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SYNOPSIS 

The chestnut-shouldered fairy-wrens comprise a subgroup of four species in the 

genus Malurus (Passeriformes: Maluridae).  Collectively, they are widespread 

across the Australian continent but phenotypic variation is strongly structured 

geographically in just one species, M. lamberti.  Earlier phylogenetic analyses of this 

group have been limited to one or two individuals for each species and have not 

represented all currently recognized subspecies of M. lamberti.  Historically, the 

taxonomy and nomenclature of the M. lamberti complex has been debated, in part 

because of morphological similarities among its subspecies and another member of 

the group, M. amabilis.  

 

In the first data chapter of this thesis, I reconstructed the phylogeny of all four 

species of chestnut-shouldered fairy-wrens including all four subspecies of M. 

lamberti using a mitochondrial gene (ND2), five anonymous nuclear loci and three 

nuclear introns.  Phylogenetic analysis of the mitochondrial ND2 gene nests M. 

amabilis within M. lamberti rendering the latter paraphyletic.  Individual nuclear gene 

trees failed to reliably resolve each of the species boundaries or the phylogenetic 

relationships found in the mtDNA tree.  When combined, a strongly supported 

overall topology was resolved supporting the monophyly of M. lamberti and its sister 

species relationships to M. amabilis.  Current subspecies taxonomy of M. lamberti 

was not concordant with all evolutionary lineages of M. lamberti, nominotypical M. l. 

lamberti being the only subspecies recovered as a monophyletic group from mtDNA.   

 

Malurus lamberti is a relatively young species with strong geographically structured 

variation in plumage.  M. lamberti ranges throughout the whole of Australia, from the 
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arid central deserts to some of the most humid coastal forests and heaths and four 

mainland subspecies are currently recognized: nominotypical M. l. lamberti; M. l. 

assimilis; M. l. rogersi and M. l. dulcis.  Phylogeographic analysis provided a 

preliminary assessment of molecular differentiation and highlighted the important 

role of geographic barriers in Australia in promoting and maintaining population 

differentiation within a species.  Although my topology did not support the 

recognition of the existing subspecies within M. lamberti, there is a substantial break 

between east (Clade L) and west of the Great Dividing Range (Clade A).  AMOVA 

analyses of nuclear DNA detected significant genetic differentiation between the two 

mitochondrial clades and private alleles were observed in each.  Further geographic 

structuring was evident within Clade A and the pattern was consistent with 

fragmentation caused by historical climate change and likely began developing in 

the Pleistocene.  Populations of M. l. assimilis were not adversely affected by recent 

glaciations during this period and did not experience drastic population reductions.  

The results presented here are concordant with the multiple refugia hypothesis of 

Byrne (2008) in that suitable habitats were available in Australia during the 

Pleistocene and divergence of M. l. assimilis has built up through repeated cycles of 

contraction.  The pattern of possible multiple refugia for subspecies M. l. assimilis 

raises the additional possibility that this widespread species may consist of 

numerous genetic groups that may warrant taxonomic recognition to capture the 

diversity within the subspecies.   

 

Contact zones between subspecies provide important insights into the nature and 

process of speciation.  In Chapter 5 I analysed genetic data from individuals 

spanning the inferred intergrade zone of M. l. lambert and M. l. assimilis in south-
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east Queensland.  This study found M. l. lamberti (eastern) and M. l. assimilis 

(western) have unique mitochondrial sequences that were deeply divergent and 

overlap in the intergrade zone proposed by Schodde (1982a).  I found no evidence 

of population structure across the contact zone using microsatellites. However 

nuclear sequences showed divergent M. l. lamberti and M. l. assimilis lineages and 

no haplotype sharing between the subspecies.  A significant outcome from this 

research is the suggested division of M. lamberti into two species.  
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CHAPTER 1 

GENERAL INTRODUCTION 

 

One of the central topics of evolutionary biology is speciation; the process through 

which new species arise (Harrison 1998; de Queiroz 1998).  In birds, this is thought 

to occur most often due to divergence in allopatry (Mayr 1942; Coyne and Orr 2004; 

Price 2008) where a species range becomes divided by a geographical / physical 

barrier (mountain range, river etc) which prevents gene flow (geographical isolation, 

Mayr 1940).  Genetic and morphological divergence accrue as a result of adaptation 

to different environments (Rice and Hostert 1993), and as the genetic differences 

accumulate, reproductive isolation may result due to genetic incompatibilities 

(Coyne and Orr 2004).  Initial divergence to reproductive isolation generally takes a 

long time and it is the study of this continuum (population to subspecies to species) 

that exemplifies the ongoing research in evolutionary biology. 

 

1.1 Molecular phylogenetics and phylogeography 

Molecular genetics has played an integral role in increasing our understanding of  

the speciation process.  Over evolutionary time, patterns of species diversification 

can be assessed using molecular phylogenies.  To reconstruct the evolutionary 

relationships among discrete entities we recognise as species, sequence data from 

DNA can be obtained and analysed in the form of a phylogenetic tree.  

 

Mitochondrial DNA (mtDNA) has led the way in establishing phylogenetic 

relationships among many species because it is non-recombining, maternally 

inherited and relatively rapidly evolving. However limitations of this marker have 
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been invoked and include incomplete lineage sorting – where enough time has not 

passed for organism or population divergence to be reflected in mtDNA divergence 

(Avise et al. 1987; Moritz et al. 1987; Maddison and Knowles 2006; Jacobsen et al. 

2010); homoplasy – a similarity that is not a result of common history (Kallersjo et al. 

1999; McCraken and Sorenson 2005) and introgression – where hybridisation 

results in DNA crossing species or subspecies boundaries and the recipient or 

introgressed form thus becoming paraphyletic with respect to the other (Funk and 

Omland 2003; Ballard and Whitlock 2004; Borge et al. 2005; Avise 2000; 2004; 

Peters and Omland 2007).  Whilst these limitations can apply to any gene, the major 

limitation of mtDNA is that it is a single genetic locus and may not accurately reflect 

the history of the species in question or its relationship to closely related species as 

a whole.  The reason for this is that the evolutionary history of a gene is embedded 

within the evolutionary history of a species and molecular phylogenetics using a 

single gene (mtDNA) will reflect the history of that gene, or, in this case of mtDNA, 

the matriline only (Hurst and Jiggins 2005).  

 

This can be further complicated when inferring evolutionary relationships among 

recently diverged species.  If the time between divergence events is short and the 

size of the effective population is large, there is a higher likelihood that the gene tree 

may not be congruent with the species tree due to the limitations mentioned above.  

Figure 1.1 illustrates the case and shows that it is possible for the gene tree not to 

reflect the species tree (gene 2) whereas gene 1 suggests concordance with the 

species tree.   
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Figure 1.1 – Discordance between gene trees and the species tree.  

  

One solution to increase the reliability of capturing the correct underlying 

phylogenetic signal is to sample a larger set of independent nuclear loci (Moore 

1995; Edwards and Beerli 2000; Jenning and Edwards 2005; Carling and Brumfield 

2007).  Inferring evolutionary relationships from independent nuclear loci is not 

without its problems (Degnan and Rosenberg 2006; Zink and Barrowclough 2008).  

However, increasing the number of individuals sampled and loci sequenced can 

generally provide a more statistically robust and informative reconstruction of 

evolutionary relationships than analyses of single loci (Jennings and Edwards 2005; 

Peters et al. 2005; Rubinoff and Holland 2005; Lee and Edwards 2008; Nyari and 

Joseph 2012; Dhami et al., 2012; Lee et al. 2012; Toon et al. 2012; Kearns et al. 

2013). 

 

When the genealogical relationships among DNA sequences are combined with 

information on their geographic distribution it is possible to deduce the influence of 

historical processes on the evolution of species (Avise et al. 1987).  Studying this 

spatial arrangement of genetic lineages is known as the field of phylogeography and 
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interpreting the genetic patterns in a geographic context has fostered understanding 

of the responses of species to the dynamics of climate change over the past 2 

million years (Avise et al. 1987; Avise 2000; Moritz et al. 2000; Byrne 2008).  

Initially, phylogeographic studies were based on mtDNA and there is now a plethora 

of examples.  Recently, the utility of nuclear DNA (nDNA) has been trialled in order 

to alleviate problems of the stochasticity of single locus data referred to above and 

use the analytical power of multilocus genealogical concordance and discordance to 

yield richer interpretations of the historical record for many species (Brito and 

Edwards 2008; Cabanne et al. 2008; Balakrishnan and Edwards 2009; Kearns et al. 

2011).  By extending phylogeographic analysis to diploid nuclear loci, this field has 

grown from a largely marker-specific discipline to a broader arena within 

evolutionary genetics, where the importance of spatial patterns is emphasized in 

studies of historical population processes (Hare 2001). 

 

1.2 Evolution and taxonomy of birds 

The class Aves is one of the most easily distinguishable classes of vertebrates due 

to the single diagnostic unique trait shared by all birds (synapomorphic in cladistic 

terms) of feathers.  Many theories have been developed regarding the evolution of 

feathers (Dyck 2005) and the origin of birds (Dyke 2001; Chiappe and Dyke 2002; 

Padian and Chiappe 2007).  Today there are more than 10,000 species of birds 

distributed over the earth.  They can be found in forests and deserts, in mountains 

and caves, and on all oceans (Hickman et al. 2000; Lepage 2008). 

 

The present understanding of the systematics of birds has steadily increased in 

parallel with the advent of molecular markers to study evolutionary history.  The first 
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phylogenetic analysis of a DNA sequence-based study of a group of Australian birds 

appeared in 1991 (Edwards et al. 1991; 2005) and as avian sequences are being 

accumulated ever more rapidly, many previously held beliefs regarding relationships 

among genera of birds are being clarified (Norman et al. 2007, 2009; Driskell et al. 

2011; Joseph et al. 2011; Lee et al. 2012; Toon et al. 2012).   

 

As birds are easy to observe in the field they have been one of the best taxonomic 

groups with which to investigate many aspects of ecology, including mate choice 

(Searcy 1992; Double and Cockburn 2003; Nowicki and Searcy 2005); dispersal 

(Double et al. 2005); song variation (Irwin 2000; Price and Lanyon 2002; Ribot et al. 

2012); cooperative breeding (Wright and Russell 2008); habitat partitioning (Frere et 

al. 2008) and colour polymorphism (Hughes et al. 2001; Galeotti et al. 2003; Toon et 

al. 2003; Doucet et al. 2004; Mundy 2005).  Many studies have examined the 

evolutionary significance of polymorphisms within and between species and 

discussed the mechanisms, functions and benefits in maintaining heterogenous 

populations (See Galeotti et al. 2003; Roulin 2004; Shawkey et al. 2006; Odeen et 

al. 2011; Dobson et al. 2012). 

 

Whilst the traditional criteria for identifying species of birds have been morphological 

characters including plumage colour, and proportions such as wing, bill, tail and 

tarsus length (Harrison 1972; Schodde 1982a; Schodde and Mason 1999), these 

measures are being complimented by genetic characters together with ecological 

traits, behaviour and vocalisations (Edwards et al. 2005; Christidis and Boles 2008; 

Ribot et al. 2012).  Taxonomic revisions are occurring at a considerable rate as new 
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studies using new genes and/or with greater coverage of taxa are appearing in the 

literature. 

 

1.3 Biogeography of Australian Birds 

Australia has provided plentiful opportunities for studying biogeography due to its 

long history of isolation as a continent (Cracraft 2001; Lee and Edwards 2008).  

Geographically structured phenotypic variation in Australian birds is often ascribed 

to past climatic fluctuations having caused contractions of widespread populations to 

refugia where allopatric divergence has led to speciation (Serventy 1951; Schodde 

1982a; Ford 1987; Schodde and Mason 1999; Avise and Walker 1998).  The advent 

of molecular techniques has seen a growing body of evidence for a major role of 

historical allopatry in driving bird speciation in Australia (Joseph and Moritz 1994; 

Driskell et al. 2002; Jennings and Edwards 2005; Joseph and Wilke 2006; Joseph et 

al. 2008; Toon et al. 2010). Many species-level divergences appear to have 

occurred in the Pliocene and early Pleistocene (Christidis et al. 2010; Toon et al. 

2010), subspecific differentiation having occurred later in the Pleistocene (Byrne et 

al. 2008; Lee and Edwards 2008; Kearns et al. 2009; 2011; Christidis et al. 2010).  

 

Phylogeographic studies of Australian birds have tested the effects of several 

proposed biogeographic barriers (Cracraft 1991; Crisp et al. 1995; Schodde and 

Mason 1999) in the evolution of current diversity (see also broad reviews in Byrne et 

al. 2008, 2011; Bowman et al. 2010).  Particular attention has been given to the 

Carpentarian Gap in the Australian Monsoon Tropics (AMT) (Jennings and Edwards 

2008; Lee and Edwards 2008; Toon et al. 2010; Kearns et al. 2011), the Black 

Mountain Corridor in North Queensland (Joseph and Moritz 1994) and the Nullarbor 
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and Eyrean Barriers of southern Australia (Joseph and Wilke 2006; Kearns et al. 

2009).  The Carpentarian Gap divides the savannas and rainforests of Cape York 

Peninsula from those in and around major sandstone regions to the west in the 

Kimberley and Arnhem Land plateau (Macdonald 1969; Bowman et al. 2010). These 

sandstone regions have been identified as containing the highest diversity of 

mammals, reptiles and birds within Australia (Woinarski 1992); yet remain relatively 

unexplored in the phylogeographic literature.  These regions were once thought to 

constitute a single refuge for Australian birds during periods of Pleistocene aridity 

(Keast 1961).  Subsequent field work and taxonomic studies (Ford 1987; Cracraft 

1986, 1991) revealed a split in the northwest refuge by a barrier referred to in the 

biogeographic literature as the Victoria River Drainage barrier (VRD: Schodde and 

Mason 1999; Joseph and Omland 2009; Eldridge et al. 2011). Congruent patterns of 

geographical structuring are evident across this barrier in ~ 12 pairs of bird species 

(Keast 1961; Schodde and Mason 2009; Jennings and Edwards 2005; Joseph and 

Omland 2009), as well as at least one rodent (Kitchener 1989), a carnivorous 

marsupial (Kitchener 1988) and butterflies of the genus Nesolycaena (Braby 1996).  

 

Similar patterns can be seen in widespread Australian birds more exclusive of the 

arid zone. East-west structure to genetic variation in these species can be explained 

by Pleistocene or pre-Pleistocene barriers to gene flow such as the Nullarbor, 

Eyrean and Grey Range Barriers (Ford 1987; Joseph and Wilke 2006; Toon et al. 

2007; Kearns et al. 2009; Dolman and Joseph 2012). Full or partial discordance 

between such east-west genetic structure and geographical patterns in phenotypic 

variation is also observed (Hughes et al. 2001; Toon et al. 2003; Joseph and Wilke 

2006; Kearns et al., 2009). A role for selection on phenotypes in adapting 
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populations to local environments has been used to explain one of these 

discordances (Hughes et al. 2001).  The Australian magpie, Gymnorhina tibicen, is a 

widely distributed passerine that exhibits a wide range of plumage patterns across 

its range.  A study conducted by Hughes et al. (2001) tested two alternative 

hypotheses (primary vs secondary contact) for the distribution of plumage variation 

in this species in southern and eastern Australia.  Using mtDNA, the authors 

suggested there was no relationship between mtDNA haplotype geography and 

back colour variation in this sedentary species and that the different back colours 

may be favoured in different habitats.  Similar results have also been shown using 

nuclear microsatellites in that they also do not show congruence with plumage 

(Toon et al. 2003). Further analyses by Dobson et al. (2012) examining the coding 

region of the melanocortin-1 receptor (MC1R), a candidate gene for colour 

polymorphism in birds, revealed no association between MC1R and plumage 

variation in the Australian magpie.  An alternative explanation for discordance 

between genotype and phenotype is that strong selective pressures and a faster 

rate of evolution may also act to differentiate phenotypes while the timing of 

population divergence is too recent for mtDNA divergence to have accrued (Joseph 

and Wilke 2006; Kearns et al. 2009).  These complex and occasionally incongruent 

patterns are a challenge for Australian biogeography. They warrant further 

investigation to determine whether phenotypic variation of widespread Australian 

birds originated in allopatry or is a result of selection across environmental 

gradients, or combinations of the two.  One such group that provides a wealth of 

opportunity to study selection and history is the Australo-Papuan Fairy-wrens 

Malurus of the Maluridae. 
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1.4 Study Species 

The genus Malurus (Maluridae) consists of 12 species of fairy-wren distributed 

throughout Australia and New Guinea (Schodde 1982a; Rowley and Russell 1997).  

Under current taxonomy (Driskell et al. 2011; Lee et al. 2012; Joseph et al. in press) 

two species of Malurus are endemic to Papua New Guinea and Indonesia (M. 

alboscapulatus and M. cyanocephalus).  Nine species are endemic to Australia and 

they are commonly grouped into the ‘blue wrens’ (M. cyaneus, M. splendens), 

‘bicoloured wrens’ (M. coronatus, M. melanocephalus and M. leucopterus) and the 

‘chestnut-shouldered fairy-wrens’ (hereafter CSFW - M. lamberti, M. amabilis, M. 

pulcherrimus and M. elegans) based on morphological similarities (Schodde 1982a).  

Some members of the genus Malurus have a long history of serving as models in 

studies on sexual dimorphism (Owens and Hartley 1998; Swaddle et al. 2000; 

Webster et al., 2007) and complex breeding behaviours (Rowley 1957; Mulder et al. 

1994; Double and Cockburn 2000), however others are less well known due to their 

often shy and unobtrusive behaviour.  Fairy-wrens are small (9-15cm) insectivorous 

birds that occur in a variety of environments, from rainforests to arid regions and are 

commonly known to inhabit areas with a dense understorey. 

 

The four species of CSFWs have always been considered close relatives, although 

relationships within and among these species remain poorly understood.  Together 

they occupy nearly all of mainland Australia. The four currently recognised species 

are: Red-winged Fairy-wren Malurus elegans  (Gould 1837) confined to wet forests 

of far south-western Australia; Blue-breasted Fairy-wren M. pulcherrimus (Gould 

1844) inhabiting drier heath and semi-arid Eucalyptus shruband (‘mallee’) in a 

fragmented distribution across eastern and western parts of southern Australia; 
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Lovely Fairy-wren M. amabilis (Gould 1852) of Cape York Peninsula, and the 

widespread Variegated Fairy-wren M. lamberti (Vigors and Horsfield 1827). Their 

largely allopatric distributions with limited parapatry coincides with known areas of 

endemism proposed by Cracraft (1991) (Figure 1.2).   

 

 



Chapter 1 – General Introduction 

P a g e  | 11 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.2 – Distribution maps and photographs of A. Malurus elegans; B. M. pulcherrimus; C. M. 

amabilis; and D. M. lamberti.  Distribution maps (A-C) modified from Schodde (1982a) and (D) from 

Schodde and Mason (1999).  E. Map showing Areas of Endemism proposed by Cracraft (1991).  

Photographs taken and kindly donated by Graeme Chapman©. 

 

Malurus lamberti is the only polytypic species in this group and by far the most 

widespread (Figure 1.1D).  Four mainland subspecies are currently recognised and 

accepted.  They are: nominotypical M. l. lamberti Vigors and Horsfield 1827, from 

the coastal ranges of eastern Australia; M. l. assimilis North 1901 from inland 
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Australia; M. l. rogersi Mathews 1912 from the Kimberley region; and M. l. dulcis 

Mathews 1908 from Arnhem Land (hereafter referred to as lamberti, assimilis, dulcis 

and rogersi, respectively).   A fifth subspecies M. l. bernieri occurs on Bernier Island, 

Western Australia, but it was not possible to sample it in this study. 

 

Descriptions of geographic variation within Malurus lamberti have focused on 

definitions of subspecies in terms of subtle differences in plumage hue and intensity.  

Phenotypes range from light blue-grey females (rogersi, dulcis); light brown females 

(assimilis) to warm brown females (lamberti) and there are slight differences in 

males with regards to flanks (white or greyish in dulcis and rogersi and pale buff in 

assimilis and lamberti, Harrison 1972).  Breeding males of all subspecies also differ 

in the colouring of the crown - deep azure (dulcis and rogersi), deep to mid-violet 

blue (assimilis) to rich sky-blue in lamberti; ear coverts – deep azure (dulcis and 

rogersi), mid violet-blue to mid sky-blue (assimilis) to paler sky-blue in lamberti; and 

mantle – mid violet-blue (dulcis and rogersi), deep to mid violet-blue (assimilis) to 

royal blue in lamberti (Schodde and Mason 1999). Much plumage variation also 

occurs within the inland subspecies assimilis ranging from darker plumage in the 

south of the range bordering M. pulcherrimus to lighter and brighter plumage 

through a wide zone running diagonally from the central Flinders Range through 

north-western New South Wales to central Queensland (Mack 1934; Ford 1966; 

Schodde 1982a; Schodde and Mason 1999). 

 

No attempt has been made to analyse the gene exchange of the populations in the 

areas of contact, although there are clearly some intergradations between them, as 

phenotypically intermediate hybrids have been observed between assimilis and 
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rogersi and dulcis along a several-hundred kilometre strip running right across north-

western Australia from the Fitzroy to the Roper River (Ford 1966). An intergradation 

zone was first reported to exist between nominotypical lamberti and inland assimilis 

along the Great Dividing Range by Mack (1934) but has not been studied in any 

detail since that time (Harrison 1972; Ford 1987; Schodde and Mason 1999).  It has 

been suggested the zones of phenotypic intergradation reflect secondary contact 

following isolation of a widespread species to refuge areas during the Pleistocene 

glaciations (Schodde 1982a).    

 

1.5 Thesis objectives 

This dissertation consists of six chapters.  The introductory chapter is followed by a 

General Methods chapter (Chapter 2) describing sampling design, laboratory 

methods and data analysis relevant to more than one chapter.  This is then followed 

by three data chapters Chapters 3, 4 and 5); a General Discussion chapter (Chapter 

6); References and an Appendix.  The first data chapter (Chapter 3) analyses the 

evolutionary history of the Chestnut-shouldered Fairy-wrens (CSFW).  Prior 

phylogenetic studies incorporating CSFW have had limited sampling of taxa and 

individuals, especially of the M. lamberti complex (Gardner et al. 2010; Driskell et al. 

2011; Lee et al. 2012).  To date, all subspecies of M. lamberti have only been 

included in an allozyme study (Christidis and Schodde 1997).  Sister species 

relationships among the four species of CSFW have proven remarkably difficult to 

resolve consistently in multilocus studies to date (Gardner et al. 2010; Lee et al. 

2012, Figure 3.2a,b) and one study (Driskell et al. 2011)  found M. lamberti to be 

paraphyletic with respect to M. amabilis (Figure 1.3c). Representatives of the 

northern forms especially of the M. lamberti group were not included by Driskell et 
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al. (2011), and so relationships between the M. lamberti group and M. amabilis 

remain poorly understood.  Recognition of M. amabilis as a species distinct from M. 

lamberti (which was argued as late as Schodde 1982a and questioned by Cracraft 

1986) poses questions that phylogenetic perspectives could inform (Joseph et al, 

2013).   

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1.3 – (a) Bayesian consensus tree of CSFW relationships as inferred by 7 mitochondrial 

genes, 2 nuclear protein-coding genes and 2 nuclear introns (modified from Gardner et al. 2010)). (b) 

Bayesian Estimation of Species Tree showing CSFW relationships as inferred by 1 mitochondrial 

gene, 5 anonymous nuclear loci, 5 nuclear introns and 7 nuclear exons (modified from Lee et al. 

2012)). (c) Maximum likelihood tree of CSFW relationships as inferred by 4 mitochondrial genes and 

3 nuclear introns (modified from Driskell et al. 2011)).   

 



Chapter 1 – General Introduction 

P a g e  | 15 

In Chapter 3, I present a molecular phylogeny based on nine loci for all species / 

subspecies of CSFW.  I include sampling from across the geographic range of 

Malurus lamberti to infer relationships among individuals of M. lamberti and the 

relationships of M. lamberti populations to other species in the CSFW group.  In the 

second part of this chapter I use the program RASP (Reconstruct Ancestral State in 

Phylogenies, Yu et al. 2010, 2011) to reconstruct the ancestral distributions of the 

CSFWs to gain a better understanding of their biogeographic history. 

 

In Chapter 4, I focus on the genetics of the polytypic member of the CSFW, Malurus 

lamberti.  I examine the broader phylogeographic patterns within M. lamberti and 

test hypotheses about the effect of Pleistocene climatic changes on the genetic 

structuring of this wide ranging species.    Combining analysis of geographical and 

genealogical information has revealed that the Pleistocene era had profound 

impacts on species’ distribution patterns and population diversity globally (Hewitt 

2001).  For instance, species inhabiting mesic zones along the east coast of 

Australia have genetic signatures of high diversity and endemism in many localities 

(Joseph and Moritz 1993, 1994; Bryne et al. 2008; Chapple et al. 2011); whereas 

some species from the arid zone in Australia show little phylogeographic structuring 

across all or part of their range (Joseph et al. 2002, 2006; Joseph and Wilke 2006, 

2007; Toon et al. 2007; Kearns et al. 2009).   

