 

condaminensis, T. wilsoni, T. tetraporophora and Lineages A, B and C). c) phylogeny 

of Tympanocryptis spp. including north-eastern Australian target species from 

combined Bayesian and Maximum Likelihood analyses of the nuclear gene RAG1. d) 

fastSTRUCTURE plot of target species genomic identity based on 8783 SNP loci and 

K=7, with each individual represented by a horizontal bar coloured by lineage. e) SNP 

phylogeny of target species from a corrected Maximum Likelihood analysis of 10019 

polymorphic loci. Phylogeny posterior probabilities and bootstrap support values are 

shown on nodes as PP/BS. Where Maximum Likelihood topology was not analogous 

with the Bayesian phylogeny nodes are shown as PP/-. Bootstrap values are given in the 

Maximum Likelihood-only SNP phylogeny. Scale bars indicate the number of 

nucleotide substitutions per site. 

Figure 3 – Principle coordinates analysis of a) 8783 SNP loci for all north-eastern Australian 

Tympanocryptis species (T. pentalineata, T. condaminensis, T. wilsoni, T. 

tetraporophora and Lineages A, B and C) and b) 39062 SNP loci for the four Eyre-

Darling Basin species (T. condaminensis, T. wilsoni, T. tetraporophora and Lineage A).  
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Figure 4 – PCA plot of cranial geometric variation of each micro X-ray computed 

tomography scanned specimen of north-eastern Australian Tympanocryptis species 

imposed on a corrected Maximum Likelihood phylogeny of these specimens using 

8860 polymorphic SNP loci. The warped graphical representation of each principle 

components axis’ minimum and maximum value are provided adjacent to their 

respective axis, in the perspective demonstrating the greatest variation. 

Figure 5 – The novel integrative taxonomy pipeline I developed specifically to address 

species delimitation of cryptic taxa, utilising a step-down approach to capture sex-based 

and geographical variation within each lineage. This whole-evidence approach 

combines single-gene phylogenetic, genomic and 3D computed tomography (CT) 

imagery data to provide confidence in delimiting species. I provide examples of my 

data sampling and subsampling using this step-down pipeline. 
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Supplementary Table 1 – Museum registration and locality data for all specimens used, with GenBank accession numbers listed for 

mitochondrial ND2 gene sequences and nuclear RAG1 gene sequences. Museum registration numbers are indicated by prefixes D /Z 

(Museum Victoria), J/A (Queensland Museum), SAMAR (South Australia Museum) or AMR (Australia Museum). The useof the sample 

in genomic or morphometric datasets is indicated by a ‘Y’ in the SNPs or CT column (repectively). 

Species 

Registration 

number 

GenBank 

accession 

(ND2) 

GenBank 

accession 

(RAG1) SNPs CT Location Latitude Longitude 

T. condaminensis NMVD77119 MH355863  Y  Evanslea, QLD -27.5370 151.5204 

T. condaminensis NMVD77120 MH355864  Y  Evanslea, QLD -27.5382 151.5197 

T. condaminensis NMVD77162 MH355865  Y Y Nobby N, QLD -27.8765 151.9028 

T. condaminensis NMVD77163 MH355866 MH355664 Y Y Nobby N, QLD -27.8765 151.9028 

T. condaminensis NMVZ33945 MH355690  Y  Bongeen, QLD -27.5313 151.4513 

T. condaminensis NMVZ33946 MH355691  Y  Glenmore, QLD -27.7016 151.4723 

T. condaminensis NMVZ33947 MH355692  Y  Glenmore, QLD -27.7022 151.4728 

T. condaminensis NMVZ33948 MH355693  Y  Glenmore, QLD -27.7043 151.4741 

T. condaminensis NMVZ33949 MH355694  Y  Glenmore, QLD -27.7086 151.4857 

T. condaminensis NMVZ33950 MH355695  Y  Evanslea, QLD -27.5358 151.5213 

T. condaminensis NMVZ33951 MH355696  Y  Evanslea, QLD -27.5370 151.5204 

T. condaminensis NMVZ33952 MH355697  Y  Evanslea , QLD -27.5353 151.5214 

T. condaminensis NMVZ33953 MH355698  Y  Evanslea, QLD -27.5370 151.5204 

T. condaminensis NMVZ33954 MH355699  Y  Evanslea, QLD -27.5388 151.5194 

T. condaminensis NMVZ33955 MH355700  Y  Mt Russell, QLD -27.5553 151.5249 

T. condaminensis NMVZ33963   Y  Bongeen, QLD -27.5600 151.4488 

T. condaminensis NMVZ33964 MH355701  Y  Bongeen, QLD -27.5599 151.4487 

T. condaminensis NMVZ33965 MH355702  Y  Chapmans Rd, Bongeen S, QLD -27.6090 151.4423 

T. condaminensis NMVZ33966 MH355703  Y  Chapmans Rd, Bongeen S, QLD -27.6083 151.4389 

T. condaminensis NMVZ33967 MH355704  Y  Chapmans Rd, Bongeen S, QLD -27.6089 151.4426 

T. condaminensis NMVZ33968 MH355682    Chapmans Rd, Bongeen S, QLD -27.6071 151.4287 

T. condaminensis NMVZ33969 MH355705  Y  Chapmans Rd, Bongeen S, QLD -27.6074 151.4311 

T. condaminensis NMVZ33970 MH355719    Evanslea N, QLD -27.5339 151.5337 
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(Supplementary Table 1 continued)        

Species 

Registration 

number 

GenBank 

accession 

(ND2) 

GenBank 

accession 

(RAG1) SNPs CT Location Latitude Longitude 

T. condaminensis NMVZ33971   Y  Evanslea N, QLD -27.5338 151.5336 

T. condaminensis NMVZ33972   Y  Evanslea N, QLD -27.5328 151.5255 

T. condaminensis NMVZ33973 MH355706  Y  Evanslea, QLD -27.5426 151.5172 

T. condaminensis NMVZ33974 MH355707  Y  Evanslea N, QLD -27.5322 151.5237 

T. condaminensis NMVZ33975 MH355708  Y  Evanslea N, QLD -27.5328 151.5256 

T. condaminensis NMVZ33976 MH355709  Y  Evanslea N, QLD -27.5349 151.5421 

T. condaminensis NMVZ33978 MH355710  Y  Ziesemers Rd, Bongeen N, QLD -27.5497 151.4314 

T. condaminensis NMVZ33979 MH355711  Y  Saals N, Brookstead, QLD -27.6913 151.4808 

T. condaminensis NMVZ33980   Y  Bongeen, QLD -27.5620 151.4484 

T. condaminensis NMVZ33981   Y  Bongeen, QLD -27.5580 151.4491 

T. condaminensis NMVZ33982 MH355712  Y  Chapmans Rd, Bongeen S, QLD -27.6071 151.4285 

T. condaminensis NMVZ33983 MH355713  Y  Chapmans Rd, Bongeen S, QLD -27.6075 151.4323 

T. condaminensis NMVZ33984 MH355714  Y  Chapmans Rd, Bongeen S, QLD -27.6088 151.4423 

T. condaminensis NMVZ33985 MH355715  Y  Chapmans Rd, Bongeen S, QLD -27.6076 151.4331 

T. condaminensis NMVZ33986 MH355716  Y  Chapmans Rd, Bongeen S, QLD -27.6085 151.4397 

T. condaminensis NMVZ33987   Y  Bongeen, QLD -27.5621 151.4483 

T. condaminensis NMVZ33988   Y  Bongeen, QLD -27.5608 151.4486 

T. condaminensis NMVZ33989 MH355720    Bongeen, QLD -27.5608 151.4486 

T. condaminensis NMVZ33990 MH355717  Y  Nobby N, QLD -27.8746 151.9016 

T. condaminensis NMVZ33991 MH355718  Y  Nobby N, QLD -27.8747 151.9019 

T. condaminensis QMA013042 MH355721    Mount Tyson, QLD -27.5926 151.5391 

T. condaminensis QMA013044 MH355683    Mount Tyson, QLD -27.5926 151.5391 

T. condaminensis QMA013045 MH355722    Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013046 MH355723    Mount Tyson, QLD -27.5923 151.5372 

T. condaminensis QMA013047 MH355685    Mount Tyson, QLD -27.5925 151.5399 

T. condaminensis QMA013048 MH355724    Mount Tyson, QLD -27.5925 151.5399 

T. condaminensis QMA013049 MH355725    Mount Tyson, QLD -27.5925 151.5399 

T. condaminensis QMA013050 MH355726    Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013051 MH355727    Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013052 MH355728    Mount Tyson, QLD -27.5925 151.5399 

T. condaminensis QMA013053 MH355729    Mount Tyson, QLD -27.5926 151.5391 
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(Supplementary Table 1 continued)        

Species 

Registration 

number 

GenBank 

accession 

(ND2) 

GenBank 

accession 

(RAG1) SNPs CT Location Latitude Longitude 

T. condaminensis QMA013054 MH355730    Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013055 MH355731    Mount Tyson, QLD -27.5923 151.5372 

T. condaminensis QMA013056 MH355732    Mount Tyson, QLD -27.5925 151.5399 

T. condaminensis QMA013057 MH355733    Mount Tyson, QLD -27.5924 151.5449 

T. condaminensis QMA013059 MH355686    Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013061 MH355734    Mount Tyson, QLD -27.5861 151.5494 

T. condaminensis QMA013062 MH355735    Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013063 MH355687    Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013064 MH355736    Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013065 MH355684    Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013066 MH355688    Mount Tyson, QLD -27.5925 151.5399 

T. condaminensis QMA013067 MH355737    Mount Tyson, QLD -27.5925 151.5399 

T. condaminensis QMA013068 MH355738    Mount Tyson, QLD -27.5925 151.5399 

T. condaminensis QMA013069 MH355689    Mount Tyson, QLD -27.5881 151.5389 

T. condaminensis QMA013070 MH355739    Mount Tyson, QLD -27.5861 151.5494 

T. condaminensis QMA013071 MH355740    Mount Tyson, QLD -27.5861 151.5494 

T. condaminensis QMJ81784 KJ881036 KJ881150 Y Y Mt Tyson, QLD -27.5833 151.5500 

T. condaminensis QMJ81870 KJ881037 KJ881151   Kunari, Bongeen, QLD -27.5350 151.4461 

T. condaminensis QMJ81871 KJ881040 KJ881154 Y Y Kunari, Bongeen, QLD -27.5350 151.4461 

T. condaminensis QMJ82087 KJ881038 KJ881152 Y  Brookstead, QLD -27.7167 151.4333 

T. condaminensis QMJ82088 KJ881039 KJ881153   Brookstead, QLD -27.7167 151.4333 

T. pentalineata NMVD74073 KJ881041 KJ881143 Y Y Gulf Development Road, 50 km S of 

Normanton, QLD 

-18.1081 140.8833 

T. pentalineata NMVD74074 KJ881043 KJ881144 Y Y Gulf Development Road, 50 km S of 

Normanton, QLD 

-18.1081 140.8833 

T. pentalineata NMVD74075 KJ881042  Y  Gulf Development Road, 50 km S of 

Normanton, QLD 

-18.1081 140.8833 

T. pentalineata NMVD77192 MH355893  Y Y Burke Developmental Rd, Normanton, QLD -18.2655 140.8126 

T. pentalineata NMVD77193 MH355894  Y  Burke Developmental Rd, Normanton, QLD -18.3349 140.8021 

T. pentalineata NMVD77194 MH355895  Y  Burke Developmental Rd, Normanton, QLD -18.3860 140.7785 

T. pentalineata NMVD77195 MH355896  Y Y Burke Developmental Rd, Normanton, QLD -18.3842 140.7796 
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(Supplementary Table 1 continued)        

Species 

Registration 

number 

GenBank 

accession 

(ND2) 

GenBank 

accession 

(RAG1) SNPs CT Location Latitude Longitude 

T. pentalineata NMVD77196 MH355897  Y Y Burke Developmental Rd, Normanton, QLD -18.3699 140.7870 

T. pentalineata NMVD77197 MH355898 MH355671 Y Y Burke Developmental Rd, Normanton, QLD -18.3693 140.7874 

T. pentalineata NMVZ34100 MH355819  Y  Burke Developmental Rd, Normanton, QLD -18.3294 140.8042 

T. pentalineata NMVZ34101 MH355820  Y  Burke Developmental Rd, Normanton, QLD -18.3294 140.8042 

T. pentalineata NMVZ34102 MH355821  Y  Burke Developmental Rd, Normanton, QLD -18.3438 140.8011 

T. pentalineata NMVZ34103 MH355822  Y  Burke Developmental Rd, Normanton, QLD -18.3959 140.7733 

T. pentalineata NMVZ34104 MH355823  Y  Burke Developmental Rd, Normanton, QLD -18.3957 140.7736 

T. pentalineata NMVZ34105 MH355824  Y  Burke Developmental Rd, Normanton, QLD -18.3641 140.7902 

T. pentalineata NMVZ34106 MH355825  Y  Burke Developmental Rd, Normanton, QLD -18.3557 140.7946 

T. pentalineata NMVZ34107 MH355826  Y  Burke Developmental Rd, Normanton, QLD -18.3439 140.8008 

T. pentalineata NMVZ34108 MH355827  Y  Burke Developmental Rd, Normanton, QLD -18.3435 140.8012 

T. tetraporophora AMR143850 KJ881102    28km E of Ilfracombe, Landsborough Hwy, 

QLD 

-23.6000 144.5833 

T. tetraporophora AMR143863 KJ881103    0.7km NE of Winton, QLD -22.3667 143.0333 

T. tetraporophora AMR143897 KJ881101    22.3km N of Barkly Hwy, Cloncurry, QLD -20.5833 140.4333 

T. tetraporophora AMR147225 KJ881112 KJ881138   3.6km E of Soudan, 105km W of 

Camooweal, NT 

-19.6167 138.5167 

T. tetraporophora AMR147226 KJ881113    3.6km E of Soudan, 105km W of 

Camooweal, NT 

-19.6167 138.5167 

T. tetraporophora AMR147233 KJ881111    52km N of Barkly Roadhouse, Cape 

Crawford Rd, NT 

-19.7000 135.8167 

T. tetraporophora AMR147236 KJ881114 KJ881139   6km along Old Barkly Stock Route, 

Tablelands Hwy, NT 

-17.9833 135.1833 

T. tetraporophora AMR151128 KJ881092    12 Mile Creek Crossing, Sturt National Park, 

NSW 

-29.2000 141.9667 

T. tetraporophora AMR151141 KJ881093    Olive Downs Homestead, Sturt National 

Park, NSW 

-29.0500 141.8500 

T. tetraporophora AMR151144 KJ881090 KJ881135   Binerah Downs, Sturt National Park, NSW    -29.0167 141.5500 

T. tetraporophora AMR151146 KJ881089    Binerah Downs, Sturt National Park, NSW    -29.0167 141.5500 

T. tetraporophora AMR151151 KJ881088    Mt Wood Homestead, Sturt National Park, 

NSW 

-29.4833 142.2333 
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(Supplementary Table 1 continued)        

Species 

Registration 

number 

GenBank 

accession 

(ND2) 

GenBank 

accession 

(RAG1) SNPs CT Location Latitude Longitude 

T. tetraporophora AMR151676 KJ881095    White Cliffs Rd, 34.7km E of Silver City 

Hwy, NSW 

-30.8333 143.0833 

T. tetraporophora AMR152948 KJ881094    Silver City Hwy, 0.18km S of Olive Downs 

Rd, Sturt National Park, NSW 

-29.0500 141.8500 

T. tetraporophora AMR153258 KJ881091    Milparinka, SA -29.7167 141.8667 

T. tetraporophora ANWCR6135 KJ881066    54km E of Mulga Park Station, Mulga Park 

Rd, NT  

-25.9833 131.5833 

T. tetraporophora NMVD71386 KJ881078 KJ881130   Track to Corona Station, N of Broken Hill, 

NSW  

-31.4428 141.4863 

T. tetraporophora NMVD71387 KJ881079    Track to Corona Station, N of Broken Hill, 

NSW  

-31.4428 141.4833 

T. tetraporophora NMVD71388 KJ881080 EU727436   Track to Corona Station, N of Broken Hill, 

NSW  

-31.6788 141.5665 

T. tetraporophora NMVD71389 KJ881081    Track to Corona Station, N of Broken Hill, 

NSW  

-31.6788 141.5665 

T. tetraporophora NMVD71390 KJ881082 KJ881131   Track to Corona Station, N of Broken Hill, 

NSW  

-31.6788 141.5665 

T. tetraporophora NMVD72694 KJ881115 KJ881140   Brunette Downs Homestead Rd, Tablelands 

Hwy, NT 

-18.6353 135.9584 

T. tetraporophora NMVD72736 KJ881045    Hamilton-Dalhousie Rd, 20km from 

Hamilton Station homestead, SA 

-26.6600 135.2200 

T. tetraporophora NMVD72739 KJ881116    Brunette Downs Homestead Rd, Tablelands 

Hwy, NT 

-18.6353 135.9584 

T. tetraporophora NMVD72741 KJ881044 KJ881122   Hamilton-Dalhousie Rd, 20km from 

Hamilton Station homestead, SA 

-26.6612 135.2188 

T. tetraporophora NMVD72744 KJ881047    Hamilton-Dalhousie Rd, 17km from 

Hamilton Station homestead, SA 

-26.6579 135.2037 

T. tetraporophora NMVD72752 KJ881048    Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72753 KJ881046 KJ881127   Hamilton-Dalhousie Rd, 20km from 

Hamilton Station homestead, SA 

-26.6600 135.2200 

T. tetraporophora NMVD72754 KJ881061    Mt Dare Road, NT -25.9751 135.1017 
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(Supplementary Table 1 continued)        

Species 

Registration 

number 

GenBank 

accession 

(ND2) 

GenBank 

accession 

(RAG1) SNPs CT Location Latitude Longitude 

T. tetraporophora NMVD72755 KJ881049  Y  Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72756 KJ881050  Y  Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72757 KJ881051  Y  Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72758 KJ881052  Y  Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72759 KJ881063    Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72760 KJ881053  Y  Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72761 KJ881054  Y  Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72762 KJ881055  Y  Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72763 KJ881056    Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72764 KJ881057    Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72765 KJ881058    Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72766 KJ881059    Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72768 KJ881064    Near Dalhousie Springs, NT -25.9751 135.1017 

T. tetraporophora NMVD72770 KJ881060 KJ881123   Mt Dare Road, NT -25.9751 135.1017 

T. tetraporophora NMVD74046 KJ881108 KJ881141   Road to Gregory Downs, 8km S of 

Carpentaria Highway, QLD 

-17.9350 139.3019 

T. tetraporophora NMVD74048 KJ881110    Road to Gregory Downs, 16km S of 

Carpentaria Highway, QLD 

-17.8736 139.3442 

T. tetraporophora NMVD74049 KJ881109    Road to Gregory Downs, 16km S of 

Carpentaria Highway, QLD 

-17.8736 139.3442 

T. tetraporophora NMVD74051 KJ881107    Road to Gregory Downs, 3km S of 

Carpentaria Highway, QLD 

-17.8875 138.3358 

T. tetraporophora NTMR24487 KJ881117    Near Lake Corella, Barkly Tableland, NT  -18.7214 135.5878 

T. tetraporophora QMJ48542 KJ881096    Watson Oilfield, 100km S of Jackson, QLD  -26.6333 149.6333 

T. tetraporophora QMJ74792 KJ881025    Ernest Henry Mine Site, 20km N of 

Cloncurry, QLD 

-20.4381 140.7125 

T. tetraporophora QMJ74793 KJ881026    Ernest Henry Mine Site, 20km N of 

Cloncurry, QLD 

-20.4381 140.7125 

T. tetraporophora QMJ81203 KJ881106    Myuna Station, S of Richmond, QLD -21.0670 143.2170 

T. tetraporophora QMJ82191 KJ881024    Diamantina NP, QLD -23.7797 141.1944 

T. tetraporophora QMJ83530 KJ881023    Whitehill Station, SW of Longreach, QLD -23.6360 144.0348 
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Species 

Registration 

number 

GenBank 

accession 

(ND2) 

GenBank 

accession 

(RAG1) SNPs CT Location Latitude Longitude 

T. tetraporophora QMJ83852 KJ881027    Woolston, SE of Richmond, QLD -21.1164 142.7456 

T. tetraporophora QMJ83854 KJ881028    Woolston, SE of Richmond, QLD -21.1164 142.7456 

T. tetraporophora QMJ84184 MH355845  Y  Stirling Downs, 30km SSW of Tambo, 25, 

QLD 

-25.1261 146.1050 

T. tetraporophora QMJ84185 KJ881029  Y  Stirling Downs, 30km SSW of Tambo, QLD -25.0947 146.1006 

T. tetraporophora QMJ84186 MH355846  Y  Stirling Downs, 30km SSW of Tambo, 25, 

QLD 

-25.0914 146.0817 

T. tetraporophora QMJ84187 KJ881031  Y  Stirling Downs, 30km SSW of Tambo, QLD -25.0914 146.0817 

T. tetraporophora SAMAR20871 KJ881077 KJ881129   48km S of Olympic Dam, SA  -30.4500 136.9000 

T. tetraporophora SAMAR26543 KJ881070    Granite Downs Homestead, SA  -26.9333 133.4833 

T. tetraporophora SAMAR26805 KJ881074    25km S of Mabel Ck Homestead, SA -28.9380 134.3230 

T. tetraporophora SAMAR31167 KJ881097 KJ881136   Innamincka Ruins, SA -27.7333 140.7333 

T. tetraporophora SAMAR32468 KJ881098    Innamincka, SA -27.7333 140.7333 

T. tetraporophora SAMAR38091 KJ881065 KJ881128   5km SE of Mt Crispe, SA  -26.4000 135.3833 

T. tetraporophora SAMAR41301 KJ881083 KJ881132   Aldermans Catch, SA  -32.5333 140.6167 

T. tetraporophora SAMAR41504 KJ881084 KJ881133   Manunda Ck, SA  -32.7667 139.6500 

T. tetraporophora SAMAR42734 KJ881104 KJ881142   SE of Muttaburra, QLD -22.5833 144.5167 

T. tetraporophora SAMAR42806 KJ881105    10km NW of Diamantina Station, QLD -23.7667 141.1333 

T. tetraporophora SAMAR42934 KJ881100 KJ881137   Eromanga Dump, QLD -26.3333 142.8667 

T. tetraporophora SAMAR44722 KJ881069    Todmorden Station, SA  -27.1333 134.7500 

T. tetraporophora SAMAR46041 KJ881099    30km SE of Moomba Gas Field, SA -28.1500 140.1667 

T. tetraporophora SAMAR46371 KJ881087 KJ881134   2.5k W of Wangianna Rail Siding, SA  -29.6500 137.7000 

T. tetraporophora SAMAR46481 KJ881073    13.6k S of Mungutana Dam, SA  -29.3333 135.6833 

T. tetraporophora SAMAR46538 KJ881076    5km W of Mt Margaret, SA  -28.4833 136.0667 

T. tetraporophora SAMAR46999 KJ881062 KJ881124   5km S of Mosquito Camp Dam, SA  -26.1000 134.4833 

T. tetraporophora SAMAR47309 KJ881072 KJ881125   Peake Station, SA  -28.2333 135.9000 

T. tetraporophora SAMAR48380 KJ881075 KJ881126   Mount Barry Station, SA  -28.2333 134.9833 

T. tetraporophora SAMAR48423 KJ881068    Allandale Station, SA  -27.6167 135.5833 

T. tetraporophora SAMAR48505 KJ881071    Nilpinna Station, SA  -28.2000 135.6833 

T. tetraporophora SAMAR51945 KJ881086    1.5km WSW of Reedy Hole Springs, SA  -30.2500 138.8333 

T. tetraporophora SAMAR53153 KJ881085    5km N of Callory Bore, SA  -31.8000 138.7500 
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Species 

Registration 

number 

GenBank 

accession 

(ND2) 

GenBank 

accession 

(RAG1) SNPs CT Location Latitude Longitude 

T. tetraporophora SAMAR54036 KJ881120    Playford River Crossing, Tablelands Hwy, 

NT  

-19.2889 136.0572 

T. tetraporophora SAMAR54453 KJ881121    15km S of Julia Creek, QLD  -20.8192 141.7414 

T. tetraporophora SAMAR54456 KJ881118    Toorak Homestead, QLD  -21.0250 141.7806 

T. tetraporophora SAMAR55728 KJ881119    7.5km E of Julia Ck on Flinders Hwy, QLD  -20.6547 141.8111 

T. wilsoni NMVD77113 MH355905 MH355665 Y Y Bindango Rd, Hodgson, QLD -26.5743 148.6557 

T. wilsoni NMVD77114 MH355867  Y  Hodgson Ln S, Hodgson, QLD -26.5806 148.6209 

T. wilsoni NMVD77115 MH355868 MH355666 Y Y Eurella Settlers Rd, Amby, QLD -26.5488 148.2805 

T. wilsoni NMVD77116 MH355869  Y  Eurella Settlers Rd, Amby, QLD -26.5339 148.2875 

T. wilsoni NMVD77118 MH355870  Y  Hodgson Ln S, Hodgson , QLD -26.5918 148.6202 

T. wilsoni NMVD77168 MH355871 MH355667 Y Y Fletchers Ln, Bindango S, QLD -26.6344 148.5137 

T. wilsoni NMVD77169 MH355872  Y  Fletchers Ln, Bindango S, QLD -26.6509 148.5192 

T. wilsoni NMVD77170 MH355873  Y  Crockdantigh  , Muckadilla, QLD -26.5943 148.4326 

T. wilsoni NMVD77171 MH355874 MH355668 Y Y Crockdantigh, Muckadilla, QLD -26.5924 148.4324 

T. wilsoni NMVD77172 MH355875 MH355669 Y Y Knockalong, Bindango S, QLD -26.6555 148.5283 

T. wilsoni NMVD77173 MH355876 MH355670 Y Y Knockalong, Bindango S, QLD -26.6560 148.5303 

T. wilsoni NMVZ33938 MH355741  Y  Eurella Settlers Rd, Amby, QLD -26.5324 148.2881 

T. wilsoni NMVZ33939 MH355742  Y  Eurella Settlers Rd, Amby, QLD -26.5433 148.2833 

T. wilsoni NMVZ33940 MH355743  Y  Eurella Settlers Rd, Amby, QLD -26.5199 148.2896 

T. wilsoni NMVZ33941 MH355744  Y  Eurella Settlers Rd, Amby, QLD -26.5108 148.2935 

T. wilsoni NMVZ33942 MH355745  Y  Hodgson Ln S, Hodgson, QLD -26.5878 148.6204 

T. wilsoni NMVZ33943 MH355746  Y  Hodgson Ln N stock route, Hodgson, QLD -26.5657 148.6218 

T. wilsoni NMVZ33944 MH355747  Y  Hodgson Ln S, Hodgson, QLD -26.5832 148.6208 

T. wilsoni NMVZ34048 MH355748  Y  Hodgson Ln S, Hodgson, QLD -26.5840 148.6207 

T. wilsoni NMVZ34049 MH355749  Y  Hodgson Ln S, Hodgson, QLD -26.5820 148.6208 

T. wilsoni NMVZ34050 MH355750  Y  Hodgson Ln S, Hodgson, QLD -26.5794 148.6209 

T. wilsoni NMVZ34051 MH355751  Y  Hodgson Ln S, Hodgson, QLD -26.5879 148.6205 

T. wilsoni NMVZ34052 MH355752  Y  Crockdantigh, Muckadilla, QLD -26.5944 148.4326 

T. wilsoni NMVZ34053 MH355753  Y  Knockalong, Bindango S, QLD -26.6570 148.5254 

T. wilsoni NMVZ34054   Y  Knockalong, Bindango S, QLD -26.6557 148.5278 

T. wilsoni NMVZ34055   Y  Knockalong, Bindango S, QLD -26.6561 148.5272 
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T. wilsoni NMVZ34056 MH355754  Y  Knockalong, Bindango S, QLD -26.6565 148.5273 

T. wilsoni NMVZ34057   Y  Knockalong, Bindango S, QLD -26.6569 148.5280 

T. wilsoni NMVZ34058 MH355755  Y  Knockalong, Bindango S, QLD -26.6572 148.5269 

T. wilsoni NMVZ34059 MH355759    Knockalong, Bindango S, QLD -26.6582 148.5218 

T. wilsoni NMVZ34060 MH355756  Y  Eurella Settlers Rd, Amby, QLD -26.5460 148.2820 

T. wilsoni NMVZ34061 MH355757  Y  Eurella Settlers Rd, Amby, QLD -26.5454 148.2823 

T. wilsoni NMVZ34062 MH355758  Y  Eurella Settlers Rd, Amby, QLD -26.5297 148.2884 

T. wilsoni QMA007430 KJ881032 KJ881155 Y  Studley, QLD -26.7010 148.4722 

T. wilsoni QMA007431 KJ881034 KJ881156 Y  Studley, QLD -26.7010 148.4722 

T. wilsoni QMJ87307 KJ881033 KJ881157   Cherax Flats, Hodgson, QLD -26.5736 148.6439 

T. wilsoni QMJ89119 KJ881035 KJ881158   Mount Abundance Rd, 40 km E of Roma, 

QLD 

-26.7028 148.4861 

Lineage A AMR163347 DQ529271    Northern NSW NA NA 

Lineage A ANWCR5612 AY133032 EU727423   Morella Station, 65km NNW of Walgett, 

NSW 

-30.0167 148.1000 

Lineage A NMVD77117 MH355860 MH355672 Y Y S of airport, Mitchell, QLD -26.4996 147.9373 

Lineage A NMVD77141 MH355861  Y  S of airport, Mitchell, QLD -26.4996 147.9369 

Lineage A NMVD77142 MH355862  Y  S of airport, Mitchell, QLD -26.4996 147.9375 

Lineage A NMVD77143 MH355847 MH355673 Y Y Hortonvale, Cunnamulla, QLD -27.9471 145.7375 

Lineage A NMVD77146 MH355858  Y Y Hortonvale, Cunnamulla , QLD -27.9553 145.7397 

Lineage A NMVD77147 MH355848 MH355674 Y Y Hortonvale, Cunnamulla, QLD -27.9525 145.7368 

Lineage A NMVD77148 MH355859  Y  Hortonvale, Cunnamulla, QLD -27.9418 145.7330 

Lineage A NMVD77149 MH355849 MH355675 Y Y Killowen, Cunnamulla, QLD -27.9293 145.7867 

Lineage A NMVD77150 MH355850  Y  Balonne Plains, St George, QLD -28.2436 148.6759 

Lineage A NMVD77152 MH355851  Y  Balonne Plains, St George, QLD -28.2648 148.6799 

Lineage A NMVD77153 MH355852  Y  Balonne Plains, St George, QLD -28.2654 148.6838 

Lineage A NMVD77155 MH355853  Y  Balonne Plains, St George, QLD -28.2632 148.6864 

Lineage A NMVD77156 MH355854  Y  Myall Plains, Nindigully, QLD -28.3770 148.6474 

Lineage A NMVD77157 MH355855  Y  Myall Plains, Nindigully, QLD -28.3777 148.6422 

Lineage A NMVD77158 MH355856  Y  Myall Plains, Nindigully, QLD -28.3764 148.6526 

Lineage A NMVD77159 MH355857  Y  Yilgangandi  , St George S, QLD -28.2900 148.6982 



 CHAPTER 1 

69 

(Supplementary Table 1 continued)        

Species 

Registration 

number 

GenBank 

accession 

(ND2) 

GenBank 

accession 

(RAG1) SNPs CT Location Latitude Longitude 

Lineage A NMVZ34063 MH355680  Y  Hortonvale, Cunnamulla, QLD -27.9504 145.7371 

Lineage A NMVZ34064 MH355677  Y  Hortonvale, Cunnamulla, QLD -27.9502 145.7371 

Lineage A NMVZ34065 MH355678  Y  Hortonvale, Cunnamulla, QLD -27.9511 145.7402 

Lineage A NMVZ34066 MH355679  Y  Hortonvale, Cunnamulla, QLD -27.9527 145.7368 

Lineage A NMVZ34067   Y  Hortonvale, Cunnamulla, QLD -27.9408 145.7294 

Lineage A NMVZ34068 MH355681  Y  Hortonvale, Cunnamulla, QLD -27.9464 145.7376 

Lineage A QMJ96308 MH355907  Y  Balonne Plains, St George, QLD -28.2638 148.6748 

Lineage A QMJ96309 MH355908  Y Y S of airport, Mitchell, QLD -26.4996 147.9374 

Lineage A QMJ96310 MH355909  Y  Hortonvale, Cunnamulla, QLD -27.9463 145.7376 

Lineage A QMJ96311 MH355910  Y  Hortonvale, Cunnamulla, QLD -27.9482 145.7405 

Lineage A QMJ96312 MH355911  Y  Balonne Plains, St George, QLD -28.2654 148.6860 

Lineage A SAMAR45265 KJ881021    20km NW of Tilpa, NSW -31.2000 144.5500 

Lineage B QMJ77688 MH355789    Peak Downs Hwy, Clermont N, QLD -22.0000 147.0000 

Lineage B QMJ77690 EU727390    Peak Downs Hwy, Clermont N -22.0000 147.0000 

Lineage B NMVD77121 MH355883  Y  Bettafield, Gindie, QLD -23.7298 148.2960 

Lineage B NMVD77122 MH355884  Y  Bettafield, Gindie, QLD -23.7299 148.2975 

Lineage B NMVD77123 MH355885 MH355657 Y Y Bettafield, Gindie, QLD -23.7343 148.2834 

Lineage B NMVD77124 MH355886  Y  Wyntoon, Arcturus, QLD -23.8850 148.3143 

Lineage B NMVD77125 MH355888  Y  Glendariwell, Gemfields, QLD -23.5986 147.8096 

Lineage B NMVD77126 MH355889  Y  Glendariwell, Gemfields, QLD -23.6027 147.8582 

Lineage B NMVD77127 MH355877  Y Y Theresa Downs, Capella S, QLD -23.3035 148.0415 

Lineage B NMVD77130 MH355878  Y  Retro , Capella N , QLD -22.8613 147.8836 

Lineage B NMVD77131 MH355879  Y  Retro, Capella N, QLD -22.8597 147.8759 

Lineage B NMVD77132 MH355880  Y  Homelea Downs, Clermont, QLD -22.6898 147.6776 

Lineage B NMVD77134 MH355881  Y  Homelea Downs, Clermont, QLD -22.6936 147.6762 

Lineage B NMVD77135 MH355882 MH355655 Y Y Homelea Downs, Clermont, QLD -22.6948 147.6776 

Lineage B NMVD77136 MH355887 MH355656 Y Y Orana Downs, Orion, QLD -24.2579 148.3510 

Lineage B NMVD77164 MH355890  Y  Glendariwell, Gemfields, QLD -23.6154 147.8293 

Lineage B NMVD77165 MH355891  Y  Glendariwell, Gemfields, QLD -23.6018 147.8278 

Lineage B NMVD77166 MH355892  Y  Glendariwell, Gemfields, QLD -23.6036 147.8251 

Lineage B NMVZ33956 MH355791  Y  Bettafield, Gindie, QLD -23.7296 148.2938 
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Lineage B NMVZ33957 MH355792  Y  Bettafield, Gindie, QLD -23.7345 148.2834 

Lineage B NMVZ33958 MH355793  Y  Wyntoon , Arcturus , QLD -23.8820 148.3133 

Lineage B NMVZ33959 MH355794  Y  Wyntoon, Arcturus, QLD -23.8838 148.3148 

Lineage B NMVZ33960 MH355761  Y  Retro, Capella N, QLD -22.8607 147.8811 

Lineage B NMVZ33961 MH355762  Y  Retro, Capella N, QLD -22.8588 147.8754 

Lineage B NMVZ33992 MH355803  Y  Orana Downs, Orion, QLD -24.2590 148.3529 

Lineage B NMVZ33993 MH355804  Y  Orana Downs, Orion, QLD -24.2586 148.3531 

Lineage B NMVZ33994 MH355805  Y  Orana Downs, Orion, QLD -24.2586 148.3357 

Lineage B NMVZ33995 MH355795  Y  Bettafield, Gindie, QLD -23.7331 148.2864 

Lineage B NMVZ33996 MH355796  Y  Bettafield, Gindie, QLD -23.7329 148.2879 

Lineage B NMVZ33997 MH355788    Retro, Capella N, QLD -22.8569 147.8747 

Lineage B NMVZ33998 MH355763  Y  Retro, Capella N, QLD -22.8581 147.8750 

Lineage B NMVZ33999 MH355790  Y  Retro, Capella N, QLD -22.8595 147.8752 

Lineage B NMVZ34000 MH355764  Y  Retro, Capella N, QLD -22.8579 147.8748 

Lineage B NMVZ34001 MH355765  Y  Retro, Capella N, QLD -22.8601 147.8753 

Lineage B NMVZ34003 MH355766  Y  Retro, Capella N, QLD -22.8607 147.8759 

Lineage B NMVZ34004 MH355767  Y  Retro, Capella N, QLD -22.8585 147.8750 

Lineage B NMVZ34005 MH355768  Y  Retro, Capella N, QLD -22.8594 147.8753 

Lineage B NMVZ34006 MH355817    Retro, Capella N, QLD -22.8597 147.8753 

Lineage B NMVZ34007 MH355769  Y  Retro, Capella N, QLD -22.8497 147.8923 

Lineage B NMVZ34008 MH355770  Y  Retro, Capella N, QLD -22.8495 147.8922 

Lineage B NMVZ34009 MH355771  Y  Retro, Capella N, QLD -22.8477 147.8911 

Lineage B NMVZ34010 MH355772  Y  Retro, Capella N, QLD -22.8449 147.8904 

Lineage B NMVZ34011 MH355773  Y  Retro, Capella N, QLD -22.8449 147.8905 

Lineage B NMVZ34012 MH355774  Y  Retro, Capella N, QLD -22.8465 147.8910 

Lineage B NMVZ34013 MH355775  Y  Retro, Capella N, QLD -22.8466 147.8910 

Lineage B NMVZ34014 MH355776  Y  Retro, Capella N, QLD -22.8468 147.8910 

Lineage B NMVZ34015 MH355777  Y  Retro, Capella N, QLD -22.8474 147.8911 

Lineage B NMVZ34016 MH355810  Y  Homelea Downs, Clermont, QLD -22.6872 147.6753 

Lineage B NMVZ34017 MH355778  Y  Homelea Downs, Clermont, QLD -22.6872 147.6754 

Lineage B NMVZ34018 MH355811  Y  Homelea Downs, Clermont, QLD -22.6876 147.6759 
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Lineage B NMVZ34019 MH355779  Y  Homelea Downs, Clermont, QLD -22.6878 147.6760 