 

In Chapter 5, I examine the extent of gene flow between subspecies M. l.  lamberti 

and M. l. assimilis at the putative zone of contact in south-east Queensland.  

Evidence of intergradation (morphological intermediacy) has been observed (Mack 

1934; Ford 1966; Harrison 1972; Schodde 1982a) but has never been tested with 
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DNA sequences.  In this chapter (Chapter 5), I undertake genetic analysis of the 

putative area of secondary contact between the two subspecies using both 

mitochondrial and nuclear markers. 

 

Chapter 6 provides a general discussion combining the findings from the 

phylogenetic, phylogeography and population genetic analyses.  This dissertation 

comprises the most comprehensive molecular work that has been done to date on 

the Chestnut-shouldered fairy-wrens and in particular Malurus lamberti. 
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CHAPTER 2 

GENERAL METHODS 

 

Laboratory methods and data analyses relevant to more than one chapter are 

described here.  Methods and analysis pertaining to specific questions are provided 

in the relevant chapters. 

 

2.1 SAMPLING DESIGN 

A total of 229 fairy-wren samples were collected for this study of which 168 were 

frozen tissue samples obtained from the Australian National Wildlife Collection 

(ANWC), Western Australian Museum, Perth (WAM), South Australian Museum, 

Adelaide (SAMA), Museum Victoria, Melbourne (NMV), Cornell Lab of Ornithology, 

New York (CLO) and the Academy of Natural Sciences of Drexel University, 

Philadelphia (ANSP). Samples were cryofrozen liver, heart or breast muscle and all 

are associated with a preserved voucher specimen (Figure 2.1, Appendix 1).  The 

remaining 61 samples were collected under the Department of Environment and 

Resource Management permits WITK07790510, WITK09894311, WISP07790410, 

WISP09966311, TWB/24/2010, TWB/27/2011; Permit No. 2429 from the Australian 

Bird and Bat Banding Scheme and Ethics Permit ENV/13/08/AEC from Griffith 

University. Refer to Chapter 5 for more detail.  

 

2.2 MOLECULAR TECHNIQUES 

2.2.1 DNA extraction techniques 

A modified hexadecyltrimethylammonium bromide/phenol chloroform DNA 

extraction protocol (Doyle and Doyle 1987) was used to isolate total genomic DNA.  
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A small portion (~25mg) of tissue was placed in a 1.5 mL eppendorf tube containing 

700 µL of 2 x CTAB extraction buffer (0.5 M Tris-HCl pH 9.0, 2 M NaCl, 0.25 M 

EDTA, 0.05 M CTAB; Sigma, Sydney, Australia) and 3 µL of Proteinase K (20mg 

mL-1).  Samples were homogenized with a plastic mortar, vortexed and left to digest 

overnight at 65°C on a Thermoline dry block incubator. 

Following digestion, 350 µL of phenol and 350 µL of chloroform-isoamyl (24:1) was 

added to each tube to remove proteins and lipids.  Tubes were mixed on a Clements 

suspension mixer for 30 minutes and then centrifuged at room temperature for 5 

minutes at 13500 rpm on an IEC Micromax centrifuge.  The supernatant was 

removed and placed into a new 1.5 mL eppendorf tube.  600 µL of chloroform-

isoamyl (24:1) was added to each tube, mixed for a further 15 minutes and 

centrifuged for 5 minutes.  The supernatant was removed and genomic DNA was 

precipitated with the addition of 600 µL isopropanol to each tube and incubated at -

20°C for 45 minutes.  The DNA pellet was then centrifuged at 13500 rpm for 15 

minutes and isopropanol was removed by aspiration with a modified glass pipette.  

DNA was cleaned with 2 washes with 70% ethanol and dried in a vacuum.  The 

pellet was re-suspended in 30 µL ddH2O. Sample template (3 µL) was 

electropherised through 1% agarose gels (1.0% agarose, 0.5 µL SYBR® Safe DNA 

gel stain) and visualised under UV to quantify DNA template. 

 

2.2.2 mtDNA amplification conditions 

A 969 bp fragment of the mtDNA NADH dehydrogenase subunit 2 (ND2) gene was 

amplified using external primers L5216 (5’-GGCCCATACCCCGRAAATG-3’) and 

H6313 (5’-ACTCTTRTTTAAGGCTTTGAAGGC-3’) in 10 µL reactions containing 0.4 

µL of MgCl2 (50 µM) (Bioline), 2.0 µL 5 x polymerase reaction buffer (Bioline), 0.2 µL 
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dNTPs (Bioline), 0.3 µL of each primer (10 µM), 0.04 µL Thermus aquaticus DNA 

(Taq) polymerase (Bioline), 2.0 µL of DNA template and 4.76 µL ddH2O.  

Amplifications started with 94°C for 5 minutes, followed by 15 cycles of 94°C 

denaturing for 30 seconds, 57°C annealing for 30 seconds and 72°C extension for 1 

minute.  This was followed by 25 cycles of 94°C for 30 seconds, 62°C annealing for 

30 seconds and 72°C for 5 minutes and then held for an indefinite period at 15°C.  

Amplication of the target fragment was checked on a 1.0% agarose gel (1.0% 

agarose, 0.5 µL SYBR® Safe DNA gel stain) and visualised under UV to quantify 

PCR amplification. 

 

2.2.3 Nuclear DNA 

Eight nuclear genetic markers were used in this study (Table 2.1) and comprised 

three introns developed using previously published primers (Waltari and Edwards 

2002; Sorenson et al. 2004; McCracken and Sorenson 2005) known to work on 

Chickens (Stone et al. 1985; Burt and Paton 1991; Johnson and Bulfield 1992); 

Mallard Ducks (Wistow et al. 1988); woodpeckers (Prychitko and Moore 1997) and 

Passerina Buntings (Carling and Brumfield 2008).  The five non-coding nuclear loci 

used in this study were developed by Lee and Edwards (2008) in a statistical 

phylogeographic study of the red-backed fairy-wren (Malurus melanocephalus).   

 

2.2.3.1  Nuclear DNA amplification conditions 

Nuclear DNA was amplified in 10 µL reactions containing 0.3 µL of MgCl2 (50 µM) 

(Bioline), 2 µL 5 x Polymerase Reaction Buffer (Bioline), 0.2 µL dNTPs (Bioline), 0.2 

µL of each primer (10 µM), 0.1 µL Thermus aquaticus DNA (Taq) polymerase 

(Bioline),  0.5 µL template DNA and 6.5 µL ddH2O.  A touchdown protocol was used 
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to amplify the target fragments using the following program: an initial denaturation of 

95°C for 5 minutes followed by 29 cycles at 95°C for 25 seconds, touchdown 

annealing step 58-53°C for 30 seconds, 72°C for 90 seconds and a final extension 

step at 72°C for 10 minutes. 

 

Table 2.1 – Descriptive statistics for the 8 nuclear loci used in this study.  Sequence length includes 

alignment gaps.  

Locus Abb. Length Primer Sequences 

    
Nuclear Introns    
glyceraldehydes-3-phosphate 
    dehydrogenase  intron 11 
 

GADPH 331 F: 5’-TCCACCTTTGAYGCGGGTGCTGG-3’ 
R: 5’-CAAGTCCACAACACGGTTGCTGTATCC-3’ 

phosphenolpryuvate 
    carboxykinase intron 9 
 

GTP 740 F: 5’-ACGAGGCCTTTAACTGGCAGCA-3’ 
R: 5’-CTTGGCTGTCTTTCCGGAACC-3’ 

Transforming Growth Factor 
    -β2 intron 5 

TGFb2 622 F: 5’-TTGTTACCCTCCTACAGACTTGAGTC-3’ 
R: 5’-GACGCAGGCAGCAATTATCC-3’ 

 

Anonymous Loci 

   

Mame-AL06 A06 368 F: 5’-AGAAGAATCCGTGTGCCAAC-3’ 
R: 5’-ATGTTCAGCACAACCACAGC-3’ 

Mame-AL16 A16 394 F: 5’-GCAGGGAGGTGTGATTATAGC-3’ 
R: 5’-AGCCCAAAGTTGTCAGAAGC-3’ 

Mame-A23 A23 403 F: 5’-TGCATTCACACCAGGAATTG-3’ 
R: 5’-GTGCTGGCACTGAAACTTCC-3’ 

Mame-A26 A26 351 F: 5’-ATGCCAGCTGCAAAGGTTAC-3’ 
R: 5’-ATGGGCAGTTGTTTGCTTTC-3’ 

Mame-A28 A28 414 F: 5’-AGAGCCAGGAAAACCTCTTT-3’ 
R: 5’-TGGAGGTGATTGAATGAATG-3’ 

    

 

2.2.4 Sequencing 

Purification of the amplified PCR products was performed using EXO SAP 

(Fermentas, www.fermentas.com) in a reaction containing 7 µL of PCR product, 

0.25 µL exonuclease I E. coli (EXO) and 1 µL shrimp alkaline phosphate (SAP) and 

subject to an incubation period of 37°C for 35 minutes followed by a heating process 

of 80°C for 20 minutes.  Sequencing of the PCR product in forward and reverse 

directions was done using the BigDye Terminator Version 3.1 cycle sequencing kit 

http://www.fermentas.com/
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(Applied Biosystems, Foster City, CA, USA) and an Applied Biosystems 3130×1 

automated sequencer.   

 

2.3 DATA ANALYSIS 

2.3.1 Phylogenetics 

2.3.1.1  mtDNA 

Sequences were manually edited and aligned in CodonCode Aligner Version 3.7.1 

(CodonCode Corporation, Dedham, MA, USA).  The program ModelTest 3.7 

(Posada and Crandall 1998) was used to find the best-fit model of sequence 

evolution by the Akaike Information Criterion (AIC). Species and subspecies 

relationships were estimated via maximum likelihood (ML), maximum parsimony 

(MP) and Bayesian methods and identical haplotypes were removed from analyses.  

The ML analysis was run with a heuristic search in PAUP version 4.0b 10 (Swofford 

2000) with 500 random additions of taxa and 100 trees held at each replicate.  

Branch swapping was performed with tree-bisection-reconnection (TBR).  MP 

analysis and 2000 bootstrap replicates were conducted using the program MEGA 

version 5 (Tamura et al. 2011) and finally I analysed the data in MrBayes v3.1.2 

(Ronquist and Huelsenbeck 2003).  Each Bayesian analysis was run for 2 million 

generations sampling from the chain every 1000 generations and the sump and 

sumt commands were executed in MrBayes, summing over the multiple convergent 

runs.  The output files were examined in Tracer v1.5 (Rambaut and Drummond 

2007) to ensure that all parameters converged.  For the phylogenetic analyses, 

Malurus splendens (Chapter 3) and M. pulcherrimus (Chapter 4, 5) were used to 

root the trees. 
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2.3.1.2  Nuclear DNA 

Nuclear sequences were aligned and manually edited in CodonCode Aligner 

Version 3.7.1 (CodonCode Corporation, Dedham, MA, USA).  Identification of indels 

involved manual inspection of chromatograms as in Dolman and Moritz (2006).  

Heterozygous nucleotide positions were identified through dual peaks present in the 

chromatogram (Brumfield et al. 2003).  To identify haplotypes from heterozygotes, I 

used an approach implemented in PHASE v2.1 (Stephens et al. 2001; Stephens 

and Donnelly 2003).  PHASE implements a Bayesian statistical method for 

reconstructing haplotypes from population genetic data (Stephens et al 2004). To 

run the program, an input file is supplied containing the following genotype 

information:- 

Number of Individuals 
Number of loci 
P Position(1) Position(2)................Position(Number of Loci) 
Locus Type(1) Locus Type(2)........Locus Type(Number of Loci) 
ID(1) 
Genotype(1) 
 
ID(2) 
Genotype(2) 
. 
. 
. 
ID(Number of Individuals) 
Genotype(Number of Individuals 
 

I ran the algorithm multiple times with different seeds for the random number 

generator and checked for consistency across the results.  For the final run for each 

nuclear locus, I ran the algorithm with 500 iterations, performing 5 steps through the 

Markov chain with a burnin of 500.  The –x option was used to automatically run 10 

independent runs with the output corresponding to the run with the best average 
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goodness-of-fit.  The algorithm was started from different starting points with an 

output probability threshold of 0.8 (80%). 

 

To detect recombination within each nuclear locus, I used the four-gamete test 

(Hudson and Kaplan 1985) as implemented in DnaSP v5 (Librado and Rozas 2009).  

For each locus, I determined the largest non-recombining fragment and discarded 

the remaining sequence for all subsequent analyses.  

 

The program ModelTest 3.7 (Posada and Crandall 1998) was used to find the best-

fit model of sequence evolution by the Akaike Information Criterion (AIC). All 

phylogenetic relationships were estimated using the same approach as for the 

mtDNA. 

 

Intraspecific datasets can violate many of the assumptions made by standard 

phylogenetic tree-building algorithms (Posada and Crandall 2001).  Therefore, a 

statistical parsimony method of Templeton et al. (1993) as implemented in the 

program TCS version 1.21 (Clement et al. 2000) was used to construct haplotype 

networks for mtDNA and nuclear DNA.  The statistical parsimony method was 

chosen because of its ability to infer missing intermediate haplotypes within the 

network and it allows a more detailed display of population information than 

standard phylogenetic methods that assume bifurcating lineages (Crandall 1994; 

Posada and Crandall 2001).  
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2.3.2 Population genetic and historical demographic analyses 

To test the presence of genetic structure within Malurus lamberti an Analysis of 

Molecular Variance (AMOVA) (Excoffier et al. 1992) was performed in Arlequin 

v3.5.1.2 (Excoffier 2010) to test how variation was partitioned when the subspecies 

were designated as geographic groups of subpopulations (Chapter 4).  Different 

geographical groupings based on the presence of natural barriers were defined and 

tested for genetic structuring.  The Great Dividing Range (GDR) separates 

subspecies Malurus lamberti lamberti (coastal) from M. l. assimilis (inland) 

populations.  The Eyrean Barrier, north from the head of Spencer Gulf, South 

Australia, along the west fringes of the Flinders Ranges and through Lake Torrens 

to the lower Lake Eyre basin, where it bifurcates (Ford 1974; Schodde 1982a) could 

naturally divide populations of M. l. assimilis into two groups defined as east and 

west.  Various other groups of populations were tested to identify the most 

significant population structure.  For Chapter 5, individuals were designated a priori  

as intergrades if they were sampled in the intergrade zone based on Schodde 

(1982a) and Schodde and Mason (1999), M. l. lamberti for individuals collected 

outside the limits of the intergrade zone on the eastern side and M. l. assimilis when 

collected on the western side of the intergrade zone.  AMOVA analyses were 

performed in Arlequin (Excoffier 2010) with significance of ΦST evaluated by 10000 

permutations.   

 

For each locus, estimates of haplotype diversity (Hd), nucleotide diversity (π) (Nei 

1987), tests for population stability vs growth (Tajima’s D (Tajima 1989) and Fu’s Fs 

(Fu 1997)) were generated in DnaSP v5.10 (Librado and Rozas 2009). Significant 

and negative Tajima’s D and Fu’s Fs statistic values are indicative of possible 
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population expansion.  Evidence for population expansion was also tested under the 

expansion model of Rogers and Harpending (1992) by examining mismatch 

distributions. Populations that have undergone recent demographic expansion are 

thought to exhibit a unimodal smooth bell shape in the pairwise mismatch 

distribution, while populations that have had constant population size are 

multimodal.  Mismatch distributions were calculated for samples contained in each 

of the main clades and groups identified in the mtDNA haplotype networks and 

phylogenetic analysis.  Comparisons of intraspecific diversity and exact tests of 

differentiation among samples were also performed on the taxonomic divisions of M. 

lamberti according to Schodde and Mason (1999). 

 

2.3.3 Estimates of Divergence Time 

Time estimates for major nodes on the species tree were estimated using the full 

data set in *BEAST (Heled and Drummond 2010).  *BEAST uses coalescent and 

Bayesian statistical methods to estimate species trees from multiple loci.  All 

alignments were imported into BEAUTi v1.6.1 (Drummond and Rambaut 2007) as 

separate data partitions.  The *BEAST option was enabled and each sequence was 

assigned to the appropriate species using the ‘Traits’ tab.  

 

Before estimating divergence times, likelihood ratio tests were performed for each 

locus using PAUP v4.0b10 (Swofford 2003) to determine whether the sequence 

data departed significantly from clock-like behaviour.  The likelihoods of the two 

trees (for each locus) did not differ significantly (P > 0.05) and so Bayesian MCMC 

analyses were computed using a global molecular clock.   
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There is no malurid fossil record, so I used previously suggested nucleotide 

substitution rates for ND2 (1.06E-8 substitutions/site/year (Weir and Schluter 2008)), 

anonymous loci (2.56E-9 substitutions/site/year (Lee and Edwards 2008)) and 

nuclear introns (1.56E-9 substitutions/site/year (Ellegren 2007)) to date lineage 

divergences.   Nucleotide substitution models were assigned to each data partition 

based on the best model chosen in ModelTest 3.7 (Posada and Crandall 1998). 

 

Two independent analyses were run for 108 generations, and data were sampled 

every 10000 steps to allow for adequate mixing and the default 10% burnin.  The 

two runs were combined using LogCombiner v1.6.1 as implemented in BEAST. 

Convergence of the chain to a satisfactory distribution was confirmed by inspection 

of the MCMC samples using the program Tracer v1.5 (Rambaut and Drummond 

2007) and analysed graphically using the program TreeAnnotator v1.6.1 (Rambaut 

and Drummond 2007) and visualised in Fig Tree v1.3.1 (Rambaut 2009). 
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CHAPTER 3 

Phylogenetic relationships of Chestnut-shouldered Fairy-Wrens (Malurus 

spp.) and their biogeographic history within Australia: 

a multilocus approach. 
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3.1 INTRODUCTION 

Geographically structured phenotypic variation in Australian birds is often ascribed 

to past climatic fluctuations having caused contractions of widespread populations to 

refugia where allopatric divergence has led to speciation (Serventy 1951; Schodde 

1982a; Ford 1987; Schodde and Mason 1999; Avise and Walker 1998).  There is a 

growing body of evidence for a major role of historical allopatry in driving bird 

speciation in Australia (Joseph and Moritz 1994; Driskell et al. 2002; Jennings and 

Edwards 2005; Joseph and Wilke 2006; Joseph et al. 2008). Many species and 

subspecies divergences (e.g. Christidis et al. 2010; Lee and Edwards 2008; Kearns 

et al. 2008; 2010; Toon et al. 2010) appear to have occurred in the Pliocene and 

early Pleistocene, which coincides with a period of increasing cyclic climate 

fluctuations (Byrne et al. 2008).  

 

The four species of chestnut-shouldered fairy-wrens (CSFWs) (Passeriformes: 

Maluridae: Malurus) provide an excellent model to test whether major phenotypic 

discontinuities correspond with patterns of genetic isolation. Together they occupy 

nearly all of mainland Australia. The four currently recognised species are: Red-

winged Fairy-wren Malurus elegans (Gould 1837); Blue-breasted Fairy-wren M. 

pulcherrimus (Gould 1844); Lovely Fairy-wren M. amabilis (Gould 1852), and the 

widespread Variegated Fairy-wren M. lamberti (Vigors and Horsfield 1827).   

M. lamberti is by far the most widespread species of the group.  This species has 

strong, geographically structured variation in plumage and four subspecies have 

been recognised: nominotypical M. l. lamberti; M. l. assimilis North 1901; M. l. 

rogersi Mathews 1912 and M. l. dulcis Mathews 1908 (hereafter referred to where 

possible for simplicity as lamberti, assimilis, dulcis and rogersi, respectively).  M. l. 
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assimilis has a vast geographical range covering the length and breadth of inland 

arid and semi-arid Australia whereas the other three subspecies are endemic to 

peripheral areas of northern and eastern Australia.   

 

Historically, the taxonomy and nomenclature of the M. lamberti complex has been 

debated (Mack 1934; Mayr and Serventy 1944; Serventy 1951; Keast 1961; Ford 

1966; Harrison 1972; Schodde 1982a; Cracraft 1986). This is in part because of 

morphological traits shared only among two M. lamberti subspecies (rogersi, dulcis) 

and the species M. amabilis (Figure 3.1).  Females of M. amabilis and those of 

rogersi and dulcis share the unique trait in Malurus of blue dorsal plumage.  Further, 

female dulcis and female M. amabilis share another otherwise unique trait in 

Malurus of white lores.  Despite these phenotypic similarities rogersi and dulcis are 

currently classified as subspecies of M. lamberti because of evidence of phenotypic 

zones of intergradation between the inland subspecies assimilis and each of rogersi 

and dulcis where they abut across north-western Australia from the Fitzroy to the 

Roper River (Harrison 1972; Schodde 1982a; Ford and Johnstone 1991). M. 

lamberti’s distinctiveness as a species has been well established (Schodde 1982a) 

 

Figure 3.1:  Female plumage of A. Malurus amabilis; B. M. lamberti rogersi; C. M. l. dulcis and D. M. 

l. lamberti (for comparison).  Pictures modified from Rowley and Russell (1997).  
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Mitochondrial DNA (mtDNA) has proved to be an important marker in delineating 

species / phylogenetic patterns (Zink et al. 2010) however there are some 

limitations.  For recently diverged taxa, this can lead to inaccurate taxonomic 

conclusions because gene tree paraphyly in mtDNA is common when isolation of 

populations or species is recent owing to incomplete lineage sorting (Funk and 

Omland 2003; McKay and Zink 2010).  Evidence of rapid evolution for CSFW has 

been adduced by Lee et al. (2012).  By incorporating multiple nuclear loci into 

phylogenetic studies we can better understand the mosaic of genealogical patterns 

evolving in genomes as a response to the history and environment that populations 

have experienced (Hare 2001).   

 

The biogeographic history of this group has also proven difficult to resolve.  Based 

on the absence of any CSFW in southeast Australia and numerous representatives 

(amabilis, dulcis and rogersi) in northern Australia, a northern origin has been 

hypothesised in the past (Schodde 1982a).  Recently, Lee (2011, PhD Dissertation) 

employed the program Multistate, embedded in BayesTrait to infer the ancestral 

region of this group using vegetation types of their habitats modified from Rowley 

and Russell (1997). A central arid zone origin was favoured in the analysis, and 

according to Lee (2011) this explains a rapid radiation observed in this group more 

elegantly.   Caution however was relayed due to the complexity of relationships 

within the group. 

 

In this Chapter I present a molecular phylogeny based on nine loci for all species / 

subspecies of CSFW.  I include samples from across the geographic range of M. 

lamberti to infer relationships among individuals of M. lamberti and the relationships 



Chapter 3 - Phylogenetics 

 

P a g e  | 32 

 

of M. lamberti to other species in the CSFW group.  Specifically, I sought to resolve 

prior systematic issues including (1) sister relationships among the CSFWs; and (2) 

paraphyly of M. lamberti.  I also investigate the biogeographic history of the CSFWs 

to find the possible ancestral range, estimate associated divergence times and 

identify factors responsible for the current distribution. 
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3.2 MATERIALS AND METHODS 

General laboratory and descriptive methods are outlined in Chapter 2.  Specific 

methods for this Chapter are outlined below.  Hereafter, species/subspecies are 

referred to where possible for simplicity as elegans, pulcherrimus, amabilis, lamberti, 

assimilis, rogersi and dulcis.  

 

3.2.1 Sample selection 

Tissue samples were obtained from the Australian National Wildlife Collection 

(ANWC) and museum specimens of each species of CSFW incorporating samples 

from all subspecies of M. lamberti (Figure 3.2; Table 3.1). 

  

 

Figure 3.2 – Distribution maps and sample sites for (a) (i) Malurus lamberti lamberti (n=4) (ii) M. l. 

assimilis (n=6) (iii) M. l. rogersi (n=4) (iv) M. l. dulcis (n=4) (b) M. amabilis (n=4) (c) M. elegans (n=4) 

(d) M. pulcherrimus (n=4). Distribution maps from Schodde and Mason (1999). 
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mtDNA

Mame- Mame- Mame- Mame- Mame-

Source RegNo ND2 AL06 AL16 AL23 AL26 AL28 GADPH GTP TGFB2 LAT LONG SEX

ANWC B29230 M. l. lamberti_1 JQ665215 JQ664766 JQ664810 JQ664856 JQ664901 JQ664941 JQ664993 JQ665043 JQ665088 343206S 1504456E M

ANWC B46335 M. l. lamberti_2 JQ665214 JQ664769 JQ664813 JQ664859 JQ664903 JQ664944 JQ664996 JQ665045 JQ665090 323800S 1514800E M

ANWC B46336 M. l. lamberti_3 JQ665217 JQ664770 JQ664814 JQ664860 JQ664904 JQ664945 JQ664997 JQ665046 JQ665091 323800S 1514800E F

ANWC B46877 M. l. lamberti_5 JQ665213 JQ664772 JQ664816 JQ664862 JQ664906 JQ664947 JQ664999 JQ665048 JQ665093 283454S 1532504E M

ANWC B29378 M. l. assimilis_5 JQ665159 JQ664785 JQ664828 JQ664874 JQ664918 JQ664960 JQ665012 JQ665060 JQ665103 173430S 1394500E M

ANWC B48020 M. l. assimilis_11 JQ665169 JQ664784 JQ664827 JQ664873 JQ664917 JQ664959 JQ665011 JQ665059 JQ665102 241300S 1430000E M

ANWC B46525 M. l. assimilis_29 JQ665196 x JQ664834 JQ664880 JQ664923 JQ664966 JQ665018 JQ665065 JQ665108 345707S 1372402E M

ANWC B33369 M. l. assimilis_46 JQ665197 x JQ664835 JQ664881 JQ664924 JQ664967 JQ665019 JQ665066 JQ665109 263736S 1134958E M

ANWC B50538 M. l. assimilis_58 JQ665127 JQ664794 JQ664838 JQ664884 JQ664927 JQ664970 JQ665022 JQ665069 JQ665112 191237S 1206624E M

ANWC B32845 M. l. assimilis_75 JQ665188 JQ664774 JQ664818 JQ664864 JQ664907 JQ664949 JQ665001 JQ665050 JQ665094 251324S 1330654E M

WAM 36182 M. l. rogersi_5 JQ665165 JQ664792 JQ664836 JQ664882 JQ664925 JQ664968 JQ665020 JQ665067 JQ665110 150454S 1251139E ?

NMV D040 M. l. rogersi_6 JQ665140 JQ664775 JQ664819 JQ664865 JQ664908 JQ664950 JQ665002 JQ665051 JQ665095 1449S 12542E F

NMV D050 M. l. rogersi_7 JQ665141 JQ664776 JQ664820 JQ664866 JQ664909 JQ664951 JQ665003 JQ665052 JQ665096 1449S 12542E M

NMV D051 M. l. rogersi_8 JQ665142 JQ664777 JQ664821 JQ664867 JQ664910 JQ664952 JQ665004 JQ665053 JQ665097 1449S 12542E F

NMV D070 M. l. dulcis_1 JQ665170 JQ664778 JQ664822 JQ664868 JQ664911 JQ664953 JQ665005 JQ665054 JQ665098 1337S 13208E M

NMV D071 M. l. dulcis_2 JQ665189 JQ664779 JQ664823 JQ664869 JQ664912 JQ664954 JQ665006 JQ665055 JQ665099 1337S 13208E F

ABTC 28116 M. l. dulcis_3 JQ665154 JQ664780 JQ664824 JQ664870 JQ664913 JQ664955 JQ665007 JQ665056 JQ665100 1334S 13226E ?

ABTC 28117 M. l. dulcis_4 JQ665190 JQ664781 JQ664825 JQ664871 JQ664914 JQ664956 JQ665008 JQ665057 JQ665101 1334S 13226E ?

ANWC B31304 M. amabilis_4 JQ665178 JQ664759 JQ664804 JQ664849 JQ664894 x JQ664984 x x 185537S 1461906E M

ANWC B31305 M. amabilis_5 JQ665177 JQ664760 JQ664805 JQ664850 JQ664895 JQ664939 JQ664985 JQ665036 JQ665082 185537S 1461906E F

ANWC B51687 M. amabilis_13 JQ665180 JQ664757 JQ664802 JQ664847 JQ664892 JQ664937 JQ664980 JQ665032 JQ665078 152612S 1414305E F

ANWC B51782 M. amabilis_15 JQ665179 JQ664758 JQ664803 JQ664848 JQ664893 JQ664938 JQ664982 JQ665034 JQ665080 152142S 1414201E M

ANWC B28233 M. pulcherrimus_1 JQ665126 JQ664797 JQ664840 JQ664887 JQ664929 JQ664973 JQ665025 JQ665071 JQ665114 323735S 1351502E M

ANWC B28286 M. pulcherrimus_2 JQ665124 JQ664798 JQ664841 JQ664888 JQ664930 JQ664974 JQ665026 JQ665072 JQ665115 325157S 1344107E M

ANWC B28323 M. pulcherrimus_3 JQ665125 JQ664799 JQ664842 JQ664889 JQ664931 JQ664975 JQ665027 JQ665073 JQ665116 344211S 1353508E M

ANWC B31783 M. pulcherrimus_4 JQ665123 JQ664800 JQ664843 JQ664890 x JQ664976 JQ665028 JQ665074 JQ665117 330635S 1183054E M

ANWC B29154 M. elegans_1 JQ665121 JQ664762 JQ664806 JQ664852 JQ664897 JQ664933 JQ664989 x JQ665085 344059S 1174659E M

ANWC B29155 M. elegans_2 JQ665119 JQ664763 JQ664807 JQ664853 JQ664898 JQ664934 JQ664990 JQ665040 JQ665086 344059S 1174659E F

ANWC B29169 M. elegans_3 JQ665122 JQ664764 JQ664808 JQ664854 x JQ664935 JQ664991 JQ665041 x 344055S 1174659E M

ANWC B31938 M. elegans_4 JQ665120 JQ664765 JQ664809 JQ664855 JQ664899 JQ664936 JQ664992 JQ665042 JQ665087 343034S 1160615E M

ANWC B49646 M. splendens JQ665222 JQ664801 JQ664846 JQ664891 JQ664932 JQ664977 JQ665029 JQ665075 JQ665118 325741S 1460641E M

IntronsAnonymous Loci

Table 3.1 – Tissue specimens used in this Chapter.  Museum acronyms are as follows: Australian 

National Wildlife Collection, Canberra (ANWC); Western Australia Museum, Perth (WAM); Museum 

Victoria, Melbourne (NMV); Australian Biological Tissue Collection, South Australia (ABTC).  

Subspecies status is based on taxonomic distribution (Schodde and Mason, 1999). 
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3.2.2 Phylogenetic analyses  

Species and subspecies relationships were estimated from each locus via maximum 

likelihood (ML), maximum parsimony (MP) and Bayesian methods.  Refer to 

Chapter 2 for running conditions.  For the combined dataset, I used the species tree 

approach in BEST v2.3 (Liu 2008). The Bayesian species tree inference method 

incorporates a joint gene tree prior, which assumes that independent loci are 

correlated by a shared species history (Leache 2010).  BEST estimates each gene 

tree and then the species tree using a coalescent framework (Heled and Drummond 

2010).  Several studies have shown that this approach is more accurate for 

estimating phylogenetic relationships than concatenation when internodes are very 

short and gene tree heterogeneity is high (Edwards et al., 2007; Kubatko and 

Degnan 2007; Belfiore et al. 2008; Lee et al. 2012).  Here, I increase the efficiency 

of the species tree approach in BEST by accounting for recombination at nuclear 

loci and by increasing the number of individuals sequenced. 

 

For the analysis I generated two sub-sampled data sets consisting of two and four 

individuals per species/subspecies/locus for analysis.  I chose four individuals for 

the second data set as only four individuals were available for M. elegans, M. 

pulcherrimus and the subspecies M. l. dulcis and M. l. rogersi. For the first data set, 

two individuals were selected at random that contained information for all loci 

analysed.  The remaining two individuals were then randomly selected for M. l. 

assimilis. The species trees were estimated using two chains and more than 2.0 x 

107 generations, with trees sampled every 1000 generations.  The first 25% of trees 

were discarded as burnin and the final estimate of each species tree was based on 

25,000 trees.  The analysis was run three times with consistent results.  
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3.2.3 Topology tests 

Topology tests were performed to assess the extent to which my data conflicted with 

a priori hypotheses of current taxonomy using the topological test of Shimodaira & 

Hasegawa (1999) (SH test) and Bayesian model comparison using Bayes Factors. I 

first calculated the Bayes Factor for comparison of the posterior odds of the 

Bayesian tree topology versus Bayesian trees that forced monophyly (see Ronquist 

et al. 2005) of M. lamberti sensu Schodde (1982a).  Monophyly constraint analysis 

was conducted in MrBayes v3.1.2 (Ronquist and Huelsenbeck 2003) using the 

identical parameters to the unconstrained analysis described above.  Bayes factor 

was calculated in Tracer v1.5 and the interpretation was based on the guidelines 

presented by Kass and Raftery (1995).  I then used PAUP v4b10 (Swofford 2002) to 

construct maximum likelihood trees of both unconstrained and constrained 

topologies (sensu Schodde (1982a)) using the substitution parameter estimates for 

the model of sequence evolution derived from ModelTest 3.7 (Posada and Crandall 

1998).  Using these alternative topologies, I employed PAUP (RELL option with 

1000 bootstrap replicates) to conduct the SH test.   

 

3.2.4 Biogeographical analyses 

 

Inference of ancestral distributions was calculated in RASP (Reconstruct Ancestral 

State in Phylogenies) v 2.0 (Yu et al. 2010, 2011) by Bayesian binary MCMC (BBM) 

analysis. BBM offers a statistical procedure for inferring states, including geographic 

distributions, at ancestral nodes using a full hierarchical Bayesian approach 

(Ronquist 2004).  In Bayesian inference, relative rates of change among character 

states under models of range evolution are not fixed.  Prior probability distributions 

are specified on them.  In the absence of background information, the assumption is 
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that all possible values are equally likely.  This enables the inference of ancestral 

states while weighting each value according to its probability given the data 

(Ronquist 2004; Yu et al. 2011).   

 

The BBM analysis runs two independent analyses, and there are three results: 

results of run 1, results of run 2 and a result from the combination of result 1 and 2.  

The graphical result produced by BBM is in the form of a phylogeny with pie charts 

at each node.  Pie charts at nodes show probabilities of alternative ancestral ranges 

and the information on the dispersal, vicariance and extinction costs associated with 

that node.  For this analysis, I loaded 25,000 trees previously produced by BEST 

v2.3 (Liu 2008) and the analysis was run for 100,000 cycles using 30 chains with the 

maximum number of areas kept at seven.  The possible ancestral ranges at each 

node on a selected tree were obtained.  In total, seven geographical regions were 

used for the biogeographic reconstruction: (A) Kimberley, (B) Arnhem Land (AL), (C) 

Cape York Peninsula (CYP), (D) Eastern Queensland (EQ), (E) Northern Desert, 

Pilbara, Western Desert, Eastern Desert (NPWE), (F) Adelaide (A), (G) Eyre 

Peninsula (EP) and (H) Southwestern Forest (SWF).  These areas represent areas 

of endemism hypothesised to reflect past patterns of vicariance among groups of 

vertebrates (Cracraft 1991) and similarly reflect the seven regions used in the 

ancestral area reconstruction (AAR) analysis of Lee (2011).  The outgroup Malurus 

splendens melanotus, occurs in two of the regions occupied by assimilis and was 

accordingly coded (EF). I also explored splitting region (E) into Northern Desert, 

Pilbara, Western and Eastern Desert and changed the geographical regions 

accordingly.  This alternative grouping did not alter marginal probabilities at the 

nodes.  
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3.3 RESULTS 

Information for the alignments and phylogenetic analyses, including the model of 

evolution proposed by ModelTest for the data sets can be found in Appendix 1.  

 

3.3.1 Phylogenetic analysis of mitochondrial ND2 sequences 

For the ND2 data set of 969 nucleotides and 30 individuals, 128 sites were 

polymorphic and 24 haplotypes were identified (Refer to Table 3.1 for GenBank 

accession numbers).  All methods of phylogenetic inference consistently confirmed 

the monophyly of M. elegans, M. pulcherrimus and M. amabilis (Clades V, IV and III, 

respectively) whereas M. lamberti fell out into two non-sister clades: one comprising 

the nominotypical subspecies lamberti (Clade III; hereafter the lamberti clade) and 

the other including the widespread subspecies assimilis and the two northern 

subspecies rogersi and dulcis (Clade II; hereafter the assimilis clade) (Figure 3.3).  

Mean pairwise uncorrected sequence divergences were 8.1% between M. elegans 

and M. pulcherrimus; 6.3% between M. pulcherrimus and M. amabilis; 3.6% 

between M. amabilis and the lamberti clade, 3.1% between M. amabilis and the 

assimilis clade, and 4.3% between the 2 clades of M. lamberti.  

 

M. lamberti (Clade II and III) was paraphyletic with respect to M. amabilis.  Whilst 

the mtDNA tree topology suggested that M. lamberti is not monophyletic, the SH test 

indicated the difference in likelihood scores between monophyletic and non-

monophyletic trees was not statistically significant (SH test: p = 0.344).  In contrast, 

comparison of topologies using the Bayesian approach found strong support for the 

unconstrained mtDNA topology (Bayes factor = 71.22) over the topology where M. 

lamberti was monophyletic.  
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Figure 3.3 – Phylogenetic relationships of CSFWs based on unique mitochondrial ND2 haplotypes, 

inferred by Bayesian inference.  Parsimony bootstrap, posterior probabilities and maximum likelihood 

values are indicated at the nodes.  An asterisk represents values less than posterior probability 0.9 

and bootstrap 85%. 

 

Within the assimilis clade (Clade II), genetic diversity was generally shallow, as in all 

clades.  The most common haplotype (shown on Figure 3.3 as M. l. assimilis_29 ... 

(5)) was shared among individuals of assimilis, rogersi and dulcis. 
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3.3.2 Nuclear DNA sequence diversity 

Sequences of nDNA were obtained for each species and subspecies from the major 

mitochondrial groups (Refer to Table 3.1 for GenBank accession numbers).  An 

average of 452bp per nuclear locus (range 331-740bp) was obtained. All eight loci 

were variable and there was an average of 48 variable sites per locus (range 12-67).  

Insertions and deletions were observed in all but one nuclear locus. In Mame-A06 

there was one 1bp insertion in assimilis, dulcis and M. amabilis. Similarly, Mame-

A16 had one 7bp deletion and a 1bp insertion in M. amabilis;   Mame-A23 had one 

25bp insertion in assimilis and a 5bp deletion in M. amabilis.  Mame-A26: One 21bp 

deletion in M. amabilis; 1bp deletion in M. pulcherrimus; 1bp insertion in dulcis, 

rogersi, assimilis and M. amabilis and a 2bp deletion in M. amabilis.  GADPH had 

one 3bp deletion in M. pulcherrimus; GTP had one 7bp insertion in rogersi and 

TGFb2 had a 2bp insertion in M. elegans and 13bp deletion and 6bp insertion in M. 

pulcherrimus.  

 

Four-gamete tests revealed recombination events for all eight loci and therefore the 

longest non-recombining segment for each locus was used in subsequent analyses.  

Preliminary phylogenetic analyses of the nuclear loci revealed poor resolution of 

relationships among CSFW species (Figure 3.4).  When subsets of all nuclear loci 

were combined in a Bayesian analysis in BEST, the resulting tree was similar to that 

of the mtDNA ND2 tree except that M. lamberti was reconstructed as monophyletic 

with a posterior probability of 1.00 (Figure 3.5).   
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Figure 3.4 – Majority rule consensus trees from the Bayesian estimates of the 

nuclear genes.  The gene for each tree is given at the upper left.  In each tree, the 

proportion of haplotypes shared at each node is depicted in a pie graph and colours 

and size corresponds to the legend in the bottom right. 
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Figure 3.5 – Bayesian estimation of species tree (BEST) for eight nuclear loci.  Branch support is 

indicated by posterior probabilities on the nodes. 

 

The relationships within M. lamberti were not well resolved as all nodes have poor 

support (<0.50).  
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3.3.3 Species Trees – 2 and 4 individuals  

In the combined analyses of mtDNA and nDNA, BEST produced two well-resolved 

trees with high Bayesian posterior probability at the majority of nodes (BPP>0.90).  

A dataset was compiled firstly for two individuals per locus per species/subspecies. 

M. lamberti was reconstructed as paraphyletic with respect to M. amabilis with high 

statistical support (Figure 3.6a).  Increasing the number of individuals to four per 

locus resulted in a well-resolved tree where M. lamberti was reconstructed as 

monophyletic (BPP=1.00) and sister to M. amabilis (Figure 3.6b).  The relationships 

between M. l. rogersi, M. l. dulcis and M. l. assimilis were poorly resolved. 

 

Figure 3.6 – Bayesian estimation of Species Tree (BEST) for the combined analysis of mitochondrial 

and nuclear DNA.  (a) two individuals; (b) four individuals. 
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3.3.4 Divergence time estimation 

Results of the BEAST analyses produced a tree with a topology similar to that of the 

BEST analysis (Figure 3.7).  The analysis suggested the oldest split within the 

CSFW, between Malurus elegans and M. pulcherrimus probably occurred in the late 

Pliocene- early Pleistocene (95% highest probability density (HPD) interval between 

1.2 and 3.9 Ma). Similarly, divergence between M. amabilis and M. lamberti was 

estimated to have occurred during the Pleistocene (1.36 Ma HPD 0.8-1.84 Ma). The 

oldest intraspecific separation in M. lamberti was estimated as being in the late 

Pleistocene (0.306 Ma; HPD 0.117-0.504 Ma) and the youngest separation, was 

estimated as that between dulcis and assimilis at only 30,000 years ago (HPD 0-

74000 years ago).    

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.7 – BEAST maximum-clade-credibility chronogram for CSFWs and outgroup, M. splendens. 

95% highest posterior intervals are given as node bars.  Time is shown in million years. Branch 

support is indicated by posterior probabilities above the nodes.  Dashed line indicates the Pliocene-

Pleistocene boundary. 
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3.3.5 Biogeographic reconstruction of the CSFWs 

The reconstruction of ancestral distributions by Bayesian Binary MCMC (BBM) as 

implemented in RASP (Yu et al. 2010, 2011) suggests that dispersal and vicariance 

have been vital in shaping the current distribution pattern in CSFWs (15 dispersal, 6 

vicariant and 1 extinction event). BBM suggests three possible ancestral ranges, H 

(SWF), G (EP) and HG (SWF + EP), for N1 and the probabilities of these ranges are 

81.06, 9.65 and 6.21% respectively (Figure 3.8).  According to the BBM analysis the 

ancestor of all CSFWs had a limited distribution in the SWF (optimal area 

reconstruction at basal node 1, Figure 3.8).  Dispersal to SWF is indicated at this 

node as well as a vicariant event that gave rise to M. elegans and the clade 

containing the ancestor of the rest of the CSFWs.  BBM proposes that this ancestor 

(N2) most likely originated in Eyre Peninsula (most likely state, refer insert Figure 

3.8).  This node suggests an early dispersal back to SWF and east to Adelaide (area 

F).  A vicariant event is indicated at node 2 that gave rise to M. pulcherrimus and the 

ancestor of M. amabilis and M. lamberti. The ancestral range at node 3 is 

ambiguous indicating five possible ancestral ranges.  The most likely range inferred 

by BBM is Adelaide (F).  Dispersal to Eastern Queensland and Cape York Peninsula 

was followed with an extinction event in area (F) and a vicariant event that gave rise 

to M. amabilis and the ancestor of M. lamberti. 

 

The most favoured ancestral range at N4 is D (Eastern Queensland) with 62% 

marginal probability.  This node also suggests a vicariant event.  One descendant 

remained in Eastern Queensland and another lineage dispersed into the centre of 

Australia (NPWE, range E), Adelaide region (F) and the Kimberleys (A).  Nodes 5 
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and 6 also suggest dispersal and vicariant events however Bayesian support was 

low at these nodes (Figure 3.6b). 
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Figure 3.8 – Ancestral distributions assigned by Bayesian Binary MCMC (BBM) analysis as 

implemented in RASP (Yan et al 2011) to each node of the tree from 3.6b.  Node pie charts show the 

relative probabilities of alternative biogeographical distributions (refer to legend).  Distributional 

regions are individually coloured (refer map) and were assigned a priori; undetermined distributions 

are shaded black. The known distribution of each taxon is given on right. Insert A refers to most likely 

states at nodes. 
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3.4 DISCUSSION 

My results from analyses of mtDNA and nDNA of chestnut-shouldered fairy-wrens 

(CSFW) suggest that the speciation events producing the recognised taxa are 

Pliocene-Pleistocene in age.  The monophyly of the CSFWs was confirmed from 

combined nuclear and mtDNA analyses, although the relationship between M. 

amabilis and M. lamberti was not resolved from mtDNA alone.  The mtDNA dataset 

suggested that M. lamberti was paraphyletic, the haplotypes of subspecies assimilis, 

dulcis and rogersi more closely related to M. amabilis from Cape York Peninsula, 

than to M. l. lamberti.  Species level paraphyly in mtDNA is not uncommon in 

Australian birds, for example white-eyes (Degnan and Moritz 1992); scrubwrens 

(Joseph and Moritz 1993a, 1993b); White-winged fairy-wren complex (Driskell et al. 

2002) and woodswallows (Artamus spp.) (Joseph et al. 2006). The two main causes 

invoked are introgression, either by occasional hybridization or some consistent 

level of gene flow, and incomplete lineage sorting.  Two topology testing approaches 

(SH test and Bayes Factor) gave conflicting results regarding the monophyletic 

status of the lamberti group based on mtDNA.  This is not surprising because the 

SH test is said to be very conservative and Bayes Factor is prone to Type I error 

(Buckley 2002).  As mtDNA was unable to resolve the relationships, I evaluated the 

mitochondrial gene tree against a nuclear background. 

 

Individually, the nuclear markers failed to reliably resolve the species boundaries or 

the phylogenetic relationships found in the mtDNA tree.  Extensive sharing of 

nuclear DNA polymorphisms is often an indication of incomplete lineage sorting 

resulting from very recent radiations (Funk and Omland 2003; Florez-Rodriguez et 

al. 2011), and is consistent with differences in coalescence time for nuclear and 
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mitochondrial loci (Zink and Barrowclough 2008; Yannic et al. 2010).  As a 

consequence, ancestral polymorphisms in the nuclear genome are shared between 

diverging species for significantly longer than those in the mitochondrial genome.  

Some structuring was evident, however, and several private alleles were observed 

in particular species (Figure 3.4, 3.5).  In nuclear DNA, the mutation rate is typically 

slower, thereby producing fewer phylogenetically informative characters (Hare et al. 

2002; Zink and Barrowclough 2008). To solve this problem of nuclear-mitochondrial 

discordance, multiple nuclear loci were used in an attempt to produce a tree that 

reconciles mtDNA and nDNA data. Despite the longer coalescent times of the eight 

individual nuclear loci used in this study, the multilocus nuclear data provide 

resolution for species relationships with strong support (Figure 3.6).   

 

The importance of sampling design for estimating relationships among recently 

diverged taxa exhibiting incomplete lineage sorting is imperative in phylogenetic 

studies. This is shown in the combined BEST analysis of the CSFWs.  When two 

individuals/species/subspecies/ locus were analysed, the species tree for the 

combined data set mirrored that of the mtDNA tree showing a paraphyletic 

relationship of M. lamberti with respect to M. amabilis.  This result is consistent with 

Driskell et al. (2011).  However, by increasing the number of individuals sampled per 

locus, the species tree estimated by BEST was consistent with current taxonomy, 

recovering monophyly of M. lamberti and its sister relationship to M. amabilis as 

found by Christidis and Schodde (1997) and Lee et al., (2012).  It is well established 

that more loci are better when estimating a species tree (Felsenstein 2006), but I 

have shown that addition of more individuals per species may also provide a 

significant contribution to the estimation of a species tree topology.  Heled and 
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Drummond (2010) and Camargo et al. (2012) have demonstrated that under 

conditions of rapid species radiation (as is the case for the CSFW group), the 

addition of more individuals per species improves all aspects of species tree 

estimation by increasing the number of sampled lineages.   

M. elegans was strongly supported as sister to all other species of CSFWs by 

mtDNA and the combined analysis.  The sharing of nuclear haplotypes observed at 

some nuclear loci (Figure 3.7) probably reflects the difference in mutation rate for 

nuclear loci as compared to the mtDNA locus used in this study. Among relevant 

studies, this is the most robustly supported suggestion of the relationships of M. 

elegans to date (e.g., Driskell et al. 2011; Lee et al. 2012). That M. elegans is 

endemic to wet, forest environments of south-western Australia is of potential 

biogeographic interest. This is because it adds to data accumulating on the 

phylogenetic position of similarly distributed endemic birds of broadly similar habitats 

in south-western Australia such as the Noisy Scrub-bird Atrichornis clamosus 

(Chesser and ten Have 2007), white-breasted robin Quoyornis georgiana (Loynes et 

al. 2009; Christidis et al. 2011) and the monotypic parrot genus Purpureicephalus 

(Wright et al. 2008). 

 

Subspecies taxonomy was not concordant with lineages of M. lamberti (Figure 3.2).  