Lineage B NMVZ34020 MH355906  Y  Homelea Downs, Clermont, QLD -22.6888 147.6772 

Lineage B NMVZ34021 MH355812  Y  Homelea Downs, Clermont, QLD -22.6901 147.6788 

Lineage B NMVZ34022 MH355818    Homelea Downs, Clermont, QLD -22.6904 147.6792 

Lineage B NMVZ34023 MH355780  Y  Homelea Downs, Clermont, QLD -22.6917 147.6808 

Lineage B NMVZ34024 MH355813  Y  Homelea Downs, Clermont, QLD -22.6917 147.6808 

Lineage B NMVZ34026 MH355781  Y  Homelea Downs, Clermont, QLD -22.6926 147.6817 

Lineage B NMVZ34027 MH355760  Y  Homelea Downs, Clermont, QLD -22.6946 147.6841 

Lineage B NMVZ34028 MH355782  Y  Homelea Downs, Clermont, QLD -22.6955 147.6852 

Lineage B NMVZ34029 MH355783  Y  Homelea Downs, Clermont, QLD -22.6959 147.6857 

Lineage B NMVZ34030 MH355784  Y  Homelea Downs, Clermont, QLD -22.7214 147.6957 

Lineage B NMVZ34031 MH355785  Y  Homelea Downs, Clermont, QLD -22.7203 147.6868 

Lineage B NMVZ34032 MH355786  Y  Homelea Downs, Clermont, QLD -22.7194 147.6854 

Lineage B NMVZ34033 MH355787  Y  Homelea Downs, Clermont, QLD -22.7233 147.6947 

Lineage B NMVZ34034 MH355814  Y  Theresa Downs, Capella S, QLD -23.3081 148.0444 

Lineage B NMVZ34036 MH355815  Y  Theresa Downs , Capella S , QLD -23.3128 148.0490 

Lineage B NMVZ34037 MH355816  Y  Theresa Downs, Capella S , QLD -23.3130 148.0491 

Lineage B NMVZ34038 MH355806  Y  Glendariwell, Gemfields, QLD -23.6002 147.8283 

Lineage B NMVZ34039 MH355807  Y  Glendariwell, Gemfields, QLD -23.6023 147.8277 

Lineage B NMVZ34040 MH355808  Y  Glendariwell, Gemfields, QLD -23.6031 147.8272 

Lineage B NMVZ34041 MH355809  Y  Glendariwell, Gemfields, QLD -23.6033 147.8269 

Lineage B NMVZ34042 MH355797  Y  Bettafield, Gindie, QLD -23.7289 148.2869 

Lineage B NMVZ34043 MH355798  Y  Bettafield, Gindie, QLD -23.7291 148.2885 

Lineage B NMVZ34044 MH355799  Y  Bettafield, Gindie, QLD -23.7290 148.2882 

Lineage B NMVZ34045 MH355800  Y  Bettafield, Gindie, QLD -23.7286 148.2864 

Lineage B NMVZ34046 MH355801  Y  Bettafield, Gindie, QLD -23.7458 148.2905 

Lineage B NMVZ34047 MH355802  Y  Bettafield, Gindie, QLD -23.7277 148.2881 

Lineage B QMJ96313 MH355912 MH355654 Y Y Retro, Capella N, QLD -22.8606 147.8763 

Lineage B QMJ96314 MH355913 MH355653 Y Y Retro, Capella N, QLD -22.8604 147.8761 

Lineage B QMJ96315 MH355914  Y  Homelea Downs, Clermont, QLD -22.6918 147.6768 

Lineage B QMJ96316 MH355915  Y  Orana Downs, Orion, QLD -24.2597 148.3468 
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Lineage B QMJ96317 MH355916  Y  Glendariwell, Gemfields, QLD -23.6034 147.8247 

Lineage C NMVD74081 EU727391 EU727426 Y  Richmond Rd, Esmeralda N, QLD -18.5619 142.5678 

Lineage C NMVD74082 MH355843    Richmond Rd, Esmeralda N, QLD -18.5619 142.5678 

Lineage C NMVD74091 EU727392 EU727433 Y  Thornborough Rd, Thornborough S, QLD -17.0011 145.0319 

Lineage C NMVD74092 MH355830    Thornborough Rd, Thornborough S, QLD -17.0011 145.0319 

Lineage C NMVD77178 MH355902  Y  Inorunie Rd, Croydon E, QLD -18.2123 142.6929 

Lineage C NMVD77179 MH355903  Y  Inorunie Rd, Croydon E, QLD -18.2138 142.7132 

Lineage C NMVD77187 MH355904 MH355660 Y Y Richmond Rd, Esmeralda N, QLD -18.5649 142.5646 

Lineage C NMVD77264 MH355899  Y  Thornborough Rd, Thornborough S, QLD -16.9944 145.0298 

Lineage C NMVD77265 MH355900 MH355658 Y Y Thornborough Rd, Thornborough S, QLD -16.9991 145.0312 

Lineage C NMVD77267 MH355901  Y  Thornborough Rd, Thornborough S, QLD -17.0001 145.0300 

Lineage C NMVZ34074   Y  Thornborough Rd, Thornborough S, QLD -16.9991 145.0312 

Lineage C NMVZ34075 MH355828  Y  Thornborough Rd, Thornborough S, QLD -16.9995 145.0304 

Lineage C NMVZ34078 MH355829  Y  Thornborough Rd, Thornborough S, QLD -17.0010 145.0296 

Lineage C NMVZ34085 MH355831  Y  Inorunie Rd, Croydon E, QLD -18.2111 142.6993 

Lineage C NMVZ34086 MH355832  Y  Inorunie Rd, Croydon E, QLD -18.2112 142.6957 

Lineage C NMVZ34090 MH355838  Y  Richmond Rd, Esmeralda N, QLD -18.5645 142.5651 

Lineage C NMVZ34091 MH355839  Y  Richmond Rd, Esmeralda N, QLD -18.5899 142.5659 

Lineage C NMVZ34092 MH355840  Y  Richmond Rd, Esmeralda N, QLD -18.5673 142.5625 

Lineage C NMVZ34093 MH355841  Y  Richmond Rd, Esmeralda N, QLD -18.5668 142.5628 

Lineage C NMVZ34094 MH355833  Y  Richmond Rd, Esmeralda N, QLD -18.5651 142.5644 

Lineage C NMVZ34095 MH355834  Y  Richmond Rd, Esmeralda N, QLD -18.5635 142.5662 

Lineage C NMVZ34096 MH355835  Y  Richmond Rd, Esmeralda N, QLD -18.5622 142.5676 

Lineage C NMVZ34097 MH355836  Y  Richmond Rd, Esmeralda N, QLD -18.5622 142.5676 

Lineage C NMVZ34098 MH355837  Y  Richmond Rd, Esmeralda N, QLD -18.5617 142.5680 

Lineage C NMVZ34099 MH355842  Y  Richmond Rd, Esmeralda N, QLD -18.5603 142.5687 

Lineage C QMJ83500 MH355844    Abingdon Downs Rd, N of Georgetown, 

QLD 

-18.1833 143.5200 

Lineage C QMJ96318 MH355917 MH355659 Y Y Richmond Rd, Esmeralda N, QLD -18.5672 142.5626 

Lineage C QMJ96319 MH355918  Y  Richmond Rd, Esmeralda N, QLD -18.5675 142.5625 

Lineage C QMJ96320 MH355919 MH355661 Y Y Richmond Rd, Esmeralda N, QLD -18.5645 142.5651 
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Lineage C QMJ96321 MH355920 MH355662 Y Y Richmond Rd, Esmeralda N, QLD -18.5645 142.5651 

Lineage C QMJ96322 MH355921 MH355663 Y Y Richmond Rd, Esmeralda N, QLD -18.5616 142.5682 

T. centralis ANWCR6136 EU727320 EU727416   54km E of Mulga Park Station, Mulga Park 

Rd, NT 

-25.9833 131.5833 

T. cephalus SAMAR22854 AY133027 EU727437   21km N of Roebourne, WA -20.6500 117.1500 

T. gigas WAMR175943 MH355676 MH355652   8km N of Williambury Homestead, WA -23.8161 115.1467 

T. houstoni WAMAR1464

39 

EU727393 EU727445   Rawlinna, WA -30.9914 126.4358 

T. intima NMVD74070 EU727348 EU727420   Gulf Development Rd, 130 km S of 

Normanton, QLD 

-18.6769 140.5117 

T. intima NMVD74072 EU727349 EU727428   Gulf Development Rd, 130 km S of 

Normanton, QLD 

-18.6769 140.5117 

T. intima SAMAR42933 EU727352 EU727441   20km S of Eromanga, QLD -26.3333 142.8667 

T. lineata NMVD74164 EU727399 EU727444   Lake Tyrrell, VIC -35.3333 142.8333 

T. lineata macra NMVD73876 EU727403 EU727407   Gibb River Rd, W of Lennard River, 

Kimberley, WA 

-17.4408 124.5053 

T. lineata macra NMVD73983 EU727402 EU727443   Amanbidji Rd off Victoria Highway, NT -16.0239 129.6964 

T. pinguicolla TpinC2 DQ529257 EU727427   Devereanux, Cooma, NSW NA NA 

T. uniformis NMVD72640 EU727401 EU727442   1km N of Buntine Hwy on Shakespeare Bore 

Tk, NT 

-16.1325 131.7298 

Pogona vitticeps SAMAR42415 AY133026 HQ662414   Mabel Creek Station, SA NA NA 

Rankinia diemensis NMVD71911 KF791182 KF791161   Coonabarabran, NSW -31.2500 149.1333 

Amphibolurus 

muricatus 

SAMAR34771 KF871673 KF871730   Anglesea, VIC NA NA 
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CHAPTER 2

 

Phylogenetic relationships of north-eastern Australian earless dragons 

(Agamidae: Tympanocryptis spp.), with description of three new species. 

 

 

 
Photo: Tympanocryptis wilsoni in crop stubble, taken by K. Chaplin. 
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ABSTRACT 

Earless dragons (Tympanocryptis spp.) are found in most environments across the 

Australian continent, with the 15 currently described species inhabiting a variety of 

ecological niches, from stony desert to tropical woodland or cracking clay savannahs. Recent 

work has indicated a revision of the taxonomy of north-eastern Australian earless dragons is 

required. Focussing on this region, I use the mitochondrial ND2 gene (987bp) to investigate 

the phylogenetic relationships among currently described earless dragons and newly 

delimited putative species, with an assessment of broad biogeographic divisions. I found 

significant structure across the north-eastern Australian lineages, with deep divergence 

between lineages occurring in the inland Great Artesian Basin region and more coastal Great 

Dividing Range. Regional diversification is estimated to have occurred in the late Miocene 

with subsequent Plio-Pleistocene speciations, and divergence and distributions of these 

species may therefore be reflective of the climate induced grassland-rainforest oscillations 

during this time. The diversity of the north-eastern Australian earless dragon group is 

consistent with that seen in other areas of historic aridification with habitat expansions and 

contractions, including the Western Australian Tympanocryptis species group. Based on these 

data and other recent work, I describe three new species of Tympanocryptis from the cracking 

clay grasslands of the Darling Riverine Basin and Queensland Central Highlands regions, and 

the stony open eucalypt woodlands on the Einasleigh Uplands. The revision of these north-

eastern Australian earless dragon species provides further taxonomic clarity within the 

Tympanocryptis genus, which has been previously unresolved until recent years. 

 

 

[Tympanocryptis, phylogenetics, taxonomy, Australian agamids]  
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INTRODUCTION 

Earless dragons (Tympanocryptis spp.) are small, terrestrial agamid lizards endemic to 

Australia (Wilson and Swan 2013), with 15 species currently described. Although the genus 

is found in a range of habitats throughout the continent, each species is restricted to a certain 

ecological niche, including the stony regions of Western Australia, the arid interior, the 

Nullabor Plain, and tropical and temperate grasslands and woodlands (Shoo et al. 2008, 

Stevens et al. 2010, Melville et al. 2014, Doughty et al. 2015).  

The Australian climate underwent a general trend of cooling and drying, starting in the 

mid-Miocene, changing from a humid rainforest-dominated continent to a diversity of more 

open arid-adapted environments (Byrne et al. 2008, Fujioka and Chappell 2010, Habeck-

Fardy and Nanson 2014). Earless dragons have diversified and adapted to region-specific arid 

conditions throughout Australia since the late Miocene, with broad scale radiations across the 

continent and subsequent geographically localised divergence of lineages in specific habitats 

or ecological niches (Shoo et al. 2008). Habitat corridors were a significant factor in the 

speciation of many arid interior and desert-based taxa during the late Miocene and Pliocene 

(Chapple and Keogh 2004, Byrne 2008, Mossop et al. 2015, Jobson et al. 2017), including 

several of the Western Australian Tympanocryptis species (Pianka 1972, Shoo et al. 2008, 

Doughty et al. 2015). Similarly, climatic oscillations during the Plio-Pleistocene drove 

expansions of the inland arid grasslands and contractions of the coastal humid rainforests in 

north-eastern Australia (Stocker and Unwin 1989, Kershaw 1994, Travouillon et al. 2009). 

Dated fossil evidence of Tympanocryptis spp. has been found as far east as the Mount Etna 

caves near Rockhampton (Hocknull 2005), suggesting that arid habitat corridors or grassland 

expansions had reached near-coastal areas prior to the late Pleistocene. The instability of the 

Plio-Pleistocene climate and the reduction of monsoonal seasonality was especially 

pronounced in north-eastern Australia during this time, and has shaped the current 
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distributions of many species in this region (Hopkins et al. 1993, Joseph et al. 1995, Hocknull 

et al. 2007, Price 2012). 

Several studies have focussed on earless dragon species delimitation in recent years 

(Smith et al. 1999, Shoo et al. 2008, Melville et al. 2014, Doughty et al. 2015), however a 

revision of the taxonomy of north-eastern Australian Tympanocryptis species is required. 

There are currently five earless dragon species described in this region; T. intima distributed 

throughout the inland arid stony desert areas, T. tetraporophora in stony shrubland and clay 

grassland areas, and T. wilsoni, T. condaminensis and T. pentalineata on cracking clay 

grasslands near Roma, the Darling Downs and Normanton, respectively. 

Recent work (presented here in Chapter 1), incorporating genomics & morphological 

assessments using geometric morphometrics, has indicated there are three undescribed 

lineages (A, B and C) occurring in the Darling Riverine Basin, Queensland Central Highlands 

and Einasleigh Uplands, respectively (Fig. 1). However, this genomic work does not provide 

insight into the evolutionary relationships of these putative species with other 

Tympanocryptis species. Thus, I undertook an assessment of the phylogenetic relationships 

among all Tympanocryptis species, using mtDNA (987bp), including these new lineages, 

with detailed focus on north-eastern Australia. Finally, I provide a comprehensive taxonomic 

treatment of these three putative species. 

 

METHODS 

SAMPLING 

The three putative Tympanocryptis species (A, B and C) and three other recently 

described north-eastern Australian species (T. condaminensis, T. wilsoni and T. pentalineata) 
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were sampled throughout their known ranges (Fig. 1) (Melville et al. 2014). To determine the 

phylogenetic relationships within the genus I also incorporated at least one sample from all 

other currently described Tympanocryptis species, through additional samples from Museums 

Victoria, Queensland Museum and Western Australia Museum, or GenBank data from 

previously sequenced samples. Amphibolurus muricatus, Rankinia diemensis and Pogona 

vitticeps were used as outgroups. Locality data, Museum numbers and GenBank accession 

numbers of all samples utilised in this study are listed in Supplementary Table 1. 

LABORATORY PROTOCOLS 

Genomic DNA was extracted from either tail tissue or liver samples using the Qiagen 

Blood & Tissue Kit (Qiagen, Hilden, Germany) as per manufacturer guidelines. The 

mitochondrial gene ND2 (987bp) was amplified using the primers (Metf.1 and COIr.aga) and 

protocols described in Shoo et al. (2008) in a Bio-Rad MyCycler Thermal Cycler (Bio-Rad, 

California, USA). Negative controls were used in each PCR run. Amplification products were 

visualised on a 1.2% agarose gel with Sybr SAFE (Invitrogen, California, USA), then 

purified using ExoSAP-IT (Thermo-Fisher, California, USA) as per manufacturer guidelines, 

and sent to Macrogen (Seoul, South Korea) for sequencing. Sequence chromatograms were 

edited and aligned in Geneious 6.1.8 (Biomatters, Auckland, New Zealand).  

PHYLOGENETIC ANALYSIS 

Pairwise uncorrected genetic distances for the ND2 alignment were calculated in 

Mega7 (Kumar et al. 2016), with the codon frame set as the 3
rd

 nucleotide position. Where 

more than one sample was present for a species, the clade was collapsed into a group prior to 

analysis. A Bayesian phylogeny of ND2 was produced using MrBayes (Huelsenbeck and 

Ronquist 2001) on the CIPRES Science Gateway (Miller et al. 2010), with two runs of four 

independent MCMC chains (each 50,000,000 generations long, sampled every 1,000 
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generations), under a GTR+I+G model with flat priors and no partitioning scheme 

(determined by the corrected Akaike Information Criterion (AICc) on PartitionFinder2 

(Lanfear et al. 2017) on the CIPRES Science Gateway). Tracer v1.6 (Rambaut et al. 2014) 

was used to check for stationarity and convergence of the chain outputs. The trees were 

subject to a 25% burn-in in MrBayes, summarised and posterior probabilities obtained. 

TAXONOMY 

All available specimens for the putative species (A, B and C) were examined. 

Seventeen meristic and metric characters previously used in Tympanocryptis taxonomy 

(Melville et al. 2014, Doughty et al. 2015) and thought to be potentially diagnostic were 

recorded (Table 3). Electronic callipers were used for all morphological measures to the 

nearest 0.1 mm and all bilateral counts and measurements were recorded on the left side only. 

 

RESULTS 

Phylogenetic analysis of all currently described Tympanocryptis species and the three 

putative species (A, B and C) indicated all taxa are highly supported as monophyletic (Fig. 

2), with uncorrected sequence divergence between taxa ranging from 3.4% to 15.5% (Table 

2). Genetic clades corresponded with previously published phylogenetic relationships (Fig. 

2): northern central Australia (T. l. macra and T. uniformis); western Australia (T. cephalus, 

T. fortescuensis, T. diabolicus, T. gigas and T. pseudopsephos); central Australia (T. centralis 

and T. intima); and south-eastern Australia (T. lineata, T. houstoni and T. pinguicolla). In 

north-eastern Australia, the analysis recovered two clades: one associated with the inland 

Great Artesian Basin (T. tetraporophora, Species A, T. condaminensis, T. wilsoni and T. 

pentalineata) and a second with the coastal Great Dividing Range (Species B and C) (Fig. 1). 
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Mean uncorrected pairwise sequence divergence between the Great Artesian Basin (GAB) 

and Great Diving Range (GDR) clades was 10.6%, with deep divergences within clades. The 

GDR clade is moderately supported as monophyletic (Bayesian posterior probability of 0.95; 

Fig. 2), with 13.5% sequence divergence between taxa B and C (Table 2). Conversely, the 

phylogenetic relationships within the GAB clade are not fully resolved (low Bayesian 

posterior probabilities, Fig. 2), although each species has very strong support as independent 

lineages (Bayesian posterior probability of 1.00). This species group has relatively low 

sequence divergence among lineages compared with the GDR clade. T. condaminensis is the 

most basal taxon of this group with the lowest pairwise divergences of approximately 4% , 

while T. pentalineata has the highest levels of divergence, including 7.0% from the most 

closely related sister lineage to this species: T. wilsoni (Table 2, Fig. 2). Each of these species 

has similar intra-specific lineage divergence, observed in the length of the collapsed species 

clades, except for T. tetraporophora, which exhibits substantial intra-specific clade 

divergence (Fig. 2). 

 

DISCUSSION 

DIVERSIFICATION AND PHYLOGEOGRAPHY OF TYMPANOCRYPTIS IN NORTH-EASTERN AUSTRALIA 

My estimates of divergence time are comparable with other Tympanocryptis studies 

(Melville et al. 2007, Hugall et al. 2008, Shoo et al. 2008, Doughty et al. 2015). Using a 

rough estimate of 2% divergence per million years (Brown et al. 1982, Wilson et al. 1985), 

regional divergence times occurred during the Miocene and within lineages during the Plio-

Pleistocene (Fig. 2), which corresponds to previous estimates within the genus (Shoo et al. 

2008, Melville et al. 2014, Doughty et al. 2015). During the Plio-Pleistocene, climatic 

fluctuations in north-eastern Australia would have shaped diversification and speciation of 
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Tympanocrpytis within this region (Price 2012). The aridification and expansion of 

grasslands from inland to coastal areas resulted in the restriction of rainforest-specialist taxa 

to refugia, and vice-versa as the environmental oscillations continued (Martin 1982, Joseph et 

al. 1995, James and Moritz 2000). The extinction of many species occurred during this period 

of instability, although the diversification of more suitably adapted species (especially arid 

and semi-arid taxa) replaced these losses in the community (Hocknull et al. 2007). These 

shifts in community composition and species turnover have been well-documented 

throughout north-eastern Australia, including through dated fossil studies of faunal 

assemblages (Hutchinson and Mackness 2002, Hocknull 2005, Price et al. 2011). Fossil 

evidence of Tympanocryptis spp. near Rockhampton on the eastern coast indicate that 

previous earless dragon species or populations were widely distributed (Hocknull 2005), and 

the ranges of the extant Tympanocryptis species in north-eastern Australia are likely to be a 

relic of these Plio-Pleistocene climate oscillations. 

The two GDR species form one of the most highly diverged clades within 

Tympanocryptis, with particularly long branches in the mitochondrial phylogeny indicating a 

deep divergence. These two species are the only north-eastern Australian species to be found 

on the eastern side of significant upland areas of the GDR (Fig. 1). While T. condaminensis is 

found on the Toowoomba plateau of the GDR at higher elevations (up to 500m above sea 

level) than either Species B or C, the Darling Downs plains slope steadily westwards to the 

lowlands of the Darling Riverine Plains and Mulga Lands, encompassing the distributions of 

T. wilsoni, Species A and T. tetraporophora, with no abrupt elevational variations throughout 

these areas. The lowlands on the western side of the GDR also extend north through the 

Mitchell Grass Downs to the Gulf Plains, including the distribution of T. pentalineata. Thus, 

it is probable that divergence within and between the GAB and GDR lineages is highly 

correlated with geology and topography of the region. Although there have been countless 
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studies of geographic barriers of GDR taxa along latitudinal gradients (James and Moritz 

2000, Chapple et al. 2011, Pepper et al. 2014), there is surprisingly little literature published 

on longitudinal phylogeographic patterns of GDR taxa with sister lineages in the western 

plains or GAB regions. 

There is deep divergence and geographic isolation within the GDR clade. Species B 

exists on the Central Highlands of Queensland, with rugged escarpments and notable areas of 

high elevation (including the Drummond Range to the west, Carnarvon Range to the south, 

and Expedition Range to the east) encircling the species’ distribution. In contrast, Species C 

is distributed across the Einasleigh Uplands region of northern Queensland. The Einasleigh 

Uplands is a rugged plateau with several escarpments and varied elevation, extending from 

the Atherton Tablelands in the east to the Gulf Plains in the west (White 1965, Whitehead 

2010). The deep molecular divergence and disjunct distributions of Species B and C are 

consistent with biogeographic breaks in north-eastern Australia, such as the Burdekin Gap 

and St Lawrence Gap, known to be associated with phylogeographic structure of a range of 

other herpetofauna (James and Moritz 2000, Chapple et al. 2011, Edwards and Melville 2011, 

Smissen et al. 2013). Although the paleoenvironmental fluctuations between arid and 

rainforest conditions in this region are likely to have contributed to the geographic isolation 

and molecular divergence of the two GDR species, it is possible that the deep branch lengths 

of these taxa are indicative of intermediate population extinctions, with only remnant lineages 

still extant, consistent with similar documented Plio-Pleistocene community composition 

shifts and species turnover (Hocknull 2005). 
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TAXONOMY  

Based on previous integrative species delimitation and phylogeographic evidence here, 

I recognise three new species of earless dragons: Tympanocryptis darlingensis sp. nov. 

(Species A), Tympanocryptis hobsoni sp. nov. (Species B) and Tympanocryptis 

einasleighensis sp. nov. (Species C). 

 

Tympanocryptis darlingensis sp. nov.  

Darling earless dragon 

Holotype. QMJ96308 (D77151), male, Balonne Plains, south of St George, Queensland, 

Australia (-28.2638, 148.6748). 

Paratypes. (9 specimens) NMVD77117, male, Stock route off Bollon Rd, Mitchell, 

Queensland, Australia (-26.4996, 147.9373); QMJ96309, female, Stock route off Bollon Rd, 

Mitchell, Queensland, Australia (-26.4996, 147.9374); NMVD77147, male, Hortonvale, 

north of Cunnamulla, Queensland, Australia (-27.9525, 145.7368); QMJ96311, male, 

Hortonvale, north of Cunnamulla, Queensland, Australia (-27.9482, 145.7405); QMJ96310, 

female, Hortonvale, north of Cunnamulla, Queensland, Australia (-27.9463, 145.7376); 

NMVD77143, female, Hortonvale, north of Cunnamulla, Queensland, Australia (-27.9471, 

145.7375); QMJ96312, female, Balonne Plains, south of St George, Queensland, Australia (-

28.2654, 148.6860); NMVD77153, female, Balonne Plains, south of St George, Queensland, 

Australia (-28.2654, 148.6838); NMVD77156, male, Myall Plains, Nindigully, Queensland, 

Australia (-28.3770, 148.6474). 

Diagnosis. A medium sized earless dragon, light in colour and with a generally spiky 

appearance. Well-defined dorsal patterning, with light grey or cream dorsal, dorso-lateral and 
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lateral stripes. Dorsal stripes begin at the back of the head and terminate at the bottom of the 

torso, and dorso-lateral stripes run from the neck down to 1/4 of the tail length. Dorsal 

colours range from red light brown to sandy grey, with dark cross-banding from the neck to 

1/4 of the tail length, then weaker banding along the extent of the tail. Ventral surfaces area 

cream, with grey speckling under the throat, chest and lateral ventral torso areas in some 

individuals. Lighter diamond band dorsally between orbits bordered by black ‘V’-shape 

pointing down the snout. Heterogeneous keeled and unkeeled dorsal scales on the head and 

body, with a high number of mucronate scales interspersed posterior to the orbit and along 

the torso. Weakly keeled ventral scales on the throat and torso. Strongly keeled scales on the 

tail and limbs. Mucronate scales scattered laterally and on the cheeks. Tapered snout, 

moderately long limbs and tail, and moderately slender body. 2 pre-anal pores, 2 femoral 

pores. Gular fold present. 

Description of holotype. (Fig. 3a). A medium-sized Tympanocryptis, with a slender 

body and neck, moderately long limbs and tapered snout. Dorsal head scales are keeled from 

the snout with very strong contrasted spines, to very small keeled scales on the neck, then 

strongly keeled over the body to the extent of the tail. Weekly keeled scales under the throat 

and ventral area of the torso and limbs. Distinct contrasting light grey dorso-lateral stripes 

from the posterior of the orbits, gradually fading along the tail. Dark brown-black dorsal 

cross bands from the neck to the base of the tail, with weak banding along the extent of the 

tail. Speckled cream on grey laterally, interposed with a cream lateral stripe. A cream lateral 

stripe also along the middle segment of hind legs. Grey ventral patterning on the throat, chest 

and lateral areas of the torso. Grey diamond band between orbits bordered by black ‘V’-shape 

pointing down the snout. 

Sub-digital lamellae on fourth toe 20; pre-anal pores 2, femoral pores 2; gular fold 

present. Snout-vent length 54mm, tail length 78mm, inter-limb length 22.67mm, head length 
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20.16mm, head width 12.15mm, snout width 5.35mm, head depth 8.55mm, neck width 

3.90mm, fore-limb length total 25.94mm, hind-limb length total 40.17mm. 

Variation. Tables 1 (as Species A) and 3 present variation in morphological and 

meristic characters within the species and type series, respectively. Body colour is a slightly 

darker brown in Mitchell specimens, sandier in Cunnamulla specimens and greyer in 

specimens from St George. Femoral and pre-anal pores are difficult to distinguish in females. 

Habitat. Native grasslands or cropping fields (including wheat, sorghum and chickpea) 

on grey, brown or red-brown vertosols in Queensland. It is assumed to occupy similar habitat 

in New South Wales. 

Distribution. The distribution of T. darlingensis sp. nov. is yet fully understood but 

known to occur in the Mulga Lands and Darling Riverine Basin bioregions. Known locations 

from samples confirmed by molecular data include near Mitchell, Cunnamulla, St George and 

Nindigully in Queensland, and Lightning Ridge, Tilpa and White Cliffs in New South Wales 

(Fig. 4). 

Etymology. Named for the Darling Riverine Plains and Darling Basin this species 

inhabits. 

Comparison. This distribution of this species is allopatric with T. wilsoni, with the 

Roma earless dragon known only from east of Amby, and T. darlingensis sp. nov. found over 

30km away on the western side of the Maranoa River in Mitchell. It is likely to be sympatric 

with T. tetraporophora, however samples of T. tetraporophora from the Darling Basin region 

may have previously been taxonomically identified incorrectly and may actually be T. 

darlingensis sp. nov. These three taxa are highly morphologically cryptic. Distribution is a 

key character to recognise T. darlingensis sp. nov. from T. wilsoni. Body colour of T. 
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darlingensis sp. nov. is generally slightly greyer or browner than the red-brown colour of T. 

tetraporophora from sympatric regions. 

 

Tympanocryptis hobsoni sp. nov.  

Hobson’s earless dragon 

Holotype. QMJ96313, male, Retro, Capella North, Queensland, Australia (-22.8606, 

147.8763). 

Paratypes. (8 specimens) QMJ96314, male, Retro, Capella North, Queensland, 

Australia (-22.8604, 147.8761); QMJ96315, male, Homelea Downs, north of Clermont, 

Queensland, Australia (-22.6918, 147.6768); NMVD77134, male, Homelea Downs, north of 

Clermont, Queensland, Australia (-22.6936, 147.6762); NMVD77135, female, Homelea 

Downs, north of Clermont, Queensland, Australia (-22.6948, 147.6776); QMJ96317, male, 

Glendariwell, Gemfields, Queensland, Australia (-23.6034, 147.8247); NMVD77164, female, 

Glendariwell, Gemfields, Queensland, Australia (-23.6154, 147.8293); NMVD77136, male, 

Orana Downs, Orion, Queensland, Australia (-24.2579, 148.3510); QMJ96316, female, 

Orana Downs, Orion, Queensland, Australia (-24.2597, 148.3468). 

Diagnosis. A medium sized earless dragon, with distinct contrasting patterning and a 

velvety appearance. Light grey or cream dorsal, dorso-lateral and lateral stripes are present, 

starting from the head and running down the body to 1/3 of the length of the tail. The dorsal 

stripe extends onto the head and terminates just prior to the parietal scale. Dorso-lateral 

stripes run along the neck and culminate in ‘C’-shapes (bounded dorsally by black) to the 

dorso-posterior of the orbit. Neck and body exhibit well-defined light banding on a brown-

black base colour, between dorso-lateral and dorsal stripes, with bands offset in most 
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individuals. Distinct block-like bands at the base of the tail, with less contrasted bands 

continuing down to the extent of the tail. Speckled lateral patterning below the lateral lines 

that does not continue onto the ventral surface of the torso. Mucronate scales scattered 

laterally and on the cheeks, with two rows of keeled mucronate scales on each side between 

the dorsal and dorso-lateral stripes running from the neck to the end of the torso. A 

moderately short tail, slender body and long limbs. Long fourth toe. 2 pre-anal pores, poorly-

developed in females. Gular fold present. 

Description of holotype. (Fig. 3b). A medium-sized Tympanocryptis, with long limbs, 

a slender body, and flatter skull with a moderately blunt snout. Dorsal head scales are keeled 

from the snout, then unkeeled posterior to the orbit and parietal scale. Scales on the body are 

heterogeneous with unkeeled, keeled and mucronate scales interspersed dorsally. Ventral 

scales are unkeeled on the head and neck, and weakly keeled on the torso. Tail scales are 

strongly keeled. Mid-brown banding along a dark brown-black back, with a thin grey dorsal 

stripe, grey dorso-lateral stripes finishing in thick, highly contrasted light grey lines bounded 

by black bands posterior to the orbital, and cream lateral stripes. Cream speckles on brown 

below the lateral stripe, with a gradient to a cream ventral surface. Weak grey speckling 

under the throat. 

Sub-digital lamellae on fourth toe 30; pre-anal pores 2, femoral pores absent; gular fold 

present. Snout-vent length 51mm, tail length 70mm, inter-limb length 22.20mm, head length 

19.99 mm, head width 12.33mm, snout width 6.01mm, head depth 8.85mm, neck width 

4.74mm, fore-limb length total 28.43mm, hind-limb length total 48.97mm. 

Variation. Tables 1 (as Species B) and 3 present variation in morphological and 

meristic characters within the species and type series, respectively. Males have longer tails 
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and pre-anal pores are difficult to distinguish in females, however no other obvious variation 

exists within this species. 

Habitat. Native grasslands or cropping fields (including wheat, sorghum and chickpea) 

on black vertosols. 

Distribution. Currently known to exist in populations on cropping lands adjacent to the 

Dawson, Gregory, Capricorn and Peak Downs Highways on the Queensland Central 

Highlands, bordered by Orion in the south, Clermont in the north and Anakie in the west 

(Fig. 5). 

Etymology. Named in recognition of the outstanding contributions of Rod Hobson to 

the conservation of Tympanocryptis species and Queensland herpetology, and his direct input 

into the collection and ecological understanding of this new species on the Central Highlands. 

Comparison. T. hobsoni sp. nov. has very similar external and cranial morphology and 

patterning to T. condaminensis. Both of these species inhabit similar ecological niches; native 

grasslands where available, and cropping fields where anthropological land modification has 

removed the natural vegetation. T. hobsoni sp. nov. is highly isolated from other 

Tympanocryptis taxa, with T. tetraporophora being the closest species (approximately 200km 

to the west of the known range of T. hobsoni sp. nov.). T. hobsoni sp. nov. can easily be 

distinguished by the lack of femoral pores seen in T. tetraporophora. Additionally, T. 

hobsoni sp. nov. has an unusually long second toe on the hindlimbs not observed in other 

Tympanocryptis species. This species has a velvety appearance due to the regular rows of 

dorsal mucronate scales. 
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Tympanocryptis einasleighensis sp. nov.  

Einasleigh earless dragon 

Holotype. QMJ96318, male, Richmond Rd, north of Esmeralda, Queensland, Australia (-

18.5672, 145.5626). 

Paratypes. (7 specimens) NMVD77187, male, Richmond Rd, north of Esmeralda, 

Queensland, Australia (-18.5649, 142.5646); QMJ96320, male, Richmond Rd, north of 

Esmeralda, Queensland, Australia (-18.5645, 142.5651); QMJ96322, male, Richmond Rd, 

north of Esmeralda, Queensland, Australia (-18.5616, 142.5682); NMVD74081, female, 

Richmond Rd, north of Esmeralda, Queensland, Australia (-18.5619, 142.5678); QMJ96319, 

female, Richmond Rd, north of Esmeralda, Queensland, Australia (-18.5675, 142.5625); 

QMJ96321, female, Richmond Rd, north of Esmeralda, Queensland, Australia (-18.5645, 

142.5651); NMVD77265, female, Thornborough Rd, south of Thornborough, Queensland, 

Australia (-16.9991, 145.0312). 

Diagnosis. A stocky, round-bodied medium sized earless dragon. Minimal dorsal 

patterning, with broken cream dorso-lateral and/or lateral stripes in some individuals from the 

neck to 1/3 of the tail. Dorsal colouring ranging from red to light brown, with weak dark 

cross-banding, and cream ventral surfaces, with grey speckling under the throat in some 

individuals. Mottled, rough appearance, mimicking pebbles. Very small, strongly keeled 

scales on the neck. Keeled dorsal scales on the head and body with mucronate scales 

interspersed randomly. Weakly keeled ventral scales on the throat and torso. Strongly keeled 

scales on the tail and dorsally on limbs. Contrasting dark spines on all dorsal keeled scales. 

Mucronate scales scattered laterally and on the cheeks. Long head, blunt snout, and short 

limbs and tail. 2 pre-anal pores. Gular fold weak. 
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Description of holotype. (Fig. 3c). A medium-sized Tympanocryptis, with a stocky 

shape. Short limbs, a round body, long head and blunt snout. Dorsal head scales are keeled 

from the snout with very strong contrasted spines, to very small keeled scales on the neck, 

then strongly keeled over the body to the extent of the tail. Weekly keeled scales under the 

throat and ventral area of the torso and limbs. Broken cream dorso-lateral stripes from the 

neck to the base of the tail on a red-brown body, with weak cream lateral stripes. Mottled 

dark brown-black dorsal cross bands from the neck to the end of the tail. Four small dark 

dorsal bands between orbits. Grey speckling under the throat. 