M. l. lamberti was the only subspecies recovered as monophyletic by mtDNA.  The 

level of divergence between lamberti and the remaining subspecies was relatively 

high (4.3%, mtDNA) and comparable to that between other full species of the CSFW 

group.  A similar pattern is observed in the Australian butterfly Ogyris amaryllis 

(Hewitson 1862), which includes a subspecies distributed along the east coast that 

shows Plio-Pleistocene divergence from a widespread inland subspecies (Schmidt 
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and Hughes 2006). This shared pattern may be a consequence of historical isolation 

either side of the Great Dividing Range and/or habitat specialisation associated with 

mesic coastal and semi-arid inland habitats.     

 

3.4.1 Biogeographic reconstruction of the CSFWs 

The biogeographic interpretation of relationships among areas of endemism (Figure 

3.10) reconstructs all ancestral nodes as vicariant events.  In theory, two 

biogeographic scenarios could account for the present day distribution of CSFWs.  

The first scenario is that of a widely distributed ancestor occurring throughout 

Australia, and following a series of vicariance events at different times, the species 

of CSFW were formed.  An alternate scenario is that of an ancestral species being 

present, possibly in southern Australia, and through a series of dispersal and 

vicariant events across the continent, the present day CSFW species were formed.  

Based on the Bayesian Binary MCMC (BBM) analysis (Figure 3.10) performed, the 

latter scenario seems to be more likely.   

 

BBM analysis suggests that the ancestors of the CSFWs originated in range H 

(Southwestern Forest, 81.06%).  This was followed by an early dispersal event to 

Eyre Peninsula as indicated by the ancestral ranges at N2.  A vicariant event gave 

rise to M. elegans and the ancestor of the remaining CSFWs.  This split occurred 

during a period spanning the Plio-Pleistocene border, 2.5 Ma (HPD 1.2 – 3.9 Ma).  

Southwestern Australia is a region characterised by extreme endemicity and high 

species diversity (Myers et al 2000; Hopper and Gioia 2004; Edwards et al. 2007). 

The estimated time period of this initial vicariance coincides with immense climatic 

change in Australia with the initiation of major oscillations between aridity and 
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pluviality (Byrne 2008).  It also coincides with the late Pliocene aridification of the 

Nullarbor Plain between mesic south-western and south-eastern Australia (Joseph 

et al. 2013).  The Nullarbor has been suggested to have led to the initial 

differentiation of the south Australian avifauna (Cracraft 1986).  Other avian species 

demonstrate an east-west divergence (Australian magpie, Gymnorhina tibicen, 

(Toon et al. 2007); white-winged fairy-wren, Malurus leucopterus, (Driskell et al. 

2002) suggesting the Nullarbor barrier has been an important barrier to dispersal for 

birds during the Pleistocene periods of aridity.   

 

The currently fragmented distribution of M. pulcherrimus (Figure 3.2) suggests that 

when sea level was lowered at one or more Pleistocene glacial maxima, this species 

may have been more continuous across southern Australia; presumably it has 

maintained ecological separation from M. elegans by habitat (Ford 1966; Schodde 

1982a).  Similar fragmented distributions are observed in Western Yellow Robins 

(Eopsaltria griseogularis); Southern Scrub-robins (Drymodes brunneopygia) and 

Purple-crowned Lorikeets (Glossopsitta porphyrocephala) and it has been 

suggested that divergence between the isolated populations occurred as recently as 

the mid-Pleistocene (Dolman and Joseph 2012).  At present M. pulcherrimus and M. 

elegans are segregated by habitat.  M. elegans favours wetter habitats such as 

overgrown creeks and forest gullies whereas M. pulcherrimus occurs in drier heath 

and mallee vegetation (Schodde 1982a).   

 
 

According to the BBM analysis the ancestor of the remaining CSFWs dispersed 

along the eastern mesic zone to Cape York Peninsula (1.36 Ma (HPD 0.8-1.84 Ma, 

Figure 3.9; N3, Figure 3.10).  Pleistocene climatic oscillations saw the extinction of 

an ancestral population in the Adelaide Region, possibly due to the contraction and 
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fragmentation of mesic environments.  This timing also suggests a vicariant event 

isolating M. amabilis on Cape York Peninsula and the ancestor of M. lamberti in 

eastern Queensland.  Putative biogeographic barriers identified in the literature are 

the Black Mountain Corridor and the Burdekin Gap.  These areas are dry barriers 

separating wet forests along north-eastern Australia.  Significant population 

differentiation has been observed across these barriers in birds (Joseph and Moritz 

1994; Nicholls and Austin 2005; Kearns et al. 2011) and reptiles (Dolman and Moritz 

2006; Schneider et al. 1998).  Both species inhabit coastal mesic zones (Schodde 

1982a) and increased aridity leading to additional rounds of contraction in mesic 

environments during the mid Pleistocene (Byrne et al. 2011) may have separated 

these two species.  

 

Around 400,000 years ago hydrological conditions began to change in Australia and 

the continent became a “dusty world” (Bryne et al. 2008).  It was during this time (0-

0.306 Ma; HPD 0-0.504 Ma), according to my BBM and BEAST analyses that the 

ancestral M. lamberti expanded into the arid interior (NPWE; range E). This is 

consistent with recent Pleistocene range expansions across arid Australia for many 

species of birds and reptiles (see Table 1, Byrne 2008), resulting in the emergence 

of more arid-adapted lineages. 

 

Biogeographic reconstruction below this level is questionable due to the poorly 

resolved relationships between rogersi, dulcis and assimilis (Figures 3.8, 3.9).  The 

addition of more samples from across the entire range of assimilis may resolve this 

problem. 
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3.5 CONCLUSION  

My results from analyses of mtDNA and nDNA of the chestnut-shouldered fairy-

wrens show discordance between individual gene trees and reinforce potential risks 

of deriving phylogenies based on a single locus.  By incorporating multiple nuclear 

loci, I have estimated a species tree, which largely corroborates current taxonomy 

and highlights potential evolutionary processes underlying the history of the group.  

This study also highlights the importance of analysing multiple individuals per taxon, 

particularly for testing species relationships in rapidly radiating groups.  

 

The combined analysis of nuclear genes has provided robust support for the 

relationships among members of the chestnut-shouldered fairy-wrens.  The inability 

to reject monophyly of M. lamberti for the mitochondrial gene provides evidence for 

the importance of analysing multiple nuclear loci in conjunction with mtDNA in 

analyses of closely related species.  I have been able to show, with high Bayesian 

support, that M. elegans is sister to all the other species of the genus studied here 

and this is of biogeographical interest given that species’ isolation in south-western 

Australia.   M. amabilis, although phenotypically similar to M. lamberti’s northern 

subspecies M. l. dulcis, is genetically very different thus reflecting understanding of 

its phenotypic distinctiveness.  The biological basis to why these two taxa uniquely 

in Malurus share white lores in females and indeed why M. amabilis and the two 

northern forms of M. lamberti have blue-backed females warrants further 

investigation including field study 

 

M. lamberti is a relatively young species that is widespread with geographically 

structured phenotypic variation.  M. l. lamberti displays significant genetic 
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differentiation at mtDNA relative to other populations, which themselves still share 

some diversity.  I found no significant nuclear differentiation among these 

subspecies and suggest that M. lamberti underwent a rapid population expansion in 

the late Pleistocene (Figure 3.7).  Its morphologically differentiated subspecies may 

represent early stages of speciation.   
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CHAPTER 4 

Phylogeography and evolutionary history of the Variegated Fairy-wren, 

Malurus lamberti. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Male variegated fairy-wren, Spicers Gap, 100km west of Brisbane, Australia 

Photo by Alicia Toon 
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4.1 INTRODUCTION 

One of the main objectives of phylogeography is to infer the processes that have led 

to the genetic patterns observed within a species across the landscape (Avise 

2000).  In Australia, it is now well-established that cycles of pluviality and aridity 

during the Pleistocene (11.7 kya – 2.6 Ma) were key drivers/determinants of genetic 

structure within and among many species (Joseph and Moritz 1994; Driskell et al. 

2002; Jennings and Edwards 2005; Toon et al. 2007; Joseph and Wilke 2006; 

Joseph et al. 2008; Kearns et al. 2009, 2011; Chapple et al. 2011). The contraction 

of ancestral populations into putative refugia during cycles of aridity played a major 

role in generating and maintaining diversity.  The geographic barriers between 

refuge areas would have been inhospitable allowing for the formation of distinct 

evolutionary lineages within species (Keast 1961; Hewitt 2004). 

 

Phylogeographic studies of Australian birds have tested the effects of several 

proposed biogeographic barriers (Cracraft 1991; Crisp et al. 1995; Schodde and 

Mason 1999) in the evolution of current diversity (see also broad reviews in Byrne et 

al. 2008, 2011; Bowman et al. 2010).  Particular attention has been given to the 

Carpentarian Gap in the Australian Monsoon Tropics (AMT) (Jennings and Edwards 

2008; Lee and Edwards 2008; Toon et al. 2010), the Black Mountain Corridor in 

North Queensland (Joseph and Moritz, 1994) and the Nullarbor and Eyrean Barriers 

of southern Australia (Joseph and Wilke 2006; Toon et al. 2007; Kearns et al. 2009; 

Dolman and Joseph 2012; Dhami et al. 2012).  The Carpentarian Gap divides the 

savannas and rainforests of Cape York Peninsula from those in and around major 

sandstone regions to the west in the Kimberley and Arnhem Land plateau 

(Macdonald 1969; Bowman et al. 2010).  One widespread species of the arid zone 
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and tropics shows no evidence of this barrier having interrupted gene flow (Kearns 

et al. 2010) whereas differentiation across this barrier is evident in some endemic 

tropical species (Lee and Edwards 2008; Jennings and Edwards 2005).  

 

Similar patterns can be seen in widespread Australian birds more exclusively of the 

arid zone. East-west structure to genetic variation in these species can be explained 

by Pleistocene or pre-Pleistocene barriers to gene flow such as the Nullarbor, 

Eyrean and Grey Range Barriers (Ford 1987; Joseph and Wilke 2006; Toon et al. 

2007; Kearns et al. 2009; Dolman and Joseph 2012). Full or partial discordance 

between such east-west genetic structure and geographical patterns in phenotypic 

variation is also observed (Hughes et al. 2001; Toon et al. 2003; Joseph and Wilke 

2006; Kearns et al. 2009). A role for selection on phenotypes in adapting 

populations to local environments has been used to explain one of these 

discordances (Hughes et al. 2001).  Another is that strong selective pressures and a 

faster rate of evolution may also act to differentiate phenotypes while the timing of 

population divergence is too recent for mtDNA divergence to have accrued (Joesph 

and Wilke 2006; Kearns et al. 2009).  These complex and occasionally incongruent 

patterns are a challenge for Australian biogeography. They warrant further 

investigation to determine whether phenotypic variation of widespread Australian 

birds originated in allopatry or is a result of selection across environmental 

gradients. 

 

M. lamberti is an ideal species for testing the hypotheses about the impact of 

Pleistocene climatic changes in the generation and structuring of intraspecific 

genetic and phenotypic diversity in Australia.  M. lamberti ranges throughout the 
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whole of Australia, from the arid central deserts to some of the most humid coastal 

forests and heath (Schodde and Mason 1999).  This species has strong 

geographically structured variation in plumage.  Four mainland subspecies are 

currently recognised: nominotypical M. l. lamberti; M. l. assimilis, North 1901; M. l. 

rogersi, Mathews 1912 and M. l. dulcis, Mathews 1908.  Nominotypical M. l. lamberti 

occurs along the central east coast of Australia and inhabits tall, rank grass and 

shrubby understoreys; M. l. assimilis has a vast geographical range across inland 

arid and semi-arid Australia and occurs in open shrublands and grasslands.  The 

two northern subspecies, M. l. rogersi and M. l. dulcis inhabit rocky Triodia-clad hills 

in the Kimberley of north-western Australia and sandstone escarpments in the Top 

End of Northern Territory respectively.  A fifth subspecies M. l. bernieri occurs on 

Bernier Island, Western Australia, but it was not possible to sample it in this study 

(Figure 4.1).   

 

 

 

 

 

 

 

 

 

 

 

Figure 4.1 – Distribution map of Malurus lamberti modified from Schodde and Mason (1999) 
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Several mitochondrial lineages that appear to have non-overlapping geographic 

ranges were recently reported for M. lamberti suggesting a history of allopatric 

differentiation during the Pleistocene (Chapter 3).  Chapter 3 revealed a very recent 

divergence for subspecies M. lamberti rogersi, M. l. dulcis and M. l. assimilis; too 

recent to be reflected in mitochondrial DNA.   

 

In this Chapter I firstly examine the broader phylogeographic patterns within Malurus 

lamberti using mitochondrial and nuclear DNA sequences from the entire range of 

the species.  Numerous potential physical barriers occur throughout the range of M. 

lamberti (Figure 4.2), so I explore the role that contemporary physical barriers have 

had in shaping the observed genetic patterns.  If physical barriers have limited gene 

flow, then I predict there should be geographical restriction of haplotypes consistent 

with the putative barriers. 

 

 

 

 

 

 

 

 

 

 

Figure 4.2 – Proposed biogeographical barriers in the evolution of Australian birds (from Schodde 

and Mason 1999) 
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For recently diverged species, lineage sorting can be incomplete due to retention 

and stochastic sorting of ancestral polymorphisms (Maddison and Knowles 2006).   

Recent advances in coalescent methods help detect signals of divergence even 

before lineages have become reciprocally monophyletic (Knowles and Maddison 

2002; Hey and Neilsen 2004). To determine whether patterns of differentiation 

observed in Malurus lamberti are the result of incomplete lineage sorting, gene flow, 

or a combination of both, I conduct separate analyses of mtDNA and nuDNA loci to 

test whether shared haplotypes between subspecies and/or geographic regions are 

the result of current gene flow or retention of ancestral polymorphism. 
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4.2 MATERIALS AND METHODS 

General laboratory and descriptive methods are outlined in Chapter 2.  Specific 

methods for this Chapter are outlined below. 

4.2.1 Sample selection 

A total of 114 tissue samples were available from the entire distribution range of M. 

lamberti and sourced from the Australian National Wildlife Collection, Canberra 

(ANWC), Western Australia Museum, Perth (WAM), South Australian Museum, 

Adelaide (SAMA), Museum Victoria, Melbourne (NMV) and the Academy of Natural 

Sciences of Drexel University, Philadelphia (ANSP) (Figure 4.3, Table 4.1).   

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.3 – Map of Australia showing the current distribution of Malurus lamberti and sampled 
localities. A. Distribution of recognised subspecies of M. lamberti (M. l. lamberti, M. l. assimilis, M. l. 
rogersi and M. l. dulcis. B. Sampling localities.  Numbers L1 to L114 are as in Table 4.1.  Proposed 

biogeographical barriers mentioned in the text are labelled. 
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Table 4.1 – Collection localities of Malurus lamberti used in this study. 

Species Source RegNo Location Sample ID Latitude / Longitude 

Malurus lamberti 

lamberti 
ANWC 

 

B29230 Dapto L1 343206S 1504456E 

 ANWC B46335, B46336 Wallaroo State Forest L2, L3 323800S 1514800E 

 ANWC B46852 Mebbin State Forest, Tweed Valley L4 282745S 1531122E 

 ANWC B46877, B46883 Goonengerry State Forest, Nightcap Range L5, L6 283454S 1532504E 

M. l. assimilis ANWC B29336, B29337 Albert River, Burketown L7, L8 174400S 1393530E 

  B29378  L9 173430S 1394500E 

 ANWC B41643 Glenore Station, NE of Normanton L10 175200S 1410800E 

 ANWC B41656 Karumba L11 173000S 1405000E 

 ANWC B41664 Jenny Lind Creek, NE of Karumba L12 172800S 1405800E 

 ANWC B48005 Waterloo Station, SW of Longreach L13 240120S 1425207E 

 ANWC B48020 Vergemont Creek Drainage, Bald Hills L14 241300S 1430000E 

 ANWC B31655 Yathong Nature Reserve, S of Cobar L15 323452S 1452724E 

 ANWC B32011 Janina Station, NW of Louth L16 300231S 1444311E 

 ANWC B46415 2 km S of Sturt Highway on Balranald/Kyalite Road L17 344059S 1433304E 

 ANWC B49330 Narran River, 42 km NW of Cumborah, NW of Walgett L18 292518S 1473318E 

 ANWC B49357 23 km NW of North Bouke L19 295520S 1454538E 

 ANWC B49438 Lynray Station, N of Broken Hill L20 310930S 1411739E 

 ANWC B49452 31 km NW of Menindee L21 321240S 1421315E 

 ANWC B49626 Buddigower Nature Reserve L22 340100S 1470506E 

 ANSP 10615 Yardea L23 323670S 1354500E 

 ANSP 10680 Warren Gorge L24   

 ANSP 10681 Scrubby Peak L25   

 ANWC B32773, B32774 Cooper Pedy L26, L27 282439S 1341110E 

  B32811  L28 262802S 1330745E 

 ANWC B46526 York Peninsula L29 345707S 1372402E 

 ANWC B46569, B46574 South York Peninsula L30, L31 350403S 1371454E 

 ANWC B46604 South York Peninsula L32 350730S 1370937E 
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Species Source RegNo Location Sample ID Latitude / Longitude 

M. l. assimilis ANWC B46630 Port Broughton L33 333000S 1380350E 

 ANWC B46769 Gawler Range L34 322554S 1352609E 

 ANWC B48221 Balcoracana Creek, N of Yunta L35 310708S 1393359E 

 ANWC B48235 Arkaroola Station, N Flinders Range L36 301922S 1392250E 

 ANWC B48236 Balcanoona, N Flinders Range L37 302757S 1391840E 

 ANWC B48315 Yappala Station Homestead, NW of Hawker L38 315008S 1382058E 

 ANWC B48426 Murat Bay, NW of Ceduna L39 320528S 1333722E 

 ANSP 11164 25km N of Overlander L40   

 ANSP 11197 Bidgemia L41 249170S 1152670E 

 ANSP 11254 5km N of Calligiddy-Ella Valla Rd on Meerogoolia Rd L42 249830S 1142330E 

 ANWC B33013 Meekatharra L43 241936S 1194146E 

 ANWC B33369 Shark Bay L44 263736S 1134958E 

 ANWC B32899 Warburton L45 264802S 1253643E 

 ANWC B33180, B33181 Hardey River, Rocklea Station, NW of Paraburdoo L46, L47 225626S 1172320E 

 ANWC B33205 Hamersley Station, N of Tom Price L48 220129S 1173841E 

 WAM 34815 Eneabba L49   

 WAM 35745 Little Lagoon L50   

 ANWC B50537, B50538 Yeeda Station, S of Derby L51, L52, L53 174231S 1233734E 

  B50556     

 ANWC B54019 Tjuntjuntjarra Community, Great Victoria Desert L54,  293412S 1283101E 

  B54028  L55 293418E 1282501E 

  B54096, B54097  L56, L57 293424S 1283540E 

 ANWC B54119 Ilkurlka Roadhouse, Great Victoria Desert L58 282757S 1272641E 

  B54133  L59 283202S 1281359E 

  B54146  L60 282759S 1280727E 

  B54149  L61 282748S 1280548E 

 ANWC B54256, B54257 Neale Junction, Anne Beadell Hwy, Great Victoria Desert L62, L63 281758S 1255429E 

  B54278  L64 281814S 1261103E 

  B54287  L65 280203S 1260235E 
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Species Source RegNo Location Sample ID Latitude / Longitude 

M. l. assimilis ANWC B54288  L66 280803S 1255711E 

 ANWC B32845 Erldunda Roadhouse L67 251324S 1330654E 

assimilis x rogersi? ANWC B55126, B55127 Dunham River, Great Northern Highway  L68, L69 162646S 1275901E 

assimilis x rogersi? ANWC B55160, B55161  L70, L71 162544S 1275858E 

M. l. assimilis ANWC B55220, B55221 Lawford Range L72, L73 184229S 1260336E 

 ANWC B55222 Ngupam Cliffs, Great Northern Highway L74 184522S 1260421E 

 ANWC B55255 McWhae Ridge, Great Northern Highway L75 184401S 1260549E 

 ANWC B55256 Laidlaw Range, SW of St Pierre Station Homestead L76 184036S 1260203E 

 ANWC B55279, B55280 Macdonald Springs, Bulka Station L77, L78 191120S 1261153E 

  B55281  L79 191209S 1261058E 

 ANWC B55291, B55292 Middle Springs, Bulka Station L80, L81 191237S 1260624E 

 ANWC B55308 Tonka Spring, Bulka Station L82 190652S 1260758E 

 ANWC B55370, B55371 Ruby Plains Station Homestead L83, L84 183305S 1274110E 

 
ANWC B55399, B55400 

B55401 

Beau Desert Bore, 50km SSW of Ruby Plains Station 

Homestead 
L85, L86, L87 185533S 1274227E 

 ANWC B55412, B55415 Marella Hole, Nicholson River, Flora Valley Station L88, L89, L90 180804S 1284140E 

  B55416     

 ANWC B55435 Nicholson River, 16km SW of Buntine Hwy L91 180625S 1284532E 

 ANWC B54435, B54436 Mule Ck  boat ramp environs, SE  of Bing Bong L92, L93 153831S 1362508E 

 ANWC B54458 Muggs Mistake, McArthur River, King Ash Bay L94 155446S 1363238E 

assimilis x dulcis? ANWC B54701, B54702 Big River Station L95, L96 144539S 1341131E 

assimilis x dulcis? ANWC B54738, B54739 SW of Mountain Valley HS L97, L98 141011S 1334340E 

assimilis x dulcis? ANWC B54740 Flying Fox Creek crossing, SW  Mountain Valley HS L99 141019S 1334427E 

M. l. assimilis ANWC B54778, B54779 Strangways River and environs, Maryfield Station L100, L101 155121S 1333632E 

assimilis x dulcis? ANWC B52435, B52436 Roper Hwy, Big River Station, 39 km W of Roper Bar L102, 103 144539S 1341131E 

M. l. dulcis NMV D070, D071 Gimbat Station, Northern Territory L104, L105 133700S 1320759E 

 SAMA 28116, 28117  L106, L107 133400S 1322559E 

assimilis x rogersi? WAM 27720, 27722 Hidden Island L108, L109 161616S 1233028E 

M. l. rogersi WAM 36181, 36182 Boongaree Island L110, L111 150454S 1251139E 

 
NMV 

NMV 

D040, D050 

D051 
Mitchell Plateau 

L112, L113, 

L114 
144900S 1254159E 
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4.2.2 Population genetic and historical demographic analyses 

 

Each gene fragment was tested for genetic differentiation within and among regions 

by applying the nearest-neighbour statistic (Snn) (Hudson 2000).  This statistic 

measures how often the “nearest neighbours” of sequences are from the same 

locality in geographic space.  If a population is strongly structured, Snn is expected 

to be near one whereas when the populations are part of the same panmictic 

population the Snn value is near 0.5 (Hudson 2000).  Calculation of the P value of 

the Snn was performed with a permutation test with 1000 replicates implemented in 

the software DnaSP v.5 (Librado and Rozas 2009).   

 

The demographic history of assimilis and lamberti was examined using Bayesian 

skyline plots (BSP) in the program BEAST v1.7.4 (Drummond et al. 2007).  This 

method utilises MCMC sampling of sequence data to estimate a posterior 

distribution of effective population size through time and does not require a specific 

demographic model (e.g. constant size, exponential growth, logistic growth or 

expansive growth) prior to the analysis.  Mutation rates used in the analyses are 

described in Chapter 2.  Ten million iterations were run and sampled every 1000 

iterations with the first 1,000,000 chains discarded as burnin.  Bayesian skyline plots 

were generated with Tracer v1.5. 
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4.2.3 Coalescent estimates of gene flow 

Gene flow and incomplete lineage sorting may result in similar genetic signals, 

causing difficulties for the inference of evolutionary relationships among closely 

related taxa. To determine whether patterns of differentiation within M. lamberti are 

the result of incomplete lineage sorting, gene flow, or a combination of both, I used 

the isolation-with-migration model implemented in the software IMa2 (Hey 2010).  

This model simultaneously estimates the likelihood of shared diversity being due to 

gene flow or incomplete lineage sorting.  IMa2 can handle data and implement a 

model for multiple populations.  The major difference between IMa2 and earlier 

versions of the Isolation-with-Migration model is that the user must specify a 

phylogenetic tree, the tree must be rooted, and the sequence in time of internal 

nodes must be known and specified (Hey 2011).  BEAST v1.7.4 (Drummond et al. 

2012) analysis was run with all mtDNA and nuclear sequences to obtain a starting 

tree.  IMa2 assumes no recombination in loci so only segments of nuclear genes 

free from recombination were used in the analysis (Chapter 2).  IMa2 employs 

Markov chain Monte Carlo (MCMC) simulations of gene genealogies to estimate the 

effective number of migrant gene copies per generation.  It also performs likelihood 

ratio tests to evaluate whether migration rates are significantly different from zero. 

 

The HKY model of nucleotide substitution and an inheritance scalar of 0.25 were 

applied to the mitochondrial ND2 gene.  The infinite sites (IS) model and an 

inheritance scalar of 1.0 were assigned to the eight nuclear loci.  The mutation rate 

per year for each locus was included in the analysis.  I started with a mutation rate 

of 1.06 x 10-8 for ND2 (Weir and Schluter 2008), 2.56 x 10-9 for anonymous loci (Lee 

and Edwards 2008) and 1.56 x 10-9 for nuclear introns (Ellegren 2007).   Each 
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mutation rate was multiplied by the number of base pairs in each locus to calculate 

the per-locus mutation rate µ (substitutions / year).  The geometric mean of all 9 per-

locus mutation rates were taken to calculate the divergence time by dividing the time 

parameter by the mutation rate (t= t/µ). The population migration rate 2Nm (the 

effective rate at which genes come into a population per generation), was calculated 

using the equation 2Nm = θ * m/2. A 2Nm value less than one indicates that gene 

flow is not significant (Wright 1931). 

 

I ran IMa2 on two datasets.  The first analysis tested the effects of barriers to gene 

flow so populations were grouped based on the inferred haplotype structure from the 

mitochondrial DNA.  The second analysis tested whether sharing of haplotypes 

between the recognised subspecies was due to post-isolation gene flow or could be 

explained by retention of ancestral polymorphisms.  I ran IMa2 numerous times with 

varying priors and heating schemes to optimise priors and to test for convergence 

among analyses.  A total of 2,000,000 steps were run with the first 50,000 steps 

discarded as burn-in.  The analyses were repeated four times for each dataset with 

different random starting seeds to check for consistency across independent 

analyses.  The runs from each dataset were then combined to sum the distributions 

to determine point estimates for parameters. 
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4.3 RESULTS 

4.3.1 Sequence variability  

ND2 sequences were generated for 114 M. lamberti individuals and a single 

representative from the outgroup M. pulcherrimus.  M. pulcherrimus was used as an 

outgroup instead of the more closely related M. amabilis, due to paraphyly at mtDNA 

(Chapter 3). In all, 92 sites were variable and 63 sites were parsimony informative 

within M. lamberti.  Deficiencies of guanine typical of avian mtDNA were observed, 

with frequencies of the four nucleotides being A=0.29, C=0.37, G=0.11 and T=0.23. 

A total of 66 unique haplotypes were identified.  Among the haplotypes identified, 

two were shared by 12 individuals, one by 8 individuals, one by 4 individuals, two by 

3 individuals, twelve by 2 individuals and forty-eight were singletons.   

 

A subset of 31 individuals was sequenced for all eight nuclear loci.  Individuals were 

selected at random that contained information for all loci analysed.  An average of 

448bp per nuclear locus (range 331-740bp) was obtained.  All eight loci were 

variable and there was an average of 22 variable sites per locus (range 6-36). Four-

gamete tests (Hudson and Kaplan 1985) as implemented in DnaSP v5 (Librado and 

Rozas 2009) revealed recombination events for all eight loci and therefore the 

longest non-recombining segment for each locus was used in subsequent analyses 

(Table 4.2).   Of the longest non-recombining segment used in analyses, insertions 

and deletions were observed in all but three nuclear loci.  In Mame-AL06 there was 

one 1bp insertion in assimilis. Mame-AL23 had one 25bp insertion in assimilis.  Two 

1bp insertions were observed in assimilis and dulcis for Mame-AL26; a 1bp deletion 

in assimilis for GTP and also in lamberti for TGFb2.  Information for the alignments, 
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including the model of evolution proposed by ModelTest for the phylogenetic 

analyses can be found in Table 4.2. 

 

Table 4.2 – Descriptive statistics for the nine loci used in this study. Sequence length (L) includes 

alignment gaps; (S) is the number of segregating sites; number of samples (n) includes number of 

alleles for nuclear loci, (R) refers to the non-recombining segment used in the analyses and (M) is the 

model of evolution proposed by ModelTest. 

 

Marker L S n R M 

mtDNA 969 92 114 - GTR + G 

Mame-AL06 368 19 60 211 HKY 

Mame-AL16 394 17 60 118 HKY 

Mame-AL23 403 25 60 252 GTR 

Mame-AL26 351 27 58 184 GTR 

Mame-AL28 414 16 62 312 HKY 

GADPH 331 6 62 261 GTR 

GTP 740 36 54 173 HKY 

TGFβ2 581 25 50 360 GTR 

 

 

4.3.2 Phylogenetic analysis of mitochondrial ND2 sequences 

Phylogenetic analysis using Mr Bayes, MP and ML (MP and ML not shown) 

produced trees that were highly congruent with respect to the major groupings 

identified (Figure 4.4).  The analysis of M. lamberti mtDNA sequences reveals a 

number of highly divergent lineages largely restricted to different geographic 

regions.  An eastern clade (clade L) represents all individuals east of the Great 

Dividing Range and is associated with the nominotypical subspecies M. l. lamberti, 

whereas clade A is divided into additional, geographically restricted sub-clades 

occupying the remaining area of the species distribution west of the Great Dividing 

Range.  The Exact test of population differentiation (Goudet et al. 1996; Raymond 
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and Rousset 1995) as implemented in Arlequin v 3.5.1.2 (Excoffier 2009) confirmed 

the number of significantly different populations as two.  

 

Clade A has a posterior probability of 100%, but its internal structure is only partly 

resolved (Figure 4.4).  Clade A, as mentioned earlier, refers to individuals west of 

the Great Dividing Range.  Within Clade A further subclades were observed.  The 

A1 (East) subclade refers to ten individuals only occurring east of the Eyrean Barrier 

(1.00 Bayesian posterior probability (BPP)). A2 (North-west) contains three 

individuals restricted to north-west Western Australia (0.99 BPP).  Subclade A3 

(Central) encompasses individuals spanning a diagonal distribution across Australia 

being absent only from New South Wales.  The distribution of subclade A3 in 

Western Australia is largely confined to the northern part with only a few individuals 

sampled in the southern part of the state near the Great Victorian Desert. Within 

South Australia, four individuals were confined to southern Yorke Peninsula, three to 

west of the Flinders Ranges and one individual sampled near Cooper Pedy.  The 

node that received significant support in subclade A3 was a small sample from north 

Western Australia (L68, L70, L72, L112, L113; 0.99BPP).  Subclade A4 (West) 

extends from South Australia, west of the Eyrean Barrier, across the Great Victorian 

Desert in Western Australia to sampled regions along the Western Australian coast. 

Subclade A5 (North/South) consists of two individuals with high nodal support (1.00 

BPP).  One individual is from Port Broughton in South Australia while the other 

individual is from Karumba in Northern Queensland.  Subclade A6 (South) is 

distributed from southern South Australia across to the Great Victorian Desert in 

Western Australia (1.00 BPP).  The last subclade (A7 Central) has a similar 
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distribution to that of subclade A3 except there are no individuals present in this 

clade from south Western Australia and South Australia.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.4 - Phylogenetic 

relationships of M. lamberti 

based on unique 

mitochondrial ND2 

haplotypes, inferred by 

Bayesian inference.  

Parsimony bootstrap, 

maximum likelihood and 

posterior probability values 

are indicated at the nodes.  

An asterisk represents 

values less than 50 for 

parsimony bootstrap and 

maximum likelihood.  

Terminals represent unique 

haplotypes and full details 

are given in Table 4.1.  The 

two highlighted text boxes 

represent the individuals 

sharing the two most 

common haplotypes.  
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The average genetic distances (uncorrected p distances) between the subclades 

ranged from 0.0031 (between A6 and A7) to 0.0131 (between A1 and A4), (Table 

4.3). Two groups (A2 and A5 plus A5 and A6 were not significantly different (P > 

0.05).  The highest values were found in all pairwise comparisons with M. l. lamberti 

(Clade L). 

 

Table 4.3 – Average pairwise genetic distances between M. lamberti mitochondrial groups calculated 

in Arlequin 3.5.1.2 (Excoffier 2009).  Values highlighted in diagonal represent average pairwise 

genetic distances within groups (PiX).  Values above diagonal represent uncorrected genetic 

distances within groups (p distances PiXY)) and values under diagonal represent corrected genetic 

distances (PiXY-(PiX+PiY)/2).  Shaded boxes indicate pairwise differences that are not significant P 

>0.05. 

 

mtDNA 

GroupS 

 

A1 

 

A2 

 

A3 

 

A4 

 

A5 

 

A6 

 

A7 

 

L 

 uncorrected p distances 

A1 0.0025 0.0081 0.0131 0.0131 0.0129 0.0127 0.0103 0.041 

A2 0.0068 0.0 0.009 0.0112 0.011 0.0101 0.008 0.039 

A3 0.0104 0.0077 0.0027 0.0065 0.0083 0.0058 0.0038 0.041 

A4 0.0115 0.0109 0.0049 0.0005 0.0062 0.0059 0.0037 0.042 

A5 0.0116 0.011 0.0069 0.0059 0.0 0.0078 0.0055 0.042 

A6 0.0108 0.0102 0.0039 0.0051 0.0072 0.0012 0.0031 0.041 

A7 0.0085 0.0078 0.0019 0.0029 0.0050 0.0020 0.001 0.039 

L 0.0387 0.0381 0.0382 0.0404 0.0411 0.0396 0.0373 0.002 

 corrected p distances 

 

 

4.3.3 Parsimony networks and diversity indices 

Results of the parsimony network analysis (TCS, Clements et al. 2000) as applied to 

the mtDNA ND2 haplotypes of M. lamberti recovered three unconnected networks at 

the 95% confidence limit. The results were identical to those found in the Bayesian 

analysis.  Two samples (L108, L109) from Hidden Island, off the Western Australian 

coast were excluded from analysis due to missing data (Figure 4.5).   
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Figure 4.5 - Unrooted haplotype networks of mitochondrial ND2 sequences of M. lamberti. Coloured 
circles indicate unique haplotypes and their area is proportional to the number of individuals sharing 
the same haplotype. Colours correspond to groups from Figure 4.4 and their approximate distribution 
is shown in map (inset). Connections between circles represent one mutation step and small black 
circles represent haplotypes not sampled. Circles outlined in black refer to subspecies rogersi (L110-
L114), M. l. dulcis (L104-L108) and samples from the inferred intergrade zone of M. l. assimilis / M. l. 
rogersi (L68-L71) and M. l. assimilis / M. l. dulcis (L95-L99, L102-L103). 
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Subclade A4 comprises individuals that are distributed across South Australia and 

Western Australia (west of the Eyrean Barrier).  A5 comprises two individuals; one 

from South Australia and the other occurring on south-west Cape York Peninsula 

east of the Eyrean Barrier.  A6 comprises three individuals distributed in Eyre 

Peninsula and one individual in Western Australia.  A3 and A7 are geographically 

widespread, occurring from South Australia, western Queensland, Northern Territory 

and Western Australia.  Subclade A3 comprises individuals of subspecies M. l. 

rogersi (L110-L114), M. l. dulcis (L104-L108), M. l. assimilis, together with samples 

from the inferred intergrade zone of M. l. assimilis / M. l. rogersi (L68-L71) and M. l. 

assimilis / M. l. dulcis (L95-L99, L102-L103). 

Subclade A2 consists of one haplotype shared by three individuals restricted in 

distribution to the southern reaches of the Kimberleys in Western Australia.  Lastly, 

A1 is distributed from South Australia, western Queensland and New South Wales 

(east of the Eyrean Barrier).  The central haplotype of A3 (L30) is the one that TCS 

judged to have the highest probability of being the ancestral haplotype (Figure 4.5). 

Two star-shaped patterns were observed and are indicative of recent demographic 

expansions (Figure 4.5). This was corroborated by Tajima’s D, Fu’s Fs tests and the 

mismatch distributions (Table 4.4; Figure 4.6).   The Bayesian Skyline Plots (BSP) 

showing the estimated change in median Nef over time for Clade A was concordant 

with the results from the mismatch distribution (Figure 4.6) where Clade A appears 

to have undergone population expansion since about 0.12 Mya.  Subclade A3 

shows a gradual population increase since this time, whereas subclade A4 shows 

relative population stability for the last 0.025 million years. 
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Figure 4.6 – Left - Map showing distribution of ND2 haplotypes for Malurus lamberti.  Ovals on map represent populations where divergent haplotypes from 
two or more subclades were detected in sympatry. Mismatch distributions of mtDNA haplotypes (centre) and Bayesian Skyline Plots (right) for Clade A and 
subclades that showed significant Tajima’s D and Fu’s Fs (Refer Figure 4.4 and Table 4.4).  For the mismatch distributions, the expected frequency is based 
on a constant population (solid grey) and population growth-decline model (dashed grey), determined using DnaSP v5.10.01 (Librado and Rozas 2009);  the 
solid coloured line in each plot refers to the frequency of pairwise differences observed for Clade A – purple, subclade A3 – dark blue and subclade A4 – light 
brown. For the Bayesian Skyline Plots the central line represents the median value for the log10 of the population size (Nefµ) and the blue overlay show the 
95% highest posterior density (HPD) limits.  Y-axis shows years before present. 
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Haplotype and nucleotide diversities were high for all M. lamberti (0.955, 0.98% 

respectively) and for clade A (0.950, 0.62% respectively).  Within clade A, haplotype 

and nucleotide diversity was highest for A1 when compared with the other groups, 

whilst the lowest haplotype and nucleotide diversity was found in A7 (Table 4.4).   

 

Table 4.4 – Genetic diversity within Malurus lamberti for mtDNA.  Nucleotide diversity is provided as 

a percentage with its standard error.  Bold type indicates values significantly outside 95% 

confidence intervals. 

 
 
mtDNA groups 

n # H Haplotype 
diversity 
(Hd ± s.d) 

Nucleotide 
diversity 
(π% ± s.d) 

Tajima’s 
D 

 
P 

Fu’s 
Fs 

 

         
A1 10 9 0.978 ± 0.05 0.25 ± 0.05 -1.39 >0.10 -6.49 0.001 
A2 3 1 - - -  -  
A3 53 30 0.918 ± 0.03 0.29 ± 0.03 -2.22 <0.01 -25.26 0.000 
A4 22 9 0.649 ± 0.11 0.08 ± 0.02 -1.88 <0.05 -5.86 0.002 
A5 2 2 1.000 ± 0.5 0.10 ± 0.05 -  -  
A6 4 3 0.833 ± 0.05 0.12 ± 0.04 0.59 <0.10 -0.69 0.286 
A7 12 5 0.455 ± 0.17 0.10 ± 0.05 -1.89 <0.05 -0.62 0.220 
L 6 5 0.933 ± 1.48 0.21 ± 0.06 -0.31 >0.10 -2.04 0.101 

A 108 61 0.950 ± 0.01 0.62 ± 0.04 -1.80 <0.05 -38.01 0.000 

All (A+L) 114 66 0.955 ± 0.01 0.98 ± 0.14 -1.63 >0.05 -20.30 0.000 
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4.3.4 Nuclear phylogeography 

All nuclear markers showed less sequence variation and resolution than the mtDNA; 

therefore only haplotype networks of nuclear DNA are shown.  For each of the 8 

nuclear loci, respective haplotypes of M. lamberti could be linked into a single 

haplotype network under the 95% confidence limit in TCS (with the exception of 

Mame-AL23), and did not clearly differentiate or cluster the sequences into groups 

as found in mtDNA (Figure 4.7).  In general, nuclear networks contained one (or 

occasionally two or three) very common haplotypes shared among all populations 

together with many low frequency haplotypes. Haplotype diversity ranged from 

0.303 (± 0.15) to 0.799 (± 0.04) and nuclear diversity ranged from 0.14 (± 0.07) to 

0.65 (± 0.06) (Table 4.5), the trend of higher haplotype and nuclear diversity being in 

nuclear introns.  Tests for deviation from neutral sequence evolution (Tajima’s D) 

and demographic change (Fu’s Fs) were significant for two loci (Mame-AL26, 

Mame-AL28) (Table 4.5). 

 
Table 4.5 – Genetic diversity within Malurus lamberti for nuclear DNA.  Nucleotide diversity is 
provided as a percentage with standard error.  Bold type indicates values significantly outside 95% 
confidence intervals.  A and L refer to all individuals in Clade A and Clade L from the mtDNA analysis. 
 
 
mtDNA groups 
 

n # H Haplotype 
diversity 
(Hd ± s.d) 

Nucleotide 
diversity 
(π% ± s.d) 

Tajima’s 
D 

 
P 

Fu’s 
Fs 

 
P 

Mame-AL06         

All (A+L) 60 9 0.468 ± 0.07 0.29 ± 0.06 -1.69 >0.05 -4.91 0.01 

A 48 7 0.499 ± 0.07 0.32 ± 0.07 -1.54 >0.05 -3.55 0.02 
L 
 

12 2 0.303 ± 0.15 0.14 ± 0.07 -0.19 >0.10 0.29 0.39 

Mame-AL16         
All (A+L) 60 2 0.508 ± 0.01 0.43 ± 0.01 1.76 >0.05 2.08 0.26 
A 48 2 0.511 ± 0.02 0.43 ± 0.01 1.72 >0.10 1.96 0.27 
L 
 

12 2 0.545 ± 0.06 0.46 ± 0.05 1.49 >0.10 1.20 0.38 

Mame-AL23         
All (A+L) 60 11 0.667 ± 0.04 0.62 ± 0.07 -0.97 >0.10 -3.23 0.02 
A 48 8 0.542 ± 0.08 0.41 ± 0.08 -1.35 >0.10 -3.43 0.02 
L 
 

12 4 0.682 ± 0.10 0.58 ± 0.18 -0.02 >0.10 -0.03 0.26 
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mtDNA groups 
 

n # H Haplotype 
diversity 
(Hd ± s.d) 

Nucleotide 
diversity 
(π% ± s.d) 

Tajima’s 
D 

 
P 

Fu’s 
Fs 

 
P 

 
Mame-AL26 
All (A+L) 56 17 0.513 ± 0.08 0.38 ± 0.08 -2.13 <0.05 -10.88 0.00 
A 46 16 0.518 ± 0.09 0.40 ± 0.09 -2.20 <0.01 -11.27 0.00 
L 10 4 0.511 ± 0.16 0.31 ± 0.11 -0.69 >0.10 -0.59 0.25 

 
Mame-AL28 

        

All (A+L) 62 11 0.470 ± 0.08 0.18 ± 0.04 -2.02 <0.05 -10.38 0.00 
A 50 11 0.558 ± 0.08 0.22 ± 0.04 -1.97 <0.05 -9.44 0.00 
L 
 

12 1 - - - - - - 

GADPH         
All (A+L) 62 6 0.669 ± 0.04 0.33 ± 0.03 -0.43 >0.10 -1.24 0.13 
A 50 5 0.645 ± 0.04 0.31 ± 0.04 -0.21 >0.10 -0.68 0.18 
L 
 

12 3 0.712 ± 0.07 0.34 ± 0.06 1.02 >0.10 0.46 0.32 

GTP         
All (A+L) 54 9 0.744 ± 0.07 0.65 ± 0.06 -0.39 >0.10 -1.53 0.10 
A 42 9 0.741 ± 0.04 0.63 ± 0.07 -0.58 >0.10 -1.93 0.08 
L 
 

12 4 0.652 ± 0.13 0.55 ± 0.14 -0.13 >0.10 -0.72 0.21 

TGFβ2         
All (A+L) 50 2 0.799 ± 0.04 0.35 ± 0.04 -1.41 >0.10 -5.33 0.004 
A 40 2 0.792 ± 0.05 0.35 ± 0.05 -1.38 >0.10 -4.67 0.007 
L 
 

10 2 0.733 ± 0.07 0.28 ± 0.04 1.34 >0.10 0.48 0.32 
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Figure 4.7 (previous pages) – Parsimony networks of Malurus lamberti constructed in TCS for eight 

nuclear loci.  The locus for each network is given at the top and pie chart shading represents the 

proportion of each allele found within each mitochondrial group.  Colours in pie charts are the same 

as those used to represent mitochondrial groups in Figure 4.5.  A dashed line represents ambiguities 

in the network.  Names correspond to selected samples from Table 4.1.  Each individual has two 

alleles and is coded 1 or 2.  If no coding is present then both alleles are grouped together. Small 

black circles represent hypothetical unsampled haplotypes. 

 

4.3.5 Population structure - mtDNA and nuclear DNA 

Tests of genetic differentiation of ND2 show marked geographic structuring across 

the Great Dividing Range and the Eyrean Barrier (Table 4.6).  For the nuclear DNA, 

significant structure was observed for samples either side of the Great Dividing 

Range in five of the seven loci tested; Mame-AL06 (ΦST = 0.07, P = 0.04); Mame-

AL23 (ΦST = 0.45, P <0.001); GADPH (ΦST = 0.04, P = 0.01); GTP (ΦST = 0.12, P = 

0.35) and TGFβ2 (ΦST = 0.18, P < 0.001).  One allele in Mame-AL06 and Mame-

AL23, two alleles in GADPH and TFGβ2 and four alleles in GTP were shared 

between clade A and Clade L.  Despite this, the nuclear loci were significantly 

differentiated, owing presumably to the presence of private alleles (Figure 4.7).  

Although no significant structure was observed for the two remaining anonymous 

loci (Mame-AL26 and Mame-AL28) across the Great Dividing Range, some 

structure was evident between east (A1) and combined west 

(A2+A3+A4+A5+A6+A7) populations for Mame-AL28 (Table 4.6).  Significant 

genetic structure was also evident for all tests performed on the mitochondrial 

groupings from the haplotype network for ND2 (Table 4.6).  

 

The results of the Snn test (Hudson 2000) (Table 4.6) suggest that mitochondrial 

clade A and clade L are significantly differentiated for four of the seven nuclear loci 

(Mame-AL06; Mame-AL23; GADPH and TGFb2; Snn values >0.70, P< 0.05).  
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Table 4.6 – Multilocus tests of genetic differentiation across the Great Dividing Range and Eyrean 

Barrier in Malurus lamberti and for mitochondrial groups for ND2. Due to the small sample size of 

nuclear loci, tests were also conducted between group A1 (east) and remaining samples (A_west).  

Tests were not conducted for Mame-A16 due to the small number of haplotypes observed. 

 
 

 
Hudsons’ 
Snn 

%Molecular variance 
 
Among         Within 

   

(+ P-value) (+ d.f.) (+ d.f.) ΦST P-value %Da 

Mitochondrial       

Great Dividing Range: 
      

Clade A, Clade L (108, 6) 1.0 (<0.001) 86 (1) 14 (79) 0.86 <0.001 4.3 ± 0.4 

Eyrean Barrier       
A1 (east), A4 (west) (10, 22) 1.0 (<0.001) 91 (1) 9 (30) 0.91 <0.001 1.3 ± 0.3  
       

Other Groupings       
A1 (east), A3 (central) 1.0 (<0.001) 80 (1) 20 (61) 0.80 <0.001 1.3 ± 0.3 
A1 (east), A6 (south) 1.0 (<0.001) 83 (1) 17 (12) 0.83 <0.001 1.2 ± 0.3 
A1 (east), A7 (north) 1.0 (<0.001) 84 (1) 16 (20) 0.84 <0.001 1.0 ± 0.2 
A2 (north-west), A3 (central) 1.0 (<0.001) 74 (1) 26 (54) 0.74 <0.001 0.9 ± 0.2 
A2 (north-west), A7 (north) 1.0 (<0.001) 90 (1) 10 (13) 0.90 <0.001 0.8 ± 0.4 
A3 (central), A4 (west) 1.0 (<0.001) 70 (1) 30 (73) 0.70 <0.001 0.7 ± 0.1 
A3 (central), A6 (south) 1.0 (<0.001) 58 (1) 42 (55) 0.58 <0.001 0.6 ± 0.1 
A4 (west), A6 (south) 1.0 (<0.001) 89 (1) 11 (25) 0.89 <0.001 0.6 ± 0.2 
A4 (west), A7 (north 0.99 (<0.001) 43 (1) 57 (63) 0.42 <0.001 0.4 ± 0.6 
A4 (west), A7 (north) 1.0 (<0.001) 81 (1) 19 (32) 0.81 <0.001 0.4 ± 0.1 
A6 (south), A7 (north) 0.99 (<0.001) 66 (1) 34 (15) 0.66 0.002 0.3 ± 0.1 

Nuclear       

Mame-AL06       

Great Dividing Range:       
Clade A, Clade L (48, 12) 0.73 (0.013) 7 (1) 93 (58) 0.07 0.04 0.3 ± 0.2  

Eyrean Barrier:       
A1 (east), A4 (west) 0.7 (n.s) 16 (1) 84 (8) 0.16 0.29 0.5 ± 0.3 

Mame-AL23       

Great Dividing Range:       
 Clade A, Clade L (48, 12) 0.86 (<0.001) 45 (1) 55 (58) 0.45 <0.001 1.3 ± 0.4 

Eyrean Barrier:       
A1 (east), A_west) 0.85 (0.011) 2 (1) 98 (47) 0.02 0.17 0.5 ± 0.3 

Mame-AL26       

Great Dividing Range:       
 Clade A, Clade L (46, 12) 0.69 (n.s) 0.3 (1) 99.7 (54) 0.003 0.4 0.4 ± 0.1 

Mame-AL28       

Great Dividing Range:       
 Clade A, Clade L (50, 12) 0.69 (n.s) - - - - 0.1 ± 0.1 

Eyrean Barrier:       
A1 (east), A_west 

 

0.88 (0.001) 23 (1) 77 (48) 0.23 <0.001 0.3 ± 0.1 
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Hudsons’ 
Snn 

%Molecular variance 
 
Among         Within 

   

(+ P-value) (+ d.f.) (+ d.f.) ΦST P-value %Da 

 

GADPH 

      

Great Dividing Range:       
 Clade A, Clade L (50, 12) 0.77 (0.002) 14 (1) 86 (60) 0.14 0.01 0.4 ± 0.1 

Eyrean Barrier:       
A1 (east), A_west 0.72 (n.s) 5 (1) 95 (48) 0.05 0.2 0.3 ± 0.1 
       

GTP       

Great Dividing Range:       
 Clade A, Clade L (42, 12) 0.66 (n.s) 12 (1) 88 (52) 0.12 0.035 0.7 ± 0.2 

Eyrean Barrier:       
A1 (east), A4 (west) 0.71 (n.s) 23 (1) 77 (4) 0.23 0.29 1.0 ± 0.5 
A1 (east), A_west 0.93 (n.s) 41 (1) 59 (40) 0.41 0.025 1.0 ± 0.5 

TGFβ2 
      

Great Dividing Range:       
 Clade A, Clade L (40, 10) 0.79 (0.000) 18 (1) 82 (48) 0.18 <0.001 0.4 ± 0.1 

       

 

4.3.6 IMa2: Gene flow and divergence estimation 

All migration rates in M. lamberti were either non-significant or zero, or both.  