Sub-digital lamellae on fourth toe 19; pre-anal pores 2, femoral pores absent; gular fold 

weak. Snout-vent length 54mm, tail length 79mm, inter-limb length 22.97mm, head length 

21.506mm, head width 13.38mm, snout width 5.89mm, head depth 9.46mm, neck width 

4.79mm, fore-limb length total 24.56mm, hind-limb length total 36.04mm. 

Variation. Tables 1 (as Species C) and 3 present variation in morphological and 

meristic characters within the species and type series, respectively. Body patterning within 

this species ranges from relatively plain and unpatterned individuals to those with contrasting 

cross-banding and strong dorso and dorso-lateral stripes. Darkness of spines on dorsal keeled 

scales varies from a light red-brown to a very dark brown-black. Males generally have greater 

contrasting body patterning than females. 

Habitat. Open eucalypt woodland on stony red rudosols or podosols, in rugged or 

undulating terrain. 

Distribution. Currently known from several locations on the Einasleigh Uplands; along 

Richmond Rd and Inorunie Rd east of Croydon, Elizabeth Creek near Talaroo, the north-

western area of Undara National Park and near Thornborough (Fig. 5). 
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Etymology. Named for the bioregion this species occupies. 

Comparison. This distribution of T. einasleighensis sp. nov. species is highly disjunct 

to the ranges of other Tympanocryptis species. It occupies the Einasleigh Uplands region of 

northern Queensland, with the closest sister taxa found over 180km away, to the south and 

west of Normanton (T. pentalineata, T. tetraporophora and T. intima). It can be distinguished 

from these species through the lack of five distinct longitudinal stripes (observed in T. 

pentalineata), lack of femoral pores (a key characteristic of T. tetraporophora) and irregular 

mucronate dorsal scales (normally in longitudinal rows in T. intima). Of these three 

geographically closest species, T. einasleighensis sp. nov. is morphologically most similar to 

T. intima, with limited distinguishing character differences between these taxa due to the 

substantial external morphology and pattern variation observed in T. intima and the similar 

red stony ecological niches these two species occupy. 
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TABLES 

Table 1 – Mean ± standard error (with minimum and maximums in parentheses) values (in 

mm) of seventeen meristic and metric characters assessed and measured for all 

specimens of three new species of earless dragons (A, B and C). N = number of 

specimens, PP = number of pre-anal pores, FP = number of femoral pores, SDL = 

number of sub-digital lamellae on the fourth toe of the hindlimb, SVL = snout-vent 

length, ILL= inter-limb length from axilla to groin, HL= head length, HW = head width 

at the widest point, SW = snout width at the nostrils, HD = head depth, NW = neck 

width, FLL1 = length of proximal forelimb section, FLL2 = length of mid forelimb 

section, FLL3 = length of distal forelimb section including claws, HLL1 = length of 

proximal hindlimb section, HLL2 = length of mid hindlimb section, HLL3 = length of 

distal hindlimb section including claws. 

 

Species A Species B Species C 

N 21 (11M, 10F) 21 (12♂, 9♀) 17 (4♂, 6♀, 7 juvenile) 

PP 1.33+0.21 (0-2) 1.33±0.21 (0-2) 1.29±0.24 (0-2) 

FP 1.24+0.22 (0-2) 0±0 (0-0) 0±0 (0-0) 

SDL 19.71+0.21 (18-21) 28.67±0.43 (23-31) 19.12±0.27 (18-21) 

SVL 56.29+0.94 (51-64) 50.9±1.15 (38-59) 47.18±2.68 (30-63) 

TL 85.68+1.41 (76-101) 70.1±1.72 (54-83) 55.18±4.09 (31-79) 

ILL 25.03+0.67 (20.37-32.66) 21.41±0.64 (15.94-28.39) 19.91±1.55 (11.23-30.96) 

HL 20.48+0.26 (18.51-22.58) 19.03±0.3 (14.98-21.04) 18.05±0.86 (12.06-23.16) 

HW 12.91+0.16 (11.91-14.37) 11.99±0.24 (9.82-14.5) 11.56±0.45 (8.4-13.7) 

SW 5.61+0.08 (5.07-6.18) 5.39±0.16 (4.53-8.02) 5.3±0.18 (4.01-7.09) 

HD 8.56+0.15 (6.92-9.76) 8.29±0.21 (5.39-9.99) 7.83±0.36 (5.67-9.79) 

NW 3.9+0.13 (3.06-5.29) 4.41±0.19 (3.04-6.19) 3.39±0.28 (1.96-5.82) 

FLL1 8.48+0.19 (6.76-9.62) 8.49±0.18 (6.95-10.15) 6.71±0.31 (4.7-9.27) 

FLL2 9.05+0.14 (7.71-9.98) 8.73±0.18 (7.26-10.34) 6.99±0.39 (4.35-9.51) 

FLL3 9.87+0.24 (8.05-12.64) 9.39±0.2 (7.47-11.32) 6.89±0.31 (4.67-9.09) 

HLL1 11.91+0.15 (9.95-12.95) 11.82±0.3 (9.35-13.93) 9.15±0.45 (6.29-12.83) 

HLL2 14.71+0.19 (13.14-16.97) 14.95±0.28 (11.86-17.33) 10.49±0.53 (7.32-13.4) 

HLL3 16.57+0.28 (14.47-19.46) 18.03±0.32 (14.93-20.46) 11.79±0.49 (8.64-14.03) 
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Table 2 – Pairwise uncorrected genetic distances of all currently described Tympanocryptis species and three putative species (A, B and C), 

using the mtDNA ND2 gene (987bp). 

  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 

1 Species C   

                 
2 Species B 0.135 

                 
3 Species A 0.121 0.106 

                
4 T. tetraporophora 0.112 0.108 0.055 

               
5 T. wilsoni 0.096 0.102 0.061 0.058 

              
6 T. pentalineata 0.120 0.106 0.067 0.060 0.070 

             
7 T. condaminensis 0.115 0.096 0.040 0.042 0.048 0.043 

            
8 T. lineata 0.116 0.124 0.112 0.113 0.105 0.117 0.100 

           
9 T. pinguicolla 0.112 0.111 0.096 0.099 0.095 0.099 0.088 0.052 

          
10 T. houstoni 0.140 0.137 0.121 0.114 0.114 0.123 0.106 0.079 0.079 

         
11 T. intima 0.155 0.119 0.117 0.123 0.112 0.131 0.114 0.132 0.113 0.134 

        
12 T. centralis 0.119 0.087 0.105 0.101 0.074 0.092 0.084 0.085 0.076 0.091 0.084 

       
13 T. fortescuensis 0.122 0.116 0.114 0.112 0.089 0.108 0.094 0.107 0.098 0.116 0.096 0.073 

      
14 T. diabolicus 0.144 0.117 0.115 0.119 0.102 0.107 0.097 0.107 0.104 0.128 0.101 0.079 0.037 

     
15 T. pseudopsephos 0.132 0.120 0.102 0.106 0.096 0.113 0.088 0.101 0.098 0.122 0.102 0.073 0.043 0.043 

    
16 T. cephalus 0.129 0.110 0.111 0.111 0.111 0.101 0.103 0.122 0.101 0.125 0.108 0.088 0.079 0.088 0.104 

   
17 T. gigas 0.114 0.117 0.107 0.100 0.089 0.090 0.093 0.110 0.104 0.116 0.106 0.076 0.064 0.079 0.082 0.104 

  
18 T. uniformis 0.139 0.128 0.108 0.113 0.114 0.129 0.100 0.128 0.116 0.137 0.132 0.110 0.137 0.143 0.125 0.131 0.131 

 
19 T. l. macra 0.146 0.134 0.127 0.121 0.126 0.147 0.118 0.134 0.116 0.137 0.132 0.110 0.140 0.152 0.128 0.137 0.131 0.034 
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Table 3 (next page) – Seventeen meristic and metric characters assessed and measured for 

the type specimens of three new species of earless dragons (Tympanocryptis 

darlingensis sp. nov., T. hobsoni sp. nov. and T. einasleighensis sp. nov.). Holotype 

specimens are indicated by an asterisk. N = number of specimens, PP = number of pre-

anal pores, FP = number of femoral pores, SDL = number of sub-digital lamellae on the 

fourth toe of the hindlimb, SVL = snout-vent length, ILL= inter-limb length from axilla 

to groin, HL= head length, HW = head width at the widest point, SW = snout width at 

the nostrils, HD = head depth, NW = neck width, FLL1 = length of proximal forelimb 

section, FLL2 = length of mid forelimb section, FLL3 = length of distal forelimb 

section including claws, HLL1 = length of proximal hindlimb section, HLL2 = length 

of mid hindlimb section, HLL3 = length of distal hindlimb section including claws.
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Table 3 (caption on previous page) 

Species T. darlingensis sp. nov. 

Registration QMJ96308* QMJ96309 QMJ96310 QMJ96311 QMJ96312 NMVD77117 NMVD77143 NMVD77147 NMVD77153 NMVD77156 

Sex M F F M F M F M F M 

PP 2 0 0 2 0 2 2 2 0 2 

FP 2 0 0 2 0 2 2 2 0 2 

SDL 20 21 20 19 19 19 20 20 19 20 

SVL 54 59 59 51 57 57 54 60 59 51 

TL 78 78 57 (broken) 85 84 93 76 101 89 81 

ILL 22.67 25.19 28.19 21.52 25.47 21.95 25.30 24.57 27.39 22.37 

HL 20.16 20.67 20.37 18.71 18.99 21.65 18.73 22.58 21.86 19.73 

HW 12.15 13.41 13.12 12.12 12.65 13.29 12.14 13.72 14.37 12.42 

SW 5.35 5.77 5.14 5.68 5.26 6.13 5.70 5.68 5.85 5.07 

HD 8.55 9.28 7.96 7.60 8.55 8.97 6.92 8.66 8.91 8.21 

NW 3.90 3.36 3.83 3.06 3.96 3.57 3.18 3.79 4.69 3.53 

FLL1 8.86 9.62 8.15 7.71 8.84 9.15 8.50 9.01 9.10 6.76 

FLL2 8.78 9.80 9.90 8.00 9.49 9.57 8.94 9.98 9.78 7.71 

FLL3 8.30 12.64 10.09 9.59 9.99 10.74 10.61 10.61 8.66 9.43 

HLL1 11.34 11.89 11.77 11.84 11.95 12.64 11.95 12.37 12.71 9.95 

HLL2 14.23 16.97 15.12 13.61 14.74 15.13 13.35 16.08 15.32 13.14 

HLL3 14.60 19.46 16.60 16.01 16.44 18.00 16.42 18.52 17.36 15.19 
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(Table 3 continued) 

Species T. hobsoni sp. nov. 

Registration QMJ96313* QMJ96314 QMJ96315 QMJ96316 QMJ96317 NMVD77134 NMVD77135 NMVD77136 NMVD77164 

Sex M M M F M M F M F 

PP 2 2 2 0 2 2 0 2 0 

FP 0 0 0 0 0 0 0 0 0 

SDL 30 27 27 29 26 30 31 23 30 

SVL 51 58 51 58 49 50 53 54 47 

TL 70 83 73 73 67 74 74 77 62 

ILL 22.20 24.86 19.77 26.71 20.59 21.29 21.18 22.82 20.76 

HL 19.99 19.89 20.13 21.04 18.54 18.94 19.94 19.71 18.59 

HW 12.33 12.57 11.77 12.63 11.85 12.23 13.11 12.57 12.21 

SW 6.01 5.24 5.53 5.31 5.34 8.02 4.88 5.41 5.05 

HD 8.85 8.94 8.60 9.05 7.86 5.39 8.88 8.90 6.98 

NW 4.74 3.82 4.19 4.25 4.12 4.99 6.19 4.31 5.38 

FLL1 8.92 9.64 8.67 9.55 8.69 8.39 9.34 9.15 7.79 

FLL2 9.64 9.70 8.57 9.12 8.44 7.91 9.16 8.85 8.70 

FLL3 9.87 10.21 9.00 9.57 9.74 7.57 9.56 9.47 8.91 

HLL1 13.10 13.93 11.50 12.94 10.75 12.16 13.45 12.65 10.04 

HLL2 15.91 17.33 15.01 15.96 14.31 14.52 15.72 16.36 14.57 

HLL3 19.96 19.15 17.14 18.16 17.57 16.78 19.50 19.11 18.00 
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(Table 3 continued) 

Species T. einasleighensis sp. nov. 

Registration QMJ96318* QMJ96319 QMJ96320 QMJ96321 QMJ96322 NMVD74081 NMVD77187 NMVD77265 

Sex M F M F M F M F 

PP 2 2 2 2 2 0 2 2 

FP 0 0 0 0 0 0 0 0 

SDL 19 18 19 18 21 18 19 18 

SVL 54 62 53 63 56 61 54 50 

TL 79 66 67 74 74 73 78 49 

ILL 22.97 28.24 21.69 30.96 22.04 23.95 26.25 24.89 

HL 21.50 23.16 21.34 20.48 22.11 22.54 19.69 19.41 

HW 13.38 13.59 11.79 13.49 13.70 13.46 12.59 12.55 

SW 5.89 5.69 5.55 6.13 7.09 5.83 5.42 5.68 

HD 9.46 8.82 8.70 9.79 9.54 9.13 8.73 9.17 

NW 4.79 4.00 4.05 5.82 5.10 4.00 3.78 3.80 

FLL1 7.64 7.63 6.59 9.27 7.73 8.23 8.21 6.81 

FLL2 8.07 8.59 7.19 9.51 8.04 8.39 8.22 8.47 

FLL3 8.85 9.09 6.95 8.03 7.62 6.75 7.45 7.90 

HLL1 9.27 11.23 10.16 12.83 11.19 11.21 9.49 9.34 

HLL2 13.06 13.13 11.58 12.33 13.40 13.16 11.95 10.89 

HLL3 13.71 13.77 12.52 13.58 14.03 13.95 12.28 12.59 
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FIGURE CAPTIONS 

Figure 1 – Sampled locations of the north-eastern Australian Tympanocryptis species and 

three putative species (A, B and C). The geographic distributions of the western Great 

Artesian Basin (GAB) group and eastern Great Dividing Range (GDR) group are 

delimited by the Great Dividing Range (dashed line) on the map and in the figure 

legend. Relief is displayed with shading (darker areas as low elevation and lighter areas 

as higher elevation). 

Figure 2 – A Bayesian phylogenetic tree of all currently described Tympanocryptis species 

and three putative species (A, B and C), using mtDNA (ND2 gene, 987bp). Scale bar 

indicates the number of nucleotide substitutions per site. Posterior probabilities of 

clades are given above nodes. Coloured vertical bars designate clades geographically 

and are represented on a map of Australia.  

Figure 3 – Dorsal, ventral and lateral views of the holotype specimens for three new species 

of earless dragons; a) Tympanocryptis darlingensis sp. nov., b) T. hobsoni sp. nov. and 

c) T. einasleighensis sp. nov.. 

Figure 4 – Geographic distribution of Tympanocryptis darlingensis sp. nov. on the Darling 

Riverine Plains and Mulga Lands. 

Figure 5 – Geographic distribution of Tympanocryptis hobsoni sp. nov. on the Queensland 

Central Highlands. 

Figure 6 – Geographic distribution of Tympanocryptis einasleighensis sp. nov. on the 

Einasleigh Uplands. 
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FIGURES 
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Figure 4 
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Figure 5 
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Figure 6 

  



 CHAPTER 2 

110 

SUPPLEMENTARY MATERIAL 

Supplementary Table 1 – Museum registration and locality data for all specimens used in this study, with GenBank accession numbers listed 

for mitochondrial ND2 gene sequences. 

Species 
Registration 

number 

GenBank 

accession 
Location Latitude Longitude 

T. condaminensis NMVZ33945 MH355690 Bongeen, QLD -27.5313 151.4513 

T. condaminensis NMVZ33964 MH355701 Bongeen, QLD -27.5599 151.4487 

T. condaminensis NMVZ33989 MH355720 Bongeen, QLD -27.5608 151.4486 

T. condaminensis QMJ82087 KJ881038 Brookstead, QLD -27.7167 151.4333 

T. condaminensis QMJ82088 KJ881039 Brookstead, QLD -27.7167 151.4333 

T. condaminensis NMVZ33982 MH355712 Chapmans Rd, Bongeen S, QLD -27.6071 151.4285 

T. condaminensis NMVZ33968 MH355682 Chapmans Rd, Bongeen S, QLD -27.6071 151.4287 

T. condaminensis NMVZ33969 MH355705 Chapmans Rd, Bongeen S, QLD -27.6074 151.4311 

T. condaminensis NMVZ33983 MH355713 Chapmans Rd, Bongeen S, QLD -27.6075 151.4323 

T. condaminensis NMVZ33985 MH355715 Chapmans Rd, Bongeen S, QLD -27.6076 151.4331 

T. condaminensis NMVZ33966 MH355703 Chapmans Rd, Bongeen S, QLD -27.6083 151.4389 

T. condaminensis NMVZ33986 MH355716 Chapmans Rd, Bongeen S, QLD -27.6085 151.4397 

T. condaminensis NMVZ33984 MH355714 Chapmans Rd, Bongeen S, QLD -27.6088 151.4423 

T. condaminensis NMVZ33967 MH355704 Chapmans Rd, Bongeen S, QLD -27.6089 151.4426 

T. condaminensis NMVZ33965 MH355702 Chapmans Rd, Bongeen S, QLD -27.6090 151.4423 

T. condaminensis NMVZ33952 MH355697 Evanslea , QLD -27.5353 151.5214 

T. condaminensis NMVZ33974 MH355707 Evanslea N, QLD -27.5322 151.5237 

T. condaminensis NMVZ33975 MH355708 Evanslea N, QLD -27.5328 151.5256 

T. condaminensis NMVZ33970 MH355719 Evanslea N, QLD -27.5339 151.5337 

T. condaminensis NMVZ33976 MH355709 Evanslea N, QLD -27.5349 151.5421 

T. condaminensis NMVZ33950 MH355695 Evanslea, QLD -27.5358 151.5213 

T. condaminensis NMVZ33951 MH355696 Evanslea, QLD -27.5370 151.5204 
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(Supplementary Table 1 continued)     

Species 
Registration 

number 

GenBank 

accession 
Location Latitude Longitude 

T. condaminensis NMVZ33953 MH355698 Evanslea, QLD -27.5370 151.5204 

T. condaminensis NMVD77119 MH355863 Evanslea, QLD -27.5370 151.5204 

T. condaminensis NMVD77120 MH355864 Evanslea, QLD -27.5382 151.5197 

T. condaminensis NMVZ33954 MH355699 Evanslea, QLD -27.5388 151.5194 

T. condaminensis NMVZ33973 MH355706 Evanslea, QLD -27.5426 151.5172 

T. condaminensis NMVZ33946 MH355691 Glenmore, QLD -27.7016 151.4723 

T. condaminensis NMVZ33947 MH355692 Glenmore, QLD -27.7022 151.4728 

T. condaminensis NMVZ33948 MH355693 Glenmore, QLD -27.7043 151.4741 

T. condaminensis NMVZ33949 MH355694 Glenmore, QLD -27.7086 151.4857 

T. condaminensis QMJ81870 KJ881037 Kunari, Bongeen, QLD -27.5350 151.4461 

T. condaminensis QMJ81871 KJ881040 Kunari, Bongeen, QLD -27.5350 151.4461 

T. condaminensis QMA013042 MH355721 Mount Tyson, QLD -27.5926 151.5391 

T. condaminensis QMA013044 MH355683 Mount Tyson, QLD -27.5926 151.5391 

T. condaminensis QMA013045 MH355722 Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013046 MH355723 Mount Tyson, QLD -27.5923 151.5372 

T. condaminensis QMA013047 MH355685 Mount Tyson, QLD -27.5925 151.5399 

T. condaminensis QMA013048 MH355724 Mount Tyson, QLD -27.5925 151.5399 

T. condaminensis QMA013049 MH355725 Mount Tyson, QLD -27.5925 151.5399 

T. condaminensis QMA013050 MH355726 Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013051 MH355727 Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013052 MH355728 Mount Tyson, QLD -27.5925 151.5399 

T. condaminensis QMA013053 MH355729 Mount Tyson, QLD -27.5926 151.5391 

T. condaminensis QMA013054 MH355730 Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013055 MH355731 Mount Tyson, QLD -27.5923 151.5372 

T. condaminensis QMA013056 MH355732 Mount Tyson, QLD -27.5925 151.5399 

T. condaminensis QMA013057 MH355733 Mount Tyson, QLD -27.5924 151.5449 

T. condaminensis QMA013059 MH355686 Mount Tyson, QLD -27.5926 151.5418 
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T. condaminensis QMA013061 MH355734 Mount Tyson, QLD -27.5861 151.5494 

T. condaminensis QMA013062 MH355735 Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013063 MH355687 Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013064 MH355736 Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013065 MH355684 Mount Tyson, QLD -27.5926 151.5418 

T. condaminensis QMA013066 MH355688 Mount Tyson, QLD -27.5925 151.5399 

T. condaminensis QMA013067 MH355737 Mount Tyson, QLD -27.5925 151.5399 

T. condaminensis QMA013068 MH355738 Mount Tyson, QLD -27.5925 151.5399 

T. condaminensis QMA013069 MH355689 Mount Tyson, QLD -27.5881 151.5389 

T. condaminensis QMA013070 MH355739 Mount Tyson, QLD -27.5861 151.5494 

T. condaminensis QMA013071 MH355740 Mount Tyson, QLD -27.5861 151.5494 

T. condaminensis NMVZ33955 MH355700 Mt Russell, QLD -27.5553 151.5249 

T. condaminensis QMJ81784 KJ881036 Mt Tyson, QLD -27.5833 151.5500 

T. condaminensis NMVZ33990 MH355717 Nobby N, QLD -27.8746 151.9016 

T. condaminensis NMVZ33991 MH355718 Nobby N, QLD -27.8747 151.9019 

T. condaminensis NMVD77162 MH355865 Nobby N, QLD -27.8765 151.9028 

T. condaminensis NMVD77163 MH355866 Nobby N, QLD -27.8765 151.9028 

T. condaminensis NMVZ33979 MH355711 Saals N, Brookstead, QLD -27.6913 151.4808 

T. condaminensis NMVZ33978 MH355710 Ziesemers Rd, Bongeen N, QLD -27.5497 151.4314 

T. darlingensis sp. nov. SAMAR45265 KJ881021 20km NW of Tilpa, NSW -31.2000 144.5500 

T. darlingensis sp. nov. NMVD77150 MH355850 Balonne Plains, St George, QLD -28.2436 148.6759 

T. darlingensis sp. nov. NMVD77155 MH355853 Balonne Plains, St George, QLD -28.2632 148.6864 

T. darlingensis sp. nov. QMJ96308 MH355907 Balonne Plains, St George, QLD -28.2638 148.6748 

T. darlingensis sp. nov. NMVD77152 MH355851 Balonne Plains, St George, QLD -28.2648 148.6799 

T. darlingensis sp. nov. QMJ96312 MH355911 Balonne Plains, St George, QLD -28.2654 148.6860 

T. darlingensis sp. nov. NMVD77153 MH355852 Balonne Plains, St George, QLD -28.2654 148.6838 

T. darlingensis sp. nov. NMVD77146 MH355858 Hortonvale, Cunnamulla , QLD -27.9553 145.7397 
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T. darlingensis sp. nov. NMVD77148 MH355859 Hortonvale, Cunnamulla, QLD -27.9418 145.7330 

T. darlingensis sp. nov. QMJ96310 MH355909 Hortonvale, Cunnamulla, QLD -27.9463 145.7376 

T. darlingensis sp. nov. NMVZ34068 MH355681 Hortonvale, Cunnamulla, QLD -27.9464 145.7376 

T. darlingensis sp. nov. NMVD77143 MH355847 Hortonvale, Cunnamulla, QLD -27.9471 145.7375 

T. darlingensis sp. nov. QMJ96311 MH355910 Hortonvale, Cunnamulla, QLD -27.9482 145.7405 

T. darlingensis sp. nov. NMVZ34064 MH355677 Hortonvale, Cunnamulla, QLD -27.9502 145.7371 

T. darlingensis sp. nov. NMVZ34063 MH355680 Hortonvale, Cunnamulla, QLD -27.9504 145.7371 

T. darlingensis sp. nov. NMVZ34065 MH355678 Hortonvale, Cunnamulla, QLD -27.9511 145.7402 

T. darlingensis sp. nov. NMVD77147 MH355848 Hortonvale, Cunnamulla, QLD -27.9525 145.7368 

T. darlingensis sp. nov. NMVZ34066 MH355679 Hortonvale, Cunnamulla, QLD -27.9527 145.7368 

T. darlingensis sp. nov. NMVD77149 MH355849 Killowen, Cunnamulla, QLD -27.9293 145.7867 

T. darlingensis sp. nov. ANWCR5612 AY133032 Morella Station, 65km NNW of Walgett, NSW -30.0167 148.1000 

T. darlingensis sp. nov. NMVD77158 MH355856 Myall Plains, Nindigully, QLD -28.3764 148.6526 

T. darlingensis sp. nov. NMVD77156 MH355854 Myall Plains, Nindigully, QLD -28.3770 148.6474 

T. darlingensis sp. nov. NMVD77157 MH355855 Myall Plains, Nindigully, QLD -28.3777 148.6422 

T. darlingensis sp. nov. AMR163347 DQ529271 Northern NSW NA NA 

T. darlingensis sp. nov. NMVD77141 MH355861 S of airport, Mitchell, QLD -26.4996 147.9369 

T. darlingensis sp. nov. NMVD77117 MH355860 S of airport, Mitchell, QLD -26.4996 147.9373 

T. darlingensis sp. nov. QMJ96309 MH355908 S of airport, Mitchell, QLD -26.4996 147.9374 

T. darlingensis sp. nov. NMVD77142 MH355862 S of airport, Mitchell, QLD -26.4996 147.9375 

T. darlingensis sp. nov. NMVD77159 MH355857 Yilgangandi  , St George S, QLD -28.2900 148.6982 

T. einasleighensis sp. nov. QMJ83500 MH355844 Abingdon Downs Rd, N of Georgetown, QLD -18.1833 143.5200 

T. einasleighensis sp. nov. NMVZ34085 MH355831 Inorunie Rd, Croydon E, QLD -18.2111 142.6993 

T. einasleighensis sp. nov. NMVZ34086 MH355832 Inorunie Rd, Croydon E, QLD -18.2112 142.6957 

T. einasleighensis sp. nov. NMVD77178 MH355902 Inorunie Rd, Croydon E, QLD -18.2123 142.6929 

T. einasleighensis sp. nov. NMVD77179 MH355903 Inorunie Rd, Croydon E, QLD -18.2138 142.7132 

T. einasleighensis sp. nov. NMVD74081 EU727391 Richmond Rd, Esmeralda N, QLD -18.5619 142.5678 
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T. einasleighensis sp. nov. NMVZ34099 MH355842 Richmond Rd, Esmeralda N, QLD -18.5603 142.5687 

T. einasleighensis sp. nov. QMJ96322 MH355921 Richmond Rd, Esmeralda N, QLD -18.5616 142.5682 

T. einasleighensis sp. nov. NMVZ34098 MH355837 Richmond Rd, Esmeralda N, QLD -18.5617 142.5680 

T. einasleighensis sp. nov. NMVZ34096 MH355835 Richmond Rd, Esmeralda N, QLD -18.5622 142.5676 

T. einasleighensis sp. nov. NMVZ34097 MH355836 Richmond Rd, Esmeralda N, QLD -18.5622 142.5676 

T. einasleighensis sp. nov. NMVZ34095 MH355834 Richmond Rd, Esmeralda N, QLD -18.5635 142.5662 

T. einasleighensis sp. nov. QMJ96320 MH355919 Richmond Rd, Esmeralda N, QLD -18.5645 142.5651 

T. einasleighensis sp. nov. QMJ96321 MH355920 Richmond Rd, Esmeralda N, QLD -18.5645 142.5651 

T. einasleighensis sp. nov. NMVZ34090 MH355838 Richmond Rd, Esmeralda N, QLD -18.5645 142.5651 

T. einasleighensis sp. nov. NMVD77187 MH355904 Richmond Rd, Esmeralda N, QLD -18.5649 142.5646 

T. einasleighensis sp. nov. NMVZ34094 MH355833 Richmond Rd, Esmeralda N, QLD -18.5651 142.5644 

T. einasleighensis sp. nov. NMVZ34093 MH355841 Richmond Rd, Esmeralda N, QLD -18.5668 142.5628 

T. einasleighensis sp. nov. QMJ96318 MH355917 Richmond Rd, Esmeralda N, QLD -18.5672 142.5626 

T. einasleighensis sp. nov. NMVZ34092 MH355840 Richmond Rd, Esmeralda N, QLD -18.5673 142.5625 

T. einasleighensis sp. nov. QMJ96319 MH355918 Richmond Rd, Esmeralda N, QLD -18.5675 142.5625 

T. einasleighensis sp. nov. NMVZ34091 MH355839 Richmond Rd, Esmeralda N, QLD -18.5899 142.5659 

T. einasleighensis sp. nov. NMVD74082 MH355843 Richmond Rd, Esmeralda N, QLD -18.5619 142.5678 

T. einasleighensis sp. nov. NMVD74091 EU727392 Thornborough Rd, Thornborough S, QLD -17.0011 145.0319 

T. einasleighensis sp. nov. NMVD74092 MH355830 Thornborough Rd, Thornborough S, QLD -17.0011 145.0319 

T. einasleighensis sp. nov. NMVD77264 MH355899 Thornborough Rd, Thornborough S, QLD -16.9944 145.0298 

T. einasleighensis sp. nov. NMVD77265 MH355900 Thornborough Rd, Thornborough S, QLD -16.9991 145.0312 

T. einasleighensis sp. nov. NMVZ34075 MH355828 Thornborough Rd, Thornborough S, QLD -16.9995 145.0304 

T. einasleighensis sp. nov. NMVD77267 MH355901 Thornborough Rd, Thornborough S, QLD -17.0001 145.0300 

T. einasleighensis sp. nov. NMVZ34078 MH355829 Thornborough Rd, Thornborough S, QLD -17.0010 145.0296 

T. hobsoni sp. nov. QMJ77690 EU727390 Peak Downs Hwy, Clermont N -22.0000 147.0000 

T. hobsoni sp. nov. QMJ77688 MH355789 Peak Downs Hwy, Clermont N, QLD -22.0000 147.0000 

T. hobsoni sp. nov. NMVZ34047 MH355802 Bettafield, Gindie, QLD -23.7277 148.2881 



 CHAPTER 2 

115 

(Supplementary Table 1 continued)     

Species 
Registration 

number 

GenBank 

accession 
Location Latitude Longitude 

T. hobsoni sp. nov. NMVZ34045 MH355800 Bettafield, Gindie, QLD -23.7286 148.2864 

T. hobsoni sp. nov. NMVZ34042 MH355797 Bettafield, Gindie, QLD -23.7289 148.2869 

T. hobsoni sp. nov. NMVZ34044 MH355799 Bettafield, Gindie, QLD -23.7290 148.2882 

T. hobsoni sp. nov. NMVZ34043 MH355798 Bettafield, Gindie, QLD -23.7291 148.2885 

T. hobsoni sp. nov. NMVZ33956 MH355791 Bettafield, Gindie, QLD -23.7296 148.2938 

T. hobsoni sp. nov. NMVD77121 MH355883 Bettafield, Gindie, QLD -23.7298 148.2960 

T. hobsoni sp. nov. NMVD77122 MH355884 Bettafield, Gindie, QLD -23.7299 148.2975 

T. hobsoni sp. nov. NMVZ33996 MH355796 Bettafield, Gindie, QLD -23.7329 148.2879 

T. hobsoni sp. nov. NMVZ33995 MH355795 Bettafield, Gindie, QLD -23.7331 148.2864 

T. hobsoni sp. nov. NMVD77123 MH355885 Bettafield, Gindie, QLD -23.7343 148.2834 

T. hobsoni sp. nov. NMVZ33957 MH355792 Bettafield, Gindie, QLD -23.7345 148.2834 

T. hobsoni sp. nov. NMVZ34046 MH355801 Bettafield, Gindie, QLD -23.7458 148.2905 

T. hobsoni sp. nov. NMVD77125 MH355888 Glendariwell, Gemfields, QLD -23.5986 147.8096 

T. hobsoni sp. nov. NMVZ34038 MH355806 Glendariwell, Gemfields, QLD -23.6002 147.8283 

T. hobsoni sp. nov. NMVD77165 MH355891 Glendariwell, Gemfields, QLD -23.6018 147.8278 

T. hobsoni sp. nov. NMVZ34039 MH355807 Glendariwell, Gemfields, QLD -23.6023 147.8277 

T. hobsoni sp. nov. NMVD77126 MH355889 Glendariwell, Gemfields, QLD -23.6027 147.8582 

T. hobsoni sp. nov. NMVZ34040 MH355808 Glendariwell, Gemfields, QLD -23.6031 147.8272 

T. hobsoni sp. nov. NMVZ34041 MH355809 Glendariwell, Gemfields, QLD -23.6033 147.8269 

T. hobsoni sp. nov. QMJ96317 MH355916 Glendariwell, Gemfields, QLD -23.6034 147.8247 

T. hobsoni sp. nov. NMVD77166 MH355892 Glendariwell, Gemfields, QLD -23.6036 147.8251 

T. hobsoni sp. nov. NMVD77164 MH355890 Glendariwell, Gemfields, QLD -23.6154 147.8293 

T. hobsoni sp. nov. NMVZ34016 MH355810 Homelea Downs, Clermont, QLD -22.6872 147.6753 

T. hobsoni sp. nov. NMVZ34017 MH355778 Homelea Downs, Clermont, QLD -22.6872 147.6754 

T. hobsoni sp. nov. NMVZ34018 MH355811 Homelea Downs, Clermont, QLD -22.6876 147.6759 

T. hobsoni sp. nov. NMVZ34019 MH355779 Homelea Downs, Clermont, QLD -22.6878 147.6760 

T. hobsoni sp. nov. NMVZ34020 MH355906 Homelea Downs, Clermont, QLD -22.6888 147.6772 
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T. hobsoni sp. nov. NMVD77132 MH355880 Homelea Downs, Clermont, QLD -22.6898 147.6776 

T. hobsoni sp. nov. NMVZ34021 MH355812 Homelea Downs, Clermont, QLD -22.6901 147.6788 

T. hobsoni sp. nov. NMVZ34022 MH355818 Homelea Downs, Clermont, QLD -22.6904 147.6792 

T. hobsoni sp. nov. NMVZ34023 MH355780 Homelea Downs, Clermont, QLD -22.6917 147.6808 

T. hobsoni sp. nov. NMVZ34024 MH355813 Homelea Downs, Clermont, QLD -22.6917 147.6808 

T. hobsoni sp. nov. QMJ96315 MH355914 Homelea Downs, Clermont, QLD -22.6918 147.6768 

T. hobsoni sp. nov. NMVZ34026 MH355781 Homelea Downs, Clermont, QLD -22.6926 147.6817 

T. hobsoni sp. nov. NMVD77134 MH355881 Homelea Downs, Clermont, QLD -22.6936 147.6762 

T. hobsoni sp. nov. NMVZ34027 MH355760 Homelea Downs, Clermont, QLD -22.6946 147.6841 

T. hobsoni sp. nov. NMVD77135 MH355882 Homelea Downs, Clermont, QLD -22.6948 147.6776 

T. hobsoni sp. nov. NMVZ34028 MH355782 Homelea Downs, Clermont, QLD -22.6955 147.6852 

T. hobsoni sp. nov. NMVZ34029 MH355783 Homelea Downs, Clermont, QLD -22.6959 147.6857 

T. hobsoni sp. nov. NMVZ34032 MH355786 Homelea Downs, Clermont, QLD -22.7194 147.6854 

T. hobsoni sp. nov. NMVZ34031 MH355785 Homelea Downs, Clermont, QLD -22.7203 147.6868 

T. hobsoni sp. nov. NMVZ34030 MH355784 Homelea Downs, Clermont, QLD -22.7214 147.6957 

T. hobsoni sp. nov. NMVZ34033 MH355787 Homelea Downs, Clermont, QLD -22.7233 147.6947 

T. hobsoni sp. nov. NMVD77136 MH355887 Orana Downs, Orion, QLD -24.2579 148.3510 

T. hobsoni sp. nov. NMVZ33993 MH355804 Orana Downs, Orion, QLD -24.2586 148.3531 

T. hobsoni sp. nov. NMVZ33994 MH355805 Orana Downs, Orion, QLD -24.2586 148.3357 

T. hobsoni sp. nov. NMVZ33992 MH355803 Orana Downs, Orion, QLD -24.2590 148.3529 

T. hobsoni sp. nov. QMJ96316 MH355915 Orana Downs, Orion, QLD -24.2597 148.3468 

T. hobsoni sp. nov. NMVD77130 MH355878 Retro , Capella N , QLD -22.8613 147.8836 

T. hobsoni sp. nov. NMVZ34010 MH355772 Retro, Capella N, QLD -22.8449 147.8904 

T. hobsoni sp. nov. NMVZ34011 MH355773 Retro, Capella N, QLD -22.8449 147.8905 

T. hobsoni sp. nov. NMVZ34012 MH355774 Retro, Capella N, QLD -22.8465 147.8910 

T. hobsoni sp. nov. NMVZ34013 MH355775 Retro, Capella N, QLD -22.8466 147.8910 

T. hobsoni sp. nov. NMVZ34014 MH355776 Retro, Capella N, QLD -22.8468 147.8910 
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T. hobsoni sp. nov. NMVZ34015 MH355777 Retro, Capella N, QLD -22.8474 147.8911 

T. hobsoni sp. nov. NMVZ34009 MH355771 Retro, Capella N, QLD -22.8477 147.8911 

T. hobsoni sp. nov. NMVZ34008 MH355770 Retro, Capella N, QLD -22.8495 147.8922 

T. hobsoni sp. nov. NMVZ34007 MH355769 Retro, Capella N, QLD -22.8497 147.8923 

T. hobsoni sp. nov. NMVZ33997 MH355788 Retro, Capella N, QLD -22.8569 147.8747 

T. hobsoni sp. nov. NMVZ34000 MH355764 Retro, Capella N, QLD -22.8579 147.8748 

T. hobsoni sp. nov. NMVZ33998 MH355763 Retro, Capella N, QLD -22.8581 147.8750 

T. hobsoni sp. nov. NMVZ34004 MH355767 Retro, Capella N, QLD -22.8585 147.8750 

T. hobsoni sp. nov. NMVZ33961 MH355762 Retro, Capella N, QLD -22.8588 147.8754 

T. hobsoni sp. nov. NMVZ34005 MH355768 Retro, Capella N, QLD -22.8594 147.8753 

T. hobsoni sp. nov. NMVZ33999 MH355790 Retro, Capella N, QLD -22.8595 147.8752 

T. hobsoni sp. nov. NMVZ34006 MH355817 Retro, Capella N, QLD -22.8597 147.8753 

T. hobsoni sp. nov. NMVD77131 MH355879 Retro, Capella N, QLD -22.8597 147.8759 

T. hobsoni sp. nov. NMVZ34001 MH355765 Retro, Capella N, QLD -22.8601 147.8753 

T. hobsoni sp. nov. QMJ96314 MH355913 Retro, Capella N, QLD -22.8604 147.8761 

T. hobsoni sp. nov. QMJ96313 MH355912 Retro, Capella N, QLD -22.8606 147.8763 

T. hobsoni sp. nov. NMVZ33960 MH355761 Retro, Capella N, QLD -22.8607 147.8811 

T. hobsoni sp. nov. NMVZ34003 MH355766 Retro, Capella N, QLD -22.8607 147.8759 

T. hobsoni sp. nov. NMVZ34036 MH355815 Theresa Downs , Capella S , QLD -23.3128 148.0490 

T. hobsoni sp. nov. NMVZ34037 MH355816 Theresa Downs, Capella S , QLD -23.3130 148.0491 

T. hobsoni sp. nov. NMVD77127 MH355877 Theresa Downs, Capella S, QLD -23.3035 148.0415 

T. hobsoni sp. nov. NMVZ34034 MH355814 Theresa Downs, Capella S, QLD -23.3081 148.0444 

T. hobsoni sp. nov. NMVZ33958 MH355793 Wyntoon , Arcturus , QLD -23.8820 148.3133 

T. hobsoni sp. nov. NMVZ33959 MH355794 Wyntoon, Arcturus, QLD -23.8838 148.3148 

T. hobsoni sp. nov. NMVD77124 MH355886 Wyntoon, Arcturus, QLD -23.8850 148.3143 

T. pentalineata NMVD77192 MH355893 Burke Developmental Rd, Normanton, QLD -18.2655 140.8126 

T. pentalineata NMVZ34100 MH355819 Burke Developmental Rd, Normanton, QLD -18.3294 140.8042 
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T. pentalineata NMVZ34101 MH355820 Burke Developmental Rd, Normanton, QLD -18.3294 140.8042 

T. pentalineata NMVD77193 MH355894 Burke Developmental Rd, Normanton, QLD -18.3349 140.8021 

T. pentalineata NMVZ34108 MH355827 Burke Developmental Rd, Normanton, QLD -18.3435 140.8012 

T. pentalineata NMVZ34102 MH355821 Burke Developmental Rd, Normanton, QLD -18.3438 140.8011 

T. pentalineata NMVZ34107 MH355826 Burke Developmental Rd, Normanton, QLD -18.3439 140.8008 

T. pentalineata NMVZ34106 MH355825 Burke Developmental Rd, Normanton, QLD -18.3557 140.7946 

T. pentalineata NMVZ34105 MH355824 Burke Developmental Rd, Normanton, QLD -18.3641 140.7902 

T. pentalineata NMVD77197 MH355898 Burke Developmental Rd, Normanton, QLD -18.3693 140.7874 

T. pentalineata NMVD77196 MH355897 Burke Developmental Rd, Normanton, QLD -18.3699 140.7870 

T. pentalineata NMVD77195 MH355896 Burke Developmental Rd, Normanton, QLD -18.3842 140.7796 

T. pentalineata NMVD77194 MH355895 Burke Developmental Rd, Normanton, QLD -18.3860 140.7785 

T. pentalineata NMVZ34104 MH355823 Burke Developmental Rd, Normanton, QLD -18.3957 140.7736 

T. pentalineata NMVZ34103 MH355822 Burke Developmental Rd, Normanton, QLD -18.3959 140.7733 

T. pentalineata NMVD74073 KJ881041 Gulf Development Road, 50 km S of Normanton, 

QLD 

-18.1081 140.8833 

T. pentalineata NMVD74075 KJ881042 Gulf Development Road, 50 km S of Normanton, 

QLD 

-18.1081 140.8833 

T. pentalineata NMVD74074 KJ881043 Gulf Development Road, 50 km S of Normanton, 

QLD 

-18.1081 140.8833 

T. tetraporophora AMR143863 KJ881103 0.7km NE of Winton, QLD -22.3667 143.0333 

T. tetraporophora SAMAR51945 KJ881086 1.5km WSW of Reedy Hole Springs, SA  -30.2500 138.8333 

T. tetraporophora SAMAR42806 KJ881105 10km NW of Diamantina Station, QLD -23.7667 141.1333 

T. tetraporophora AMR151128 KJ881092 12 Mile Creek Crossing, Sturt National Park, NSW -29.2000 141.9667 

T. tetraporophora SAMAR46481 KJ881073 13.6k S of Mungutana Dam, SA  -29.3333 135.6833 

T. tetraporophora SAMAR54453 KJ881121 15km S of Julia Creek, QLD  -20.8192 141.7414 

T. tetraporophora SAMAR46371 KJ881087 2.5k W of Wangianna Rail Siding, SA  -29.6500 137.7000 

T. tetraporophora AMR143897 KJ881101 22.3km N of Barkly Hwy, Cloncurry, QLD -20.5833 140.4333 
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T. tetraporophora SAMAR26805 KJ881074 25km S of Mabel Ck Homestead, SA -28.9380 134.3230 

T. tetraporophora AMR143850 KJ881102 28km E of Ilfracombe, Landsborough Hwy, QLD -23.6000 144.5833 

T. tetraporophora AMR147225 KJ881112 3.6km E of Soudan, 105km W of Camooweal, NT -19.6167 138.5167 

T. tetraporophora AMR147226 KJ881113 3.6km E of Soudan, 105km W of Camooweal, NT -19.6167 138.5167 

T. tetraporophora SAMAR46041 KJ881099 30km SE of Moomba Gas Field, SA -28.1500 140.1667 

T. tetraporophora SAMAR20871 KJ881077 48km S of Olympic Dam, SA  -30.4500 136.9000 

T. tetraporophora AMR147233 KJ881111 52km N of Barkly Roadhouse, Cape Crawford Rd, 

NT 

-19.7000 135.8167 

T. tetraporophora ANWCR6135 KJ881066 54km E of Mulga Park Station, Mulga Park Rd, 

NT  

-25.9833 131.5833 

T. tetraporophora SAMAR53153 KJ881085 5km N of Callory Bore, SA  -31.8000 138.7500 

T. tetraporophora SAMAR46999 KJ881062 5km S of Mosquito Camp Dam, SA  -26.1000 134.4833 

T. tetraporophora SAMAR38091 KJ881065 5km SE of Mt Crispe, SA  -26.4000 135.3833 

T. tetraporophora SAMAR46538 KJ881076 5km W of Mt Margaret, SA  -28.4833 136.0667 

T. tetraporophora AMR147236 KJ881114 6km along Old Barkly Stock Route, Tablelands 

Hwy, NT 

-17.9833 135.1833 

T. tetraporophora SAMAR55728 KJ881119 7.5km E of Julia Ck on Flinders Hwy, QLD  -20.6547 141.8111 

T. tetraporophora SAMAR41301 KJ881083 Aldermans Catch, SA  -32.5333 140.6167 

T. tetraporophora SAMAR48423 KJ881068 Allandale Station, SA  -27.6167 135.5833 

T. tetraporophora AMR151146 KJ881089 Binerah Downs, Sturt National Park, NSW    -29.0167 141.5500 

T. tetraporophora AMR151144 KJ881090 Binerah Downs, Sturt National Park, NSW    -29.0167 141.5500 

T. tetraporophora NMVD72694 KJ881115 Brunette Downs Homestead Rd, Tablelands Hwy, 

NT 

-18.6353 135.9584 

T. tetraporophora NMVD72739 KJ881116 Brunette Downs Homestead Rd, Tablelands Hwy, 

NT 

-18.6353 135.9584 

T. tetraporophora QMJ82191 KJ881024 Diamantina NP, QLD -23.7797 141.1944 

T. tetraporophora QMJ74792 KJ881025 Ernest Henry Mine Site, 20km N of Cloncurry, 

QLD 

-20.4381 140.7125 



 CHAPTER 2 

120 
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Species 
Registration 

number 

GenBank 

accession 
Location Latitude Longitude 

T. tetraporophora QMJ74793 KJ881026 Ernest Henry Mine Site, 20km N of Cloncurry, 

QLD 

-20.4381 140.7125 

T. tetraporophora SAMAR42934 KJ881100 Eromanga Dump, QLD -26.3333 142.8667 

T. tetraporophora SAMAR26543 KJ881070 Granite Downs Homestead, SA  -26.9333 133.4833 

T. tetraporophora NMVD72744 KJ881047 Hamilton-Dalhousie Rd, 17km from Hamilton 

Station homestead, SA 

-26.6579 135.2037 

T. tetraporophora NMVD72741 KJ881044 Hamilton-Dalhousie Rd, 20km from Hamilton 

Station homestead, SA 

-26.6612 135.2188 

T. tetraporophora NMVD72736 KJ881045 Hamilton-Dalhousie Rd, 20km from Hamilton 

Station homestead, SA 

-26.6600 135.2200 

T. tetraporophora NMVD72753 KJ881046 Hamilton-Dalhousie Rd, 20km from Hamilton 

Station homestead, SA 

-26.6600 135.2200 

T. tetraporophora SAMAR31167 KJ881097 Innamincka Ruins, SA -27.7333 140.7333 

T. tetraporophora SAMAR32468 KJ881098 Innamincka, SA -27.7333 140.7333 

T. tetraporophora SAMAR41504 KJ881084 Manunda Ck, SA  -32.7667 139.6500 

T. tetraporophora AMR153258 KJ881091 Milparinka, SA -29.7167 141.8667 

T. tetraporophora SAMAR48380 KJ881075 Mount Barry Station, SA  -28.2333 134.9833 

T. tetraporophora NMVD72752 KJ881048 Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72755 KJ881049 Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72756 KJ881050 Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72757 KJ881051 Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72758 KJ881052 Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72760 KJ881053 Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72761 KJ881054 Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72762 KJ881055 Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72763 KJ881056 Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72764 KJ881057 Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72765 KJ881058 Mt Dare Road, NT -25.9751 135.0850 
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Species 
Registration 

number 

GenBank 

accession 
Location Latitude Longitude 

T. tetraporophora NMVD72766 KJ881059 Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora NMVD72770 KJ881060 Mt Dare Road, NT -25.9751 135.1017 

T. tetraporophora NMVD72754 KJ881061 Mt Dare Road, NT -25.9751 135.1017 

T. tetraporophora NMVD72759 KJ881063 Mt Dare Road, NT -25.9751 135.0850 

T. tetraporophora AMR151151 KJ881088 Mt Wood Homestead, Sturt National Park, NSW -29.4833 142.2333 

T. tetraporophora QMJ81203 KJ881106 Myuna Station, S of Richmond, QLD -21.0670 143.2170 

T. tetraporophora NMVD72768 KJ881064 Near Dalhousie Springs, NT -25.9751 135.1017 

T. tetraporophora NTMR24487 KJ881117 Near Lake Corella, Barkly Tableland, NT  -18.7214 135.5878 

T. tetraporophora SAMAR48505 KJ881071 Nilpinna Station, SA  -28.2000 135.6833 

T. tetraporophora AMR151141 KJ881093 Olive Downs Homestead, Sturt National Park, 

NSW 

-29.0500 141.8500 

T. tetraporophora SAMAR47309 KJ881072 Peake Station, SA  -28.2333 135.9000 

T. tetraporophora SAMAR54036 KJ881120 Playford River Crossing, Tablelands Hwy, NT  -19.2889 136.0572 

T. tetraporophora NMVD74049 KJ881109 Road to Gregory Downs, 16km S of Carpentaria 

Highway, QLD 

-17.8736 139.3442 

T. tetraporophora NMVD74048 KJ881110 Road to Gregory Downs, 16km S of Carpentaria 

Highway, QLD 

-17.8736 139.3442 

T. tetraporophora NMVD74051 KJ881107 Road to Gregory Downs, 3km S of Carpentaria 

Highway, QLD 

-17.8875 138.3358 

T. tetraporophora NMVD74046 KJ881108 Road to Gregory Downs, 8km S of Carpentaria 

Highway, QLD 

-17.9350 139.3019 

T. tetraporophora SAMAR42734 KJ881104 SE of Muttaburra, QLD -22.5833 144.5167 

T. tetraporophora AMR152948 KJ881094 Silver City Hwy, 0.18km S of Olive Downs Rd, 

Sturt National Park, NSW 

-29.0500 141.8500 

T. tetraporophora QMJ84186 MH355846 Stirling Downs, 30km SSW of Tambo, 25, QLD -25.0914 146.0817 

T. tetraporophora QMJ84184 MH355845 Stirling Downs, 30km SSW of Tambo, 25, QLD -25.1261 146.1050 

T. tetraporophora QMJ84185 KJ881029 Stirling Downs, 30km SSW of Tambo, QLD -25.0947 146.1006 

T. tetraporophora QMJ84187 KJ881031 Stirling Downs, 30km SSW of Tambo, QLD -25.0914 146.0817 
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Species Registration 

number 

GenBank 

accession 

Location Latitude Longitude 

T. tetraporophora SAMAR44722 KJ881069 Todmorden Station, SA  -27.1333 134.7500 

T. tetraporophora SAMAR54456 KJ881118 Toorak Homestead, QLD  -21.0250 141.7806 

T. tetraporophora NMVD71386 KJ881078 Track to Corona Station, N of Broken Hill, NSW  -31.4428 141.4863 

T. tetraporophora NMVD71387 KJ881079 Track to Corona Station, N of Broken Hill, NSW  -31.4428 141.4833 

T. tetraporophora NMVD71388 KJ881080 Track to Corona Station, N of Broken Hill, NSW  -31.6788 141.5665 

T. tetraporophora NMVD71389 KJ881081 Track to Corona Station, N of Broken Hill, NSW  -31.6788 141.5665 

T. tetraporophora NMVD71390 KJ881082 Track to Corona Station, N of Broken Hill, NSW  -31.6788 141.5665 

T. tetraporophora QMJ48542 KJ881096 Watson Oilfield, 100km S of Jackson, QLD  -26.6333 149.6333 

T. tetraporophora AMR151676 KJ881095 White Cliffs Rd, 34.7km E of Silver City Hwy, 

NSW 

-30.8333 143.0833 

T. tetraporophora QMJ83530 KJ881023 Whitehill Station, SW of Longreach, QLD -23.6360 144.0348 

T. tetraporophora QMJ83852 KJ881027 Woolston, SE of Richmond, QLD -21.1164 142.7456 

T. tetraporophora QMJ83854 KJ881028 Woolston, SE of Richmond, QLD -21.1164 142.7456 

T. wilsoni NMVD77113 MH355905 Bindango Rd, Hodgson, QLD -26.5743 148.6557 

T. wilsoni QMJ87307 KJ881033 Cherax Flats, Hodgson, QLD -26.5736 148.6439 

T. wilsoni NMVD77170 MH355873 Crockdantigh  , Muckadilla, QLD -26.5943 148.4326 

T. wilsoni NMVD77171 MH355874 Crockdantigh, Muckadilla, QLD -26.5924 148.4324 

T. wilsoni NMVZ34052 MH355752 Crockdantigh, Muckadilla, QLD -26.5944 148.4326 

T. wilsoni NMVZ33941 MH355744 Eurella Settlers Rd, Amby, QLD -26.5108 148.2935 

T. wilsoni NMVZ33940 MH355743 Eurella Settlers Rd, Amby, QLD -26.5199 148.2896 

T. wilsoni NMVZ34062 MH355758 Eurella Settlers Rd, Amby, QLD -26.5297 148.2884 

T. wilsoni NMVZ33938 MH355741 Eurella Settlers Rd, Amby, QLD -26.5324 148.2881 

T. wilsoni NMVD77116 MH355869 Eurella Settlers Rd, Amby, QLD -26.5339 148.2875 

T. wilsoni NMVZ33939 MH355742 Eurella Settlers Rd, Amby, QLD -26.5433 148.2833 

T. wilsoni NMVZ34061 MH355757 Eurella Settlers Rd, Amby, QLD -26.5454 148.2823 

T. wilsoni NMVZ34060 MH355756 Eurella Settlers Rd, Amby, QLD -26.5460 148.2820 

T. wilsoni NMVD77115 MH355868 Eurella Settlers Rd, Amby, QLD -26.5488 148.2805 
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accession 

Location Latitude Longitude 

T. wilsoni NMVD77168 MH355871 Fletchers Ln, Bindango S, QLD -26.6344 148.5137 

T. wilsoni NMVD77169 MH355872 Fletchers Ln, Bindango S, QLD -26.6509 148.5192 

T. wilsoni NMVZ33943 MH355746 Hodgson Ln N stock route, Hodgson, QLD -26.5657 148.6218 

T. wilsoni NMVD77118 MH355870 Hodgson Ln S, Hodgson , QLD -26.5918 148.6202 

T. wilsoni NMVZ34050 MH355750 Hodgson Ln S, Hodgson, QLD -26.5794 148.6209 

T. wilsoni NMVD77114 MH355867 Hodgson Ln S, Hodgson, QLD -26.5806 148.6209 

T. wilsoni NMVZ34049 MH355749 Hodgson Ln S, Hodgson, QLD -26.5820 148.6208 

T. wilsoni NMVZ33944 MH355747 Hodgson Ln S, Hodgson, QLD -26.5832 148.6208 

T. wilsoni NMVZ34048 MH355748 Hodgson Ln S, Hodgson, QLD -26.5840 148.6207 

T. wilsoni NMVZ33942 MH355745 Hodgson Ln S, Hodgson, QLD -26.5878 148.6204 

T. wilsoni NMVZ34051 MH355751 Hodgson Ln S, Hodgson, QLD -26.5879 148.6205 

T. wilsoni NMVD77172 MH355875 Knockalong, Bindango S, QLD -26.6555 148.5283 

T. wilsoni NMVD77173 MH355876 Knockalong, Bindango S, QLD -26.6560 148.5303 

T. wilsoni NMVZ34056 MH355754 Knockalong, Bindango S, QLD -26.6565 148.5273 

T. wilsoni NMVZ34053 MH355753 Knockalong, Bindango S, QLD -26.6570 148.5254 

T. wilsoni NMVZ34058 MH355755 Knockalong, Bindango S, QLD -26.6572 148.5269 

T. wilsoni NMVZ34059 MH355759 Knockalong, Bindango S, QLD -26.6582 148.5218 

T. wilsoni QMJ89119 KJ881035 Mount Abundance Rd, 40 km E of Roma, QLD -26.7028 148.4861 

T. wilsoni QMA007430 KJ881032 Studley, QLD -26.7010 148.4722 

T. wilsoni QMA007431 KJ881034 Studley, QLD -26.7010 148.4722 

T. centralis ANWCR6136 EU727320 54km E of Mulga Park Station, Mulga Park Rd, 

NT 

-25.9833 131.5833 

T. cephalus WAMR154754 EU727354 Roebourne, WA -20.7833 117.1500 

T. diabolicus WAMR135454 EU727385 Mount Brockman, WA -22.2919 117.2731 

T. fortescuensis WAMR158074 EU727377 Roebourne-Wittenoom Rd, Millstream, WA -21.3954 117.1712 

T. gigas WAMR175943 MH355676 8km N of Williambury Homestead, WA -23.8161 115.1467 

T. houstoni WAMAR146439 EU727393 Rawlinna, WA -30.9914 126.4358 
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T. intima SAMAR42933 EU727352 20km S of Eromanga, QLD -26.3333 142.8667 

T. intima NMVD74070 EU727348 Gulf Development Rd, 130 km S of Normanton, 

QLD 

-18.6769 140.5117 

T. intima NMVD74072 EU727349 Gulf Development Rd, 130 km S of Normanton, 

QLD 

-18.6769 140.5117 

T. lineata NMVD74164 EU727399 Lake Tyrrell, VIC -35.3333 142.8333 

T. lineata macra NMVD73876 EU727403 Gibb River Rd, W of Lennard River, Kimberley, 

WA 

-17.4408 124.5053 

T. pinguicolla TpinC2 DQ529257 Devereanux, Cooma, NSW NA NA 

T. pseudopsephos WAMR106201 EU727362 Mount Magnet, WA -27.9667 117.8500 

T. uniformis NMVD72640 EU727401 1km N of Buntine Hwy on Shakespeare Bore Tk, 

NT 

-16.1325 131.7298 

Pogona vitticeps SAMAR42415 AY133026 Mabel Creek Station, SA NA NA 

Rankinia diemensis NMVD71911 KF791182 Coonabarabran, NSW −31.25000 149.1333 

Amphibolurus muricatus SAMAR34771 KF871673 Anglesea, VIC NA NA 
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CHAPTER 3

 
 

Population genomics and species distribution modelling in conservation 

management of north-eastern Australian earless dragon lizards 

(Agamidae: Tympanocryptis spp.) 

 

 
Photo: Tympanocryptis condaminensis in crop stubble, taken by K. Chaplin. 
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ABSTRACT 

Land clearing and modification of natural habitats is a threat to taxa globally. In 

Australia, most native grassland habitats have been heavily modified for agriculture, 

including cropping and grazing. Grassland specialist species, including earless dragon lizards 

(Tympanocryptis spp.), are of conservation concern due to this continued habitat loss and 

fragmentation. In north-eastern Australia, three recently described and an additional three 

putative Tympanocryptis species inhabit grassland habitats with varying levels of habitat 

fragmentation and modification, however little is known about most of these species. Here, I 

utilise genomic methods (using single nucleotide polymorphisms - SNPs) to investigate 

population connectivity and genetic structure to determine population units for conservation 

management. I then use species distribution modelling (SDM) to assess habitat suitability and 

fragmentation of these six north-eastern Australian earless dragons. I integrate results of these 

analyses to form conclusions on the distribution and population structure of these earless 

dragons, and discuss their threats. This study provides baseline population genomics and 

ecological data to be used for conservation assessments and management decisions of the 

north-eastern Australian Tympanocryptis species. 

 

 

[Population structure, population genomics, species distribution modelling, conservation, 

ecology, Tympanocryptis] 
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INTRODUCTION 

Land clearing and habitat modification are leading causes of biodiversity loss around 

the world (Dirzo and Raven 2003, Woinarski et al. 2015). Natural habitats that are easily 

manipulated by humans are often favoured for land clearing or modification, and include 

savannahs and grasslands (Rockström et al. 2010, Kuppler et al. 2015, Estes et al. 2016, de 

Oliveira et al. 2017). Prior to European settlement, Australia had extensive grasslands, 

ranging from tropical savannah grasslands in northern Queensland and the Northern 

Territory, to sub-tropical savannahs and grasslands in the higher latitude parts of these states 

and temperate grasslands throughout south-eastern Australia (McIvor 2005, Department of 

Environment and Energy 2016). However, due to the easy conversion of these natural 

habitats to suit human settlement and agricultural activities (Taylor 1999), there has been a 

significant loss or modification of these habitats over the past two centuries (Moore 1970, 

Mott and Groves 1994, McIvor 2005). In south-eastern Australia, less than 1% of the native 

grasslands remain (McDougall 1994, Williams et al. 2005), and there has been a loss of over 

34% of the grasslands and forblands in Queensland (Department of Environment and 

Heritage Protection 2015, Neldner et al. 2017). The primary cause of this habitat loss and 

modification is through conversion of native grasslands for agricultural practices (Benson 

1991, Dorrough et al. 2012, Gang et al. 2014, Neldner et al. 2017). 

The degradation and modification of grasslands in Australia has led to a decline in 

many species (Benson 1991, Goodland 2000, Eddy 2002, Melville et al. 2007, Neldner et al. 

2017). Grassland specialist reptiles are often significantly affected by habitat fragmentation 

and loss, due to their small ranges and limited dispersal ability (Stevens et al. 2010, Michael 

et al. 2011). Species, including the pygmy bluetongue (Tiliqua adelaidensis), striped legless 

lizard (Delma impar), and grassland earless dragon (Tympanocryptis pinguicolla), are listed 

as threatened as a direct result of the modification of native grasslands to cultivated lands 
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(Smith and Robertson 1999, Williams et al. 2005, Dimond et al. 2012, Ebrahimi and Bull 

2015).  

As with T. pinguicolla in south-eastern Australia, several putative (see Chapter 2) or 

recently described (Melville et al. 2014) species of Tympanocryptis in north-eastern Australia 

are also of conservation concern, including the Condamine earless dragon (T. 

condaminensis), Roma earless dragon (T. wilsoni), Darling earless dragon (T. darlingensis sp. 

nov.), Hobson’s earless dragon ( T. hobsoni sp. nov.), Einasleigh earless dragon (T. 

einasleighensis sp. nov.) and five-lined earless dragon (T. pentalineata) (Fig. 1). These 

species occupy native grasslands on cracking-clays in north-eastern Australia, except for T. 

einasleighensis sp. nov., which occurs in stony open woodland. All have been impacted, to 

different levels, by habitat loss, fragmentation and modification across their distributions 

(Neldner et al. 1997, Goodland 2003).  

As of 2015, the percentage of remnant vegetation in subregions inhabited by T. 

condaminensis, T. wilsoni and T. hobsoni sp. nov. was 14.3%, 31.6% and 21.5%, respectively 

(Accad et al. 2017). Although relatively unmodified, the Mulga Lands (occupied by T. 

darlingensis sp. nov.) and Gulf Plains (occupied by T. pentalineata) had the highest average 

annual rates of native vegetation clearing in Queensland from 2013-2015, and contributed to 

over half of the states’ average annual land clearing total (Accad et al. 2017). The rate of loss 

of these habitats is alarming, and, although currently not subject to land clearing, the stony 

open woodland habitat of T. einasleighensis sp. nov. may come under threat in coming years 

(Neldner et al. 1997). Very little is known about most of these species, and data on their 

distribution, ecology and population structure would provide invaluable baseline information 

for their conservation management (Melville et al. 2014). 
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Currently two north-eastern Australian Tympanocryptis species are listed as threatened. 

Tympanocryptis condaminensis is listed as endangered under the Commonwealth 

Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act 1999) and on the 

International Union for Conservation of Nature (IUCN) Redlist (Melville 2017b). T. wilsoni 

is vulnerable under the Queensland Nature Conservation Act 1992 (NCA 1992), and 

endangered on the IUCN Redlist (Melville 2017d). The only other currently described 

species, T. pentalineata, was identified as a data deficient species on the IUCN Redlist 

(Melville 2017c) and therefore its threatened status could not be assessed. Further baseline 

data on ecological requirements, population structure and connectivity is required to allow a 

conservation assessment on T. pentalineata and the three new putative species. For the three 

putative species (T. darlingensis sp. nov., T. hobsoni sp. nov. and T. einasleighensis sp. nov.) 

there is currently no information available and these species have not had their conservation 

status assessed.  

The field of conservation has been transformed by recent advances in genomic 

sequencing (Lemmon and Lemmon, 2013; Steiner et al., 2013; Andrews and Luikart, 2014). 

Single nucleotide polymorphisms (SNPs) are a highly informative genetic marker due to their 

genome-wide abundance and robustness, and are one of the preferred nuclear genetic marker 

used in contemporary genomics studies (Van Tassell et al., 2008; Vignal et al., 2002). SNP 

data have been utilised in studies of population dynamics, evolutionary history, distribution 

and adaptive potential of species, as well as for population genomics analyses such as 

fixation, differentiation and inbreeding statistics (Kumar et al., 2012; Luikart et al., 2003; 

Van Tassell et al., 2008). Using combinations of population genomics statistics can provide 

holistic and highly informative inferences on genetic health (through inbreeding and 

heterozygosity levels) and population or habitat connectivity (through measures of fixation 

and differentiation), and can be used to define management units for conservation. The ability 
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to use highly abundant and informative genomic data for studies with small population or 

sample sizes is important in species that are either under-sampled, rare, or of conservation 

concern, such as the Tympanocryptis species in north-eastern Australia. 

Species distribution modelling offers effective ways of assessing niche availability of a 

species through space and time and has a variety of applications (Peterson, 2006). Species 

distribution models (SDMs) have been effective in furthering our understanding of 

biogeography and dispersal barriers, predicting impacts of climate change, evaluating where 

species invasions may be, and many other conservation-based applications (Hirzel and Le 

Lay, 2008; Qi et al., 2012; Russell et al., 2014; Thuiller et al., 2004). Additionally, SDMs 

can be invaluable in the conservation of species with little prior ecological or biological 

empirical data, such as new or recently described species. The north-eastern Australian 

earless dragons are a perfect example of a new study system requiring conservation attention, 

but with little information available on the species’ distributions and ecology to base 

decisions on. 

Here, I use SNP data for population genomic analyses and SDMs to provide 

information on population structure and predict distribution of suitable habitats for these six 

north-eastern Australian earless dragon species (T. condaminensis, T. wilsoni, T. darlingensis 

sp. nov., T. hobsoni sp. nov., T. einasleighensis sp. nov. and T. pentalineata). I then integrate 

this information with our current understanding of threatening processes to provide 

appropriate conservation recommendations for these Tympanocryptis species. 
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METHODS 

SAMPLING 

The six earless dragon study species (T. condaminensis, T. wilsoni, T. darlingensis sp. 

nov., T. hobsoni sp. nov., T. einasleighensis sp. nov. and T. pentalineata) were sampled 

throughout their known ranges (Fig. 1) (Melville et al. 2014). Additional samples were 

sourced from Museums Victoria, Queensland Museum and Western Australia Museum and 

were included in laboratory protocols. Locality data for museum records of each species was 

downloaded from the Atlas of Living Australia (ALA 2018) and used for species distribution 

modelling following the removal of unreliable records or records highly inconsistent with 

geographic distribution (thus forming the ‘cleaned’ dataset). 

LABORATORY PROTOCOLS 

Genomic DNA was extracted from either tail tissue or liver samples using the Qiagen 

Blood & Tissue Kit (Qiagen, Hilden, Germany) as per manufacturer guidelines. The 

concentration of each DNA extraction was quantified using a QIAxpert microfluidic 

spectrophotometer (Qiagen, Hilden, Germany), and adjusted to 30-100ng/μl (as required for 

DArTseq arrays). 15μl volumes were sent to Diversity Arrays Technology (Canberra, 

Australia) for digestion using genus-specific restriction enzymes, ligation, amplification and 

sequencing on an Illumina HiSeq2500 (California, USA), in a genome complexity reduction 

method optimised for Tympanocryptis species. The genome sequence of the related Pogona 

vitticeps was used as the reference alignment (Georges et al. 2015). The preliminary pipeline 

applied filters to ensure quality and reproducibility of markers, and a secondary pipeline 

using DArTseq proprietary calling algorithms scored the genotypes of polymorphic loci 

across all individuals. The loci were combined into a matrix of SNP genotypes for 
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individuals, with integers representing genotype states compared to the reference; 

homozygous; heterozygous and alternate homozygous. 

POPULATION GENOMICS 

Data analyses were all performed on each species separately. SNP data for each species 

were imported into R v3.3.3 (R Core Team 2015) and metadata (site locality) assigned with 

the R package ‘dartR’ (Gruber et al. 2017). The ‘dartR’ package was used to filter the data 

for all subsequent analyses under several parameters; callrate by individual > 0.95, callrate by 

locus > 0.95, monomorphic loci = 0, reproducibility = 1. I performed a preliminary pairwise 

FST (by site) analysis of the filtered data of each species with 100 bootstraps using ‘StAMPP’ 

(Pembleton et al. 2013). Populations were defined as groups comprised of non-significantly 

differentiated sites or those with significant (p<0.05) pairwise FST <0.085, identified using 

symbols on the PCoA and phylogeny extracts (Carreras et al. 2017). The data were then 

recoded by genetic population for several further population analyses using a variety of R 

packages: Principle coordinates analyses (PCoA) and HO (overall) using ‘dartR’; G’ST, Jost’s 

D, HT and HS (overall) using ‘mmod’(Winter 2012); HO and HE (by population) and FIS 

(overall and by population) using ‘adegenet’(Jombart and Ahmed 2011). Effective number of 

alleles (by population) were calculated using 1/(1-HO)(Jost et al. 2018). The ‘faststructure’ 

data recoding function was used to generate the files required for analysis by 

fastSTRUCTURE (Raj et al. 2014). Plink was first used to test for the number of clusters (K), 

which was subsequently used as the clustering parameter for fastSTRUCTURE analysis, 

however the K values were highly discordant with expected population structure (based on 

other methods and observations). I am concerned about the ability of the analysis to 

determine fine-scale population structure; this may be due to the relatively new ‘dartR’ 

package. Thus, cluster number and fastSTRUCTURE data are not reported here. 
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SPECIES DISTRIBUTION MODELLING 

Data analyses were performed on each species separately. Locality data from collected 

samples and (where available) cleaned data from ALA (ALA 2018) were imported into the 

Biodiversity and Climate Change Virtual Laboratory (BCCVL) (Hallgren et al. 2016). The 

narrow geographic distribution or limited number of locality data points for each species, due 

to under-sampling or true rarity, required the use of a modelling algorithm appropriate for 

small sample sizes and areas, that would not exacerbate inaccuracies associated with these 

limitations (Pearson et al. 2007, Kumar and Stohlgren 2009). The lack of absence data also 

constrained model choice, prompting me to utilise MaxEnt as the modelling algorithm 

(Phillips et al. 2006, Elith et al. 2011). Preliminary models for each species were run to 

identify environmental factors with the highest contribution to each species’ distribution, with 

heavily correlated pairs discarded. Seven environmental variables were selected based on 

their consistently high influence on the model and low correlation with other variables (Table 

1). The model should be trained from a geographic area encompassing the known distribution 

of the species following two criteria; firstly, the area is expected to potentially contain 

suitable habitat based on known environmental conditions, and secondly, it must be 

biologically plausible for the species to disperse throughout the area (Hirzel and Le Lay 

2008). The model for each species was therefore trained using the appropriate bioregion as 

per the Interim Biogeographic Regionalisation of Australia v7 (IBRA7) (Department of the 

Environment 2012), as this represents the most biologically relevant geographic area. IBRA7 

regions that were used are as follows: Brigalow Belt South (T. condaminensis and T. wilsoni), 

Mulga Lands and Darling Riverine Plains with a 30km buffer (T. darlingensis sp. nov), 

Brigalow Belt North (T. hobsoni sp. nov.), Einasleigh Uplands (T. einasleighensis sp. nov.) 

and Gulf Plains (T. pentalineata). Recommended MaxEnt default settings were used except 

number of model iterations (200) and prevalence, which was set at 0.2 due to the rare or 
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endangered status of each species (Barbet-Massin et al. 2012, Liu et al. 2016). SDMs were 

run for each species separately. The model performance was evaluated post-hoc for each 

species. 

 

RESULTS 

POPULATION GENOMICS 

Pairwise FST analyses of sites found significant (p<0.05) intra-specific genetic fixation 

within all species (Supplementary Table 2). Sites that were non-significantly differentiated or 

with significant (p<0.05) pairwise FST less than 0.085 were grouped together as genetic 

populations listed in Table 2. The two T. pentalineata sites had low pairwise FST (0.028, 

p<0.0001) (Supplementary Table 2) and therefore not classified or labelled in the PCoA or 

phylogeny as populations (Fig. 7), however the sites were analysed as pseudo-populations 

(site 1 as ‘northern’ and site 2 as ‘southern) to provide information on independent 

management units for conservation. 

Population genomics analyses indicated equal inbreeding coefficients (FIS) of 0.50 

among species, along with similar levels of heterozygosity (total, HT, total with population 

structure, HS, and observed, HO) and effective number of alleles (AE), with T. hobsoni sp. 

nov. exhibiting slightly lower levels of all heterozygosity measures and AE  (Table 2). 

However, there was substantial variation in pairwise population FST (Table 3) as well as intra-

specific genetic fixation (G’ST) and allelic differentiation (Jost’s D) across species (Table 2). 

T. hobsoni sp. nov. had a moderate species fixation index and high pairwise population 

FST (Table 2 and Table 3), as reflected in the PCoA and phylogeny extract (Fig. 5), but low 

allelic differentiation and overall heterozygosity. Both T. einasleighensis sp. nov. and T. 
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darlingensis sp. nov. had very high estimates of fixation and differentiation overall (Table 2) 

as well as between pairwise populations (Table 3). These patterns were reflected in the 

distinct clustering of sites in population groups in the PCoA and divergent phylogenomic 

clades of these two species (Fig. 4 and Fig. 6). 