Likelihood ratio tests comparing models assuming equal and zero migration 

between geographic isolates could not be rejected (Table 4.6). These results 

indicate that a no migration model is a better fit to the data than the full migration 

model.  Divergence time estimates among lamberti and all other populations (Great 

Dividing Range Barrier) converged at 287 thousand years ago (kya), 95% highest 

posterior density (HPD) ranging from 121 to 584 kya.  This result was consistent 

across the mtDNA clades and the subspecies groups.    Divergence time estimates 

for populations east and west of the Eyrean Barrier (A1, A4 and A3) converged at 

196 ka (95% HPD ranging from 109 to 335 kya, Figure 4.8A).  The youngest split 

observed in the second analysis was between M. l. rogersi and M. l. dulcis and this 
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converged at 0.04 mya (95% HPD 0 - 0.08 mya, (Figure 4.8B).  All estimates 

observed fall entirely within the Pleistocene (Figure 4.9).  

  

For the first IM analysis (mtDNA subclades, Figure 4.8A), the geometric mean of 

mutation rates (µ) was calculated to be 6.635 x 10-7 mutations / year.  The effective 

population size for A3 (3,193,017 individuals; 95% CI 1.3 – 8.1 million individuals, 

Figure 4.8A) was approximately ten times larger than that of subclade A4 (299,522 

individuals; 95% CI 107,376 – 740,328 individuals).  The estimated effective 

population size of the ancestral population of M. lamberti was 446,457 individuals 

(95% CI 220,403 – 774,236 individuals). 

 

The second IM analysis (subspecies, Figure 4.8B) recovered estimates of 

population size for assimilis (3,223,576 individuals; 95% CI 1.4 – 9.5 million 

individuals Figure 4.8B).  The population size parameter estimates for M. l. rogersi 

and M. l. dulcis were large and the tails did not approach zero.  Setting larger priors 

did not improve convergence, nor did it change the peak positions.  Population 

estimates for M. l. lamberti were 262,316 individuals (95% CI 99,097 – 577,096 

individuals). The estimated effective population size of the ancestral population was 

similar to the previous IM analysis (437,194 individuals; 95% CI 215,682 – 821,924 

individuals).   
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Table 4.6 – Demographic parameter estimates from the multi-population isolation with migration 

model for Malurus lamberti 

 

Parameter 
LLR 

test 

Point 

estimate 

95% HPD (low 

/high) 

Dataset  No. 1 
(((A4,A3):A,A1):B,L):C 
 
Population migration rate 2Nm 

   

2N0m0>1 (A4 ← A3) n.s 0.084 0.00/3.61 
2N1m1>0 (A3 ← A4) n.s 0.043 0.00/15.17 
2N2m2>A (A1 ← A) n.s 0.043 0.00/8.47 
2N2mA>2 (A ← A1) n.s 0.035 0.00/6.15 
2N3m3>B (L ← B) n.s 0.009 0.00/2.98 

2N3mB>3 (B ← L) n.s 0.652 0.00/69.78 

Divergence Estimates  years years 

t0 (A4, A3)  104 965 59 603 / 171 425 

t1 (A4, A3, A1)  196 743 109 184 / 335 992  

t2 (A4, A3, A1, A8)  287 466 121 843 / 584 953  

    

Dataset  No. 2 (subspecies) 
(((M. l. rogersi,M. l. dulcis):A,M. l. assimilis):B,M. l. lamberti):C 
 
Population migration rate 2Nm    
2N0m0>1 (M. l. rogersi ← M. l. dulcis) n.s 0.043 0.00/17.79 
2N1m1>0 (M. l. dulcis ← M. l. rogersi) n.s 0.043 0.00/10.22 
2N2m2>A (M. l. assimilis ← A) n.s 3.435 0.00/17.44 
2N2mA>2 (A ← M. l. assimilis) n.s 0.043 0.00/11.44 
2N3m3>B (M. l. lamberti ← B) n.s 0.224 0.00/13.09 

2N3mB>3 (B ← M. l. lamberti) n.s 0.043 0.00/12.83 

Divergence Estimates  years years 

t0 (M. l. rogersi, M. l. dulcis)  36 919 0 / 85 107 

t1 (M. l. rogersi, M. l. dulcis, M. l.  assimilis)  68 008 27 592 / 226 564 

t2 (M. l. rogersi, M. l. dulcis, M. l. assimilis, 

         M. l. lamberti) 

 
284 079 101 429 / 776 845 
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Previous Pages 

Figure 4.8 – The estimate of the history of Malurus lamberti.  Time is represented as depth on the 

vertical axis, with the A. mtDNA groups and B. subspecies at the top of each figure.  Population size 

is represented as width along the horizontal axis and depicted as graphs below.  Each group / 

subspecies is represented as a box, the height of which refers to how long it has lasted and the width 

of which refers to its effective size.  The confidence interval for a population size is given both by a 

double headed arrow extending from the right margin of the box and by faint boxes representing the 

lower and higher 95% Highest Posterior Density (HPD) intervals. Similarly 95% HPD intervals for 

splitting times are given by dashed lines and double-headed arrows. Migration arrows are indicated in 

red and represent the population migration rate (2NM) from the source population to the receiving 

population (ie. forward in time) (Hey 2010, 2011). All migration rates are non-significant. 

 

 

 

Figure 4.9 – Timeline of glacial cycling between c. 420 kya (kya = thousand years ago) and the 

present in the South Hemisphere, based on the Vostok Ice Sheet, Antartica (Petit et al. 1999).  Warm 

interglacials are denoted by dark bars above the temperature profile.  Arrows indicate to point 

estimates from IMa2 analyses of M. lamberti haplotypes and refer to divergence of A. subspecies M. 

l. dulcis and M. l. rogersi; B. M. l. assimilis; and C. subclades A3 and A4; D. A1 and E. M. l. lamberti. 
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4.4 DISCUSSION 

4.4.1 Phylogeography of Malurus lamberti 

In this Chapter I used a range of phylogenetic and phylogeographic analyses to 

assess the phylogeography of M. lamberti.  Extended sampling provided a 

preliminary assessment of molecular differentiation of M. lamberti populations, as 

well as identification of independent lineages within M. lamberti.  Further, the 

phylogeography of M. lamberti allowed me to assess for the first time how various 

biogeographic hypotheses concerning Australia’s biodiversity might apply to the 

diversification of this species. 

 

Phylogenetic and phylogeographic analyses of M. lamberti failed to provide 

statistical support for the currently recognised phenotypic subspecies.  In fact, the 

only subspecies that is monophyletic is M. l. lamberti.  A key result was the 

segregation of individuals into two reciprocally monophyletic groups (4.3%, mtDNA), 

a situation clearly suggestive of long-term barriers to gene flow (Avise 1994).  The 

pattern observed here may indicate an abrupt disruption of gene flow between 

populations east and west of the Great Dividing Range, although it is recognised 

that more sampling of the region west of the Great Dividing Range is needed.  The 

results, however, accord with Schodde’s (1982a) suggestion that southern colonies 

of M. lamberti were isolated during Pleistocene glaciations and subsequently 

diverged when the Great Dividing Range presented a formidable barrier during 

lower sea-levels.  AMOVA and parsimony network analyses support this 

interpretation. 
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Intraspecific patterns of genetic differentiation within Clade A of the phylogeny for 

mtDNA are less apparent.  Some nodes, however, did receive significant support (> 

95%).  Haplotypes of M. l. assimilis, M. l. rogersi and M. l. dulcis cluster into a single 

unresolved clade and a high-frequency haplotype is shared among all three 

subspecies. The haplotype network constructed in TCS permits a closer 

examination of the structure within this clade.  The shared haplotype (L30) is in the 

central position of a star-like network suggesting it is ancestral to the other sampled 

haplotypes (sub-clade A3). This haplotype is found in several distant locations 

across the continent.  Therefore the possibility that this haplotype’s distribution is the 

result of recent or ongoing gene flow seems unlikely (Mila et al. 2006; Omland et al. 

2006).  Significant Fs and Tajima’s D values for sub-clade A3 suggests that these 

populations have recently and rapidly expanded in size and presumably, therefore, 

geographic range.  This pattern of mtDNA diversity is consistent with other 

widespread Australian birds of the arid zone (Driskell et al. 2002; Joseph et al. 2006; 

Joseph and Wilke 2006, 2007; Kearns et al. 2009, 2010) suggesting that population 

expansions have occurred in response to Pleistocene climatic cycling.    

 

The differentiation of the blue plumage of adult females in the subspecies M. l. 

rogersi and dulcis may reflect strong selection pressure on phenotypes across 

tropical northern Australia.  Similar arguments have been applied to the Australian 

magpie (Gymnorhina tibicen, Hughes et al. 2001; Toon et al. 2007) and the brown-

headed honeyeater (Melithreptus brevirostris, Toon et al. 2010) for plumage 

differentiation in parts of their ranges.  Plumage colouration is thought to be a trait 

that can evolve relatively quickly in response to selective pressure, i.e., not just due 

to drift in isolation (Mila et al. 2010), and thus the morphological differences 
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observed between the subspecies, are to some extent, not unexpected.  Ford and 

Johnstone (1991) reported phenotypic intergradation between M. l. assimilis and M. 

l. rogersi where their ranges meet.  The lack of strong geographical barriers 

separating these taxa may indeed allow intergradation among these parapatric 

subspecies.  That the subspecies M. l. rogersi, M. l. dulcis and M. l. assimilis only 

share a possibly ancestral haplotype, not more recently derived ones (Figure 4.5) is 

consistent with the very recent divergence estimated here (0.037 Myr (Figure 4.8B).  

This would be too recent to be reflected in mtDNA diversity.   

 

Substantial net divergence was also observed between subclades A1 and A4 (1.3%, 

mtDNA) and between A1 and A3 (1.3% mtDNA).  This resulted in haplotypes 

showing an east-west geographical structure.  The Eyrean Barrier seems a likely 

barrier structuring these populations. This barrier has apparently played a role in the 

derivation of desert-adapted forms from eastern wet-country ones (Ford 1974, 1987) 

and has been recognised as a potential barrier for variation in broadly distributed 

species (Joseph and Wilke 2006; Toon et al. 2007; Kearns et al. 2010; Toon et al. 

2010; Dhami et al. 2012).  It has been well documented that M. l. assimilis shows 

the greatest variation in plumage across its range (Mack 1934; Ford 1966; Harrison 

1972; Schodde and Mason 1999) but it has not been taxonomically further split 

since Harrison (1972) treated it as one subspecies.  The mtDNA data here are more 

consistent with the treatment of Mack (1934) who recognised M. l. assimilis North 

1901 from north-west Victoria, north-east through inland New South Wales to the 

Dawson River district, South Queensland and M. l. mastersi Mathews, 1912 for 

populations across the interior of the continent from central-east Queensland and 

western New South Wales, west to coastal mid-west Australia, to Borroloola in the 
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north and Eyre Peninsula in the south (Mack 1934).  The divergence between these 

two subclades, according to IMa2 results, was approximately 197 kya (kya – 

thousand years ago).  Whilst these mitochondrial subclades are not reciprocally 

monophyletic for the nuclear markers, there was evidence of differentiation through 

private alleles.   

 

 Haplotype networks from nuclear loci can be difficult to interpret; nevertheless, 

general patterns of the network can be informative.  The sharing of nuclear 

haplotypes at all loci examined is surprising given such a substructure and high 

genetic divergence between the two mitochondrial clades.  As all differentiation 

within Malurus lamberti is of relatively recent origin, nuclear markers may not be 

reciprocally monophyletic due simply to the fact that nuclear markers take an 

average of four times longer to reach monophyly than that of uniparentally inherited 

markers (Hare 2001).   

 

Support from nuclear markers for significant divergence between lamberti and the 

remaining subspecies can be seen from the AMOVA and Hudson’s Snn analyses.  

Significant probability values for Hudson’s Snn have been shown in Pied 

Butcherbirds (Kearns et al. 2010); Red-backed fairy-wrens (Lee and Edwards 2008) 

and frogs of Australia (Edwards 2007; Edwards et al. 2008), indicating detectable 

genetic structure among populations. The results indicate that there is a lack of 

connectivity and gene flow leading to substantial differentiation within Malurus 

lamberti.  Further evidence comes from the coalescent results, which incorporate 

the stochasticity of mutation and genetic drift (Hey, 2010) and indicate no effective 
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gene flow between the major clades (Figure 4.8A, B), reinforcing the Great Dividing 

Range as a major historical barrier to gene flow for M. lamberti. 

 

4.4.2 Historical biogeography of M. lamberti 

According to mitochondrial DNA data, divergence within M. l. lamberti is estimated 

to have started in the Pleistocene, approximately 0.28 Mya (0.101 – 0.76), with 

divergence of lamberti from the remaining subspecies.  Within Clade A, estimated 

divergence times are younger and inferred to have been initiated approximately 

0.197 Mya (0.109 – 0.336 Mya) for the separation of populations east and west of 

the Eyrean Barrier.  This time period is consistent with several other bird species in 

Australia with discontinuous east-west distributions (Toon et al. 2007; Kearns et al. 

2009; Dolman and Joseph 2012; Dhami et al. 2012).  The last interglacial at about 

120 kya saw the expansion of M. l. assimilis populations (Figure 4.6, Clade A) and 

there is no indication of population declines since then.  My results suggest that 

populations of M. l. assimilis were probably not adversely affected by recent 

glaciations during the Late Pleistocene to Holocene and that they did not experience 

drastic population reductions.  My result is concordant with the multiple refugia 

hypothesis of Byrne (2008) in that suitable habitats were available in Australia 

during the Pleistocene and divergence has built up through repeated cycles of 

contraction.   

 

4.4.3 Refugial areas and secondary contact 

The phylogeographic pattern observed within the widespread subspecies M. l. 

assimilis is consistent with a history of population fragmentation dating to 

Pleistocene divergence.  Examining the distribution of the ancestral haplotypes in 
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the nuclear networks can be useful in the identification of refugial areas because 

nuclear genealogies may be more indicative of older demographic events (Avise 

2004).  As all ancestral alleles are widespread, it appears that M. l. assimilis 

populations expanded from multiple localised refugia at different timescales during 

the Pleistocene.  However, as only a subset of individuals were sequenced for 

nuclear DNA it is not possible to accurately predict the refugia from which the 

expansions started, but divergent haplotypes are observed in the Pilbara, Western 

Australia (subclade A4); east of the Eyrean Barrier in South Australia and New 

South Wales (subclade A1); north-western Western Australia (subclade A2 and A7); 

northern Northern Territory (subclade A7); Central Highlands (subclade A3), and the 

Carpentaria region (subclade A5). 

 

Evidence for multiple refugia comes also from the high haplotype diversity within 

each subclade being indicative of relatively large long-term effective (female) 

population sizes.  This is also evident in Bayesian Skyline Plots.  The adaptation of 

M. l. assimilis to a wide variety of habitats throughout the arid zone (Harrison 1972; 

Schodde 1982a; Schodde and Mason 1999) may have permitted the rapid 

colonisation of new areas and promoted population expansion.  This is evident in 

mismatch distribution tests that reveal signatures of demographic expansion in a 

majority of subclades.  The expansion events observed have led to at least three 

areas where haplotypes belonging to different subclades are found to occur.  

Further analysis of these zones may provide insights into further divergence within 

this subspecies. 
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4.5 CONCLUSION  

The growing number of phylogeographic studies in Australia shows that species’ 

responses to Pleistocene climatic oscillations have been diverse.  Multiple sources 

of evidence suggest that the two clades of M. lamberti have had substantially 

independent evolutionary histories in different geographic regions throughout the 

Pleistocene.  The degree of mtDNA sequence divergence is as great as or greater 

that that observed between many avian sister species (Bermingham et al. 1992, 

Klinka and Zink 1997, Lovette et al. 1998).  Notwithstanding the need for additional 

sampling west of the Great Dividing Range in Queensland to better characterize the 

geographic distributions of currently recognised subspecies, later chapters will 

examine the case for recognition of M. l. lamberti as a species separate from M. l. 

assimilis, M. l. rogersi and M. l. dulcis.  This arises from the lack of haplotype 

sharing with M. l. lamberti and its well supported reciprocal monophyly and 

geographic separation from all other populations currently recognised as other 

subspecies of M. lamberti.  

 

The present chapter highlights the important role of geographic barriers in Australia 

in promoting and maintaining population differentiation within a species. The pattern 

of possible multiple refugia for subspecies M. l. assimilis raises the additional 

possibility that this widespread species may consist of numerous genetic groups that 

may warrant taxonomic recognition to capture the diversity within the subspecies.  

Analysis of nuclear DNA from across the full range of this subspecies is required 

prior to any taxonomic reclassification. 
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My results revealed discordance between phenotypic variation and patterns of 

genetic differentiation in which the three subspecies M. l. assimilis, M. l. rogersi and 

M. l. dulcis formed a single subclade.  I suggest the lack of resolution may be due to 

insufficient time since divergence and that the morphologically differentiated 

subspecies may represent early stages of speciation. This result reiterates the 

observation that in many cases the processes of mtDNA and nuclear coalescence 

and gene flow are not integrally connected to phenotypic divergence (Hughes et al. 

2001).   
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CHAPTER 5 

Analysis of an intergrade zone between subspecies of variegated fairy-wren 

(Malurus lamberti) in sub-tropical Australia. 

 

Male Malurus lamberti, Eulo Bore, Western Qld  Male M. lamberti, Mooloola, Coastal Qld 
 Photo by Alicia Toon     Photo by Alicia Toon 
 

 

 

 

 

 

 

 

 

 

Phenotypic diversity of specimens from zone of intergradation between M. l. lamberti and M. l. assimilis 
Specimens from the Australian National Wildlife Collection, Canberra 

Photo by Leo Joseph and Alex Drew 
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5.1 INTRODUCTION 

Adaptation to local or regional environments within a species often results in the 

development of distinct physical characteristics and recognition of infraspecific units 

such as subspecies (Weller et al. 2010).  Contact zones between populations or 

species of varying degrees of differentiation provide important insights into the 

nature and the process of speciation (Short 1969; Ford 1974; Barton and Hewitt 

1985).  The variegated fairy-wren Malurus lamberti is a widespread species in which 

currently recognised subspecies are based on geographically structured plumage 

variation and allozyme analysis (Schodde 1982a; Christidis and Schodde 1997; 

Schodde and Mason 1999).  Zones of intergradation have been inferred between M. 

l. assimilis and each of both M. l. rogersi and M. l. dulcis across north-western 

Australia and between M. l. assimilis and M. l. lamberti in the south-east corner of 

Queensland (Mack 1934; Schodde and Mason, 1999).  

 

In Chapter 4, two well-supported mitochondrial DNA (mtDNA) clades were identified 

within M. lamberti (Clade A and L, Figure 4.4) that were separated by an average 

divergence of 4.3% in ND2 sequence.  The nuclear DNA showed significant 

differentiation at five of the eight loci examined.   Based on geographic distribution of 

variegated fairy-wrens across the area sampled, there was support for the abrupt 

disruption of gene flow east and west of the Great Dividing Range (GDR).  The GDR 

is a complex of mountain ranges along Australia’s eastern seaboard (~ 3,500 km) in 

a north-south alignment (Figure 5.1A).   Very few studies on species found on both 

sides of the Great Dividing Range have explicitly assessed it as a barrier, although 

some do report patterns for which it may have been an agent of vicariance in birds 
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(Pavlova et al 2010, in press) and mammals (Pavlova et al 2010; Malekian et al. 

2010a,b). 

Evidence for the existence of an intergrade zone between M. l. lamberti and M. l. 

assimilis currently hinges entirely on qualitative descriptions (e.g. Schodde 1982a) 

of specimens held in the collections of the Queensland Museum and the Australian 

National Wildlife Collection, Canberra.  It has been described as being “a 600- to 

700- kilometre long tract between Goondiwindi, Wide Bay, Rockhampton and 

Emerald, at latitudes where the Great Dividing Range is warm and sufficiently 

shrubby for wrens to cross and mingle” (Schodde 1982a; Figure 5.1A, B).   

 

 

 

 

 

 

Figure 5.1 – A. Zone of intergradation as described by Schodde and Mason (1999) for Malurus l. 
lamberti and M. l. assimilis. B. The Great Dividing Range spanning the eastern part of the Australian 

continent. 
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Inspections of collections at the Australian National Wildlife Collection show the 

difficulty of disentangling wear in plumage from individual and geographic variation 

(Figure 5.2). 

 

 

 

 

Figure 5.2 – Specimens of Left to right: 
Malurus lamberti assimilis (Western 
Australia), M. l. assimilis (New South 
Wales), 2 x geographically intermediate 
specimens between M. l. assimilis and 
M. l. lamberti; and 2 x M. l. lamberti 
specimens.  A. lateral, B. dorsal and C. 

ventral view. 

Photos taken by Leo Joseph and Alex 
Drew, Australian National Wildlife 
Collection. 
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Genetic analyses have never been done on this zone of intergradation; therefore the 

extent of gene flow between the two subspecies is not known. In this Chapter, I use 

mitochondrial DNA, microsatellites and two anonymous nuclear loci from multiple 

individuals sampled across the intergrade zone of M. l. lamberti and M. l. assimilis to 

address the following questions: (1) did the Great Dividing Range (GDR) act as an 

agent of vicariance; (2) is there evidence to support a gradual mixing of populations 

sampled across the GDR or do genetic data support the presence of two genetic 

groups separated by the GDR and (3) is there any evidence of past and or current 

gene flow. 
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5.2 MATERIALS AND METHODS 

General laboratory and descriptive methods are outlined in Chapter 2.  Specific 

methods for this Chapter are outlined below. 

5.2.1 Sampling Design 

I collected a total of 71 variegated fairy-wren blood samples across south-east 

Queensland (Figure 5.3, Table 5.1).  Samples were collected on two field excursions 

under the Department of Environment and Resource Management permits 

WITK07790510, WITK09894311, WISP07790410, WISP09966311, TWB/24/2010, 

TWB/27/2011; Australian Bird and Bat Banding Scheme, Authority No. 2429, and 

animal ethics protocol ENV/13/08/AEC.   

A hierarchical sampling strategy was adopted as follows.  First, in November 2010, I 

collected samples on a macrogeographic scale in two parallel east-west transects 

separated from each other by approximately 400km.  Each transect sampled at 

100km (maximum 300km) intervals either side of, and through, the zone of 

intergradation (Figure 5.3).  Attempts were made to collect multiple samples per 

locality, particularly in the presumed contact zone between the subspecies.  The 

furtive behaviour of variegated fairy-wrens prevented dense sampling. After 

preliminary analysis of the November 2010 samples, a second transect was 

designed on a finer geographic scale.  The purpose of this was to concentrate 

sampling in the vicinity of Tin Hut Creek, an area where haplotypes from both M. l. 

assimilis and M. l. lamberti were found to occur in sympatry.  It was conducted in 

November 2011 and samples were collected only from this narrower zone of contact 

(Figure 5.4).  
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I sequenced one mitochondrial gene, to assess the distribution of haplotypes in the 

zone of potential overlap, and two nuclear genes to compare distribution and 

phylogeny of nuclear genes to the mitochondrial gene.  To further test for 

geographic patterns in nuclear DNA, I analysed eight microsatellite loci. 

5.2.2 Designation of Individuals 

In order to categorise population level genetic diversity, as well as to conduct 

*BEAST analysis, it was necessary to make a priori individual designations.  