Conversely, the three described species (T. condaminensis, T. wilsoni and T. 

pentalineata), two of which are conservation listed, had very low G’ST and Jost’s D values 

(Table 2), indicating little intra-specific population fixation or differentiation. This was also 

seen in the PCoAs and phylogenies of these species (Fig. 2, Fig. 3, Fig. 7), which exhibited 

relatively undefined site/population clustering and a lack of phylogenomic structure. 

Although significant based on preliminary pairwise site FST analyses (Supplementary Table 

2), the groups of sites classified as populations for each of T. condaminensis (Pittsworth Shire 

and Nobby) and T. wilsoni (Bindango and ‘western’) both had low pairwise population FST 

estimates similar to that seen across the two pseudo-populations of T. pentalineata (Table 3). 

In each species, a couple of individuals were seen as outliers in the PCoA, but these did not 

reflect any geographic or site-based pattern. Secondary post-hoc analyses were performed on 

the T. wilsoni dataset to investigate the cause of the sexual differentiation of this species’ 

PCoA results (see Supplementary Material). 

SPECIES DISTRIBUTION MODELLING 

The area under the curve (AUC) of the relative operating characteristic was between 

0.93 and 1.00 for all species, and evaluation statistics indicated model performance was 

satisfactory for each species (Supplementary Table 3) (Kumar and Stohlgren 2009, Thorn et 

al. 2009, Elith et al. 2011). Variable contribution percentage varied across species (Fig. 8), 

along with variable mean response curves (Supplementary Table 4). 
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The predicted suitable habitat for T. condaminensis was highly restricted to the Darling 

Downs around the known distribution of this species, with low suitability throughout the rest 

of the bioregion (Fig. 9). Annual precipitation was the major contributing factor to the model, 

followed closely by maximum temperature and soil clay content. Similarly, the model for T. 

wilsoni predicted habitat localised around the known distribution, with several other patches 

to the north and west, however the suitability of all areas were still relatively low (Fig. 10). 

Dynamic land cover and annual rainfall were found to be the most important factors. T. 

darlingensis sp. nov. was projected to have a vast geographic spread of suitable habitat across 

the Mulga Lands and Darling Riverine Plains (Fig. 11), based mostly on minimum 

temperature, soil class and vegetation type. The model for T. hobsoni sp. nov. was 

predominantly influenced by clay content and predicted a moderately wide but scattered 

distribution of suitable area around the southern part of the bioregion (Fig. 12). Maximum 

temperature strongly contributed to the model for T. einasleighensis sp. nov., with a 

projection of patchy habitat concentrated around the Gilbert River area in the west of the 

bioregion (Fig. 13). However, there was discordance with areas predicted to be unsuitable 

throughout the central and northern parts of the Einasleigh Uplands, which have known 

occurrences of T. einasleighensis sp. nov. T. pentalineata was predicted to have a range 

mainly concentrated around two patches in the Gulf area (Fig. 14), influenced by soil class 

and maximum temperature. 

 

DISCUSSION 

Population genomics analyses indicated that although heterozygosity was low to 

moderate, there was little inbreeding identified either within species or within populations. 

The level of inbreeding was constant, with species currently listed as endangered and 
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threatened (T. condaminensis and T. wilsoni, respectively) not exhibiting higher FIS estimates 

than the other four unlisted species. However, there was substantial variation in levels of 

population structure within species, including fixation and differentiation indices. Similarly, 

there was a wide range in projected habitat suitability estimates and the factors contributing 

to habitat suitability, with some species highly restricted to specific niches and others 

predicted to be able to occur across broad geographic areas. The conclusions drawn from the 

integration of these genomics analyses, SDMs and ecology inferences are discussed for each 

species separately, in order to provide a species-specific framework to aid in appropriate 

conservation decisions and management of each of these earless dragons. The threats to each 

of the species in this study are similar and are primarily related to anthropogenic habitat 

modification, and will be collectively discussed following the species assessments. 

INDIVIDUAL SPECIES CONSERVATION MANAGEMENT 

Tympanocryptis condaminensis 

The Condamine earless dragon is currently listed as endangered (1999, Melville 

2017b), and results of my analyses here provide further support for this status. This species is 

known to be restricted to vertosols (cracking clay soils) in the eastern Darling Downs, which 

were natural grassland savannahs prior to European settlement (Goodland 2003, Department 

of Environment and Energy 2016). The expansion of agriculture into this region resulted in 

the near-complete clearing of these grasslands and extreme modification of the land primarily 

to crop fields (including sorghum, wheat, chickpea, cotton and barley), with very little native 

grassland remaining (Goodland 2000, Welsh 2014). The Condamine earless dragon has 

adapted to this altered habitat, utilising the crop fields and surrounding areas, however 

several niche requirements of this species has resulted in its incredibly restricted range (Starr 

and Leung 2006). Firstly, soil type and clay content. The cracks that open in clay soil as it 
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dries provide shelter and refuge for the dragons, a niche-specific behaviour seen across many 

other vertosol-specialist taxa (Smith and Robertson 1999, Waudby and Petit 2017). Secondly, 

vegetation type. Although crop fields are very different to natural grasslands, they provide 

similar microhabitat characteristics important in prey acquisition and anti-predation; 

abundant invertebrate communities, a selection of perch heights for prey ambush, complex 

tuft structure for predator avoidance, and a lack of trees that host the predominant predator to 

small reptiles: birds (Dorrough et al. 2012, Ebrahimi and Bull 2015, Hobson 2015). Thirdly, 

the physical geography of the eastern Darling Downs. The known distribution of T. 

condaminensis falls within a distinct lowland (400m elevation) plains area of vertosols, 

bounded by the Great Dividing Range to the east, and smaller foothill ranges encircling the 

lowlands to the south, north and west (Welsh 2014). The topology provides a geographical 

barrier to the dispersal of this species, not necessarily due to extreme elevation per se, but 

rather indirectly through the ancient geological processes that shaped the area, consequently 

influencing surface water drainage and soil type (and thus, vegetation) (Rodriguez‐Iturbe et 

al. 1999, Welsh 2014). 

The SDM predicted a very restricted range of suitable habitat, localised to the Bongeen-

Evanslea-Brookstead region (>90% suitability, with northern and southern fringe areas 15-

60%). Other areas in the eastern Darling Downs were also predicted to be moderately 

suitable, but were quite fragmented, including patches south of Millmerran (40-95%), north-

east of Nobby, Clifton and Allora (40-50%), and around the Oakey area (20-95%). Additional 

very small patches of suitable habitat were found west of Roma (overlapping the range of T. 

wilsoni), in various locations scattered around Carnarvon Gorge National Park, and in NSW 

near Gunnedah, Coonebarabran and Dubbo. Although the model predicted these broadly 

distributed prospective habitat areas, they are highly unlikely to be biologically feasible as 
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regions suitable for T. condaminensis to disperse to or exist in sustainably, due to either 

competition (such as T. wilsoni near Roma) or insufficient fragment size and connectivity.  

Genomics analyses indicate two distinct populations of T. condaminensis; the 

Pittsworth Shire area and the small adjunct population near Nobby, which are concordant 

with the predicted habitat suitability from the SDM. Sample sizes were low, due to both 

difficulty detecting these dragons and the rare nature of the species, and although sampling 

efforts in recent years have extended beyond their known range without success, their current 

distribution and rarity is likely to be an accurate reflection of the true extent of T. 

condaminensis (Hobson 2015). The Pittsworth Shire and Nobby areas both had moderate 

heterozygosity and inbreeding levels, indicating that these populations are not currently 

suffering genetic erosion. However, the species’ genetic health should be monitored over 

time to provide an accurate picture of population dynamics and diversity to aid conservation 

management decisions. 

The pairwise population FST was highly significant but only slightly over the population 

distinction threshold of 0.085, with little separation of the populations observed in the PCoA 

and phylogeny. Indeed, two outlier individuals in the PCoA had greater separation from the 

rest of the species than the Nobby population from the Pittsworth Shire individuals, 

suggesting that the marginal genetic fixation seen in T. condaminensis may be irrelevant, 

raising complications as to whether the Pittsworth Shire and Nobby areas should be treated as 

separate management units. As the species’ overall fixation and differentiation were very 

low, and total species heterozygosity was reflective of heterozygosity including subdivision, I 

propose that T. condaminensis consists of a single management unit, however monitoring of 

the disjunct areas for further differentiation or loss of diversity should continue. 

Tympanocryptis wilsoni 
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The Roma earless dragon is listed as threatened (1992, Melville 2017d). Described by 

Melville et al. (2014) from two locations (Studley and Hodgson), surveys of the species have 

since revealed several other disjunct sites, with the current known distribution restricted to a 

small region west of Roma, ranging from the Hodgson area in the east, to Mount Abundance 

(20km south-east of Muckadilla) in the south, and to near Amby in the west (Venz and 

Chaplin 2016). Extensive surveying efforts outside the known range found no evidence of T. 

wilsoni in other areas, however these surveys led to the detection of T. darlingensis sp. nov. 

west of the Maranoa river near Mitchell. The SDM predicted a 20km radius of moderately 

suitable habitat flanking the southern half of the current distribution of T. wilsoni, with other 

patches near Injune, Mitchell (known to be occupied by T. darlingensis sp. nov.), Mungallala, 

Clara Creek and Auguthella (with the latter four areas all surveyed for earless dragons as part 

of research on T. darlingensis sp. nov.). I expect that the current known distribution is 

indicative of the approximate range of T. wilsoni, and assume either interspecific competition 

with T. darlingensis sp. nov., or geographic barriers such as the foothills near Amby or the 

Maranoa River near Mitchell has prohibited T. wilsoni from expanding to the western areas 

of predicted suitable habitat, and the northern foothills from expansion to the Injune area 

(Venz and Chaplin 2016). Further surveying efforts should concentrate on predicted suitable 

habitat adjacent to the Carnarvon Highway between Euthulla and Surat, as well as the 

immediate southern areas flanking the current known distribution. 

Dynamic land cover and annual precipitation were assessed to be the most important 

factors in the distribution of T. wilsoni as assessed by the model. Cropping lands are currently 

the predominant land cover in the western Roma region (around Hodgson, Mount Abundance 

and Amby) due to the fertile vertosols found in this area, with scattered pasture lands and 

patches of tussock and hummock grasslands (Lymburner et al. 2010, Welsh 2014). The native 

grasslands of this region have not suffered as badly as those in the eastern Darling Downs or 
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Central Highlands regions, with only a minor amount of grassland fragmentation and 

contraction since 1750 (Department of Environment and Energy 2016, Accad et al. 2017). As 

with the eastern Darling Downs that support T. condaminensis, the habitat characteristics of 

the cropping and grassland vertosol areas in the western Roma region provide shelter and 

prey ambush sites (in the clay cracks and crop or grassland tufts) and a high concentration of 

invertebrates. Surrounding areas are predominantly sparse or open woodlands and tussock 

and hummock grasslands, which are disadvantageous due to the risk of avian predation and 

lack of cracking clay shelter sites. 

The sex-based clustering observed in the PCoA instigated further investigation into 

what was causing this pattern (see supplementary notes on locus-based sexual differentiation 

and secondary analyses), however here I discuss the results of the original analyses. The 

genomic analyses of T. wilsoni provided significant evidence of population structure, with 

one individual from site 1 (on the eastern extent of the species’ distribution) found to be 

slightly genetically distinct from all other individuals at other sites. However, I do not expect 

that this site is a true genetic population, due to several factors. Firstly, the very low sample 

size at this site (n=1) that may be biasing these results. Secondly, there is greater genetic 

variation between two outliers from site 5 and the rest of the clustered individuals in the 

original PCoA. Thirdly, heterozygosity was similar for the species overall as well as with 

subdivision, representing little to no population structure. Lastly, the genetic differentiation 

and fixation indices were very low, indicating there is likely to be continuous gene flow 

between all sites. Thus, I recommend all currently known sites of T. wilsoni are a single unit 

and should be managed as such. The species did not have any evidence of excessive 

inbreeding or abnormally low genetic diversity, however these should be assessed frequently 

due to the threatened status of the Roma earless dragon, which is likely to be subject to 
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drastic population size expansions and contractions relating to favourable or unfavourable 

annual ecological niche conditions (Venz and Chaplin 2016). 

Tympanocryptis darlingensis sp. nov. 

The Darling earless dragon is known from very few records, with the majority of 

samples collected in a single field expedition in 2015. Surveying efforts in 2015 were 

concentrated around the Warrego Highway between Mitchell and Charleville, Nebine and 

Bollon-Charleville roads around the Boatman region, the Mitchell Highway between 

Charleville and Cunnamulla, the Balonne Highway between Cunnamulla and St George, and 

the Carnarvon Highway between St George and Mungindi. This study found several sites 

around the Mitchell, Cunnamulla and St George areas of Queensland, adding to the sites near 

Lightning Ridge, Tilpa and White Cliffs in New South Wales that are each known from 

single samples collected previously (Schulte et al. 2003). Further work is therefore needed to 

more accurately determine the range of T. darlingensis sp. nov., however this study provides 

good quality baseline data for this new species. 

The Darling earless dragon appears to also be restricted to vertosols. The Mitchell site 

is on an isolated patch of red-grey cracking cray soil, separated from the next geographically 

closest sites (St George and Cunnamulla) predominantly by kandosols and dermosols (ASRIS 

2012). The Cunnamulla area is characterised by a lengthy stretch of grey vertosols flanked by 

tenosols and kandosols, which extend patchily south through rudosols and sodosols towards 

the Darling River. Similarly, the St George sites are on grey cracking clay soils that continue 

into the Darling River vertosol plains, with tenosols, sodosols and kandosols interspersed 

between St George and Lightning Ridge (Welsh 2014). The three New South Wales sites are 

found on extensive vertosols that dominate the Darling Riverine plains, with the south-

western sites near Tilpa and White Cliffs bounded by calcarosols, rudosols and sodosols that 
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are adjacent to the Darling River (ASRIS 2012). Soil class has a strong influence on the 

vegetation type and land use (Tongway and Ludwig 1990, Rodriguez‐Iturbe et al. 1999), with 

the T. darlingensis sp. nov. sites predominantly consisting of grasslands (tussock or 

hummock) or cultivation (cropping or grazing) on vertosols, with open eucalypt, pine or 

acacia woodlands or chenopod shrubland on adjacent kandosols, dermosols, sodosols, 

rudosols, tenosols and calcarosols (Lymburner et al. 2010, Welsh 2014). The native 

grasslands have not contracted greatly since 1750, and still have similar connectivity despite 

the extensive land clearing for cultivation encroaching on this region (Benson 1991, Mott and 

Groves 1994, Department of Environment and Energy 2016).  

This is supported by the SDM, with minimum temperature, soil class and vegetation 

type predicted to be the most influential factors in habitat choice by T. darlingensis sp. nov. 

The model predicted a very broad geographic distribution of potential habitat, with areas of 

highest suitability concentrated around the cultivated or grassed vertosols of the eastern and 

central Darling Riverine plains and cracking clay grasslands around the Cunnamulla and 

Tambo areas. The common T. tetraporophora is known to exist in the suggested habitat near 

Tambo (Wilson and Swan 2013, Melville et al. 2014), and due to their larger body size and 

excellent adaptation to arid environments, this species would most likely have a competitive 

advantage over T. darlingensis sp. nov., and thus may be preventing the northerly range 

expansion of the Darling earless dragon. Further work on the distribution of T. darlingensis 

sp. nov. is needed, especially around the Cunnamulla area and eastern Darling Riverine plains 

region, which are predicted to have the most suitable habitat. The SDM indicates little habitat 

fragmentation of much of the distribution, and so an assessment of the connectivity of all 

sites is also required. 

Based on habitat predictions from the SDM, the Mitchell site is likely to be highly 

geographically isolated from both the Cunnamulla and St George areas, with the latter two 
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areas seemingly connected relatively well. However, there was strong evidence for the 

independence of each of these three areas as genetic populations. There was very high genetic 

differentiation and fixation of all three areas, with the lowest FST observed between the 

Mitchell and Cunnamulla populations, and an intermediate FST between the Cunnamulla and 

St George populations. Total heterozygosity of the species did not reflect the estimated 

heterozygosity including substructure, indicating there are genetic populations that have 

substantial private alleles. Population structure was very evident in the phylogeny of T. 

darlingensis sp. nov., with a very long branch between the most basal St George clade and 

Cunnamulla clade, and a shorter but still lengthy branch separating the Cunnamulla 

population and most recently diverged Mitchell clade. Although the phylogeny was based on 

SNPs, which are inherently highly variable, a Lewis-type correction was used to minimise 

error of over-estimating branch lengths (Melville et al. 2017a). 

The contrasting results of the SDM and genomic analyses suggest two conclusions; 

either the habitat connectivity predicted by the SDM is not a reflection of the isolation of 

these areas as per genomic analyses, or the current genomic dataset is missing samples from 

interconnecting sites between the three populations, aligning with the SDM. I expect that it is 

likely that elements of both hypotheses are true. While high genetic fixation and population 

differentiation over such a large area is expected, the long branches between clades in the 

phylogeny may be an artefact of incomplete sampling of sites between populations in 

geographic space and along the phylogeny branch lengths (Hansson et al. 2014). This 

highlights the need for further sampling across the distribution of T. darlingensis sp. nov., 

including in the south-western areas of the Darling Riverine Plains for which there is no 

genomic data currently available. Nonetheless, based on current evidence from this study, I 

recommend that each Queensland population (Mitchell, Cunnamulla and St George) be 

managed independently as separate units until further data becomes available. 
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The Darling earless dragon is unlikely to be subject to severe declines in total numbers, 

due to the more generalised ecological requirements and extensive distribution of this 

species, however localised population fluctuations are expected as seen in other 

Tympanocryptis species (Hoehn et al. 2013, Venz and Chaplin 2016). The anthropogenic land 

modification seen in the surrounding regions east of the distribution of T. darlingensis sp. 

nov. is likely to continue to move westwards in coming decades (Benson 1991, Accad et al. 

2017, Neldner et al. 2017), and so the species’ ability to adapt to the change in environment 

will determine its survival or decline (Klausmeyer and Shaw 2009). 

Tympanocryptis hobsoni sp. nov. 

Hobson’s earless dragon is a black cracking clay grassland specialist in the central 

highlands of Queensland. The rich vertosols in this area have mostly been cultivated for use 

as cropping lands (including chickpeas, wheat, sorghum and cotton) or pasture (Lymburner et 

al. 2010, Accad et al. 2017), not unlike that seen in the eastern Darling Downs. Being found 

in ecologically similar areas, it is unsurprising that T. hobsoni sp. nov. has a number of traits 

comparable with T. condaminensis. Firstly, habitat preference, with the SDM predicting the 

distribution of Hobson’s earless dragon to also be predominantly influenced by soil clay 

content. Secondly, the distinct black and cream body patterning seen in both species, which 

provides optimal camouflage on the black soils amongst the crops or grass tufts. Lastly, the 

behavioural ecology and diet of these dragons associated with this niche, which primarily 

involves the sit-and-wait predation of invertebrate communities from ambush sites in crop or 

grass tufts or on the edges of vertosol crack refugia. 

Although T. hobsoni sp. nov. is a new species, it is known from several sites spanning 

an extensive geographic area of the central highlands between the Clermont and Springsure 

regions, with substantial sampling of individuals across this latitudinal cline. There were 
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three distinct populations of T. hobsoni sp. nov., corresponding with the three phylogenomic 

clades and the geographic regions to the south, east and north of Emerald. The species’ G’ST 

and pairwise population FST was high, indicating they are progressing towards fixation. 

Interestingly though, there was little differentiation within the species, and low 

heterozygosity. The uncommon case of high G’ST and low differentiation in a species 

suggests a significant evolutionary process has occurred (as G’ST describes species 

subdivision relative to intra-specific variation (Jost et al. 2018), such as through founder 

effects seen in range expansions or genetic bottlenecks from geographic isolation of 

populations (Assis et al. 2013, Hansson et al. 2014, Lejeusne et al. 2014). The total 

heterozygosity was fairly similar to the heterozygosity including substructure, indicating the 

majority of alleles are seen across the species, with some private alleles in each population. 

This also supports the hypothesis that bottlenecks have occurred, with the majority of 

common alleles remaining in each population, and subsequent limited gene flow(Assis et al. 

2013). While this species is observed to be currently quite prolific in patches with little 

evidence of inbreeding, the limited connectivity across the landscape is worrying. Due to the 

distinctiveness of each population seen in population analyses and the phylogeny, coupled 

with the assumed lack of gene flow, I propose the northern, eastern and southern populations 

be managed independently as three separate units. 

The SDM for T. hobsoni sp. nov. predicted a moderate size of suitable but highly 

fragmented habitat. The isolation of the predicted habitat patches was associated with the 

geographic distribution of the three genetic populations (south, east and north of Emerald), 

except in the case of site 3, which was part of the northern population. The most suitable 

patches predicted by the SDM were concentrated around the Clermont, northern Emerald, 

Gemfields and Arcturus areas, which are all currently associated with cultivation on 

vertosols. Prior to European settlement, these areas were wide plains of tussock grasslands 



 CHAPTER 3 

147 

(Lymburner et al. 2010, Department of Environment and Energy 2016), which have 

undergone severe contractions to small patches across the original landscape. The 

composition of the surrounding vegetation has remained similar over the past three centuries, 

with eucalypt and acacia woodlands still present, however the extreme land clearing since 

European settlement has removed much of these woodlands too (Department of Environment 

and Energy 2016, Accad et al. 2017). Hobson’s earless dragon appears to have remained in 

the currently cultivated locations that were previously tussock grasslands, and have not 

restricted their range to the native patches of remnant grasslands. This demonstrates the 

ability of this species to adapt to the anthropogenic land modification (Dorrough et al. 2012, 

Ebrahimi and Bull 2015), and utilise the crop fields that have replaced the grasslands 

similarly to that seen in T. condaminensis (Starr and Leung 2006). However, T. hobsoni sp. 

nov. should be monitored, as population isolation is likely to worsen over the coming 

decades, and genetic erosion is thus a realistic threat for this species (Lindsay et al. 2008, 

Rubidge et al. 2012). Predictions for the long-term persistence of Hobson’s earless dragon 

should consider the Condamine earless dragon as an example of how severe land clearing and 

modification can result in a species very easily becoming endangered (Starr and Leung 2006, 

Melville et al. 2014).  

Further analysis of this species is recommended, with surveying efforts concentrating 

on un-sampled but suitable areas (as predicted by the SDM), such as those to the north of 

Clermont and around The Gemfields. Assessments of connectivity between management 

units should influence conservation management decisions, and proactive conservation 

efforts such as the resurrection or maintenance of habitat corridors may be more efficient for 

longer-term benefits (Lindenmayer and Nix 1993, Collinge 2000). 

Tympanocryptis einasleighensis sp. nov. 
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Another new species, the Einasleigh earless dragon, is only known from several 

locations across the western and northern areas of the Einasleigh Uplands in northern 

Queensland. This dragon’s ecology is quite different to the other cracking clay grassland 

specialist Tympanocryptis species of this study, with T. einasleighensis sp. nov. found only in 

eucalypt woodland areas on rockier rudosols (except for the Undara Volcanic National Park 

site on podosols). Aligning with the change in ecological niche, the behaviour of this species 

is also different, with T. einasleighensis sp. nov. following the pebble-mimic behaviours seen 

in other Tympanocryptis species on rudosols (such as T. cephalus, T. pseudopsephos and T. 

diabolicus in the Pilbara and Goldfields regions of Western Australia)(Shoo et al. 2008, 

Doughty et al. 2015). Due to the lack of shelter sites in the stony open woodlands, the pebble-

mimic species use their camouflage and round body shape to replicate a small pebble to avoid 

predation.  

Genomics analyses indicated two distinct populations; one near Thornborough, and the 

other in the Gilbert River region. However, there are few genetic samples available for the 

Einasleigh earless dragon, with genomic data only from three sites sampled in 2016, with 

other locality data based on museum records and mtDNA. Further sampling is therefore 

required for this species; firstly, genetic variation estimates may be highly inaccurate due to 

the low sample size, and secondly, as there is substantial geographic distance between the 

known sites, there may be several more unidentified populations (including the Undara 

Volcanic National Park, Talaroo and Georgetown sites) to those detected in this study. 

Nonetheless, the phylogenomic clades were very distinct, fixation indices (pairwise FST and 

species G’ST) were very high, and there was substantial genetic differentiation observed. 

Additionally, the total heterozygosity did not reflect the species’ heterozygosity including 

substructure, indicating there are private alleles found in each population. There was little 

inbreeding detected, and if current land management continues (Neldner et al. 1997), I expect 
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that this species will not require conservation attention in the coming years. However, due to 

the apparent isolation and differentiation of each population, I recommend that each 

population be managed as a separate unit, and a priority for further work should include the 

assessment of other sites for genetic independence. 

The SDM for T. einasleighensis sp. nov. was interesting. For a species with such a 

broad geographic distribution from Thornborough to near Croydon, it was surprising to see 

such little suitable habitat predicted. There was moderately suitable habitat projected around 

the Thornborough site, with no connectivity between this area and the highly suitable region 

predicted on the far western fringe of the Einasleigh Uplands near Croydon. The Einasleigh 

earless dragon appears to be restricted to the red-stoned open eucalypt woodlands of the 

upland area, with the hilled topology of this area falling away very markedly to flat melaleuca 

plains on tenosols to the west (Lymburner et al. 2010, ASRIS 2012, Department of 

Environment and Energy 2016). The SDM suggests that the most suitable habitat for T. 

einasleighensis sp. nov. is on the border of the Einasleigh Uplands and the Gulf Plains. 

Tympanocryptis pentalineata 

There is a current data deficiency for the five-lined earless dragon. This species is 

known from very few samples within a 35km stretch of grassland on the vertosol plains south 

of Normanton, near the intersection of the Flinders River and Burke Development Road 

(Melville et al. 2014). The greater detectability along the ecotone of the grassland and 

roadside compared to the low detectability within the savannah is likely to be a strongly 

biasing factor for this known distribution of species, as surveys of the other grassland earless 

dragons in this study have often utilised the permissions of private properties to sample 

dragons within crop fields or paddocks. However, I anecdotally report that for other species 

in this study, I had greater success along the ecotones between either natural grasslands or 
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cropping fields and open roadside verges, as well as near the edges within cultivated lands. 

This has also been noted in surveying efforts for T. pinguicolla (Stevens et al. 2010). As there 

has been far less human settlement and land cultivation in the Gulf Plains region (Lymburner 

et al. 2010), I only used the roadside verges adjacent to grasslands for surveys, which had 

previously been found to be effective in the other grassland earless dragons I sampled. 

The two sites of T. pentalineata (analysed as pseudo-populations in this study to be able 

to utilise statistics requiring more than one population) had the lowest pairwise and overall 

fixation and differentiation of all species here, however heterozygosity and inbreeding levels 

did not suggest any genetic erosion. The total species heterozygosity captured all 

heterozygosity within sites, further supporting that the two known sites of this species be 

managed as a single unit. There was no structure within the phylogeny, and although there 

were two outlier individuals in the PCoA, PCo1 and 2 accounted for very little variation and 

there was no further evidence of these outliers in other analyses. Further surveying efforts are 

a priority for this species, as low sample size may be biasing the results of the analyses. I also 

recommend that T. pentalineata be monitored for future decreases in numbers or genetic 

condition, as well as population differentiation, as I expect the Flinders River would provide 

a geographic barrier for gene flow between the northern and southern sites. The results of this 

study may not reflect any signal of geographic isolation simply due to the low sample size, 

however it does provide baseline data for this previously unstudied species. 

The SDM was mostly influenced by soil type and maximum temperature and projected 

a restriction of T. pentalineata to tussock grassland on vertosols. The model predicted one 

single highly suitable patch of habitat (concentrated around the known distribution along the 

Burke Development Road as well as nearby on the northern stretch of Iffley Road, with 

moderately suitable habitat radiating from these areas) and an adjacent patch of moderately 

suitable habitat at similar latitudes along the Leichhardt River. One other suitable patch was 
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predicted near Abingdon Downs airport, which was also associated with 10km of cracking 

clay grasslands (ASRIS 2012, Department of Environment and Energy 2016). Interestingly, 

the current distribution of T. pentalineata is on Australia’s most extensive zone of tussock 

grasslands on vertosols, which run uninterrupted from Carpentaria and Normanton in the 

north, between Cloncurry and Hughenden, to near Longreach in the south (Mott and Groves 

1994, Lunt and Morgan 2002). These cracking clay grasslands continue to radiate further 

inland from this corridor, and into the Channel Country and Eyre Basin. I expect that the five-

lined earless dragon has not expanded to these areas due to the competition with T. 

tetraporophora, which, similarly to T. darlingensis sp. nov., would likely outcompete other 

grassland earless dragon species with its larger body size and greater adaptation to the arid 

interior (Wilson and Swan 2013). 

The main threat for T. pentalineata is the same as observed for T. condaminensis, T. 

wilsoni and T. hobsoni sp. nov.; extreme anthropogenic land modification and clearing 

(Melville et al. 2014, Accad et al. 2017, Neldner et al. 2017). As the Gulf Plains have 

previously been subject to very little human development and sparse settlement, the grassland 

savannahs there are relatively pristine, allowing the five-lined earless dragon to colonise and 

perpetuate in the area. Using the other grassland Tympanocryptis species in Queensland and 

New South Wales, I can extrapolate the impact caused by habitat loss and fragmentation 

(Starr and Leung 2006, Dimond et al. 2012, Neldner et al. 2017), and suggest that these 

impacts be kept to a minimum.  

THREATENING PROCESSES 

The major threats for the north-eastern Australian earless dragons are human-mediated. 

Half of the species in this study occur in regions that have undergone significant habitat 

modification, loss and fragmentation (T. condaminensis, T. wilsoni and T. hobsoni sp. nov.), 
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with the ranges of the other three species (T. darlingensis sp. nov., T. einasleighensis sp. nov. 

and T. pentalineata) either currently subject to human settlement and habitat modification, or 

with the possible onset of habitat disturbance and modifications in the coming decade(s), 

based on trends in regional human migration (Australian Bureau of Statistics 2016). Here, I 

discuss the major threatening processes for north-eastern Australian earless dragons, identify 

which species are at risk, and propose suitable alternatives or mitigation options where 

possible. 

Monoculture cropping 

Monoculture cropping is the cultivation of a single crop variety in one area, and often 

merges multiple fields together into a single, enormous field, with the removal of headlands 

and verges around the previously separated smaller fields (Edwards et al. 2018). This reduces 

the heterogeneity of the landscape and the proportion of edges to field area, resulting in a loss 

of available habitat (Segoli and Rosenheim 2012). These huge fields are often part of 

commercial cropping giants (Altieri 1998, Jacobsen et al. 2013), which often utilise other 

practices detrimental to earless dragons (subsequently described), and result in areas with 

compounding negative effects. In contrast, polyculture strip cropping (different crop types 

planted in narrow blocks alternating across a standard-sized field) is an excellent way to 

prevent soil erosion and keep landscape heterogeneity (Horwith 1985, Andow 1991, Altieri 

2018), as well as increasing the amount of ecotone area (the preferred habitat of earless 

dragons in cultivated regions). 

Dragon lizards needs open area near shelter sites for basking (Starr and Leung 2006, 

Stevens et al. 2010). Native tussock and hummock grassland had sufficient heterogeneity and 

openness between grass clumps for the dragons to easily find basking sites. Much of these 

savannahs have been cultivated for cropping, which have a much more closed ‘canopy’ 
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structure compared to the open native grasslands (Starr and Leung 2006). As a result, the 

earless dragons in these areas reside along the edges of the closed mature crop fields to access 

open basking patches, while still within quick access of shelter (in clay cracks or crop tufts). 

Verges and headlands between fields are a known hotspot for T. condaminensis, along with 

the open areas associated with polyculture strip-cropping, and the loss of these with the 

merging of standard sized polyculture fields into large monocultures is a significant 

threatening process. 

I recommend that crop fields be of a moderate size (1km
2
) or less, and separated by 

tracks, roads, or rows of either different crop variety (such as open chickpeas neighbouring 

closed canopy sorghum) or on varying season rotations (such as open stubble adjacent to 

mature closed crop). Earless dragon species most at risk are T condaminensis on the eastern 

Darling Downs and T. hobsoni sp. nov. in the Central Highlands, where the native grasslands 

have suffered extreme modification to crop lands with large monoculture fields present. At 

moderate risk are T. wilsoni and T. darlingensis sp. nov., which have seen moderate 

modification in certain areas of their distributions with monoculture fields somewhat 

common, but the proportion of these to smaller fields has maintained sufficient landscape 

heterogeneity. The distribution of T. pentalineata has little to no evidence of loss due to 

cultivation (Lymburner et al. 2010), however if cropping does start to occur in this area, crop 

types should be heterogeneous across the landscape. 

Tillage practices 

Tillage, or ploughing, is an effective way for land managers to recycle the soil and 

biomatter from previous crop seasons (Plourde et al. 2013). It prepares the land for sewing by 

aerating the soil and disrupting weeds, usually with heavy machinery (McKyes et al. 1979). 

Tillage often requires several rounds to adequately achieve this, and with each pass over, the 
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cracks in the delicate clay vertosols are destroyed (Chan et al. 2002, Zhang et al. 2007), 

biodiversity (including commensalistic mycorrhizal fungi and invertebrates like earthworms) 

is reduced (Tonhasca and Stinner 1991, Jansa et al. 2003, Zarea et al. 2011), and gases 

including nitrogen are released into the atmosphere (Drury et al. 2008, Halvorson et al. 2008). 

Conversely, minimal or zero-till practices use little to no ploughing between crop seasons. 

The old crop biomatter breaks down into the soil, and is left to decompose naturally (House 

and Parmelee 1985, Hernanz et al. 1995). These methods do require the use of herbicides to 

control weeds, however this is not as detrimental to the overall biodiversity and soil 

composition of the crop fields (Wilcut et al. 1987, Panettieri et al. 2013).  

For species such as the grassland earless dragons, the maintenance of soil structure and 

invertebrate biodiversity is crucial to the survival of individuals. Anecdotal evidence of 

higher numbers of lizards in areas with no tillage has been noted during field surveys in this 

study and others (Dzialak et al. 2013, Ebrahimi and Bull 2015). Minimal or zero-till practices 

are therefore strongly recommended for agriculturalists. Earless dragon species most at risk 

are T condaminensis on the eastern Darling Downs and T. hobsoni sp. nov. in the Central 

Highlands, which are subject to wide-spread cropping, and thus poor soil management though 

tillage (and the follow-on effects from this) can have severe impacts on overall species 

numbers and survival. At moderate risk are T. wilsoni and T. darlingensis sp. nov., as the 

extent of croplands in these areas is not as extreme, but can have severe consequences in a 

short time. The distribution of T. pentalineata has little to no evidence of loss due to 

cultivation (Lymburner et al. 2010), however if cropping does start to occur in this area, it 

should follow a zero or minimal till protocol. 

Insecticide use 
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The use of pesticides in cultivated areas is common practice (Isman 2006). To keep 

harvest yield high, crops must be protected from herbivorous invertebrates that can destroy 

the florae rapidly, which can have devastating effects on the productivity of the area with 

severe economic consequences for land managers and stakeholders (Qaim and Zilberman 

2003, Oerke 2006). However, the use of insecticides has been shown to substantially reduce 

the biodiversity in areas affected, as the removal of the lowest faunal trophic level 

(invertebrates) can lead to a total collapse of the food web (Hendrix et al. 1986, Pérez-Ruzafa 

et al. 2000, Geiger et al. 2010, Costantini 2015). Organisms most affected by the loss of low 

trophic level invertebrates in cultivated areas are those mid-level in the pyramid (Holcomb 

and Parker 1979, Hall and Henry 1992), especially species that cannot disperse far enough 

distances to reach untreated yet suitable habitat. Earless dragons are invertebrate consumers 

with small ranges, and are among those species that would be directly and severely impacted 

by removal of their primary food supply. Higher level predators (such as birds, snakes, or 

introduced pests like foxes and feral cats) often have greater ranges and dispersal abilities, 

and can therefore move to unaffected areas (Geiger et al. 2010). However, this still results in 

trophic collapse in the cropped areas.  

There is a difficult trade-off between crop yield and trophic collapse when using 

insecticides. I therefore recommend that if insecticides are necessary, they be used minimally, 

and restricted to small areas at a time. This would correspond with polyculture strip cropping, 

where insecticides are used along alternate strips (Lee et al. 2001), allowing the earless 

dragons in these fields to disperse to untreated strips for foraging. Species most at risk are 

those in high-production cropping areas, including T condaminensis and T. hobsoni sp. nov., 

and to a lesser extent T. wilsoni and T. darlingensis sp. nov. Little cultivation has occurred 

throughout the distribution of T. pentalineata, but similar practices should be employed if 

cropping begins there. 
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Predation 

As mid-level species in the trophic pyramid, earless dragons will always be subject to 

the effects of prey availability and predation (Catling 1988). Birds of prey, including kestrels, 

falcons, kites and hawks are the primary natural predators of earless dragons (Department of 

Sustainability and Environment 2003, Hobson 2015). However, the expansion of human-

settled areas into regional Australia has created an imbalance in the natural levels of 

predation, through the construction of artificial predation perches such as powerlines, the loss 

of shelter sites from habitat modification, as well as the introduction of apex predators 

(Dickman 1996, Stevens et al. 2010, Hobson 2015). Introduced species, such as foxes and 

feral cats, often prosper in disturbed areas (May and Norton 1996). These introduced 

predators are prolific in regional areas of Australia (Read and Bowen 2001, Paltridge 2002, 

Saunders et al. 2010), including throughout the habitats of the Tympanocryptis species in this 

study. Observations of feral cat and fox predation on reptiles has been noted (Department of 

Sustainability and Environment 2003, Moseby et al. 2009), including observations of 

predation on T. condaminensis (Hobson 2015). It is expected that this would be similar for T. 

wilsoni, T. darlingensis sp. nov. and T. hobsoni sp. nov., as these species occur in heavily 

modified lands seen with human settlement on the Darling Downs, Central Highlands and 

Darling Basin regions. The earless dragons in northern Queensland (T. einasleighensis sp. 

nov. and T. pentalineata) may be slightly less prone to introduced predators, as this area has 

suffered less disturbance and human settlement is more sparse (Abbott 2002). However, the 

spread of foxes and cats to this region has still occurred, but to a lesser extent than the heavily 

settled areas further south. Appropriate and ethical feral predator eradication programs should 

continue throughout north-eastern Australia to negate the effect of over-predation introduced 

into these ecosystems (Saunders et al. 1995, Denny and Dickman 2010). 