Detailed information of morphological characters were not collected, so individuals 

were classified as intergrades if they were sampled in the intergrade zone based on 

Schodde (1982a) and Schodde and Mason (1999) (Figure 5.3).  Thus, those 

individuals collected outside the limits of the intergrade zone on the eastern side 

were considered pure M. l. lamberti individuals, while those outside the intergrade 

zone on the western side were pure M. l. assimilis. 
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Figure 5.3 – Map showing the distribution and approximate locations of sample collection for 
assimilis and lamberti. The dashed grey lines refer to the approximate eastern and western 
limits of the putative intergrade zone sensu Schodde and Mason (1999, as shown in the 
inset).  Specimen codes on the main map refer to samples collected. For information 
regarding the star inside circle, refer to Figure 5.4. Photograph at top left reproduces Figure 
5.2B for convenience and shows museum specimens of male M. l. assimilis, M. l. assimilis X 
M. l. lamberti, and M. l. lamberti. (Photo taken by Leo Joseph and Alex Drew, Australian 
National Wildlife Collection, Canberra). 
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Figure 5.4 – Distribution and approximate locations of samples collected from the second field trip.  
Sampling focused on a narrower zone of contact within the intergrade zone at Tin Hut Road, 35km 
north of Texas, Queensland.  



Chapter 5 - Intergrade Zone 

 

P a g e  | 108 

Table 5.1 - Collection localities of Malurus lamberti used in this study 

 

Species Location State / 
Territory 

Sample ID Latitude / Longitude 

Malurus lamberti lamberti Dapto NSW LN1 343206S 1504456E 

M. l. lamberti Wallaroo State Forest NSW LN4, LN5 323800S 1514800E 

M. l. lamberti Mebbin State Forest, Tweed Valley NSW LN7 282745S 1531122E 

M. l. lamberti Goonengerry State Forest, Nightcap Range NSW LN8, LN9 283454S 1532504E 

M. l. assimilis Moree NSW 
LN16, LN17, LN18, 
LN19, LN20 

292814S 1495047E 

M. l. assimilis Waterloo Station, SW of Longreach QLD LQ10 240120S 1425207E 

M. l. assimilis Vergemont Creek Drainage, Bald Hills QLD LQ11 241300S 1430000E 

M. l. assimilis Noonbah Station Homestead, SW of Longreach QLD LQ12, LQ13, LQ14   

Intergrade Zone 17km SSW from Stanthorpe on the Nundubblermere Rd QLD LQ15 284313S 1514611E 

Intergrade Zone Tin Hut Road, 35km north of Texas QLD LQ16, LQ17, LQ18 283704E 1511331E 

M. l. assimilis 112km west of Goondiwindi QLD LQ19, LQ20 282353E 1491215E 

M. l. assimilis 130km west of Goondiwindi QLD LQ21, LQ22 282127E 1490306E 

M. l. assimilis Eulo Bore, 40km west of Cunnamulla QLD 
LQ23, LQ24, LQ25, 
LQ26, LQ27, LQ28, 
LQ29 

280708E 1451131E 

M. l. assimilis 27km SW of Blackall QLD LQ30, LQ31 246401E 1451810E 

M. l. assimilis Patrick Creek, 88km N of Blackall QLD LQ32, LQ33 234328E 1451723E 

M. l. assimilis 92km W of Emerald QLD LQ34 233947E 1465739E 

Intergrade Zone 28km N of Springsure QLD LQ35, LQ36 235155E 1480758E 

M. l. assimilis Brigalow Research Station, 30SW of Moura QLD LQ37, LQ38, LQ39 244919E 1494511E 

M. l. assimilis 26km NW of Monto QLD LQ40, LQ41 244801E 1505905E 

M. l. assimilis Burrum Heads Community Park QLD LQ42 251120E 1523646E 

M. l. assimilis Mooloola River National Park, 3km S of Buderim QLD LQ43, LQ44 264244E 1530434E 

M. l. assimilis Eagleby Sewerage Works QLD LQ45, LQ46, LQ47 274231S 1531345E 

Intergrade Zone 30km N of Texas 
 
 

QLD LQ48 283638S 1511350E 
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Species Location State / 
Territory 

Sample ID Latitude / Longitude 

Intergrade Zone 30km NNW of Texas QLD LQ49 283636S 1511238E 

   LQ50 283635S 1511219E 

   LQ51 283611S 1511205E 

Intergrade Zone Approximately 30km NW of Texas QLD LQ52, LQ53 283417S 1510658E 

Intergrade Zone Approximately 35km NW of Texas - Bracker State Forest QLD LQ54 283557S 1510302E 

Intergrade Zone Bracker State Forest QLD LQ55 283417S 1503837E 

Intergrade Zone 24km SW of Inglewood QLD LQ56 283210S 1505244E 

Intergrade Zone 2km N of Cunningham Highway on Wondalli Road QLD LQ57 282048S 1503649E 

Intergrade Zone 1km NE of Inglewood / Texas Road on Tin Hut road QLD LQ58 283638S 1511413E 

Intergrade Zone Greenup State Forest - 2km from Main Road QLD LQ59 283608S 1511422E 

Intergrade Zone 
7.2km NW of intersection of Inglewood-Texas Road on Tin 
Hut Road 

QLD LQ60 283440S 1511729E 

Intergrade Zone 
600m east on Cement Hill Waroo Road - from Junction / 
(Bracker Creek) Stanthorpe/Inglewood Road 

QLD LQ61, LQ62 283208S 1512133E 

Intergrade Zone 19.4km E from Gore on Cunningham Highway QLD LQ63 281129S 1513706E 

Intergrade Zone Approx 5km E from Gore on Cunningham Highway QLD LQ64 281652S 1513312E 

M. l. lamberti Secondary Assembly Area (SERF Field House) QLD LQ65 272311S 1525242E 

M. l. lamberti End of FF, in clearing (Samsonvale Field Site) QLD LQ66 271554E 1525113E 

M. l. lamberti WW Firebreak (Samsonvale Field Site) QLD LQ67 271633E 1525058E 

M. l. lamberti SC 500, SC 650 (Samsonvale Field Site) QLD LQ68, L69 271632E 1525116E 
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5.2.3 Field Sampling Techniques 

All field work was carried out by Alex Drew, Ian Mason, Alicia Toon and myself 

(Figure 5.5).  Variegated fairy-wrens were identified by sight and call and mist nets 

were erected to capture individuals using Permit No. 2429 from the Australian Bird 

and Bat Banding Scheme; Permits WITK07790510, WITK09894311, 

WISP07790410, WISP09966311, TWB/24/2010 and TWB/27/2011 from the 

Department of Environment and Resource Management and Ethics Permit 

ENV/13/08/AEC from Griffith University.  Species specific playback calls were used 

to attract the variegated fairy-wrens to the net.  Once captured, birds were removed 

from the net and held in soft calico bags to minimize light and stress. Individual birds 

were weighed, measured and then fitted with a small metal numbered band supplied 

by the Australian Bird and Bat Banding Scheme.  A sample of blood was collected 

from the brachial vein on the inside crook of the wing and stored in 1 mL of lysis 

buffer (0.1 M Tris-Hel pH 8.0, 0.1 M EDTA, 0.5% SDS, 0.01 M NaCl).  Blood 

samples were returned to the lab and stored at -80°C for later genetic analysis.  All 

capture and handling of birds was carried out by Ian Mason and Alex Drew from the 

Australian National Wildlife Collection.  Blood extraction was carried out by Alex 

Drew. 

5.2.4 DNA extraction techniques 

Total genomic DNA was extracted using a cell lysis protocol (Crandall Lab, 

Bringham Young University, 2009).  A small 1-2 µL of frozen blood was removed 

from each sample and placed into a 1.5 mL eppendorf tube together with 800 µL 

Cell Lysis buffer (0.1 M Tris-Hel pH 8.0, 0.1 M EDTA, 0.5% SDS, 0.01 M NaCl) and 

20 µL Proteinase K (20mg / ml).  Tubes were vortexed for 15 seconds to mix and 
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then incubated at 55ºC for one hour.  Samples were vortexed and centrifuged at 

room temperature for 15 minutes at 13000 rpm on an IEC Micromax centrifuge.  

Supernatant was removed to a new 1.5 mL eppendorf tube. 180 µL of 5 M NaCl was 

added to each tube, vortexed and centrifuged for 10 minutes at 13000 rpm. The 

supernatant was transferred to a new 1.5 mL tube and 420 µL of ice-cold 

isopropanol was added, mixed slowly by inversion 5-10 times and centrifuged at 

13000 rpm for 15 minutes.  The isopropanol was removed by aspiration with a 

modified glass pipette.  400 µL 70% ethanol was added to each tube to wash the 

DNA pellet and mixed on a Clements suspension mixer for 20 minutes.    Tubes 

were centrifuged for 10 minutes at 13000 rpm and ethanol removed by aspiration.  

The DNA pellet was dried in a vacuum and re-suspended in 50 µL ddH2O.  Sample 

template (3 µL) was electrophoresed through 1% agarose gels (1.0% agarose, 0.5 

µL SYBR® Safe DNA gel stain) and visualised under UV to quantify DNA template. 

5.2.5 Microsatellite amplification and screening 

Eight sets of Malurus cyaneus microsatellite primers developed by Double et al. 

(1997) were screened across all M. lamberti individuals.  Four loci were selected 

(Mcyµ2, Mcyµ4, Mcyµ5, Mcyµ7, Table 5.2) because they showed substantial 

polymorphism. 
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Table 5.2 – Primer sequence for four microsatellite loci isolated from the variegated fairy-wren 

(Malurus lamberti).  

Locus Repeat Sequence Primer Sequence At (°C) 

Mcyµ2 (GT)12 GG (GT)13 F: 5’ CTAAGCCCTGAGAGGGTGTG 63 

  R: 3’ GCAAAGAGGAACCAACAAGC  

Mcyµ4 (GT)26  AT (GT)3 F: 5’ ATAAGATGACTAAGGTCTCTGGTG 55 

  R: 3’ TAGCAATTGTCTATCATGGTTTG  

Mcyµ5 (GT)18 F: 5’ GAGACTTTGTGTTGCTGTTAGG 60 

  R: 3’ TTTGCATAGTAAGAATGAGAACAC  

Mcyµ7 (GT)18 F: 5’ CTTTGTGTTGCTGTTAGGTAGAA 55 

  R: 3’ GGCTCAACAGCTATTTGCAT  

 

PCR was performed using 10 µL reactions containing 2.0 µL of 5 x polymerase 

reaction buffer (Bioline), 0.4 µL 50 µM magnesium chloride (Bioline), 0.2 µL of 

dNTPs (Bioline), 0.1 µL of the forward primer, 0.4 µL of the reverse primer, 0.4 µL of 

the fluorescent tag (Table 5.3, Real et al. 2009), 0.04 µL of Thermus aquaticus DNA 

(Taq) polymerase (Bioline), 1 µL of DNA template and 5.46 µL ddH2O.  

 Amplifications were carried out using an Applied Biosystems GeneAmp PCR 

system 2700 and subject to the following protocol: an initial denaturation for 5 

minutes at 94°C, followed by 35 cycles of 94°C for 30 seconds, annealing 

temperature (AT) for 30 seconds, 72°C for 30 seconds and a final extension of 72°C 

for 20 minutes.  Upon completion, individual samples were pooled for each locus 

and run on an ABI 3130 Genetic Analyser.   
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Table 5.3 – Labelled primer tags corresponding to 5’ tail of forward microsatellite primer. 

Locus 5’ Tail ID Dye Sequence (5’ – 3’) 

 
Mcyµ2 + Mcyµ5 Tail 1 FAM CTCTTCGCTATTACGCCAGC 

Mcyµ4 Tail 4 PET TAGAGTCGACCTGCAGGCAT 

Mcyµ7 Tail 3 NED CGGCCAGTGAATTGGATTTA 

 

5.2.6 Statistical analysis of microsatellites 

Observed (HO) and expected (HE) heterozygosities were calculated for each locus 

and for each population using Genepop v4.1.2 (Rousset 2008).  Each locus was 

tested for deviation from Hardy-Weinberg equilibrium expectations using an exact 

test based on the Markov-chain method of Guo and Thompson (1992), as 

implemented in Arlequin v3.5 (100000 chain length, 10000 dememorization).  Loci 

were also examined for evidence of null alleles and other possible sources of 

genotype error using MICRO-CHECKER version 2.2.3 (Van Oosterhout et al. 2004).  

Null allele frequencies were calculated in MICRO-CHECKER with a 95% confidence 

interval. 

To test for population structure using a model-based clustering method, I used the 

program STRUCTURE v2.3 (Pritchard et al. 2000), which determines the number of 

genetic groups present (K), allowing for admixture, without a priori knowledge of 

sampling site of each individual.  The genetic structure among individuals was 

analysed using the ΔK method (Evanno et al. 2005) in the program Structure 

Harvester (available at http://taylor0.biology.ucla.edu/struct_harvest/).  This 

http://taylor0.biology.ucla.edu/struct_harvest/
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calculation uses a combination of the likelihood value plus the stability of the 

likelihood values for each K to determine the probability of K and, therefore, the 

most likely number of populations.  As ΔK is a measure of the rate of change, this 

method cannot calculate a ΔK value for the smallest and largest K included in the 

run.  In order to determine if my data had a true K = 1, I examined plots of the log 

posterior probability of the data (Ln P(D)) for each value of K to determine if the Ln 

P(D) value was maximum for K = 1.  If alpha plots are unstable across all values of 

K and if Q-plots show all individuals as equally admixed, true K = 1 can be inferred 

(Pritchard et al. 2010).  I chose the ‘admixture’ model (individuals may have mixed 

ancestry) with correlated allele frequencies and ran five replicates of each value of K 

(number of clusters) from 1 to 8 for 125,000 iterations with an initial burnin of 25,000 

Markov chain Monte Carlo steps.   

5.2.6 Assignment Testing 

I used the program GeneClass2 (Piry et al. 2004) to assign intergrade individuals to 

reference populations.  In GeneClass2, the program assigns or excludes reference 

populations as the origin of diploid or haploid individuals on the basis of multilocus 

genotype data (Piry et al. 2004).  Genotypes of M. l. assimilis and M. l. lamberti 

(defined a priori) were used as reference populations.  The intergrade individuals 

were then assigned or excluded from each of the populations.  The Monte Carlo 

resampling algorithm (n = 10,000) of Paetkau et al. (2004) generates statistical 

thresholds to decide if intergrade individuals could be assigned or excluded from 

either subspecies. The assignment threshold of scores was set at 0.05. The 

assignment test was run with a combined dataset of microsatellite and anonymous 

loci and was performed five times to ensure convergence of results.   
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5.2.7 Multilocus Species Coalescent 

To account for the stochasticity in the lineage sorting process, I utilised a method 

implemented in the *BEAST module of BEAST v1.7.4 that can estimate the most 

likely population tree while modelling the random coalescent process that gave rise 

to it (Heled and Drummond 2010).  Although *BEAST does not require the inclusion 

of outgroups for rooting purposes, I included Malurus pulcherrimus in the analysis. 

The *BEAST analysis was conducted using mtDNA sequences and phased alleles 

of all individuals sampled (See Chapter 2, General Methods for running conditions). 

 

 

 

 

 

 

 

 

 



Chapter 5 - Intergrade Zone 

P a g e  | 116 

5.3 RESULTS 

5.3.1 Mitochondrial DNA 

A total of 42 haplotypes were identified from 71 individuals.  Eighty-five (11.4%) 

polymorphic sites were observed within the 969 bp sequences.  Of these, 26 were 

variable but parsimony uninformative, and 59 were parsimony informative. The best 

model of evolution selected for this dataset in Modeltest under the Akaike 

Information Criterion (AIC) was the TrN+I+G model with a substation rate matrix of 

[A-C] 1.00, [A-G] 69.89, [A-T] 1.00, [C-G] 1.00, [C-T] 10.34, [G-T] 1.00 and 

proportion of invariable sites (I) at 0.71.  Phylogenetic analyses produced a tree with 

nearly identical results from MP, Bayesian and ML analyses.   

The phylogenetic analyses identified two clades (Figure 5.5).  Clade 1 (n = 44, 22 

haplotypes; MP/B/ML support 99/1.0/0.97) contained M. l. assimilis and intergrade 

individuals and Clade 2 (n = 27, 20 haplotypes; MP/B/ML support 99/1.0/0.95) 

contained M. l. lamberti and intergrade individuals.  Mean pairwise uncorrected 

sequence divergence between these clades was 4.2 ± 0.38%.  Within Clade 2, two 

subclades were observed and the mean pairwise uncorrected sequence divergence 

between these subclades was 1.2 ± 0.2%.  
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Figure 5.5 – Phylogenetic relationships of assimilis and lamberti based on unique mitochondrial ND2 

haplotypes and derived through Bayesian inference.  Maximum parsimony, posterior probabilities and 

maximum likelihood bootstrap values are indicated at the nodes.  An asterisk represents values less 

than 85 / 0.95 / 85 respectively.  Bold names represent samples from the intergrade zone (Refer 

Figure 5.1). 
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The clear separation between the two clades is consistent with clusters observed in 

the minimum-spanning haplotype networks (Figure 5.6A,B).  The network of M. l. 

lamberti could not be connected to the M. l. assimilis network at the 95% confidence 

limit.  Individuals sampled from the putative intergrade zone were scattered 

throughout both networks and the two clades were sympatric only at two localities 

(28km N of Springsure and Tin Hut Road).  Further sampling along an east-west 

transect (Figure 5.4; n = 17) at the site indicated by a star in Figure 5.3 recovered 

fifteen M. l. assimilis haplotypes and two M. l. lamberti haplotypes across this zone 

(Figure 5.7).   

AMOVA analyses of a priori groups (M. l. assimilis, intergrades and M. l. lamberti) 

indicated a significant among-group variance component (55.76% of the total; P < 

0.001).  The mismatch distribution of ND2 haplotypes revealed a multimodal pattern 

(Figure 5.8A) indicative of a stable population. When mismatch distributions were 

analysed separately, the distribution for Clade 1 (Figure 5.8B) implied a stable 

population whereas the unimodal curve for Clade 2 is consistent with a sudden 

demographic expansion (Figure 5.8C). 
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Figure 5.6 – Unrooted haplotype 

networks of mitochondrial ND2 

sequences from A. M. l. lamberti 

and intergrades, and B. M. l. 

assimilis and intergrades.  Circles 

indicate unique haplotypes and their 

area is proportional to the number of 

individuals sharing the same 

haplotype (refer to legend).  

Connections between circles 

represent one mutation step and 

small black circles represent 

haplotypes not sampled.  
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Figure 5.7 – Distribution of mitochondrial haplotypes for Malurus lamberti lamberti (yellow) and 
intergrades (grey), and M. l. assimilis (purple) and intergrades (pink). 



Chapter 5 - Intergrade Zone 

P a g e  | 121 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

Figure 5.8 – Mismatch distributions 

among sequences of ND2 mtDNA 

haplotypes generated from samples of 

Malurus lamberti from A. full data set; 

B. Clade 1 samples; and C. Clade 2 

samples.  The expected frequency is 

based on a constant population (solid 

grey) and population growth-decline 

model (dashed grey), determined 

using DNaSP v5.10.01 (Librado and 

Rozas 2009).  The solid black line 

refers to the frequency of pairwise 

differences. 
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5.3.2 Nuclear DNA 

5.3.2.1 Anonymous Loci 

Sequences of the two anonymous loci (Mame-AL06 and Mame-AL23) were 

obtained for samples from each subspecies and those from the intergrade zone.  

Many individuals were heterozygous for both loci and in all cases the program 

PHASE was able to resolve the haplotypes.  Recombination was detected in both 

loci so the largest non-recombined segment was used for all subsequent analyses.  

Between the two nuclear loci, Mame-AL06 showed in its 185 bp fragment 

substantially lower variability (10 variable characters of which five were parsimony 

informative) than Mame-AL23 in its 271 bp long fragment (17 variable characters of 

which 11 were parsimony informative).  Structure in the distribution of alleles was 

evident at both loci.  

For Mame-AL06, 9 haplotypes were found, (Figure 5.9A).  Only the internal 

haplotypes were shared between M. l. assimilis and M. l. lamberti.  Haplotype 4 was 

shared between an individual from Patrick Creek, North of Blackall (LQ32) and five 

individuals from the southern part of the intergrade zone near Texas (Figure 5.9B, 

C). The other shared haplotype was from an individual west of Goondiwindi (LQ22) 

and an individual sampled from the intergrade zone south-west of Inglewood 

(LQ56).  
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Figure 5.9 – A. Unrooted haplotype networks of Mame-AL06 sequences 
showing A1. subspecies, including all intergrades (grey); A2. haplotypes; and 

B and C. Distribution of Mame-AL06 haplotypes in south-east Queensland.  
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The haplotype network for Mame-AL23 (Figure 5.10A) was more variable than 

Mame-AL06 and 23 haplotypes were found.  Of the haplotypes sequenced, the most 

common haplotype (Hap 11) was shared between M. l. assimilis and individuals 

from the intergrade zone (Figure 5.10 A1, B, C).  This haplotype was not found east 

of the Great Dividing Range.  Haplotypes 5 and 8 were shared between M. l. 

assimilis and intergrade samples.  Four intergrade individuals shared a haplotype 

with a M. l. lamberti individual from the east coast.   Malurus l. lamberti and M. l. 

assimilis shared no haplotypes. 

Both haplotype networks exhibited star-shaped patterns indicative of recent 

demographic expansions.  Mismatch distributions were consistent with sudden 

demographic expansions (Figure 5.11A, B).  AMOVA results for Mame-AL06 for the 

pre-defined populations (M. l. lamberti, intergrades and M. l. assimilis) confirmed the 

presence of a significant difference among the groups (7.2%, FST = 0.07, P = 

0.0039).  For Mame-AL23, 35% of the variation was among the groups (FST = 0.35, 

P <0.001).  Exact tests of sample differentiation based on haplotype frequencies 

found significant differences between M. l. lamberti and the intergrades for Mame-

AL06 (P = 0.015) and between M. l. lamberti, intergrades and M. l. assimilis for 

Mame-AL23 (P < 0.001). 
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Figure 5.10 – A. Unrooted haplotype network of Mame-AL23 sequences 
showing A1. subspecies, including intergrades; A2. haplotypes; and B and C. 
Distribution of Mame-AL23 haplotypes in south-east Queensland.  
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Figure 5.11 – Mismatch distributions of A. Mame-AL06 and B. Mame-AL23 for subspecies of M. 
lamberti in subtropical Australia.  The expected frequency is based on a constant population (solid 
grey) and population growth-decline model (dashed grey), determined using DnaSP v5.10.01 
(Librado and Rozas 2009).  The solid black line refers to the frequency of pairwise differences 
observed for each locus. 

 

5.3.2.2 Genetic structure using microsatellite data 

Genetic variation at the four microsatellite loci analysed in the assimilis, lamberti and 

intergrade populations is described in Table 5.4.  The tests of data quality using 

MICRO-CHECKER indicated no evidence of genotyping error due to stutter or allelic 

dropout.   For locus Mcyµ7 the presence of null alleles was detected in all groups by 

MICRO-CHECKER.  Tests for deviation from Hardy-Weinberg Equilibrium (HWE) 

within each group and by locus yielded six instances of significant deviation (P < 

0.05) in 12 tests.   Furthermore, significant linkage disequilibrium (P < 0.05) was 

found in assimilis for Mcyµ4 and Mcyµ7.  A pattern of heterozygote deficiency was 

observed across some loci (Table 5.4).  One probable explanation is a Wahlund 

effect due to sampling only one, or few, individuals per site across a broad 

geographical area (Hartl and Clark 1999).  A second probable explanation is that 

there are two genetically distinct groups and by inadvertently lumping them into a 
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single, or this case, three groups, because they co-occur but rarely interbreed, there 

will be more homozygotes than expected under HWE (Selkoe and Toonen 2006). 

Table 5.4 – Genetic variation at four microsatellite loci of subspecies lamberti, assimilis, and 

intergrade populations. (n = number of individuals genotyped; HE and HO are expected and observed 

heterozygosities respectively and P-value for Hardy-Weinberg exact tests. 