Land clearing and modification 
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Habitat loss and modification are arguably the primary threatening processes for earless 

dragons in north-eastern Australia (Melville et al. 2014, Hobson 2015, Venz and Chaplin 

2016). As previously discussed, the cracking clay grassland savannahs in central and southern 

Queensland and northern New South Wales have contracted severely into remnant patches 

following the expansion of human settlement radiating inland from the coast (Lymburner et 

al. 2010, Neldner et al. 2017). Some grasslands have been almost completely modified, such 

as those on the eastern Darling Downs, which have less than 1% remaining (Welsh 2014, 

Department of Environment and Science 2017). In other areas that have suffered less extreme 

(but still severe) land modification, including between Roma and Mitchell and throughout the 

Central Highlands, the remnant grasslands are mostly fragmented, with little to no 

connectivity (Department of Environment and Energy 2016, Accad et al. 2017). Other 

grasslands further inland (such as those on the Gulf Plains, Mitchell Grass Downs, Mulga 

Lands and south-western Darling Riverine Plains) are relatively undisturbed (Lymburner et 

al. 2010, Department of Environment and Energy 2016). 

Ecological adaptation has been the key to survival for the earless dragons that have 

been faced with moderate to extreme land modification over the past two centuries (Starr and 

Leung 2006, Melville et al. 2014, Hobson 2015). Utilising the cultivated lands has required 

some shifts in behaviour, diet and shelter choice, but these dragon species have adapted 

remarkably well to novel challenges encountered in these anthropologically-introduced 

ecosystems. However, land modification and clearing is still occurring in already degraded 

cropping habitats as well as in areas that currently are predominantly unmodified through a 

number of permanently damaging processes; the reduction of roadside verge area (utilised for 

basking and foraging) adjacent to crop fields or native grasslands, removal of headlands (also 

utilised for basking and foraging) between or surrounding crop fields or native grasslands, 

mining, and construction or widening of roads and highways(Starr and Leung 2006, Venz 
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and Chaplin 2016). Additionally, temporary degradation of areas often comes from heavy 

machinery associated with infrastructure surveys, maintenance and construction, such for 

mining exploration, roadworks, or areas around the physical construction site of new 

infrastructure like airports, highways and train lines(WWF Australia 2008, Venz and Chaplin 

2016). Although temporary, the damage to habitat from heavy machinery may last several 

years, which can still strongly affect population sizes of earless dragons if affected 

individuals are unable to disperse to new suitable habitat (Hoehn et al. 2013).  

I recommend that the modification of important landscape features identified here 

(trackside or roadside verges, headlands, remnant grassland patches and habitat corridors) be 

kept to a minimum for either permanent or temporarily degrading processes (Starr and Leung 

2006, Venz and Chaplin 2016). For permanent habitat degradation or complete loss where 

minimisation is not possible, appropriate mitigation strategies should be adopted, such as the 

conservation and suitable preparation of adjacent land as refugia, and the maintenance of 

habitat corridors between suitable patches (Eddy 2002, Goodland 2003, WWF Australia 

2008, Venz and Chaplin 2016). All earless dragon species in this study are at risk, with T. 

condaminensis the most threatened (due to the proximity to dense human settlement and 

known infrastructure projects planned for the near future), followed by those found in high-

development areas (T. wilsoni, T. hobsoni sp. nov. and T. darlingensis sp. nov.). Land 

clearing and habitat modification is currently not a primary threatening process for T. 

einasleighensis sp. nov. and T. pentalineata, due to sparse human settlement in northern 

Queensland, but future development of these areas is likely in the coming decades, which will 

increase the impacts of the processes for these species. 

 

CONCLUSIONS 
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Tropical and sub-tropical savannahs in eastern Australia are a hotspot for biodiversity 

loss and threatened species. This study highlights the need for long-term, sustainable 

conservation management of these natural and human-modified habitats. This includes the 

preservation of remnant native corridors and patches, as well as working with communities 

and alongside land managers to implement ecologically-sustainable agricultural practices. 

Surveys of the north-eastern Australian Tympanocryptis species should continue. Mark-

recapture studies would provide excellent long-term data on the movement capability and 

biology of these species. Further research should focus on the accuracy of the suitable habitat 

predicted by the SDMs, identification of any un-sampled populations, and analysis of the 

gene flow and adaptive potential within each species. I recommend continued monitoring of 

the distribution, population size and genetics of each species. Once developed for analysis 

using the DArTSeq data matrix, a genomic-based population size estimate such as Ne would 

provide a simple and efficient way to measure effective population size over time. The 

conservation status should be promptly assessed for T. darlingensis sp. nov., T. hobsoni sp. 

nov., T. einasleighensis sp. nov. and T. pentalineata, as well as T. condaminensis and T. 

wilsoni reassessed within the next decade. 
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TABLES 

Table 1 – Seven environmental factors with the highest relative contribution and low correlation were used in species distribution models of 

north-eastern Australian Tympanocryptis species. 

Factor Code Dataset Resolution Source 

Max. temperature of warmest month B05 Australia, current climate (1976-2005) 30 arcsec Vanderwal (2012) 

Min. temperature of coolest month B06 Australia, current climate (1976-2005) 30 arcsec Vanderwal (2012) 

Annual precipitation B12 Australia, current climate (1976-2005) 30 arcsec Vanderwal (2012) 

Dynamic land cover classification DLCDv1 Australia, Dynamic Land Cover (2000-2008) 9 arcsec Lymburner et al. (2010) 

Clay content percentage 0-30 cm clay30 Australia, National Soil Grids 9 arcsec ASRIS (2012) 

Australian Soil Classification asc Australia, National Soil Grids 9 arcsec ASRIS (2012) 

Australian Major Vegetation Groups AMVG Australia, Major Vegetation Groups 3 arcsec Department of 

Environment and Energy 

(2016) 

 

  



 CHAPTER 3 

176 

Table 2 – Population genomics analyses of north-eastern Australian Tympanocryptis species. Sites are grouped into genetic populations based 

on prior pairwise site FST values (except T. pentalineata, with sites 1 and 2 analysed as pseudo-populations for statistical purposes) for 

within population analyses, and populations are pooled for within species analyses. N is the number of individuals, HT is the total 

heterozygosity, HS is the heterozygosity including subdivision, HO is observed heterozygosity, AE is the effective number of alleles, FIS is 

the inbreeding coefficient, G’ST is Hedrick’s fixation index, D is Jost’s differentiation , HE is expected heterozygosity. 

   Within species Within population 

Species Sites Population No. loci N HT HS HO AE FIS G'ST D N HE HO AE FIS 

T. condaminensis 1-10 Pittsworth Shire 5994 41 0.17 0.16 0.14 1.16 0.50 0.12 0.02 37 0.16 0.15 1.18 0.50 

 11 Nobby          4 0.13 0.12 1.14 0.50 

T. wilsoni 1 Bindango 4296 33 0.15 0.14 0.14 1.16 0.50 0.16 0.03 1 0.06 0.10 1.12 0.47 

 2-8 East          32 0.15 0.15 1.17 0.50 

T. darlingensis  

sp. nov. 

1, 2, 3 St George 9248 27 0.24 0.17 0.16 1.19 0.50 0.47 0.13 10 0.24 0.21 1.27 0.51 

4 Mitchell          4 0.07 0.08 1.09 0.50 

 5, 6 Cunnamulla          13 0.16 0.15 1.18 0.50 

T. hobsoni sp. nov. 1, 2, 3 North 6509 75 0.11 0.08 0.08 1.08 0.50 0.37 0.05 45 0.08 0.08 1.09 0.50 

 4 East 
         

9 0.06 0.06 1.06 0.48 

 5, 6, 7 South 8617 28 0.17 0.11 0.10 1.12 0.50 0.61 0.14 21 0.10 0.09 1.10 0.50 

T. einasleighensis  

sp. nov. 

1 Thornborough 
 

 
       

7 0.09 0.10 1.11 0.50 

2, 3 Gilbert River 
         21 0.12 0.11 1.12 0.49 

T. pentalineata 1 Northern 3669 18 0.17 0.17 0.17 1.20 0.50 0.05 0.01 3 0.12 0.14 1.17 0.48 

 2 Southern          15 0.18 0.18 1.21 0.49 
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Table 3 – Pairwise FST values by population of north-eastern Australian Tympanocryptis 

species. Genetic populations were determined by prior significant pairwise site FST > 

0.085 (except T. pentalineata, with sites 1 and 2 analysed as pseudo-populations for 

statistical purposes). 

Species Population 

T. condaminensis  Nobby Pittsworth Shire  

Nobby - 0.085309974  

Pittsworth Shire <0.0001 -  

T. wilsoni  Bindango East  

Bindango - 0.083255839  

East <0.0001 -  

T. darlingensis  

sp. nov. 

 Mitchell Cunnamulla St George 

Mitchell - 0.24806426 0.4393004 

Cunnamulla <0.0001 - 0.3377862 

St George <0.0001 <0.0001 - 

T. hobsoni sp. nov.  South East North 

South - 0.334286059 0.2534316 

East <0.0001 - 0.3734455 

North <0.0001 <0.0001 - 

T. einasleighensis  

sp. nov. 

 Thornborough Gilbert River  

Thornborough - 0.524380312  

Gilbert River <0.0001 -  

T. pentalineata  Northern Southern  

Northern - 0.027942382  

Southern <0.0001 -  
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FIGURE CAPTIONS 

Figure 1 –  a) SNP phylogeny of north-eastern Australian earless dragons (Tympanocryptis 

spp.), b) map of Australia inset with c) the distribution of the six study species (T. 

condaminensis, T. wilsoni, T. darlingensis sp. nov., T. hobsoni sp. nov., T. 

einasleighensis sp. nov. and T. pentalineata). 

Figure 2 – a) Collected T. condaminensis samples with localities coloured by site; b) 

Principle coordinates analysis of 5994 SNPs, with sample points coloured by site and 

symbols by population (defined by significant pairwise site FST values over 0.085); c) 

Species inset of the corrected ML phylogeny using 8860 SNPs, with clades displaying 

population structure identified by population symbols; d) Habitat suitability predicted 

from MaxEnt species distribution modelling. 

Figure 3 – a) Collected T. wilsoni samples with localities coloured by site; b) Principle 

coordinates analysis of 4296 SNPs, with sample points coloured by site and symbols by 

population (defined by significant pairwise site FST values over 0.085); c) Species inset 

of the corrected ML phylogeny using 8860 SNPs, with clades displaying population 

structure identified by population symbols; d) Habitat suitability predicted from 

MaxEnt species distribution modelling. 

Figure 4 – a) Collected T. darlingensis sp. nov. samples with localities coloured by site; b) 

Principle coordinates analysis of 9248 SNPs, with sample points coloured by site and 

symbols by population (defined by significant pairwise site FST values over 0.085); c) 

Species inset of the corrected ML phylogeny using 8860 SNPs, with clades displaying 

population structure identified by population symbols; d) Habitat suitability predicted 

from MaxEnt species distribution modelling. 

Figure 5 – a) Collected T. hobsoni sp. nov. samples with localities coloured by site; b) 

Principle coordinates analysis of 6509 SNPs, with sample points coloured by site and 
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symbols by population (defined by significant pairwise site FST values over 0.085); c) 

Species inset of the corrected ML phylogeny using 8860 SNPs, with clades displaying 

population structure identified by population symbols; d) Habitat suitability predicted 

from MaxEnt species distribution modelling. 

Figure 6 – a) Collected T. einasleighensis sp. nov. samples with localities coloured by site; b) 

Principle coordinates analysis of 8617 SNPs, with sample points coloured by site and 

symbols by population (defined by significant pairwise site FST values over 0.085); c) 

Species inset of the corrected ML phylogeny using 8860 SNPs, with clades displaying 

population structure identified by population symbols; d) Habitat suitability predicted 

from MaxEnt species distribution modelling. 

Figure 7 – a) Collected T. pentalineata samples with localities coloured by site; b) principle 

coordinates analysis of 3669 SNPs, with sample points coloured by site and symbols by 

population (defined by significant pairwise site FST values over 0.085); c) species inset 

of the corrected ML phylogeny using 8860 SNPs, with clades displaying population 

structure identified by population symbols. 

Figure 8 – Contribution percentage of environmental variables for each north-eastern 

Australian Tympanocryptis species’ MaxEnt species distribution model. Values inside 

each bar indicate the percentage of each variable for each species. Variables are 

maximum temperature of the warmest month (B05), minimum temperature of the 

coolest month (B06), annual precipitation (B12) dynamic land cover classification 

(DLCDv1), clay content percentage 0-30 cm (clay30), Australian Soil Classification 

(asc) and Australian Major Vegetation Groups (AMVG). 

Figure 9 – T. condaminensis habitat suitability predicted from MaxEnt species distribution 

modelling, using the Brigalow Belt South bioregion as the model area (highlighted in 

yellow). 
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Figure 10 – T. wilsoni habitat suitability predicted from MaxEnt species distribution 

modelling, using the Brigalow Belt South bioregion as the model area (highlighted in 

yellow). 

Figure 11 – T. darlingensis sp. nov. habitat suitability predicted from MaxEnt species 

distribution modelling, using the Mulga Lands and Darling Riverine Plains bioregions 

with a 30km buffer as the model area (highlighted in yellow). 

Figure 12 – T. hobsoni sp. nov. habitat suitability predicted from MaxEnt species distribution 

modelling, using the Brigalow Belt North bioregion as the model area (highlighted in 

yellow). 

Figure 13 – T. einasleighensis sp. nov. habitat suitability predicted from MaxEnt species 

distribution modelling, using the Einasleigh Uplands bioregion as the model area 

(highlighted in yellow). 

Figure 14 – T. pentalineata habitat suitability predicted from MaxEnt species distribution 

modelling, using the Gulf Plains bioregion as the model area (highlighted in yellow). 
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SUPPLEMENTARY MATERIAL  

SUPPLEMENTARY NOTES ON SEXUALLY DIFFERENTIATED LOCI IN TYMPANOCRYPTIS WILSONI 

Genetic structure observed in the PCoA of T. wilsoni was sex-based; males were 

associated with negative principle coordinate 1 values, and females were positive. My 

standard pre-analysis filters had removed all loci with callrates below 0.95, which would 

have eliminated any loci on sex chromosomes (as ZW females would be missing an allele if it 

was Z-linked, and males would be missing both alleles if it was W-linked). Thus, I tried two 

post-hoc data filtering methods for re-analysis. Firstly, I filtered the dataset by locus-based 

FST values (over 0.9, 0.7 and 0.2), and re-ran the analyses. The sex-based clustering in the 

PCoA continued to be observed in analyses using these three subsets, and I concluded locus-

based FST was not driving this pattern. Secondly, I filtered the dataset by removing loci with 

high PCo1 loadings (from the original PCoA), to identify which loci were contributing most 

to the sex-based split. This method produced interesting results, and I used this filtered 

dataset for further secondary analyses. 

Removing loci with PCo1 loadings over 0.01 cancelled any sex-based clustering in the 

PCoA (Supplementary Fig. 1a), indicating there were loci within this filtered subset that were 

sexually differentiated. To determine what PCo1 loading range had the most effect on the 

sex-based pattern, I incrementally increased the threshold from 0.01 by increments of 0.01 (to 

the maximum of 0.0827) and re-ran PCoA and pairwise site FST analyses. Pairwise site FST 

did not vary greatly from the original dataset analysis, with sustained significant 

differentiation of Bindango and ‘western’ populations at all thresholds. Geographically 

related patterns were visible when loci with PCo1 loadings over 0.04 were removed 

(Supplementary Fig. 1b), but sex-based clustering re-emerged with the removal of loci with 

PCo1 loadings above 0.05. I concluded that using the 0.01 threshold was too low (as it 

removed non-sexually differentiated loci that reflect natural geographic population structure) 
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and the 0.04 threshold balanced the retention of population structure without being masked 

by the sexual differentiation seen at higher thresholds. 

There were 70 candidate loci in this subset, which were mapped to the Pogona vitticeps 

annotated genome v1.1 using nBLAST (Boratyn et al. 2013) of the 69bp sequence 

surrounding the SNP. 27 of these 70 loci had nBLAST hits (hit success was not related to the 

locus’ PCo1 loading), and were found on 19 contigs. 16 of these SNP loci were within or 

near genes that have been found to be sex-linked, involved in sex-based gene expression or 

have sex determination functions in other taxa, and included universal sex determining genes 

such as GADD45G and DMRT1 (Clinton and Haines 1999, Kettlewell et al. 2000, Makoto 

2016, Rosenfeld 2017) (Supplementary Table 5). 

I expect that although the original results presented previously here are masked by these 

sexually differentiated loci, the population statistics are accurate, as these loci did not have 

unusual heterozygosity levels or FST values. Thus, T. wilsoni should continue to be managed 

as a single unit. Further investigation into the functions of the candidate loci described in 

Supplementary Table 5 may provide insights into sexual dimorphism or differentiation in 

Tympanocryptis species.
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Supplementary Table 1 – List of all Tympanocryptis samples and locality data used in this 

study, by species. Museum registration numbers are indicated by prefixes D /Z (Museum 

Victoria), J/A (Queensland Museum), SAMAR (South Australia Museum) or AMR 

(Australia Museum). Locality data not associated with museum entries are listed as 

QWPS (Queensland Parks and Wildlife Service), NPSR (Department of National Parks, 

Sport and Racing), DEHP (Department of Environment and Heritage Protection), Rod 

Hobson (herpetologist), DTMR (Department of Transport and Main Roads). Samples 

used in genomic analyses are indicated by an asterisk following the registration number. 

All samples in this table were used in species distribution modelling. 

Species Registration No./collector Latitude Longitude Site 

Tympanocryptis condaminensis J81871* -27.5350 151.4461 1 

Tympanocryptis condaminensis Z33987* -27.5621 151.4483 2 

Tympanocryptis condaminensis Z33980* -27.5620 151.4484 2 

Tympanocryptis condaminensis Z33988* -27.5608 151.4486 2 

Tympanocryptis condaminensis Z33963* -27.5600 151.4488 2 

Tympanocryptis condaminensis Z33964* -27.5599 151.4487 2 

Tympanocryptis condaminensis Z33981* -27.5580 151.4491 2 

Tympanocryptis condaminensis Z33978* -27.5497 151.4314 2 

Tympanocryptis condaminensis Z33965* -27.6090 151.4423 4 

Tympanocryptis condaminensis Z33967* -27.6089 151.4426 4 

Tympanocryptis condaminensis Z33984* -27.6088 151.4423 4 

Tympanocryptis condaminensis Z33986* -27.6085 151.4397 4 

Tympanocryptis condaminensis Z33966 -27.6083 151.4389 4 

Tympanocryptis condaminensis Z33985* -27.6076 151.4331 4 

Tympanocryptis condaminensis Z33983* -27.6075 151.4323 4 

Tympanocryptis condaminensis Z33969* -27.6074 151.4311 4 

Tympanocryptis condaminensis Z33982* -27.6071 151.4285 4 

Tympanocryptis condaminensis Z33976* -27.5349 151.5421 5 

Tympanocryptis condaminensis Z33971* -27.5338 151.5336 5 

Tympanocryptis condaminensis Z33975* -27.5328 151.5256 5 

Tympanocryptis condaminensis Z33972* -27.5328 151.5255 5 

Tympanocryptis condaminensis Z33974* -27.5322 151.5237 5 

Tympanocryptis condaminensis Z33973* -27.5426 151.5172 6 

Tympanocryptis condaminensis Z33954* -27.5388 151.5194 6 

Tympanocryptis condaminensis Z33473* -27.5382 151.5197 6 

Tympanocryptis condaminensis Z33472* -27.5370 151.5204 6 

Tympanocryptis condaminensis Z33953 -27.5370 151.5204 6 

Tympanocryptis condaminensis Z33951* -27.5370 151.5204 6 

Tympanocryptis condaminensis Z33950* -27.5358 151.5213 6 

Tympanocryptis condaminensis Z33952* -27.5353 151.5214 6 

Tympanocryptis condaminensis Z33955* -27.5553 151.5249 7 

Tympanocryptis condaminensis Z33979* -27.6913 151.4808 8 

Tympanocryptis condaminensis J82087* -27.7149 151.4654 9 

Tympanocryptis condaminensis Z33949* -27.7086 151.4857 9 

Tympanocryptis condaminensis Z33948* -27.7043 151.4741 9 
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(Supplementary Table 1 continued) 

Species Registration No./collector Latitude Longitude Site 

Tympanocryptis condaminensis Z33947* -27.7022 151.4728 9 

Tympanocryptis condaminensis Z33946* -27.7016 151.4723 9 

Tympanocryptis condaminensis J81784* -27.5833 151.5500 10 

Tympanocryptis condaminensis Z33491* -27.8765 151.9028 11 

Tympanocryptis condaminensis Z33492* -27.8765 151.9028 11 

Tympanocryptis condaminensis Z33991* -27.8747 151.9019 11 

Tympanocryptis condaminensis Z33990* -27.8746 151.9016 11 

Tympanocryptis condaminensis QPWS -27.7950 151.7604 

 Tympanocryptis condaminensis J87636 -27.7950 151.7603 

 Tympanocryptis condaminensis QPWS -27.7724 151.4578 

 Tympanocryptis condaminensis J82088 -27.7148 151.4655 

 Tympanocryptis condaminensis QPWS -27.6976 151.4639 

 Tympanocryptis condaminensis QPWS -27.6976 151.4639 

 Tympanocryptis condaminensis QPWS -27.6813 151.5835 

 Tympanocryptis condaminensis J34744 -27.6500 151.6000 

 Tympanocryptis condaminensis NPSR -27.6340 151.4274 

 Tympanocryptis condaminensis QPWS -27.6156 151.5397 

 Tympanocryptis condaminensis NPSR -27.6092 151.4431 

 Tympanocryptis condaminensis QPWS -27.6071 151.3869 

 Tympanocryptis condaminensis Z33968 -27.6071 151.4287 

 Tympanocryptis condaminensis J83153 -27.6000 151.5333 

 Tympanocryptis condaminensis DEHP -27.5786 151.4567 

 Tympanocryptis condaminensis J8604 -27.5667 151.4500 

 Tympanocryptis condaminensis Z33989 -27.5608 151.4486 

 Tympanocryptis condaminensis NPSR -27.5543 151.6113 

 Tympanocryptis condaminensis Rod Hobson -27.5401 151.4450 

 Tympanocryptis condaminensis QPWS -27.5399 151.4467 

 Tympanocryptis condaminensis QPWS -27.5387 151.4425 

 Tympanocryptis condaminensis QPWS -27.5356 151.4503 

 Tympanocryptis condaminensis QPWS -27.5356 151.4503 

 Tympanocryptis condaminensis QPWS -27.5356 151.4503 

 Tympanocryptis condaminensis QPWS -27.5356 151.4503 

 Tympanocryptis condaminensis QPWS -27.5356 151.4503 

 Tympanocryptis condaminensis DEHP -27.5356 151.4503 

 Tympanocryptis condaminensis QPWS -27.5351 151.4416 

 Tympanocryptis condaminensis QPWS -27.5351 151.4430 

 Tympanocryptis condaminensis QPWS -27.5351 151.4464 

 Tympanocryptis condaminensis QPWS -27.5351 151.4464 

 Tympanocryptis condaminensis J81870 -27.5350 151.4461 

 Tympanocryptis condaminensis J85233 -27.5350 151.4431 

 Tympanocryptis condaminensis Rod Hobson -27.5350 151.4487 

 Tympanocryptis condaminensis QPWS -27.5349 151.4419 

 Tympanocryptis condaminensis Rod Hobson -27.5349 151.4419 

 Tympanocryptis condaminensis Z33977 -27.5349 151.5418 
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(Supplementary Table 1 continued) 

Species Registration No./collector Latitude Longitude Site 

Tympanocryptis condaminensis QPWS -27.5348 151.4483 

 Tympanocryptis condaminensis QPWS -27.5347 151.4508 

 Tympanocryptis condaminensis Z33970 -27.5339 151.5337 

 Tympanocryptis condaminensis QPWS -27.5314 151.4514 

 Tympanocryptis condaminensis Rod Hobson -27.5285 151.4517 

 Tympanocryptis condaminensis Rod Hobson -27.5247 151.4524 

 Tympanocryptis condaminensis QPWS -27.5214 151.4522 

 Tympanocryptis condaminensis Unknown -27.5208 151.4306 

 Tympanocryptis condaminensis DEHP -27.4808 151.4728 

 Tympanocryptis condaminensis QPWS -27.4002 151.6449 

 Tympanocryptis condaminensis DTMR -27.3455 151.4438 

 Tympanocryptis condaminensis DTMR -27.3451 151.4438 

 Tympanocryptis condaminensis QPWS -27.3097 151.4840 

 Tympanocryptis wilsoni Z33467* -26.5743 148.6557 1 

Tympanocryptis wilsoni Z33943* -26.5657 148.6218 2 

Tympanocryptis wilsoni Z33471* -26.5918 148.6202 3 

Tympanocryptis wilsoni Z34051* -26.5879 148.6205 3 

Tympanocryptis wilsoni Z33942* -26.5878 148.6204 3 

Tympanocryptis wilsoni Z34048* -26.5840 148.6207 3 

Tympanocryptis wilsoni Z33944* -26.5832 148.6208 3 

Tympanocryptis wilsoni Z34049* -26.5820 148.6208 3 

Tympanocryptis wilsoni Z33466* -26.5806 148.6209 3 

Tympanocryptis wilsoni Z34050* -26.5794 148.6209 3 

Tympanocryptis wilsoni Z33498* -26.6509 148.5192 4 

Tympanocryptis wilsoni Z33497* -26.6344 148.5137 4 

Tympanocryptis wilsoni Z34058* -26.6572 148.5269 5 

Tympanocryptis wilsoni Z34053* -26.6570 148.5254 5 

Tympanocryptis wilsoni Z34057* -26.6569 148.5280 5 

Tympanocryptis wilsoni Z34056* -26.6565 148.5273 5 

Tympanocryptis wilsoni Z34055* -26.6561 148.5272 5 

Tympanocryptis wilsoni Z33502* -26.6560 148.5303 5 

Tympanocryptis wilsoni Z34054* -26.6557 148.5278 5 

Tympanocryptis wilsoni Z33501* -26.6555 148.5283 5 

Tympanocryptis wilsoni A007430 -26.7010 148.4722 6 

Tympanocryptis wilsoni A007431* -26.7010 148.4722 6 

Tympanocryptis wilsoni Z34052* -26.5944 148.4326 7 

Tympanocryptis wilsoni Z33499* -26.5943 148.4326 7 

Tympanocryptis wilsoni Z33500* -26.5924 148.4324 7 

Tympanocryptis wilsoni Z33469* -26.5488 148.2805 8 

Tympanocryptis wilsoni Z34060* -26.5460 148.2820 8 

Tympanocryptis wilsoni Z34061* -26.5454 148.2823 8 

Tympanocryptis wilsoni Z33939* -26.5433 148.2833 8 

Tympanocryptis wilsoni Z33468* -26.5339 148.2875 8 

Tympanocryptis wilsoni Z33938* -26.5324 148.2881 8 
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(Supplementary Table 1 continued) 

Species Registration No./collector Latitude Longitude Site 

Tympanocryptis wilsoni Z34062* -26.5297 148.2884 8 

Tympanocryptis wilsoni Z33940* -26.5199 148.2896 8 

Tympanocryptis wilsoni Z33941* -26.5108 148.2935 8 

Tympanocryptis wilsoni J89119 -26.7028 148.4861 

 Tympanocryptis wilsoni Z34059 -26.6582 148.5218 

 Tympanocryptis wilsoni J87307 -26.5736 148.6439 

 Tympanocryptis darlingensis sp. nov. Z33519* -28.2654 148.6838 1 

Tympanocryptis darlingensis sp. nov. Z33520* -28.2654 148.6860 1 

Tympanocryptis darlingensis sp. nov. Z33518* -28.2648 148.6799 1 

Tympanocryptis darlingensis sp. nov. Z33517* -28.2638 148.6748 1 

Tympanocryptis darlingensis sp. nov. Z33521* -28.2632 148.6864 1 

Tympanocryptis darlingensis sp. nov. Z33516* -28.2436 148.6759 1 

Tympanocryptis darlingensis sp. nov. Z33522* -28.2900 148.6982 2 

Tympanocryptis darlingensis sp. nov. Z33514* -28.3777 148.6422 3 

Tympanocryptis darlingensis sp. nov. Z33513* -28.3770 148.6474 3 

Tympanocryptis darlingensis sp. nov. Z33515* -28.3764 148.6526 3 

Tympanocryptis darlingensis sp. nov. Z33505* -26.4996 147.9375 4 

Tympanocryptis darlingensis sp. nov. Z33503* -26.4996 147.9374 4 

Tympanocryptis darlingensis sp. nov. Z33470* -26.4996 147.9373 4 

Tympanocryptis darlingensis sp. nov. Z33504* -26.4996 147.9369 4 

Tympanocryptis darlingensis sp. nov. Z33512* -27.9293 145.7867 5 

Tympanocryptis darlingensis sp. nov. Z33509* -27.9553 145.7397 6 

Tympanocryptis darlingensis sp. nov. Z34066* -27.9527 145.7368 6 

Tympanocryptis darlingensis sp. nov. Z33510* -27.9525 145.7368 6 

Tympanocryptis darlingensis sp. nov. Z34065* -27.9511 145.7402 6 

Tympanocryptis darlingensis sp. nov. Z34063* -27.9504 145.7371 6 

Tympanocryptis darlingensis sp. nov. Z34064* -27.9502 145.7371 6 

Tympanocryptis darlingensis sp. nov. Z33508* -27.9482 145.7405 6 

Tympanocryptis darlingensis sp. nov. Z33506* -27.9471 145.7375 6 

Tympanocryptis darlingensis sp. nov. Z34068* -27.9464 145.7376 6 

Tympanocryptis darlingensis sp. nov. Z33507* -27.9463 145.7376 6 

Tympanocryptis darlingensis sp. nov. Z33511* -27.9418 145.7330 6 

Tympanocryptis darlingensis sp. nov. Z34067* -27.9408 145.7294 6 

Tympanocryptis darlingensis sp. nov. SAMAR45265 -31.2000 144.5500 

 Tympanocryptis darlingensis sp. nov. AMR151676 -30.8300 143.0800 

 Tympanocryptis darlingensis sp. nov. AMR163347 -29.5420 147.7215 

 Tympanocryptis hobsoni sp. nov. Z34033* -22.7233 147.6947 1 

Tympanocryptis hobsoni sp. nov. Z34030* -22.7214 147.6957 1 

Tympanocryptis hobsoni sp. nov. Z34031* -22.7203 147.6868 1 

Tympanocryptis hobsoni sp. nov. Z34032* -22.7194 147.6854 1 

Tympanocryptis hobsoni sp. nov. Z34029* -22.6959 147.6857 1 

Tympanocryptis hobsoni sp. nov. Z34028* -22.6955 147.6852 1 

Tympanocryptis hobsoni sp. nov. Z33488* -22.6948 147.6776 1 

Tympanocryptis hobsoni sp. nov. Z34027* -22.6946 147.6841 1 
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(Supplementary Table 1 continued) 

Species Registration No./collector Latitude Longitude Site 

Tympanocryptis hobsoni sp. nov. Z33487* -22.6936 147.6762 1 

Tympanocryptis hobsoni sp. nov. Z34026* -22.6926 147.6817 1 

Tympanocryptis hobsoni sp. nov. Z33486* -22.6918 147.6768 1 

Tympanocryptis hobsoni sp. nov. Z34023* -22.6917 147.6808 1 

Tympanocryptis hobsoni sp. nov. Z34024* -22.6917 147.6808 1 

Tympanocryptis hobsoni sp. nov. Z34021* -22.6901 147.6788 1 

Tympanocryptis hobsoni sp. nov. Z33485* -22.6898 147.6776 1 

Tympanocryptis hobsoni sp. nov. Z34020* -22.6888 147.6772 1 

Tympanocryptis hobsoni sp. nov. Z34019* -22.6878 147.6760 1 

Tympanocryptis hobsoni sp. nov. Z34018* -22.6876 147.6759 1 

Tympanocryptis hobsoni sp. nov. Z34017* -22.6872 147.6754 1 

Tympanocryptis hobsoni sp. nov. Z34016* -22.6872 147.6753 1 

Tympanocryptis hobsoni sp. nov. Z33483* -22.8613 147.8836 2 

Tympanocryptis hobsoni sp. nov. Z34003* -22.8607 147.8759 2 

Tympanocryptis hobsoni sp. nov. Z33960* -22.8607 147.8811 2 

Tympanocryptis hobsoni sp. nov. Z33482* -22.8606 147.8763 2 

Tympanocryptis hobsoni sp. nov. Z33481* -22.8604 147.8761 2 

Tympanocryptis hobsoni sp. nov. Z34001* -22.8601 147.8753 2 

Tympanocryptis hobsoni sp. nov. Z33484* -22.8597 147.8759 2 

Tympanocryptis hobsoni sp. nov. Z33999* -22.8595 147.8752 2 

Tympanocryptis hobsoni sp. nov. Z34005* -22.8594 147.8753 2 

Tympanocryptis hobsoni sp. nov. Z33961* -22.8588 147.8754 2 

Tympanocryptis hobsoni sp. nov. Z34004* -22.8585 147.8750 2 

Tympanocryptis hobsoni sp. nov. Z33998* -22.8581 147.8750 2 

Tympanocryptis hobsoni sp. nov. Z34000* -22.8579 147.8748 2 

Tympanocryptis hobsoni sp. nov. Z34007* -22.8497 147.8923 2 

Tympanocryptis hobsoni sp. nov. Z34008* -22.8495 147.8922 2 

Tympanocryptis hobsoni sp. nov. Z34009* -22.8477 147.8911 2 

Tympanocryptis hobsoni sp. nov. Z34015* -22.8474 147.8911 2 

Tympanocryptis hobsoni sp. nov. Z34014* -22.8468 147.8910 2 

Tympanocryptis hobsoni sp. nov. Z34013* -22.8466 147.8910 2 

Tympanocryptis hobsoni sp. nov. Z34012* -22.8465 147.8910 2 

Tympanocryptis hobsoni sp. nov. Z34011* -22.8449 147.8905 2 

Tympanocryptis hobsoni sp. nov. Z34010* -22.8449 147.8904 2 

Tympanocryptis hobsoni sp. nov. Z34037* -23.3130 148.0491 3 

Tympanocryptis hobsoni sp. nov. Z34036* -23.3128 148.0490 3 

Tympanocryptis hobsoni sp. nov. Z34034* -23.3081 148.0444 3 

Tympanocryptis hobsoni sp. nov. Z33480* -23.3035 148.0415 3 

Tympanocryptis hobsoni sp. nov. Z33493* -23.6154 147.8293 4 

Tympanocryptis hobsoni sp. nov. Z33495* -23.6036 147.8251 4 

Tympanocryptis hobsoni sp. nov. Z33496* -23.6034 147.8247 4 

Tympanocryptis hobsoni sp. nov. Z34041* -23.6033 147.8269 4 

Tympanocryptis hobsoni sp. nov. Z34040* -23.6031 147.8272 4 

Tympanocryptis hobsoni sp. nov. Z33479* -23.6027 147.8582 4 
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(Supplementary Table 1 continued) 

Species Registration No./collector Latitude Longitude Site 

Tympanocryptis hobsoni sp. nov. Z34039* -23.6023 147.8277 4 

Tympanocryptis hobsoni sp. nov. Z33494* -23.6018 147.8278 4 

Tympanocryptis hobsoni sp. nov. Z34038* -23.6002 147.8283 4 

Tympanocryptis hobsoni sp. nov. Z33478* -23.5986 147.8096 4 

Tympanocryptis hobsoni sp. nov. Z34046* -23.7458 148.2905 5 

Tympanocryptis hobsoni sp. nov. Z33957* -23.7345 148.2834 5 

Tympanocryptis hobsoni sp. nov. Z33476* -23.7343 148.2834 5 

Tympanocryptis hobsoni sp. nov. Z33995* -23.7331 148.2864 5 

Tympanocryptis hobsoni sp. nov. Z33996* -23.7329 148.2879 5 

Tympanocryptis hobsoni sp. nov. Z33475* -23.7299 148.2975 5 

Tympanocryptis hobsoni sp. nov. Z33474* -23.7298 148.2960 5 

Tympanocryptis hobsoni sp. nov. Z33956* -23.7296 148.2938 5 

Tympanocryptis hobsoni sp. nov. Z34043* -23.7291 148.2885 5 

Tympanocryptis hobsoni sp. nov. Z34044* -23.7290 148.2882 5 

Tympanocryptis hobsoni sp. nov. Z34042* -23.7289 148.2869 5 

Tympanocryptis hobsoni sp. nov. Z34045* -23.7286 148.2864 5 

Tympanocryptis hobsoni sp. nov. Z34047* -23.7277 148.2881 5 

Tympanocryptis hobsoni sp. nov. Z33477* -23.8850 148.3143 6 

Tympanocryptis hobsoni sp. nov. Z33959* -23.8838 148.3148 6 

Tympanocryptis hobsoni sp. nov. Z33958* -23.8820 148.3133 6 

Tympanocryptis hobsoni sp. nov. Z33490* -24.2597 148.3468 7 

Tympanocryptis hobsoni sp. nov. Z33992* -24.2590 148.3529 7 

Tympanocryptis hobsoni sp. nov. Z33994* -24.2586 148.3357 7 

Tympanocryptis hobsoni sp. nov. Z33993* -24.2586 148.3531 7 

Tympanocryptis hobsoni sp. nov. Z33489* -24.2579 148.3510 7 

Tympanocryptis hobsoni sp. nov. Z34035 -23.3131 148.0492 

 Tympanocryptis hobsoni sp. nov. Z34002 -22.8601 147.8753 

 Tympanocryptis hobsoni sp. nov. Z34006 -22.8597 147.8753 

 Tympanocryptis hobsoni sp. nov. Z33997 -22.8569 147.8747 

 Tympanocryptis hobsoni sp. nov. Z34025 -22.6920 147.6811 

 Tympanocryptis hobsoni sp. nov. Z34022 -22.6904 147.6792 

 Tympanocryptis pentalineata Z9018* -18.1081 140.8833 1 

Tympanocryptis pentalineata Z9019* -18.1081 140.8833 1 

Tympanocryptis pentalineata Z9020* -18.1081 140.8833 1 

Tympanocryptis pentalineata Z34103* -18.3959 140.7733 2 

Tympanocryptis pentalineata Z34104* -18.3957 140.7736 2 

Tympanocryptis pentalineata Z33553* -18.3860 140.7785 2 

Tympanocryptis pentalineata Z33554* -18.3842 140.7796 2 

Tympanocryptis pentalineata Z33555* -18.3699 140.7870 2 

Tympanocryptis pentalineata Z33556* -18.3693 140.7874 2 

Tympanocryptis pentalineata Z34105* -18.3641 140.7902 2 

Tympanocryptis pentalineata Z34106* -18.3557 140.7946 2 

Tympanocryptis pentalineata Z34107* -18.3439 140.8008 2 

Tympanocryptis pentalineata Z34102* -18.3438 140.8011 2 
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(Supplementary Table 1 continued) 

Species Registration No./collector Latitude Longitude Site 

Tympanocryptis pentalineata Z34108* -18.3435 140.8012 2 

Tympanocryptis pentalineata Z33552* -18.3349 140.8021 2 

Tympanocryptis pentalineata Z34100* -18.3294 140.8042 2 

Tympanocryptis pentalineata Z34101* -18.3294 140.8042 2 

Tympanocryptis pentalineata Z33551* -18.2655 140.8126 2 

Tympanocryptis einasleighensis sp. nov. Z9031* -17.0011 145.0319 1 

Tympanocryptis einasleighensis sp. nov. Z34078* -17.0010 145.0296 1 

Tympanocryptis einasleighensis sp. nov. Z33528* -17.0001 145.0300 1 

Tympanocryptis einasleighensis sp. nov. Z34075* -16.9995 145.0304 1 

Tympanocryptis einasleighensis sp. nov. Z33525* -16.9991 145.0312 1 

Tympanocryptis einasleighensis sp. nov. Z34074* -16.9991 145.0312 1 

Tympanocryptis einasleighensis sp. nov. Z33526* -16.9944 145.0298 1 

Tympanocryptis einasleighensis sp. nov. Z34091* -18.5899 142.5659 2 

Tympanocryptis einasleighensis sp. nov. Z33542* -18.5675 142.5625 2 

Tympanocryptis einasleighensis sp. nov. Z34092* -18.5673 142.5625 2 

Tympanocryptis einasleighensis sp. nov. Z33545* -18.5672 142.5626 2 

Tympanocryptis einasleighensis sp. nov. Z34093* -18.5668 142.5628 2 

Tympanocryptis einasleighensis sp. nov. Z34094* -18.5651 142.5644 2 

Tympanocryptis einasleighensis sp. nov. Z33546* -18.5649 142.5646 2 

Tympanocryptis einasleighensis sp. nov. Z34090* -18.5645 142.5651 2 

Tympanocryptis einasleighensis sp. nov. Z33547* -18.5645 142.5651 2 

Tympanocryptis einasleighensis sp. nov. Z33548* -18.5645 142.5651 2 

Tympanocryptis einasleighensis sp. nov. Z34095* -18.5635 142.5662 2 

Tympanocryptis einasleighensis sp. nov. Z34096* -18.5622 142.5676 2 

Tympanocryptis einasleighensis sp. nov. Z34097* -18.5622 142.5676 2 

Tympanocryptis einasleighensis sp. nov. Z9021* -18.5619 142.5678 2 

Tympanocryptis einasleighensis sp. nov. Z34098* -18.5617 142.5680 2 

Tympanocryptis einasleighensis sp. nov. Z33549* -18.5616 142.5682 2 

Tympanocryptis einasleighensis sp. nov. Z34099* -18.5603 142.5687 2 

Tympanocryptis einasleighensis sp. nov. Z33537* -18.2138 142.7132 3 

Tympanocryptis einasleighensis sp. nov. Z33536* -18.2123 142.6929 3 

Tympanocryptis einasleighensis sp. nov. Z34086* -18.2112 142.6957 3 

Tympanocryptis einasleighensis sp. nov. Z34085* -18.2111 142.6993 3 

Tympanocryptis einasleighensis sp. nov. Z9022 -18.5619 142.5678 

 Tympanocryptis einasleighensis sp. nov. J83500 -18.1917 143.5200 

 Tympanocryptis einasleighensis sp. nov. D73229 -18.1842 144.5350 

 Tympanocryptis einasleighensis sp. nov. D73230 -18.1828 144.5164 

 Tympanocryptis einasleighensis sp. nov. J58868 -18.0207 144.0200 

 Tympanocryptis einasleighensis sp. nov. Z9032 -17.0011 145.0319 
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Supplementary Table 2 - Pairwise FST by site for each north-eastern Australian Tympanocryptis species. Values above the diagonal are FST, 

with corresponding p-values below the diagonal. Italicised FST and p-values indicate significance (p<0.05) and bold FST values represent 

pairwise sites that are significantly differentiated by the population threshold of FST >0.085. 

  Site number 

 

 

1 2 3 4 5 6 7 8 9 10 11 

T. condaminensis 1 - 0.008 -0.004 -0.004 -0.006 -0.007 -0.001 -0.015 -0.002 0.005 0.099 

 2 0.320 - -0.005 0.002 0.004 0.002 NA NA -0.007 NA 0.124 

 3 0.790 0.710 - 0.001 0.001 0.008 -0.003 -0.023 0.006 -0.001 0.087 

 4 0.660 0.430 0.370 - -0.012 0.012 0.016 -0.023 0.003 0.016 0.097 

 5 0.870 0.340 0.370 1.000 - 0.002 -0.003 -0.019 0.006 0.004 0.087 

 6 0.900 0.430 0.010 0.000 0.230 - -0.008 -0.021 0.012 -0.003 0.091 

 7 0.460 NA 0.570 0.060 0.580 0.790 - NA 0.004 NA 0.106 

 8 0.880 NA 1.000 1.000 0.970 1.000 NA - -0.032 NA 0.109 

 9 0.690 0.750 0.040 0.110 0.080 0.000 0.390 1.000 - -0.002 0.096 

 10 0.340 NA 0.590 0.050 0.360 0.650 NA NA 0.600 - 0.107 

 11 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000 - 

T. wilsoni 1 - NA 0.104 0.109 0.089 NA 0.101 0.115 

    2 NA - 0.015 0.012 0.027 NA 0.022 0.005 

    3 0.000 0.100 - 0.012 0.027 0.027 0.040 0.036 

    4 0.000 0.560 0.020 - -0.016 0.012 0.008 0.012 

    5 0.000 0.700 0.000 1.000 - 0.007 0.019 0.025 

    6 NA NA 0.010 0.320 0.200 - 0.040 0.042 

    7 0.000 0.080 0.000 0.230 0.000 0.010 - 0.027 

    8 0.000 0.380 0.000 0.050 0.000 0.000 0.000 - 

   T. darlingensis sp. nov. 1 - 0.004 0.084 0.492 0.265 0.374 

      2 0.260 - 0.072 0.690 NA 0.436 

      3 0.000 0.000 - 0.532 0.240 0.377 

      4 0.000 0.000 0.000 - 0.438 0.252 

      5 0.000 NA 0.000 0.000 - 0.013 

      6 0.000 0.000 0.000 0.000 0.030 - 
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(Supplementary Table 2 continued) Site number 

  1 2 3 4 5 6 7 8 9 10 11 

T. hobsoni sp. nov. 1 - 0.010 0.031 0.373 0.271 0.270 0.253 

     2 0.000 - 0.038 0.398 0.290 0.296 0.275 

     3 0.000 0.000 - 0.447 0.272 0.286 0.255 

     4 0.000 0.000 0.000 - 0.381 0.432 0.384 

     5 0.000 0.000 0.000 0.000 - 0.069 0.084 

     6 0.000 0.000 0.000 0.000 0.000 - 0.061 

     7 0.000 0.000 0.000 0.000 0.000 0.000 - 

    T. einasleighensis sp. nov. 1 - 0.553 0.530 

         2 0.000 - 0.040 

         3 0.000 0.000 - 

        T. pentalineata 1 - 0.028 

          2 0.000 - 
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Supplementary Table 3 – Evaluation of MaxEnt species distribution models for each north-eastern Australian Tympanocryptis species. 

  
T. condaminensis T. wilsoni 

T. darlingensis 

sp. nov. 

T. hobsoni  

sp. nov. 

T. einasleighensis 

sp. nov. 
T. pentalineata 

Training No. training 

samples 97 51 30 82 29 15 

 Regularized 

training gain 12.8506 4.6896 2.0272 4.1763 3.8219 4.057 

 Unregularized 

training gain 20.6562 5.4963 3.1099 6.212 5.6274 5.163 

 Training AUC 0.9969 0.999 0.9618 0.9884 0.9877 0.999 

 No. background 

points 10000 10000 10000 9974 10000 9990 

Model No. occurrence 

samples 109 51 30 83 32 18 

 Entropy 2.7769 4.5861 7.1798 5.0775 5.4109 5.149 

 Bias Score 92.743 197.078 334.333 121.169 313.5 556 

 

Accuracy 0.011 0.005 0.003 0.008 0.003 0.002 

 

 

 

 

Supplementary Table 4 (next page) – Mean response curves of variables for MaxEnt species distribution models for each north-eastern 

Australian Tympanocryptis species. Variables are maximum temperature of the warmest month (B05), minimum temperature of the coolest 

month (B06), annual precipitation (B12) dynamic land cover classification (DLCDv1), clay content percentage 0-30 cm (clay30), 

Australian Soil Classification (asc) and Australian Major Vegetation Groups (AMVG). 
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Supplementary Table 4 (caption on previous page) 

 
T. condaminensis T. wilsoni 

T. darlingensis  

sp. nov. 
T. hobsoni sp. nov. 

T. einasleighensis 

sp. nov. 
T. pentalineata 

B05 

 

B06 

B12 

DLCDv1 

clay30 

asc 

AMVG 
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Supplementary Table 5 – SNP loci in T. wilsoni with principle coordinates axis 1 loadings over 0.04. Loci presented in this table had hits 

against the Pogona vitticeps 1.1 genome using nBLAST, with the matched contig and closest genes reported. Genes in bold have been 

found to have sex-based differential expression, function or are sex-linked in other taxa. 

SNP  

locus ID 

PCo1 loading 

(absolute value) 

 P. vitticeps 

1.1 contig 

Position on 

contig 
Closest genes Sex-based function/linkage 

13648840 0.07070686 2090 548,022 CSNK1G3 - 

17700871 0.041296035 2090 1,186,863 ZNF608 - 

13697274 0.056094547 2090 1,985,444 GRAMD3 Candidate gene for sex-linked inhibitor of dermal 

melanin (chicken) (Xu et al. 2017) 

13689929 0.063995675 7019 2,228,946 DIRAS2, GADD45G SRY regulator (mammals) (Makoto 2016); candidate 

gene for sex determination for GSD reptiles (P. 

vitticeps) (Rosenfeld 2017) 

13690541 0.063236517 7849 97,414 LOC110085458, 

DMRT(1,2,3), KANK1 

Involved in TSD reptiles (Kettlewell et al. 2000) 

13658826 0.066812946 11590 317,582 GSR, PPP2CB, CST7 - 

13687373 0.066812946 15545 69,764 APBA1, LOC110090519 Chromosomally linked to DMRT1 (chr9) (humans) 

(Muroya et al. 2000); involved in male-specific 

temporal lobe epilepsy (humans) (Stamova et al. 

2012, Meriaux et al. 2014) 

13644503 0.073405631 16676 994,589 PDZD4 - 

13701854 0.045951351 16676 1,687,990 SLC6A8 X-linked (humans) (Salomons et al. 2001, Schütz and 

Stöckler 2007) 

13701852 0.047267292 16676 1,690,831 SLC6A8 X-linked (humans) (Salomons et al. 2001, Schütz and 

Stöckler 2007) 

13691722 0.0621443 22128 121,784  - 

13673597 0.066812946 22503 1,071,177 LOC110077840 - 

13688675 0.066812946 22503 1,619,032 FRMPD1, TOMM5, 

IGFBPL1 

Lower expression in females (humans); candidate gene 

for SRY transcription factor (humans); 

chromosomally linked to DMRT1 (chr9) (humans) 
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(Supplementary Table 5 continued)    

13682355 0.066812946 22503 761,696,219 PAX5 Recruits repressor protein (Groucho protein family) 

involved in sex determination (humans) (Nebral et al. 

2007); regulated by SOX11 (humans) (Vegliante et 

al. 2013) 

13677489 0.066812946 24433 176,285 FAIM2, BCDIN3D - 

13713892 0.042418197 24457 94,973 MRPL4 Mitochondrial ribosomal protein involved in protein 

synthesis in mitochondria (mammals) (Xu et al. 

2014) 

13689721 0.064378196 24777 3,484,821 RORB, TRPM6 Sex-specific regulation (mammals) (Nair et al. 2012, 

Cuffe et al. 2015) 

13656760 0.066812946 26687 1,039,567 ATN1, PTPN6, 

CUNH12orf57 

- 

13665325 0.066812946 27817 836,571 KIAA0368, SMC2, 

DNAJC25 

Z-linked (chicken) (Matsubara et al. 2006, Stiglec et al. 

2007) 

13699737 0.04975494 28663 91,054 LOC110081743, CRB3 - 

13653827 0.068173406 28663 1,716,401 PDE4A - 

13691840 0.060838311 30191 3,179,509 WARS2, TBX15 WARS2 encodes mitochondrial tryptophanyl-tRNA 

synthetase (humans) (Pravenec et al. 2017), WARS2-

TBX15 region associated with sexual dimorphism in 

fat distribution (humans) (Heid et al. 2010) 

13691354 0.062919033 30494 1,112,011 RFN170, HOOK3, 

THAP1, NRG1 

Sex-based differential expression (rats) (Lacroix-Fralish 

et al. 2008) 

13686746 0.066812946 34323 1,595,521 ADAMTS19, CHSY3 Sex-based differential expression in gonads (humans) 

(Menke et al. 2003) 

13720460 0.042188342 36151 3,040,205 ELAVL2 - 

13676970 0.066812946 37122 1,989,081 NFIX, LYL1, ACP5 Involved in SOX9 repression (mice) (Heng et al. 2014); 

SOX6 repression (zebrafish) (Malan et al. 2010) 

13674068 0.066812946 37122 2,363,675 GADD45GIP1, 

TTC39A, NFIX 

Involved in SOX9 repression (mice) (Heng et al. 2014); 

SOX6 repression (zebrafish) (Malan et al. 2010) 
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Supplementary Figure 1 – PCoA of T. wilsoni, using a) 3785 SNP loci after filtering by 

removing loci with PCo1 loadings over 0.01, and b) 4226 SNP loci after filtering by 

removing loci with PCo1 loadings over 0.04. Colours represent site localities, and 

genetic populations defined by pairwise site FST values are indicated by symbols 

(Bindango as a triangle, ‘western’ as squares). 
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GENERAL DISCUSSION 

 
 

 
Photo: Tympanocryptis hobsoni sp. nov. in crop stubble, taken by K. Chaplin. 
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TAXONOMY 

Cryptic taxa have proved an ongoing challenge for taxonomists (Bickford et al. 2007, 

Jörger and Schrödl 2013), with significant debate about how these lineages are delimited 

(Moritz and Cicero 2004, de Salle et al. 2005, Hebert and Gregory 2005, Kvist 2013). 

Some classic morphologists have been passionately against genetic techniques solely 

dictating taxonomic conclusions (Lipscomb et al. 2003, Will and Rubinoff 2004). 

However, over the past two decades the development of integrative approaches has 

allowed whole-evidence delimitation of species, most commonly using morphological, 

genetic and ecological data (e.g., Dayrat 2005, Vogler and Monaghan 2007, Edwards and 

Knowles 2014).  

While the use of single-method (multivariate statistics using external morphology 

data) or bi-method approaches (external morphology with single-locus or few-loci 

phylogenetics) have brought our taxonomic knowledge of many cryptic taxa thus far 

(Wiens and Penkrot 2002, Oliver et al. 2007, Wagner et al. 2011), the recent technological 

advances in modelling, genomics and 3D imagery allow us to further advance this field 

(Padial et al. 2010, Pyron et al. 2016). There has been an increasing uptake of 3D imagery 

methods (such as micro X-ray CT scanning) in taxonomic studies, due to advantages that 

digitally-derived osteological datasets provide: non-destructive sampling of museum 

specimens, accuracy of measurements through computer-based multi-dimensional 

landmarking, and the ability to readily quantify shape (Stoev et al. 2013, McKay et al. 

2014). In contrast, in my review of integrative taxonomy, I found few studies using 

genomic methods in species delimitation, despite the increasing availability and cost-

efficiency of NGS (Andrews and Luikart 2014, Leaché et al. 2014, Pyron et al. 2016, 

Raupach et al. 2016).  
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The integrative taxonomy pipeline I developed (which incorporates genetic, genomic 

and CT imagery-derived osteological geometric morphometric data using a step-down 

subsampling protocol) provides a novel approach for cryptic species delimitation. I 

successfully used this pipeline in the delimitation of cryptic earless dragon lineages in 

north-eastern Australia. This robust, whole-evidence approach to species delimitation 

provided confidence in the subsequent taxonomic treatment undertaken on this group, 

where I described T. darlingensis sp. nov., T. hobsoni sp. nov. and T. einasleighensis sp. 

nov. 

 

PHYLOGENETIC AND GEOGRAPHIC RELATIONSHIPS 

Similarly to the previously unresolved taxonomy of the north-eastern Australian 

earless dragons, the phylogenetic relationships between species was still relatively 

unstudied prior to my work, especially regarding the lineages in north-eastern Australia 

(Shoo et al. 2008, Melville et al. 2014, Doughty et al. 2015). The deep molecular 

divergence found between the two north-eastern Australian Tympanocryptis clades 

indicated there was significant evolutionary history shaping the current phylogenetic 

relationships. With rough divergence time estimates suggesting Plio-Pleistocene 

diversification in this group, it is likely that the climatic and environmental conditions of 

the late Miocene and Plio-Pleistocene (progressive aridification with oscillations of wet 

and dry periods) were conducive for the range extension of arid-adapted taxa such as 

Tympanocryptis (Hocknull 2005, Hocknull et al. 2007, Byrne 2008), reflecting the patterns 

in the expansions grassland and contractions in rainforest vegetation (Stocker and Unwin 

1989, Kershaw 1994, Travouillon et al. 2009).  Fossil evidence of Tympanocryptis spp. 

supporting these range expansions and contractions has been found in the coastal Mt Etna 
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caves in central Queensland, which was dated to the late Pleistocene (Hocknull 2005). 

Interestingly, the very deep divergence between the north-eastern Australian earless dragon 

clades was geographically associated with their current distributions; T. tetraporophora, T. 

condaminensis, T. wilsoni, T. pentalineata and T. darlingensis sp. nov. found in the inland 

Great Artesian Basin region, and T. hobsoni sp. nov. and T. einasleighensis sp. nov. 

inhabiting areas on the Great Dividing Range. Although I couldn’t draw fine-scale 

conclusions on the phylogenetic relationships between the north-eastern Australian earless 

dragon species, the results provided evidence of broad-scale biogeographic barriers 

consistent with many other genera in the region (James and Moritz 2000, Chapple et al. 

2011, Edwards and Melville 2011, Smissen et al. 2013). 

 

CONSERVATION GENOMICS AND ECOLOGY 

Additionally, I was able to identify phylogenomic and population structure 

associated with the distributions of populations within each species, using genomics 

techniques. These data, coupled with population genomics indices, indicated varying levels 

of intra-specific population connectivity amongst the north-eastern Australian earless 

dragons, with levels of inbreeding and heterozygosity that were consistently low to 

moderate level. The distribution models of each species (SDMs) provided an extra avenue 

to explore the ranges and predicted areas of suitable habitat, which were then utilised in 

conjunction with the population genomics data to develop conservation recommendations 

for each species. While the three putative species (T. darlingensis sp. nov., T. hobsoni sp. 

nov. and T. einasleighensis sp. nov.) had broad geographic ranges with several disjunct 

genetic populations, the SDM indicated there was little available suitable habitat for T. 

hobsoni sp. nov., which is a cracking-clay grassland specialist species. Similarly, the other 
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three recently described species (T. condaminensis, T. wilsoni and T. pentalineata), which 

are also cracking-clay grassland specialists had very small ranges with little suitable habitat 

predicted by the SDM, and little to no population structure. I used the results of these 

analyses to draw conclusions on the number of ESUs for T. condaminensis (1), T. wilsoni 

(1), T. darlingensis sp. nov. (3), T. hobsoni sp. nov. (3), T. einasleighensis sp. nov. (2) and 

T. pentalineata (1). These recommendations could be directly integrated into conservation 

assessments or re-assessments of these species. 

 

CONSERVATION IMPLICATIONS 

My study has significant conservation implications for the north-eastern Australian 

dragons. Prior to this research, the presence of cryptic lineages and a lack of knowledge on 

the ecology, distribution and population connectivity of each species hampered 

conservation progress, with only T. condaminensis and T. wilsoni listed under conservation 

legislation (EPBC Act 1999, Nature Conservation Act 1992). 

Extensive land clearing and habitat modification that is occurring world-wide has 

significant implications for biodiversity (Woinarski et al. 2015), especially range-restricted 

or niche-specialist species, and the fragmentation of the native grasslands throughout 

Australia has led to the decline of many taxa (Benson 1991, Goodland 2000, Stevens et al. 

2010, Michael et al. 2011). The critically endangered T. pinguicolla has very similar niche 

requirements to the cracking-clay grassland earless dragons in north-eastern Australia, and 

provides an example of the severe consequences of anthropogenic land clearing and habitat 

modification (Smith et al. 1999, Hoehn et al. 2010, Stevens et al. 2010, Dimond et al. 

2012). While some areas have experienced lower levels of human settlement, development 

and land modification (including the regions where T. darlingensis sp. nov., T. 
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einasleighensis sp. nov. and T. pentalineata exist), other areas including the Darling 

Downs, Maranoa and Central Highlands (inhabited by T. condaminensis, T. wilsoni  and T. 

hobsoni sp. nov., respectively) have been developed extensively for agricultural lands, and 

the patches of native habitat of these areas are few and far between (Department of 

Environment and Energy 2016, Accad et al. 2017, Neldner et al. 2017). 

Most of these north-eastern Australian earless dragons have adapted to modified 

landscapes, primarily cultivated lands, which has required some shifts in behaviour, diet 

and shelter choice, but these dragon species have adapted remarkably well (Starr and 

Leung 2006, Dimond et al. 2012, Melville et al. 2014, Hobson 2015). However, continued 

land modification and clearing is still occurring in already degraded cropping habitats, as 

well as in areas that currently are predominantly unmodified (Eddy 2002, WWF Australia 

2008, Venz and Chaplin 2016). This ongoing habitat removal and fragmentation poses a 

significant risk for the persistence of these species. The modification of important 

landscape features for the north-eastern Australian earless dragons (including trackside or 

roadside verges, headlands, remnant grassland patches and habitat corridors) should be 

stopped.  

My study highlights the need for long-term, sustainable conservation management of 

these natural and human-modified habitats. This includes the preservation of remnant 

native corridors and patches, as well as working with communities and land managers to 

implement ecologically-sustainable agricultural practices, and the formal conservation 

assessment (or reassessment) of each north-eastern Australian Tympanocryptis species. 
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FUTURE DIRECTIONS 

Ideally, future studies should incorporate the fossil record to provide a more 

extensive understanding of the evolutionary history and timeframe of the Tympanocryptis 

in north-eastern Australia. This genus is an excellent study system for testing arid paleo-

environmental or evolutionary hypotheses, as the genus is distributed throughout the 

continent and inhabits a variety of arid and semi-arid niches, with several known 

biogeographic barriers influencing the current distributions of these taxa. Further 

knowledge on the phylogenetic relationships within the genus may assist in understanding 

the range restrictions of each species, which could have implications for their conservation 

management. 

Surveys of the north-eastern Australian Tympanocryptis species should continue. 

Further research should focus on the accuracy of the suitable habitat predicted by the 

SDMs, identification of any un-sampled populations, and analysis of the gene flow and 

adaptive potential within each species. I recommend continued monitoring of the 

distribution, population size and genetics of each species. Once developed for analysis 

using the DArTSeq data matrix, a genomic-based population size estimate such as Ne 

would provide a simple and efficient way to measure effective population size over time. 

Additionally, the use of classic mark-recapture field studies would increase our knowledge 

on the movement capabilities, ecology and biology of these species, and provide excellent 

long-term data to assess trends in any population declines. 

The conservation status should be promptly assessed for T. darlingensis sp. nov., T. 

hobsoni sp. nov., T. einasleighensis sp. nov. and T. pentalineata, as well as the 

reassessment of T. condaminensis and T. wilsoni within the next decade. There are several 

threatening processes that are currently posing significant risks to these earless dragons. 
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Immediate and genuine conservation management is needed for the future persistence of 

these species. 
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Species nomination form and guidelines for adding or changing the category of a native 
species listing under the Queensland Nature Conservation Act 1992 (NCA) 
 

General notes 

The purpose of this document is to nominate a species for assessment under the NCA by the Queensland 

Government Species Technical Committee (STC) for its consideration and subsequent advice to the Minister for 

Environment and Heritage Protection. 

Please use one nomination form for each species. The form may be submitted electronically, however the original, 

signed, hard copy must also be lodged. Lodgement instructions are provided at the end of the form. The STC will not 

consider nominations submitted in any other format. 

Each section of the form needs to be completed with as much detail as possible, and indicate when there is no 

information available. Identify your references/ information sources, document reasons and supportive data.  Indicate 

the quality of facts/information, for example was it based on research or anecdotal data; on observed data or 

estimated or inferred from data; or suspected to be the case. Identify confidential material and explain the sensitivity 

The STC will not consider incomplete nominations or nominations with insufficient information. Your nomination will be 

returned to you if inadequate information is provided.  

Your nomination must be supported with referenced summaries of relevant information from the scientific literature. 

Full bibliographic details are to be provided. The opinion of appropriate scientific experts may also be cited, provided 

they authorise you to do so. The names of the expert(s), their qualifications and full contact details must also be 

provided if they are cited.  

 

The STC assesses nominations against the IUCN Red List Categories and Criteria (version 3.1) for the categories of 

extinct in the wild, endangered, vulnerable, near threatened and least concern. The IUCN updates its red list 

guidelines regularly and the STC uses the most recent version (version 8.0). This form will be updated in accord with 

revisions of IUCN criteria, if necessary. A full description of the IUCN categories and criteria can be found in: IUCN 

2001. IUCN Red List Categories: Version 3.1.  Prepared by the IUCN Species Survival Commission.  IUCN, Gland, 

Switzerland and Cambridge, UK. http://www.iucnredlist.org/documents/redlist_cats_crit_en.pdf  and  

http://www.iucnredlist.org/documents/RedListGuidelines.pdf 

 

 Species - applies to the entity nominated under the Nature Conservation Act 

 Population – refers to populations within a species or total population numbers for a species. 
 

 

Section 1. Summary  

1.1 Scientific and common name of species (or subspecies) 

Tympanocryptis wilsoni Roma earless dragon (Melville, Smith, Hobson, Hunjan and Shoo 2014) 

 

1.2 If the species is not conventionally accepted, please provide: 

 a taxonomic description of the species in a form suitable for publication in conventional scientific literature. State 
where this description has been submitted for publication; or 

 evidence that a scientific institution has a specimen of the species and a written statement signed by a person who 
is a taxonomist with relevant expertise (has worked, or is a published author, on the class of species nominated) that 
the species is new. Details of the qualifications and experience of the taxon expert need to be provided. For a 

http://www.iucnredlist.org/documents/redlist_cats_crit_en.pdf
http://www.iucnredlist.org/documents/RedListGuidelines.pdf
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specimen lodged at a museum or herbarium, state where the specimen is held, the collector name, collection date 
and collection/voucher number.  

The species is conventionally accepted. 

1.3 If a population is being nominated, justify why the population should be considered separately from the species as 

a whole. This will generally require evidence why the nominated population is considered genetically distinct and/or 

geographically separate and/or severely threatened in comparison with all other populations of the species. 

N/A 

1.4 Please provide a description of the species or population that is sufficient to distinguish it from other species or 

populations. 

A small to medium-sized Tympanocryptis dragon with a well-developed lateral and ventral body patterning, 

consisting of extensive brown-black speckling. Ventral patterning is concentrated on the head, throat and 

upper chest, extending onto the belly. Heavy brown-black speckling along the sides but white lateral stripe 

is absent. Ventral and lateral patterning black-brown colouration is greater than white. Scales on dorsal 

surface of the torso are heterogeneous with interspersed un-keeled, weakly keeled and strongly keeled 

scales. Femoral pores 2; preanal pores 2 (Melville et al. 2012; Wilson 2015; K. Chaplin in prep.). 

Distinguished from other Tympanocryptis by three well defined pale spots on dorsal surface of snout: one 

above each nostril and one at end of snout. 

1.5 Current conservation status under Nature Conservation Act 1992 and the EPBC Act  

NCA status: Least concern 

EPBC status: Not listed 

 

1.6 Proposed conservation status under the Nature Conservation Act 1992 and the EPBC Act 

Vulnerable 

 

1.7 IUCN Criteria under which the species is eligible for listing. The species should be judged against the criteria 

described in Attachment B: Categories and criteria used for assessing the status of species. The categories for extinct 

in the wild, endangered, vulnerable and near threatened use the most recent version of IUCN criteria. 

Eligible for listing as Vulnerable under Criterion:- 

  

 

Table 1. Assessment against IUCN criteria for Vulnerable conservation status.  

IUCN 

Criterion 

Criteria eligibility 

A Not applicable:  

B EOO <20,000 km2 (1619 km2); AOO <2000 km2 (325 km2) determined from 

habitat model rather than ;  

 Occurs in <10 locations (1 – open downs between Roma and 
Amby);  

 There appears to be 10.1% decline in habitat extent/condition 
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between 2009 and 2015. Decline in habitat calculated from Spot 
Imagery, in the area (500 m radii) around existing records. 

C Population size is not known;  

 numbers of mature individuals may fluctuate, especially in very dry 
years due to reduced recruitment and/or poor juvenile survivorship 
in the previous year, and almost complete turnover of adult 
population in one year.  

D Population size not known;  

 AOO 325km2;  

 number of locations >5 (1) making the species vulnerable to 
stochastic events 

E Not applicable: no population viability analysis undertaken 

 

 

 

Section 2. Species ecology/biology 

2.1 Is this species conventionally accepted? If not, explain why. Is there any controversy on the taxonomy?  

Tympanocryptis wilsoni is conventionally accepted. 

 

2.2 Give a brief description of the species’: appearance, including size and/or weight, and sex and age variation if 

appropriate; social structure and dispersion (e.g. solitary/clumped/flocks) 

See section 1.4 for description. 

 

2.3 Describe the species’ habitat (e.g. aspect, topography, substrate, climate, forest type, associated species, 

sympatric species). 

Tympanocryptis wilsoni prefers open grassland habitat on cracking clay soils. These grasslands 

predominantly consist of native species including bluegrass Dicanthium spp., Mitchell grass Astrebela spp., 

Bothiochloa spp. as well as the invasive Buffel grass Cenchrus ciliarus. It is confined to remnant or non-

remnant RE 11.9.3 and 11.9.3a (descriptions below from REDD).  It occurs on gently undulating to 

undulating plains and rises with cracking clay soils derived from fine-grained sediments (mapped as 

‘mudrock’ 1:2000,000 soil mapping). Scattered trees have only been noted as a feature of one site (WildNet 

2015). 

 

Sampling during the breeding season in October 2014 and 2015 found T. wilsoni occurred in both 

agricultural (converted grasslands, including those sown to sorghum and wheat) and remnant grassland 

areas, which is very similar to the closely-related and endangered Condamine earless dragon T. 

condaminensis (Darling Downs, 286km east) (Starr and Leung 2006), as well as two other undescribed 

earless dragons: the Maranoa earless dragon T. sp. nov (Mitchell, 35km west; Cunnamulla, 300km south-

west; St George, 180km south), and the Emerald earless dragon T. sp. nov (260km north) (Chaplin, in 

prep). Grassland or cropping areas adjacent to roadsides or tracks, fallow fields, or other open ground may 

provide the necessary microhabitat for the dragons to shelter in, while still allowing the dragons to move 
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small distances daily to bask or feed in the open area of fallow fields or roadsides. The dragons also 

regularly utilise the cracks in the clay soils for shelter, as well as utilising crop litter (e.g. sorghum stubble) 

(Chaplin, pers. obs). One individual was located sheltering under a piece of wooden board (S. MacDonald 

pers. comm. 2016). Tussock grasses, small shrubs, dirt clods and spoil piles of dirt along the side of the 

road are used as vantage points for surveying the surrounding area (K. Chaplin pers. obs., S. Wilson, S. 

Peck, S. MacDonald and JP. Emery pers. comm. 2016.) but may not be necessary habitat features. 

 

11.9.3 Grassland dominated by Dichanthium sericeum and/or Astrebla spp. (A. lappacea, A. elymoides and 

A. squarrosa) but contains large numbers of short-lived perennial grasses, annual grasses and annual 

forbs, which may dominant depending on seasonal conditions and management regime. Frequently 

occurring species include the grasses Aristida leptopoda, A. latifolia, Bothriochloa erianthoides, Digitaria 

brownii, D. divaricatissima, Enneapogon spp., Eriochloa crebra, Heteropogon contortus, Panicum 

decompositum, P. queenslandicum, Paspalidium globoideum, Themeda triandra and Thellungia advena 

and the forbs Abelmoschus ficulneus, Boerhavia dominii, Corchorus trilocularis, Cyperus bifax, Glycine 

latifolia, Ipomoea lonchophylla, Phyllanthus maderaspatensis, Tribulus micrococcus and Rhynchosia 

minima.  

Isolated low shrubs and trees and open woodland occur in some areas. Typical species include Eucalyptus 

melanophloia, E. orgadophila, Corymbia erythrophloia, Lysiphyllum carronii, Atalaya hemiglauca, Acacia 

pendula, A. omalophylla and Geijera parviflora. Occurs on gently undulating to undulating plains and rises 

with cracking clay soils derived from fine-grained sediments. (BVG1M: 30b). 

 

11.9.3a Eucalyptus spp., and/or Acacia spp. open woodland. Typical species include E. melanophloia, E. 

orgadophila, Corymbia erythrophloia, Lysiphyllum carronii, Atalaya hemiglauca, Acacia pendula, A. 

omalophylla and Geijera parviflora. The ground layer is dominated by a similar range of species listed 

under 11.9.3. (BVG1M: 30b). 

 

The region is characterised by a humid subtropical climate with hot summers and cool to cold winters, 

average rainfall of approximately 570 mm, with rainfall peaks occurring in summer with storms. Average 

temperatures range from 34oC (summer) to 20oC (winter) down to minimums below zero in winter, but 

rarely less than -3 oC. 

 

2.4 What is the species’ generation length? 

Note: Generation length is the average age of parents of the current cohort (i.e. newborn individuals in the population).  

No information for generation length in this species, however lifespan is estimated to be 1-5 years, based 

on information from T. pinguicolla (Robertson and Evans 2009), with most individuals dying within a year of 

hatching and only some remaining reproductive into their second year. However, T. pinguicolla individuals 

have been maintained in captivity for over five years (Robertson and Evans 2009).  

 

2.5 Is there any other information regarding the species ecology or biology relevant to a conservation status 

assessment? 
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Like the other earless dragons, this species will crouch and freeze, using its cryptic colouration to escape 

detection. If the danger continues it will swiftly retreat into surrounding vegetation or into soil cracks. 

Diurnal, often out even in very hot weather and in quite exposed situations and will perch on clods of earth, 

tussocks, low bushes or stones. Other species of earless dragons, including T. condaminensis, T. 

pinguicolla and T. lineata, are known to vocalise (Hobson 2015, Robertson and Evans 2009), so this 

species may as well. 

 

Other members of the genus lay 5-12 eggs in in shallow burrows spring-summer (Greer 1989), which 

coincides with the mid-October to late November harvesting period in the Roma-Mitchell area (R. Toms-

Morgan pers. comm. 2016). Young T. pinguicolla appear to disperse soon after hatching hatch in late 

summer to mid-April (Smith 1994; Dawson 2003 cited in Robertson and Evans 2009). Lower hatching 

success and/or higher juvenile mortality during periods of environmental stress has been suggested, after 

low juvenile/adult ratios were found in T. pinguicolla during the 2002-03 drought (Dawson 2003 cited in 

Robertson and Evans 2009),and the 2007 drought (Dimond et al. 2012). 

 

Earless dragons can be active throughout the year when weather conditions are appropriate, but may 

undergo periods of torpor (Robertson and Evans 2009). 

 

Movements of 40-110 m per day have been reported for T. pinguicolla, with total movements of up to 230 

m over longer periods (Nelson 2004 cited in Robertson and Evans 2009). Home ranges for T. pinguicolla 

are reported to be large (925 – 4768 m2) (Stevens et al. 2010); far larger than other similarly-sized dragons. 

Social interactions amongst earless dragons may also affect population density, as aggressive encounters 

of vocalisations and displays have been observed in captive and wild individual T. pinguicolla (Smith 1994; 

Nelson pers. comm. in Robertson and Evans 2009). 
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Figure 1. Distribution of Roma earless dragon Tympanocryptis wilsoni, showing likely habitat. Proximity of the 

undescribed Mitchell earless dragon T. sp. nov is not shown but occurs from west of Mitchell. Area of Occupancy 

of Tympanocryptis wilsoni is shown using a habitat model of grassland ecosystems RE 11.9.3 and 11.9.3a on 

mudrock (1:2000,000 soil mapping). The area of mapped likely grassland habitat here is 325 km
2
. 
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Section 3. Conservation status 

3.1 Describe the species’ distribution in Australia and attach a map of known localities. Please include details of which 

Natural Resource Management and IBRA Bioregions the species occurs in.  

 

Tympanocryptis wilsoni is currently known from one location, the grasslands west of Roma (Melville et al. 

2014), with approximately 6 sub-populations (Hodgson Ln north, Hodgson Ln south, Fletchers Ln, Massey 

Ln, Studley – holotype and paratypes, Eurella Settlers Rd), between Hodgson and Amby. Preliminary 

principle coordinates analyses of genomic sequencing data (using samples from Hodgson Ln N, Hodgson 

Ln S, Studley and Eurella Settlers Rd, Figure 2.) indicate there is little genetic structure across the 

distribution of T. wilsoni, which suggests it should be managed as a whole species and not per population 

(K. Chaplin, in prep). 

It occurs in a patchy band between Roma and Mitchell, bounded by Bungil Creek to the east and the 

Maranoa River to the west. 

 

NRM regions where the species occurs:-. QMDC 

 

IBRA Bioregion where the species occurs:- Brigalow Belt South 

 

 

Figure 2. Principle coordinates analyses of genomic sequencing data (using samples from five of the six known 

areas) indicate there is little genetic structure across the distribution of T. wilsoni, suggesting that it should be 

managed as a whole species and not per sub-population. 

 

3.2 What is the species’ total extent of occurrence (in km
2
) (see Attachment A) 

Total extent of occurrence based on a polygon surrounding the model of likely habitat is 1619 km2 (Figure 

1.). The area around currently known sites (minimum convex polygon) is 585 km2.  

 

3.3 What is the species’ total area of occupancy (in km
2
) (see Attachment A) 

C
o

o
rd

. 2
 

Coord. 1 

Principal Coordinates (PCoA) 

Hodgson Ln N 1

Hodgson Ln N 2

Hodgson Ln S

Studley

Eurella Settlers Rd
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Area of occupancy was calculated using a model of likely habitat (Figure 2.), derived from the intersection 

of grasslands REs 11.9.3 and 11.9.3a with certain geological units e.g. Mudrock (1:2 million Soil mapping), 

and clipped by the Maranoa River and Bungil Creek (Figure 1).  

 

Total area of occupancy is estimated to be 325 km2 (Figure 2), however the actual occupied area is 

likely to be significantly smaller, since the species appears to have a patchy distribution within apparently 

suitable habitat (K. Chaplin, pers. obs.). Ranger and herpetologist JP Emery observed that “where you find 

them you usually find a few, but then you can drive for kilometres before seeing any more” (JP Emery, 

pers. comm. 2015). 

 

3.4 What is the species’ total population size in terms of number of mature individuals?   

Population size is not known.  

 

3.5 How many locations do you consider the species occurs in and why? Where are these located?  

Note: The term 'location' defines a geographically or ecologically distinct area.  

The species occurs in only 1 location, cracking clay plains between Roma and the Amby, east of Mitchell. 
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3.6 For flora, and where applicable, for fauna, detail the location, land tenure, survey date, estimated number of 

individuals and area of occupancy. This is optional for taxa nominated as near threatened or least concern. Summary 

distribution information such as a map and list of localities should be provided for taxa nominated as near threatened 

or least concern.  

 

Table 2. Known locations and land tenure, current to July 2016. The number of unique sites refers to areas of 

contiguous habitat of hundreds of meters unbroken by habitat or other barriers, rather than numbers of unique point 

record sites. 

 

Location 
Land 

tenure 

Date of 

most recent 

survey 

Number of 

individuals 

at location 

Number 

of 

unique 

sites 

Area of 

occupancy 

at location 

(km
2
) 

1. Hodgson Ln north 
Road 

Reserve 
23/10/2015 

3 caught, 

estimated at 

30 

individuals 

3 14.4 

2. Hodgson Ln south 
Road 

Reserve 
23/10/2015 

9 caught, 

estimated at 

90 

individuals 

1 0.5 

3. Fletchers Ln and Knockalong 

Road 

Reserve 

and Lands 

Lease  

24/10/2015 

11 caught, 

estimated at 

110 

individuals 

2 34.3 

4. Studley (QSN3 gas pipeline) Freehold  22/09/2010 

3 caught, 

estimated at 

30 

individuals  

2 16.1 

5. Massey Ln (Crockdantigh) Freehold  27/10/2015 

3 caught, 

estimated at 

30 

individuals  

1 14 

6. Eurella Settlers Rd and Bindeyago 

Road 

Reserve, 

Freehold 

and Lands 

Lease 

28/10/15 

9 caught, 

estimated at 

90 

individuals 

2 17.5 

7. Road Reserve adjacent Brinsop 
Road 

Reserve 
5/02/2009 

1 caught 

(10 
individuals 

?) 

1 0.34 
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3.7 Is the species’ distribution severely fragmented? If so, what is the cause of this fragmentation?  

Note: Severely fragmented refers to the situation in which increased extinction risk to the taxon results from most 

individuals being found in small and relatively isolated populations (in certain circumstances this may be inferred from 

habitat information). These small populations may go extinct, with a reduced probability of recolonisation 

Species occurrence is tightly tied to cracking-clay plains and there is likely to be only limited ability to move 

between areas of suitable habitat due to the restricted dispersal abilities of such a small lizard. For 

example, in a study of closely related T. pinguicolla in the ACT, Stevens et al. (2010) found home ranges of 

between 925 m2 to 4768 m2. Within these home ranges, they had much smaller core areas based around 

retreat sites (usually burrows) (Stevens et al. 2010).  

 

3.8 Does the species undergo extreme natural fluctuations in population numbers, extent of occurrence or area of 

occupancy? To what extent and why? 

Note: Extreme fluctuations can be said to occur in a number of taxa when population size or distribution area varies 

widely, rapidly and frequently, typically with a variation greater than one order of magnitude (i.e. a tenfold increase or 

decrease).  

There is no data on temporal variation in population numbers or distribution for this species, however it has 

been suggested that many grassland earless dragons fluctuate with climatic events (“boom and bust” 

cycles) (K. Chaplin, pers. obs.; S. Peck, pers. comm. 2015). These species are reliant on the availability of 

food sources (small invertebrates that become abundant after a wet period) as well as cracks in the clay 

soils (opened up by water) and vegetation used for shelter. During extended dry periods, there has been 

anecdotal evidence that T. wilsoni population numbers decline due to the reduction of food sources and 

microhabitat availability (K. Chaplin, pers. obs.). Additionally, as the species exists in only a single location, 

it is expected that the species may be severely impacted by stochastic events such as major drought or 

flooding, which the area is prone to. 

Lower juvenile to adult ratios for T. pinguicolla following the 2002/03 drought led Dawson (2003, cited in 

Robertson and Evans 2009) to conclude either lower hatching success or lower juvenile survivorship in 

response to environmental stress. Similarly, Dimond and colleagues (2012) found juvenile to adult ratios 

dropped from 3.5:1 in 2006 to 0.5:1 in 2007, but climbed to 5:1 juveniles to adults in 2008. For a species 

that experiences an almost complete turnover of adults every year, this type of drop in juvenile recruitment 

can result in extreme population fluctuations. 

 

3.9 What data are there to indicate past trends in the species’ population size, distribution, extent or quality of habitat? 

(if available, include data that indicates the percentage decline over the past 10 years or 3 generations whichever is 

longer)? 

Given that this species’ taxonomy was only resolved in 2014 (Melville et al. 2014) and that it remains (at 

present) morphologically indistinguishable from other neighboring earless dragons, its population has still 

not been adequately assessed.  

 

It is not known to have declined, however certain types of past and present land management are expected 

to have had a detrimental effect on the species, such as “opportunity cropping” which left fields bare for 

sometimes long periods in preparation for enough rain to justify planting. Land management practices that 

result in soil structure decline would be particularly detrimental to the species in terms of food and shelter 

opportunities. Cultivation and harvesting operations would increase risk of injury and predation, particularly 
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from avian predators. Any cultivation occurring during the breeding season may damage egg clutches. 

Precision farming techniques which take away non-uniform habitat features such as extra fence lines, 

isolated paddock trees and headlands remove refuge areas. 

 

It is likely that particular cropping regimes, weeds and livestock has had, and are currently having some 

detrimental impacts on habitat quality.  

 

Using the assumption that the edges of cultivated areas provide suitable habitat, but that the interior of 

cultivated paddocks do not provide year-round or core habitat; boundaries of cultivated areas were digitised 

from SPOT imagery in the immediate areas around existing records (500 m radius around point records). 

Habitat was classed as the perimeter of obviously cultivated areas, grassland, and any features (e.g. 

headland and contour banks) which did not appear to be currently or recently cultivated. Digitised habitat 

areas were compared between 2015 and 2009 imagery (Table 3 and Figure 3), which found a 10.1% 

decline in refuge habitat, at least for the areas around existing records. Cultivated areas are not digitised at 

a scale relevant to T. wilsoni, so it was not possible to calculate a change in habitat over the dragon’s entire 

range. 

 

Table 3. Change in habitat area around all existing records between 2009 and 2015. Based on comparison of 2009 

and 2015 SPOT imagery (digitised cultivation boundaries), clipped to 500 m radius around all point records. This 

indicates a 10.1% decline in refuge habitat in the period, at least for the area around existing records. 

Comparison of 2009 and 2015 Imagery Area (m2) 

Not habitat – no change 7258839 

Gain in habitat 112306 

Loss in habitat 1736517 

Habitat – no change 8076218 

Total Area 17183880 
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Figure 3. Comparison of area under cultivation, 2009 (left) to 2015 (right) in the Euralla Settlers Rd area, east of 

Amby. Red dots are existing point records of T. wilsoni, and purple lines are the 500 m buffers around points (overlap 

dissolved). Note the contraction of between-paddock grassland areas, particularly in the southern part of the area. 
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3.10 What data are there to indicate future changes in the species’ population size, distribution, extent or quality of 

habitat? (if available, include data that indicates the percentage decline over 10 years or 3 generations whichever is 

longer (up to a maximum of 100 years in the future) where the time period is a continuous period that may include a 

component of the past? 

There is no information on future changes to population size, distribution or habitat. However, a decline in 

the population size could be expected with changing agricultural practices which trend to large 

monocultures and increasing paddock size. Note the 10.1% decline in refuge habitat for the period of only 

2009 to 2015, a trend which could be expected to continue (Table 3). 

 

3.11 Has the species been reasonably well surveyed?  Is the species’ current known distribution and/or population 

size likely to be its actual distribution and/or population size? 

Tympanocryptis wilsoni has been surveyed over several years. The holotype and paratype specimens were 

collected as part of a pipeline survey through private property in August and September 2010. This led to 

the description of the species, and further sampling in October 2014 and 2015 (2 weeks over the breeding 

season each year). These trips were conducted by researchers from Museum Victoria, with assistance from 

QPWS rangers and local ecological consultants, and extensively surveyed the greater Roma region, 

concentrating around grassland or cropping areas on cracking clay soils. The species was known only from 

two locations prior to these sampling trips, and several additional populations were discovered during 2014 

and 2015. An estimated 150 hours of active searching (along roadsides, tracks, stock routes and other 

public land as well as on private property cropping fields) has been undertaken by K. Chaplin, with lesser 

and unquantified amounts by other herpetologists (JP Emery, S. Peck, S. Wilson, S. MacDonald, pers. 

comm. 2016). The petroleum gas pipeline (the trench surveys provided the holotype) (Figure 1.) should 

also be considered high quality survey effort, as this method yields species easily missed or under-sampled 

in conventional surveys. 

 

As T. wilsoni is a cautious and easily disturbed dragon, the best method for searching for the species is via 

a very slow moving car through suitable habitat, as this does not seem to startle them as much as walking 

or other active searching methods. As the species has such a patchy distribution even throughout suitable 

habitat, pitfall trapping was deemed to be too labour-intensive for what would most likely be an inaccurate 

or unsuccessful way of sampling T. wilsoni across the region. The trips were undertaken in October of each 

year, as this is during the breeding season when the dragons are most active, as well as other factors 

impacting on species detectability (primarily rain, wind or cloudy days) being at a minimum during this time 

of year. It is quite possible that the species exists in other populations throughout the currently known 

range, however it is unlikely to be found outside of this area due to habitat unsuitability (supported by 

unsuccessful sampling attempts outside the current range). Further sampling of the species will provide 

additional data in which we can estimate true population size, however at this time, the estimate of 

population size being 10x the number of samples found per site is believed to be fairly accurate (K. 

Chaplin, pers. obs). 

 

Further survey effort is particularly required in the south-east and north-western extremities of the “likely 

habitat” area, (shown by the yellow polygons in Figure 4) to determine the true limits of the distribution. 

 

It is likely that the habitat model (Figures 1 and 3) will be further refined, as T. wilsoni appears to have a 

patchy distribution within the area of mapped habitat, and has not been found in some areas of apparently 
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suitable habitat (K. Chaplin pers. obs.; JP Emery, pers. comm. 2016). 

 

 

Figure 4. Survey effort in the Roma-Mitchell area, shown by pink lines and polygons, including the extent of likely 

habitat (yellow polygons) and existing T. wilsoni records (red dots). Survey effort around Mitchell, which has detected 

the undescribed Maranoa earless dragon T. sp. nov is not shown. The gas pipeline (Figure 1.) should also be 

indicative of survey effort. 

 

3.12 For species considered eligible for listing as extinct or extinct in the wild, please provide details of the most recent 

known collection, or authenticated sighting of the species in the wild and whether additional populations are likely to 

exist.   

N/A 

 

4. Threats and threat abatement 

4.1 Identify past, current and future threats indicating whether they are actual or potential. For each threat describe: 

a. how and where it impacts on this species  
b. what its effect has been so far (indicate whether it is known or suspected; does it only affect certain 

populations) 
c. what is its expected effect in the future (is the threat only suspected; does it only affect certain populations) 
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There are no confirmed threats, but there are a number suspected: see table below.  

 

Agricultural regimes in the region are also outlined below with respect to threats for T. wilsoni. 

 

 

 

Agriculture 

Tympanocryptis wilsoni, like T. condaminensis on the Darling Downs, is able to coexist with the mixed 
farming operations of cropping and grazing in the Roma open downs area (Figure 5). Also like T. 
condaminensis, it even appears to occur in higher numbers on the margins of cultivated areas compared to 
open grasslands (K. Chaplin, pers. obs.). The greater access to invertebrate prey and the ability to swap 
between open and sheltered microhabitats (Starr and Leung 2010) appears to drive the preference for 
cultivated areas. Zero or minimum tillage cropping methods that leave stubble and use herbicides to kill 
weeds rather than cultivating have the dual benefit of leaving plant debris for shelter and have less soil 
structure decline compared to traditional cultivation. Maintenance to soil structure has been suggested as 
the greatest factor in maintaining T. wilsoni populations (JP. Emery, pers. comm. 2016). Soil structure 
decline occurs with too-frequent cultivation, overgrazing (especially compaction on wet soil), lack of plant 
cover or crop stubble leading to storm-based surface erosion and raindrop impact and lack of soil organic 
matter (DoE 1991). Whilst minimum tillage operations are now widely used in the Roma downs area, there 
are still farmers who are not yet adopting these practises, and others who have returned to “strategic tillage” 
due to herbicide resistance (R. Toms-Morgan, pers. comm. 2016). 
 
Many farmers employ a mixed system with livestock and cropping, and many are sowing pastures such as 
buffel grass or legumes as fodder crops or to restore organic matter. Tympanocryptis wilsoni has been 
found in buffel grass, but dense swards or dense legume crops would be unlikely to be preferred habitat for 
the species. 
 
There has been a large increase in chick peas and pulses in the region, with 10-12 sprays per crop (R. 
Toms-Morgan, pers. comm. 2016). The impact of pesticides and fungicides (used especially for chick pea 
crops) is unknown.   
 
Recently “deep planting” techniques have been more widely used in the district, which reaches deeper into 
the soil horizon compared to conventional planting (R. Toms-Morgan, pers. comm. 2016), and the effects of 
this on the species is unknown. 
 
The tendency towards “precision agriculture” which eliminates non-uniform paddock features such as 
excess fence lines, headlands, isolated paddock trees has grown in the region over the last decade (R. 
Toms-Morgan, pers. comm. 2016), which reduces the refuge areas for breeding and for use during 
harvesting. The change in paddock boundaries and elimination of features in the area around existing 
dragon records between 2009 and 2015 (from Spot imagery) contributed to the 10.1% decline in habitat 
area, calculated for this assessment from digitised boundaries of cultivation. This 10.1% decline in habitat 
assumes that the interior of cultivated areas do not provide year-round habitat for the species.   
 

Crop harvesting commonly occurs from mid-October through to late November, which coincides with higher 
activity in the dragon’s breeding season. Harvester drivers in the Emerald region have reported seeing 
dragons (the undescribed Emerald earless dragon T. sp. nov.) attempting to flee in the path of harvesting 
operations (conversation with K. Chaplin, October 2015). 
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Table 4. Threatening processes for T. wilsoni.  

Threat  
Consequence 

rating 

Extent 

over which 

threat may 

operate 

Evidence base 

Habitat loss and 

degradation and 

due to broad-scale 

agriculture and 

grazing 

moderate-high 
moderate-

large 

Suspected based on data for other Tympanocryptis spp. (T. 

pinguicolla and T. condaminensis).   

 Declining soil structure  

 Minimum tillage practices not used or are abandoned 
due to herbicide resistance 

 “Precision farming” practices which take away 
fencelines, headlands, isolated paddock trees etc. to 
create larger and more uniform paddocks 

 Overgrazing, leading to loss of cover and soil 
compaction (for T. pinguicolla Robertson and Evans 
2009; Dimond et al. 2012) 

 Changes in agricultural practices (for T. condaminensis 
WWF 2008) 

, 

Predation by feral 

predators: cats and 

foxes 

moderate large 

Suspected based on known threats for other 

Tympanocryptis spp. e.g. - 

 T. condaminensis (Hobson 2015)  

 T. pinguicolla (Robertson and Evans 2009);  

 

Predation by native 

predators resulting 

from loss of shelter 

sites and linear 

infrastructure (e.g. 

powerlines) 

moderate large 

Exposure to native predators (raptors such as nankeen 

kestrel, brown falcon, laughing kookaburra, Australian 

magpie and pied butcherbird) (Hobson 2015) is increased 

when  

 soil cracks close after rain in cultivated paddocks 
without stubble mulch,  

 soil structure declining or not maintained 

 minimum tillage practices are not used or are 
abandoned due to herbicide resistance 

 areas with overhead powerlines or fence lines which 
provide perches for native predatory birds (numbers of 
T. wilsoni appeared to be lower at road sites with power 
lines, K. Chaplin pers. obs.)  

Mining activities low localised 

Disruption of soil structure for mining infrastructure (roads, 

well pads, pipelines) See Figure 6, with up to one third of its 

range under potential expansion of mining. 

Pesticide Use low localised 

Suspected based on data for other Tympanocryptis spp. (T. 

pinguicolla and T. condaminensis) 

Temporary reduction of invertebrate prey (e.g Brereton and 

Backhouse 1993) 

Weed invasion moderate 
Localised-

moderate 

For T. pinguicolla (Dimond et al. 2012) and Lippia changing 

soil structure for T. condaminensis (QMDC 2006) 

Climate change moderate large 

Increase in droughts (including soil moisture droughts) 

leading to lower or failed recruitment, which is significant for 

a species with an almost yearly turnover (Mpelosoaka et al. 

2008; Dawson 2003 in Roberson and Evans 2009). Local 
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extinctions linked to climate change and thermal tolerances 

for another dragon Ctenophorus decresii (Walker et al. 

2015). 

Inappropriate 

Roadside 

Management 

low localised 
Roadside management that reduces grassland refuge 

areas, suggested for T. condaminensis (WWF 2008). 

Urban/peri-urban 

expansion 
low localised 

Urban expansion of the Roma and Hodgson townships may 

reduce or degrade habitat locally (Figure 5). 
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Figure 5. Land use in the Roma-Mitchell area, including the extent of cropping activities (dark green), urban (red) 

pastoral (beige). 

 

 

 

Figure 6. Petroleum mining exploration and permit activities in the Roma-Mitchell area.  
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4.2 Where possible, provide information on threats for each occurrence/location. This is optional for taxa nominated as 

near threatened or least concern. Summary information should be provided for taxa nominated as near threatened or 

least concern. 

Table 5. Threats by location. 

Location Past threats Current threats Future threats Current management 

activities (see Q 4.5) 

All Feral predators 

 

Agricultural practices 

which degrade habitat 

 

 

Weed invasion 

Feral predators 

 

Agricultural practices 

which degrade 

habitat 

 

Weed invasion 

Feral predators 

 

Agricultural practices 

which degrade habitat 

 

 

Weed invasion 

 

Climate change 

Some dog and pig 

baiting 

Conservation tillage 

practices widely but not 

uniformly used 

     

Hodgson Ln 

north 

Inappropriate roadside 

management 

Inappropriate 

roadside 

management 

Inappropriate roadside 

management 

 

Mining 

 

Urban expansion 

 

Hodgson Ln 

south 

Inappropriate roadside 

management 

Inappropriate 

roadside 

management 

Inappropriate roadside 

management 

 

Mining 

 

Fletchers Ln 

and 

Knockalong 

Inappropriate roadside 

management 

Inappropriate 

roadside 

management 

Inappropriate roadside 

management 

 

Studley (QSN3 

gas pipeline) 

Mining impacts   . 

Massey Ln 

(Crockdantigh) 

Inappropriate roadside 

management 

Inappropriate 

roadside 

management 

Inappropriate roadside 

management 

 

Eurella Settlers 

Rd and 

Bindeyago 

Inappropriate roadside 

management 

Inappropriate 

roadside 

management 

Inappropriate roadside 

management 
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Road Reserve 
adjacent 
Brinsop 

Inappropriate roadside 

management 

 

 

Inappropriate 

roadside 

management 

Inappropriate roadside 

management 

 

     

4.3 Identify and explain any additional biological characteristics particular to the species that are threatening to its 

survival. 

 

4.4 Give an overview of how threats are being abated/could be abated and other recovery actions underway/proposed. 

Identify who is undertaking these activities and how successful the activities have been to date. 

 

Coordinated baiting for wild dogs is managed through the local government with a biannual baiting program. 

Wild pig control is also integrated into the campaign (Maranoa Regional Council 2016). Management of cats 

and foxes is likely to be minimal and on an opportunistic basis for each property.  

 

Museum Victoria continues to provide research expertise on distribution, taxonomy and genetics (K. 

Chaplin). 

  

4.5 Identify key management documentation for the species e.g. recovery plans, conservation plans, threat abatement 

plans etc. 

As the species was only described in 2014 (Melville et al. 2014), and is currently listed as Least Concern, 

there are no recovery or management plans for this species. However the recommendations for the closely 

related T. condaminensis and T. pinguicolla would also apply for this species e.g. Brigalow Belt Reptile 

Recovery Plan (Richardson 2006); Tympanocrypis pinguicolla Recovery Plan (Roberton and Evans 2009); 

Tympanocryptis pinguicolla Fauna Action Statement (Brereton and Backhouse 1993). 

 

This species is not currently ranked under the Queensland Government’s Back on Track species 

prioritisation.  



Department of Environment and Heritage Protection 

Page 22   

4.6 Are there any management or research recommendations from the documents mentioned in 4.5 or otherwise, that 

will assist in the conservation of the species?  

 

Table 3. Management actions required  

Theme Specific actions 

Establish distribution and status Surveys are needed to determine the fine scale distribution, taxonomy, the size 

of the sub-populations, and status of the species across its range and habitat 

condition.  

Assess threats and establish 

monitoring for threats 

Assess impacts and implement monitoring protocols for  

 Agricultural  
o cropping regimes (particularly new practises), use of pesticides, 

fungicides 
o grazing regimes 
o fire regimes,  

 Feral predators,  

 Linear infrastructure (e.g. powerlines) and native predators (birds) 

Establish monitoring program  Design integrated monitoring across range linked to assessment of 
management effectiveness; 

 Populations identified for regular monitoring;  

Research ecology and biology  Identify key habitat requirements,  

 Assess the extent to which shelter availability (i.e. cracks, stubble, grass 
tussocks) may limit population size or reproductive success  

 Establish whether these is a contact zone with other earless dragon 
species, the undescribed Mitchell earless dragon T. sp. nov. 

Active mitigation of threats  Implement control mechanisms for non-native predators to minimise 
adverse impacts upon this species;  

 Encourage farming practices sympathetic to the species e.g. minimum 
tillage, preserve verges and headlands, conservation farming to maintain 
soil structure 

Reserve habitat  Reserve suitable grassland habitat 

 Community engagement - develop conservation covenants on lands with 
high value for this species 
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Attachment A - Area of occupancy and extent of occurrence 

Extent of occurrence  
Extent of occurrence is defined as the area contained within the shortest continuous imaginary boundary which can be 
drawn to encompass all the known, inferred or projected sites of present occurrence of a taxon, excluding cases of 
vagrancy (see Figure 1). This measure may exclude discontinuities or disjunctions within the overall distributions of taxa 
(e.g. large areas of obviously unsuitable habitat) (but see 'area of occupancy', point 10 below). Extent of occurrence can 
often be measured by a minimum convex polygon (the smallest polygon in which no internal angle exceeds 180 degrees 
and which contains all the sites of occurrence).  

  

Area of occupancy  
Area of occupancy is defined as the area within its 'extent of occurrence' (see point 9 above) which is occupied by a 
taxon, excluding cases of vagrancy. The measure reflects the fact that a taxon will not usually occur throughout the area 
of its extent of occurrence, which may contain unsuitable or unoccupied habitats. In some cases (e.g. irreplaceable 
colonial nesting sites, crucial feeding sites for migratory taxa) the area of occupancy is the smallest area essential at any 
stage to the survival of existing populations of a taxon. The size of the area of occupancy will be a function of the scale at 
which it is measured, and should be at a scale appropriate to relevant biological aspects of the taxon, the nature of 
threats and the available data (see point 7 in the Preamble). To avoid inconsistencies and bias in assessments caused by 
estimating area of occupancy at different scales, it may be necessary to standardize estimates by applying a scale-
correction factor. It is difficult to give strict guidance on how standardization should be done because different types of 
taxa have different scale-area relationships.  

  
 

Figure 1. Two examples of the 

distinction between extent of 

occurrence and area of occupancy. (A) 

is the spatial distribution of known, 

inferred or projected sites of present 

occurrence. (B) shows one possible 

boundary to the extent of occurrence, 

which is the measured area within this 

boundary. (C) shows one measure of 

area of occupancy which can be 

achieved by the sum of the occupied 

grid squares.  
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Attachment B: Categories and criteria used for assessing the status of species 

Categories Criteria 

Extinct in the 

wild 

A taxon is Extinct in the wild when it is known only to survive in cultivation, in captivity or as a 

naturalized population (or populations) well outside the past range. A taxon is presumed as 

Extinct in the wild when exhaustive surveys in known and/or expected habitat, at appropriate 

times throughout its historic range have failed to record an individual. Surveys should be over 

a time frame appropriate to the taxon’s life cycle and life form.  

Endangered The best available evidence indicates it meets any one of the following five criteria (A, B, C, D 

or E): 

 

Reduction in population size based on any of the following: 

1.    An observed, estimated, inferred or suspected population size reduction of ≥70% over 

the last 10 years or three generations, whichever is the longer, where the causes of the 

reduction are clearly reversible AND understood AND ceased, based on (and specifying) any 

of the following: 

a.   direct observation 

b.   an index of abundance appropriate to the taxon 

c.   a decline in area of occupancy, extent of occurrence   and/or quality of habitat 

d.   actual or potential levels of exploitation 

e.   the effects of introduced taxa, hybridization, pathogens, pollutants, competitors or 

parasites. 

 

2.    An observed, estimated, inferred or suspected population size reduction of ≥50% over 

the last 10 years or three generations, whichever is the longer, where the reduction or its 

causes may not have ceased OR may not be understood OR may not be reversible, based on 

(and specifying) any of a–e under A1. 

 

3.    A population size reduction of ≥50%, projected or suspected to be met within the next 10 

years or three generations, whichever is the longer (up to a maximum of 100 years), based on 

(and specifying) any of b–e under A1. 

 

4.    An observed, estimated, inferred, projected or suspected population size reduction of 

≥50% over any 10 year or three generation period, whichever is longer (up to a maximum of 

100 years in the future), where the time period must include both the past and the future, 

and where the reduction or its causes may not have ceased OR may not be understood OR 

may not be reversible, based on (and specifying) any of a–e under A1. 
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Categories Criteria 

 

B.  Geographic range in the form of either B1 (extent of occurrence) OR B2 (area of 

occupancy) OR both: 

Extent of occurrence estimated to be less than 5000 km2, and estimates indicating at least 

two of a–c: 

a.   Severely fragmented or known to exist at no more than five locations. 

 

b.   Continuing decline, observed, inferred or projected, in any of the following: 

 extent of occurrence 

 area of occupancy 

 area, extent and/or quality of habitat 

 number of locations or subpopulations 

 number of mature individuals. 
 

c.   Extreme fluctuations in any of the following: 

 extent of occurrence 

 area of occupancy 

 number of locations or subpopulations 

 number of mature individuals. 
 

Area of occupancy estimated to be less than 500 km2, and estimates indicating at least two 

of a–c: 

a.  Severely fragmented or known to exist at no more than five locations. 

 

b.  Continuing decline, observed, inferred or projected, in any of the following: 

 extent of occurrence 

 area of occupancy 

 area, extent and/or quality of habitat 

 number of locations or subpopulations 

 number of mature individuals.  
 

c.   Extreme fluctuations in any of the following: 

 extent of occurrence 

 area of occupancy 

 number of locations or subpopulations 

 number of mature individuals. 
 



Department of Environment and Heritage Protection 

Page 28   

Categories Criteria 

C.   Population size estimated to number fewer than 2500 mature individuals and either:  

 

An estimated continuing decline of at least 20% within five years or two generations, 

whichever is longer, (up to a maximum of 100 years in the future) OR  

 

2.   A continuing decline, observed, projected, or inferred, in numbers of mature individuals 

AND at least one of the following (a–b): 

a.   Population structure in the form of one of the following: 

(i)      no subpopulation estimated to contain more than  250 mature individuals, OR 

(ii)     at least 95% of mature individuals in one subpopulation. 

b.   Extreme fluctuations in number of mature individuals. 

 

 

D.   Population size estimated to number fewer than 250 mature individuals. 

 

E.   Quantitative analysis showing the probability of extinction in the wild is at least 20% 

within 20 years or five generations, whichever is the longer (up to a maximum of 100 years). 

 

Vulnerable The best available evidence indicates it meets any one of the following five criteria (A, B, C, D 

or E) and therefore faces a high risk of extinction in the wild: 

 

A.   Reduction in population size based on any of the following: 

1.    An observed, estimated, inferred or suspected population size reduction of ≥50% over 

the last 10 years or three generations, whichever is the longer, where the causes of the 

reduction are clearly reversible AND understood AND ceased, based on (and specifying) any 

of the following: 

a.   direct observation 

b.   an index of abundance appropriate to the taxon 

c.   a decline in area of occupancy, extent of occurrence and/or quality of habitat 

d.   actual or potential levels of exploitation 

e.   the effects of introduced taxa, hybridization, pathogens, pollutants, competitors or 
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Categories Criteria 

parasites. 

An observed, estimated, inferred or suspected population size reduction of ≥30% over the 

last 10 years or three generations, whichever is the longer, where the reduction or its causes 

may not have ceased OR may not be understood OR may not be reversible, based on (and 

specifying) any of a–e under A1. 

 

A population size reduction of ≥30%, projected or suspected to be met within the next 10 

years or three generations, whichever is the longer (up to a maximum of 100 years), based on 

(and specifying) any of b–e under A1. 

 

4.    An observed, estimated, inferred, projected or suspected population size reduction of 

≥30% over any 10 year or three generation period, whichever is longer (up to a maximum of 

100 years in the future), where the time period must include both the past and the future, 

and where the reduction or its causes may not have ceased OR may not be understood OR 

may not be reversible, based on (and specifying) any of a–e under A1. 

 

 

B.   Geographic range in the form of either B1 (extent of occurrence) OR B2 (area of 

occupancy) OR both: 

Extent of occurrence estimated to be less than 20,000 km2, and estimates indicating at least 

two of a–c: 

a.   Severely fragmented or known to exist at no more than ten locations. 

b.   Continuing decline, observed, inferred or projected, in any of the following: 

(i)      extent of occurrence 

(ii)     area of occupancy 

(iii)    area, extent and/or quality of habitat 

(iv)    number of locations or subpopulations 

(v)     number of mature individuals. 

c.   Extreme fluctuations in any of the following: 

(i)      extent of occurrence 

(ii)     area of occupancy 

(iii)    number of locations or subpopulations 
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Categories Criteria 

(iv)    number of mature individuals. 

Area of occupancy estimated to be less than 2000 km2, and estimates indicating at least two 

of a–c: 

Severely fragmented or known to exist at no more than ten locations. 

 

b.   Continuing decline, observed, inferred or projected, in any of the following: 

(i)      extent of occurrence 

(ii)     area of occupancy 

(iii)    area, extent and/or quality of habitat 

(iv)    number of locations or subpopulations 

(v)     number of mature individuals. 

c.   Extreme fluctuations in any of the following: 

(i)      extent of occurrence 

(ii)     area of occupancy 

(iii)    number of locations or subpopulations 

(iv)    number of mature individuals. 

 

 

C.  Population size estimated to number fewer than 10,000 mature individuals and either: 

1.   An estimated continuing decline of at least 10% within ten years or three generations, 

whichever is longer, (up to a maximum of 100 years in the future) OR 

2.   A continuing decline, observed, projected, or inferred, in numbers of mature individuals 

AND at least one of the following (a–b): 

a.   Population structure in the form of one of the following: 

(i)      no subpopulation estimated to contain more than 1000 mature individuals, OR 

(ii)     all mature individuals are in one subpopulation. 

b.   Extreme fluctuations in number of mature individuals. 

 

D.   Population very small or restricted in the form of either of the following: 
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Categories Criteria 

1.   Population size estimated to number fewer than 1000 mature individuals. 

2.   Population with a very restricted area of occupancy (typically less than 20km2) or number 

of locations (typically 5 or fewer) such that it is prone to the effects of human activities or 

stochastic events within a very short time period in an uncertain future, and is thus capable 

of becoming endangered or extinct in a very short time period. 

 

E.   Quantitative analysis showing the probability of extinction in the wild is at least 10% 

within 100 years. 

 

Near 

Threatened 

Please provide evidence that the species meets the following two criteria as set out below: 

A taxon is near threatened when it has been evaluated against the criteria [for threatened] 

and does not qualify for Endangered or Vulnerable now, but is close to qualifying for or is 

likely to qualify for a threatened category in the near future. 

And  

The best available evidence indicates that the species meets any one of the following five 

criteria A, B, C, D or E. 

 

A.  Population size reduction of 20% over 10 years or 3 generations, whichever is longer, 

where the reduction or its causes may not have ceased. Time period must include the current 

time, or the immediate preceding period, or the immediate future period. This assessment 

must be based on (and specifying) any of the following: 

 direct observation 

 an index of abundance appropriate to the taxon 

 a decline in area of occupancy, extent of occurrence and/or quality habitat 

 actual or potential levels of exploitation 

 the effects of introduced taxa, hybridisation, pathogens, pollutants, competitors or 
parasites. 

 

Geographic range in the form of either Extent of occurrence  40000km2 or Area of 

occupancy  4000km2 AND a continuing decline of at least 10% within 10 years or 3 

generations, whichever is longer, is observed, projected or inferred in any of the following: 

 extent of occurrence 

 area of occupancy 

 area, extent and/or quality of habitat 

 number of locations or subpopulations 

 number of mature individuals 
 

C.  Population size estimated to be less than 20000 mature individuals, AND, there is 
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Categories Criteria 

continuing decline of at least 10% within 10 years or 3 generations, whichever is longer (See 

Vulnerable criterion C.) 

 

D.  Population size  3000 mature individuals, OR, Area of occupancy  40km2, or very small 

number of locations, 10 or fewer. (See Vulnerable criterion D and also refer to “rare fauna 

and flora” categories). 

 

E. Quantitative analysis showing probability of extinction in the wild  5% within 100 years. 
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