 Locus 

Group Mcyµ2 Mcyµ4 Mcyµ5 Mcyµ7 

lamberti 

  n 

  Number of alleles 

  HE 

  HO 

 Hardy-Weinberg exact test 

 

 

17 

2 

0.06 

0.06 

1.0 

 

18 

7 

0.77 

0.88 

0.87 

 

19 

5 

0.45 

0.57 

0.61 

 

19 

7 

0.71 

0.32 

<0.05 

Intergrades 

  n 

  Number of alleles 

  HE 

  HO 

Hardy-Weinberg exact test 

 

 

26 

3 

0.44 

0.23 

<0.05 

 

26 

10 

0.78 

0.84 

0.85 

 

25 

9 

0.68 

0.60 

<0.05 

 

23 

8 

0.61 

0.43 

0.02 

assimilis 

  n 

  Number of alleles 

  HE 

  HO 

Hardy-Weinberg exact test 

 

 

22 

3 

0.31 

0.36 

1.0 

 

21 

9 

0.83 

0.90 

0.08 

 

21 

6 

0.65 

0.80 

<0.05 

 

21 

12 

0.85 

0.67 

<0.05 

 

The assignment test analysis conducted in STRUCTURE (Pritchard et al. 2000) 

indicated that K = 3 was the most likely cluster number (Mean LnP(K) = -759.46 ± 

25.94, Figure 5.12A); however the clusters were poorly defined with a high 

frequency of admixed individuals (>10% coancestry with another population) (Figure 

5.12C,D).  
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Figure 5.12 – Visualisation of the STRUCTURE output implementing the Evanno et al. (2005) 

method for delineating clusters of individuals on the basis of their genotypes at multiple loci. A. ΔK = 

3 for admixed populations, no priors; B. Triangle plot generated by STRUCTURE visualising the data 

for K = 3.  C. Plot generated by STRUCTURE (Pritchard et al. 2000) for Malurus lamberti.  Columns 

represent individuals in analysis.  Shading represents assignment by STRUCTURE to a population.  

The size of the shaded portion represents the posterior mean estimate of the proportion of that 

individual’s microsatellite genotype derived from that population.  D. Plot generated by STRUCTURE 

showing the three clusters sorted by Q.  Letters on the x-axis refer to A = M. l. assimilis; I = 

intergrades and L = M. l. lamberti individuals. 

AMOVA tests of a prior groups showed that only 3.65% of the variance was 

between the groups (FST = 0.03, P < 0.001).  When tests were conducted on the 

three admixed clusters defined by STRUCTURE (Figure 13D), 13.73% of the 

variation was between the clusters (FST = 0.14, P < 0.001).   
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5.3.2.3 Assignment Testing 

Microsatellites and anonymous loci were analysed together in order to assign 

intergrade individuals to the appropriate subspecies.  The assignment test in 

GeneClass2 determined that 19 of the 28 intergrade individuals had > 0.5 probability 

of assigning to M. l. assimilis (Figure 5.13).  Three individuals (LQ16, LQ54 and 

LQ62) had similar probabilities for belonging to both M. l. assimilis and M. l. lamberti 

reference populations.  Two additional individuals (LQ18 and LQ41) had very low 

probabilities (0.001 and 0.03 respectively) of assignment to either subspecies.  The 

low or similar probabilities observed for these individuals may be due to a lack of 

information in the data, or could also be indicative of admixed ancestry.  Five 

individuals (LQ15, LQ35, LQ37, LQ38, LQ39) were assigned to M. l. assimilis that 

had M. l. lamberti mitochondrial DNA.  Maps showing the distribution of mtDNA 

haplotypes compared to nuclear assignment can be seen in Figure 5.14. 

 

 

 

Figure 5.13 – Population bar plots of individual assignment to M. l. assimilis (purple) and M. l. 

lamberti (yellow) according to Bayesian clustering results GeneClass2.  Individuals lacking a yellow 

bar indicate no association with M. l. lamberti reference population.
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Figure 5.14 – Maps showing distribution of A. and B. haplotypes for mtDNA and C. and D. genetic clusters of combined 

microsatellites and anonymous loci for M. l .assimilis (purple) and M. l. lamberti (yellow).  Black circles in Map C and D refer to 

individuals that could not be assigned confidently and therefore may represent admixed individuals. 
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5.3.2.3 Multilocus Species Tree 

The species tree estimated with *BEAST from the multilocus dataset recovered 

assimilis and lamberti as reciprocally monophyletic groups with posterior 

probabilities of 0.73 (Figure 5.15).  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.15 – Species tree of Malurus lamberti inferred by *BEAST analysis of all individuals 

sampled for one mitochondrial (ND2) and two nuclear loci (Mame-AL06 and Mame-AL23). Figure 

above branch represents mean divergence time in years followed by 95% high posterior density.  

Figure below the branch represents the nodal support value (Bayesian posterior probability). 
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5.4 DISCUSSION 

My study based on mitochondrial and nuclear DNA combined with dense sampling 

covering south-eastern Queensland provides the first analysis of diversity within and 

among populations of various subspecies of Malurus lamberti in this region.  Two 

currently recognised subspecies, M. l. lamberti and M. l. assimilis were analysed 

and confirmed to represent two lineages reciprocally monophyletic with respect to 

each other.  Furthermore, at two localities the two mitochondrial lineages were 

sympatric (north of Springsure and north of Texas, Figure 5.7).  The sympatric 

occurrence of the two lineages and the wide distribution of haplotypes within the two 

lineages reflect long-term isolation and are consistent with secondary contact of 

mitochondrial lineages in the region of the Great Dividing Range.  The mitochondrial 

sequence divergence found between the two identified subspecies (4.2%) is 

comparable to that between other species of Malurus (Chapter 3).  Therefore on 

mtDNA alone, there is strong evidence for a break in gene flow between the 

currently recognised subspecies. However, as mtDNA only represents a single 

thread among numerous genetic lineages that comprise a species history (Edwards 

et al. 2005), concordance across multiple independent neutral loci is needed to 

provide evidence of a break in gene flow, especially as it is possible that they are 

still interbreeding after coming back into secondary contact. 

In this study, the pattern of distinct evolutionary lineages is less evident from the 

analysis of the nuclear data.  Nuclear microsatellite data can provide different 

information about population structure than sequence data from either the nuclear or 

mitochondrial genomes (Rollins et al. 2012).  Given the substantial mtDNA 

divergence between the two subspecies, I anticipated that some degree of genetic 
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differentiation would have accumulated during a period of isolation prior to 

secondary contact, and that this would be evident in rapidly evolving nuclear loci, 

such as microsatellites.  My study failed to find any evidence of population structure 

across the intergrade zone using microsatellite loci.  AMOVA results of the 

microsatellite data indicate that only 3.65% of the variance was between the a priori 

groups.  This lack of genetic structure among the groups was also confirmed by 

STRUCTURE analyses (Pritchard et al. 2000) where individuals were admixed 

across the three clusters identified.   

Many avian studies have found substantially less structure at microsatellites than 

mtDNA (Vallender et al. 2007; Caparroz et al. 2009; Joseph et al. 2011; Rollins et al. 

2012).  These conflicting results between mtDNA and microsatellites are not 

uncommon (Barr et al. 2008; Caparroz et al. 2009; Zink et al. 2010; Barr et al. 2011; 

Zink et al. 2011; Rollins et al. 2012) and have often been explained as resulting from 

male-biased dispersal (Zink and Barrowclough, 2008).  Sex-biased dispersal has not 

been studied in this species but is an unlikely explanation of these findings (Joseph 

et al. 2013).  In Malurus cyaneus, for example, males show natal philopatry whereas 

females were more likely to disperse (Double et al. 2005) and indeed female-biased 

dispersal is common in most species of birds (Greenwood, 1980). The microsatellite 

loci used in the study were specific to Malurus cyaneus.  Sequence based nuclear 

markers may provide more insight into the history of intergradation of this group 

(Joseph et al. 2013) as the results presented here may be related to issues specific 

to microsatellites, such as homoplasy, which can obscure signals of structure (Zink, 

2010).  
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In contrast to the microsatellite data, the anonymous loci (Mame-AL06 and Mame-

AL23) show greater structure within and among populations.  Haplotype sharing 

between the subspecies was only evident in Mame-AL06.  This is most likely the 

result of retention of ancestral polymorphism (incomplete lineage sorting) rather than 

recent gene flow, owing to the lack of sharing of other divergent alleles at this locus.  

Similar results were observed for Mame-AL23 with the exception that no haplotypes 

were shared between the currently recognised subspecies.  For both loci, haplotype 

sharing was evident only in the intergrade zone and therefore was more likely due to 

secondary contact between subspecies previously isolated in allopatry.  There is a 

genetic indication from both nuclear markers and mtDNA of population expansion in 

the M. lamberti subspecies. Together these factors suggest that despite incomplete 

sorting in the nuclear sequences, there are significant genetic differences between 

M. l. assimilis and M. l. lamberti subspecies. 

The assignment test combining anonymous loci and microsatellites cluster the 

majority of individuals from the intergrade zone with M. l. assimilis.   Five individuals 

had the nuclear genotype typical of M. l. assimilis but a mtDNA haplotype 

associated with M. l. lamberti.  This is known as mito-nuclear discordance and is not 

uncommon (Toews and Brelsford 2012) and many taxa that display patterns of 

discordance are groups that were isolated for long periods of time and are either 

currently in secondary contact or have had contact at some time in the past (Toews 

and Brelsford 2012).   Introgression is generally invoked for the discordance and 

many studies that have sampled both mtDNA and nuDNA across avian hybrid zones 

have found a pattern of increased nuDNA versus mtDNA introgression predicted by 

Haldane’e rule (Rheindt and Edwards 2011), however there are exceptions (Peters 

et al. 2007; Hartog et al. 2010).  Haldane’s rule states that as females of Aves are 
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the heterogametic sex (ZW) the formation of a hybrid between differentiated taxa will 

usually result in the heterogametic sex being inviable or infertile (Haldane 1922; 

Carling and Brumfield 2009). 

The discordance observed between the mitochondrial and nuclear DNA in my 

results is similar to that found in African doves (Hartog et al. 2010) in that intergrade 

populations have the nuclear background of the receding species (in this case M. l. 

assimilis) but the mtDNA of the invader (M. l. lamberti) and may suggest 

introgression of mtDNA (Figure 5.16).  

 

 

 

 

 

 

 

Figure 5.16 – Introgression scenario (modified from Rheindt and Edwards 2011).  The checkerboard 

line indicates the intergrade zone between M. l. assimilis and M. l. lamberti.  The middle arrow 

indicates the expansion of M. l. lamberti individuals.  The grey versus white background colour 

indicates the genotype typical for M. l. assimilis and M. l. lamberti respectively.  As the range of M. l. 

lamberti expands, M. l. assimilis leaves a genetic “ghost of its past range” (Rheindt and Edwards 

2011). 
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This scenario suggests a newly forming hybrid zone and M. l. lamberti is the 

wavefront of the invading species.  Due to a demographic imbalance and the fact 

that most individuals in the intergrade zone have M. l. lamberti mtDNA, hybridisation 

most likely involved M. l. lamberti females with M. l. assimilis males.  Backcrossing 

with M. l. assimilis may also be occurring due to the demographic imbalance.  

According to Rheintd and Edwards (2011), this pattern could also be interpreted as 

nuclear introgression into a population that is becoming increasingly similar to the 

invader.  The direction of introgression is very difficult to determine and requires 

further intense sampling in this zone of contact; more nuclear loci and the 

incorporation of cline-based and coalescent-based methods for investigating the role 

of post-divergence introgression. 

Despite detected mito-nuclear discordance in the intergrade zone, divergence at 

mitochondrial and nuclear gene loci between the subspecies suggests they are 

distinct.  The divergence time estimate from the multilocus *BEAST analysis 

indicates that the divergence between the subspecies took place during the late 

Pleistocene (224 kya (107-368)), and this may fit a model of allopatric speciation 

where a geographic barrier prevented contact between the two taxa.  The Great 

Dividing Range (GDR) was formed ~ 90 million years ago (Veevers 1984).  It is the 

most significant topographical feature of the Australian landscape having been 

formed in association with continental rifting, uplift and the formation of the Tasman 

Sea (Ollier 1982; Jones and Veevers 1983).  Few previous studies have tested for 

differentiation within species east and west of the GDR in Queensland (Pavlova et 

al. in press; Pavlova et al. 2010; Malekian et al. 2010a,b).  According to Schmidt et 

al. (2006), intraspecific divergence across this biogeographic barrier is uncommon 

and has only been demonstrated in two polytypic butterfly species, Jalmenus 
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evagoras and Ogyris amaryllis (Eastwood et al. 2006; Schmidt et al. 2007; but see 

Pavlova et al 2010; Malekian et al. 2010a,b).  Schmidt et al. (2006) suggest the 

GDR is more likely an ecological division between the vast low-elevation arid 

environments of inland Australia and the well-watered coastal drainages of eastern 

Australia. For subspecies of M. lamberti that occur across this range, ecological 

division may also be important as the inferred zone of intergradation covers two 

Bioregions (The Brigalow Belt (BRB) and New England Tableland (NET) (Figure 

5.17).   

     

 

 

 

 

 

 

 

 

 

 

Figure 5.17 – Bioregions of Queensland, Department of Environment and Heritage Protection, 

Queensland Government©.  Available at http://www.ehp.qld.gov.au  
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The habitat of M. l. lamberti is characterised by dry sclerophyll forests and low 

sclerophyllous shrubbery / health, whereas M. l. assimilis has a wider habitat 

tolerance (Schodde and Mason 1999).  Both the BRB and NET contain the species 

composition of plants (Acacia spp, Casuarina spp and Eucalyptus spp.) as well as 

woodlands and grasslands suitable for both subspecies whereas to the west of the 

BRB, the species composition is more suitable to the arid adapted subspecies 

assimilis (eg. mulga shrublands, low woodlands and tussock grasslands).  Both 

bioregions have the lowest remaining remnant vegetation by bioregion (33.8% - 

NET; 41.7% - BRB) (Accad et al. 2012). Despite high levels of fragmentation and 

modification by intensive agriculture in both bioregions, small patches of remnant 

vegetation provide important habitat for a diverse assemblage of native birds 

(Collard et al. 2009).   

The fate of evolutionary lineages following secondary contact is largely dependent 

upon the effectiveness of reproductive isolating barriers, the lack of which permits 

the hybridisation and genetic exchange among populations resulting in introgression 

(Harrison 1993).  Historical and current human activities both have probably 

influenced the stability of the zone and the interaction between genetically distinct 

populations.  Limited sampling in the northern part of the intergrade zone precludes 

circumscription of the geographic limits of this zone of contact in fine detail; however 

I was still able to detect haplotype sympatry north of Springsure (Figure 5.7).  

Further west of the northern site the habitat is heavily fragmented.  However to the 

south along the GDR and south east towards the coast, habitat still exists for M. l. 

lamberti in a mosaic pattern of National Parks, State Forests, water courses and 

private land. 
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Malurus l. lamberti is particularly sensitive to disturbance of its habitat (Crates et al. 

2011).  Following Owens and Bennett (2000) it is likely an example of a specialised 

form at greater risk of extinction from habitat loss.  Further genetic investigation 

along the GDR and to the south and east would be helpful to ascertain M. l. 

lamberti’s genetic distribution and improve the information on the current extent of 

populations and the influence of habitat degradation on this small passerine.  

5.5 Conclusion 

In my study on the intergrade zone of two subspecies of Malurus lamberti, I found 

fixed differences at mtDNA and nuclear DNA between the subspecies however the 

discordance between the mtDNA and nuDNA may suggest hybridisation and 

introgression in the intergrade zone.  I suggest that, historically, the GDR prevented 

contact between the two subspecies, but recent expansion by M. l. lamberti has 

seen the two subspecies resume contact.   The zone of contact may represent an 

ecological transition zone with habitat features intermediate between the habitats of 

M. l. assimilis and M. l. lamberti.   

Ideally, the most robust evidence to delimit species comes from evaluating diversity 

across multiple operational criteria (genetic, ecological and morphological).  Limited 

data are available on the subspecies ecology, habitat usage and morphological 

differentiation across this zone of intergradation.  As such, my genetic results help to 

identify the divergence of subspecies and provide an initial framework for taxonomic 

decisions.   
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CHAPTER 6 

GENERAL DISCUSSION 

 

In this dissertation, I used multiple phylogenetic, phylogeographic, population 

genetic and coalescent-based molecular approaches to provide strong evidence of 

the relationships among the members of the Australo-Papuan fairy-wrens (Aves: 

Passeriformes: Maluridae: Malurus) known as the chestnut-shouldered fairy-wrens 

(CSFW) and to elucidate the biogeographic processes that led to the current 

distribution of this wide-ranging species group.   I was particularly interested in 

testing whether major phenotypic discontinuities within one CSFW species, the 

Variegated Fairy-wren, Malurus lamberti, corresponded with patterns of isolation or 

gene flow.  Having shed light on these issues, the present study also provides a 

robust framework for future research both on the CSFW themselves as well as on 

factors that have influenced the persistence of a species group with an almost 

Australia wide distribution.   

 

The four CSFWs are: Lovely Fairy-wren, M. amabilis, Red-winged Fairy-wren, M. 

elegans, Blue-breasted Fairy-wren, M. pulcherrimus and Variegated Fairy-wren, M. 

lamberti.  In today’s terms, they have always implicity been considered as a 

monophyletic group and thus closely related to each other, although relationships 

within and among these species were poorly understood.  The sister species 

relationships recovered in Chapter 3 were similar to those found by Driskell et al. 

(2011) in that M. pulcherrimus was found to be sister to M. lamberti / M. amabilis 

and M. elegans sister to the other three.  Previous studies have found different 

patterns (Christidis and Schodde 1997; Lee et al. 2012) where M. elegans and M. 
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pulcherrimus were recovered as sister species, the four CSFW thus being two 

simple sister species pairs (Joseph et al. 2013).  The different results obtained here 

may depend upon the data examined and a few potential explanations include (1) 

different evolutionary histories of the included nuclear and mitochondrial genes; (2) 

recombination at nuclear loci; and (3) limited taxon sampling.  Accurate phylogenetic 

reconstructions are said to depend on choosing accurate analytical methods; the 

selection of appropriate types of molecular data; and more importantly the 

appropriate selection of taxa (Mayden et al. 2009; Heled and Drummond 2010; 

Camargo et al. 2012).   Chapter 3 clarified the relationships among members of the 

CSFW and reinforced the potential risks of deriving phylogenies based on a single 

locus.   

 

In Chapter 3, another focus was on the currently recognised subspecies taxa of the 

most widespread and polytypic CSFW, M. lamberti. Based on mtDNA sequence 

analysis, the subspecies were found to be paraphyletic with respect to each other, 

the haplotypes of subspecies M. l. assimilis, M. l. rogersi and M. l. dulcis more 

closely related to M. amabilis than to M. l. lamberti.  This clearly supports a 

hypothesis of a very close relationship between M. l. rogersi, M. l. dulcis and M. 

amabilis, which replace each other geographically across northern Australia.   

However, paraphyly is not uncommon in birds and causes include hybridisation 

(current or ancient); incomplete lineage sorting (Joseph and Omland 2009) as well 

as incorrect taxonomy (McKay and Zink 2010).  By incorporating data from the 

nuclear genome, I was able to obtain a more accurate picture of the species’ 

evolutionary history and show that M. amabilis, although having females 

phenotypically similar to those of M. lamberti’s two northern subspecies, is 
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genetically and morphometrically very different.  The causes/origins/drivers of blue 

dorsal plumage exhibited in the females of these three tropical Australian CSFW 

warrants further investigation.  

 

Analysis of phylogenetic and phylogeographic relationships within Malurus lamberti 

(Chapter 3) reveal that nominotypical lamberti is the only subspecies recovered as 

monophyletic by mtDNA.  The results suggest that this is due to retention of 

ancestral polymorphisms by the other subspecies.  The haplotype shared between 

M. l. assimilis, M. l. rogersi and M. l. dulcis is an internal haplotype in the network 

and was found in several distant locations across Australia.  This, together with 

IMa2 results from Chapter 4 discount the possibility of recent or ongoing gene flow.  

The results are consistent with the subspecies showing the first stage of lineage 

sorting, ‘neotypy’ (Omland et al. 2006) where only an internal haplotype is shared 

between the subspecies M. l. assimilis, M. l. rogersi and M. l. dulcis, and new 

haplotypes derived since divergence are not shared (Baker et al. 2003; Omland et 

al. 2006; Kearns et al. 2010).  This result reiterates the observation that in many 

cases the processes of mtDNA coalescence and gene flow are not integrally 

connected to phenotypic divergence (Winker 2009, 2010; Miller et al. 2011). 

 

Reconstruction of ancestral distributions of CSFW suggested dispersal and 

vicariance were both vital in shaping the current distribution pattern observed (15 

dispersal events, 6 vicariant events and 1 extinction event).  Given a phylogeny in 

which M. elegans is sister to other CSFW, a south-western origin for the CSFWs 

was inferred.  South-western Australia is a region in which some present day 

species represent old differentiation events (Ladiges et al. 2011, 2012) and is 
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characterized by extreme endemicity and high species diversity (Myers et al. 2000; 

Hopper and Gioia 2004).  The estimated time period of this initial vicariance 

coincides with immense climatic change in Australia with the initiation of major 

oscillations between aridity and pluviality (Byrne 2008).   

 

The currently fragmented distribution of M. pulcherrimus is interesting.  Distributions 

similar to M. pulcherrimus are seen in other species (eg. Western Yellow Robins 

Eopsaltria griseogularis) and have been argued to have originated at several times 

in the Pleistocene since the early-mid Pleistocene (Dolman and Joseph 2012).  At 

present, M. pulcherrimus and M. elegans are syntopic and show no sign of any 

behavioural interactions with each other (Ford 1966).  The historical isolation of 

pulcherrimus on Eyre Peninsula and adaptability to drier conditions and higher 

temperatures than observed in the most southerly parts of south-western Australia 

(Harrison 1972) appear to have been sufficient to maintain the separation of these 

two species following secondary contact.   

 

Dispersal and vicariance along the eastern mesic zone of Australia to Cape York 

Peninsula has been reported in many species of birds (Joseph et al. 1995; Nicholls 

and Austin 2005; Kearns et al. 2011); reptiles (Schneider et al. 1998; Dolman and 

Moritz 2006; Fujita et al. 2010) and frogs (James and Moritz 2000).  The timing of 

divergence of M. amabilis and M. lamberti from a common ancestor (1.36 Ma (HPD 

0.8-1.84 Ma) coincides with the time where glacial-interglacial climates changed 

(Byrne et al. 2008).   Both species inhabit coastal mesic zones (Schodde 1982a) 

and increased aridity leading to additional rounds of contraction in mesic 

environments during the mid Pleistocene (Bryne et al. 2011) may have separated 



Chapter 6 - Discussion 

 

P a g e  | 145 

these two species.   When ecological conditions were suitable, further expansion of 

M. lamberti populations during subsequent interglacials, would have led to the 

radiation of this lineage across Australia.  The diversification of arid-adapted 

lineages from mesic ancestors is a long-standing hypothesis of the origin and 

diversification of arid lineages (Schodde 1982b; Byrne 2008).  My results here add 

further evidence by demonstrating the evolution of an arid-adapted lineage 

(ancestor of M. l. assimilis, M. l. rogersi, M. l. dulcis) from a mesic (lamberti) 

ancestor with subsequent within lineage structuring through the Pleistocene cycles. 

 

Chapter 4 provides the first molecular phylogeographic study of the entire 

geographic range and sampling of all subspecies of Malurus lamberti.  M. lamberti is 

the only polytypic species in the group of CSFWs and is by far the most widespread.  

Very few studies to date exist in Australia for species with the distribution and 

sampling size examined in this study (but see Edwards 1993; Toon et al. 2007; 

Fujita et al. 2010; Kearns et al. 2010).  The phylogeography of M. lamberti was 

examined using one mitochondrial gene (ND2), five anonymous loci (Mame-AL06, 

Mame-AL16, Mame-AL23, Mame-AL26, Mame-AL28) and three nuclear introns 

(GADPH, GTP and TGFβ2).  Two major clades within M. lamberti were identified: 

Clade A – assimilis and Clade L – lamberti.  The mitochondrial sequence divergence 

between the two clades equals or surpasses that observed between many avian 

sister species (Bermingham et al. 1992, Klinka and Zink 1997, Lovette et al. 1998).  

AMOVA analyses of nuclear DNA detected significant genetic differentiation 

between the two clades and private nuclear DNA alleles were observed for each, 

further supporting genetic differentiation between them.  In addition, multilocus 

coalescent analyses provide evidence of no gene flow.  I suggested that the barrier 
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to gene flow was the Great Dividing Range (GDR) and expressed the need for 

sampling west of the GDR in Queensland to further investigate the extent, if any, of 

gene flow between these two subspecies.   

 

Further geographic structuring was evident within Clade A. I suggested that the 

pattern was consistent with fragmentation caused by historical climate change and 

likely began developing in the late Pleistocene.  AMOVA analyses of mitochondrial 

DNA sequences detected genetic differentiation within assimilis and the existence of 

seven subclades indicative of the multiple refugia hypothesis of Byrne (2008).   I 

tested the hypothesis that the Eyrean Barrier had limited dispersal between east and 

west populations of assimilis and my results add to the growing number of molecular 

studies supporting the earlier hypothesis that the Eyrean Barrier has played an 

important role in the divergence of east - west populations in late Pleistocene 

Australia (Ford 1974; Schodde 1982b).  Populations of assimilis east of this barrier 

show the level of divergence (1.3%) consistent with other intraspecific divergence in 

Malurus spp. (Kearns et al. 2009).  Further evidence was detected in the nuclear 

sequence data, albeit not as consistent across loci. I suggested that this is likely the 

result of the difference in coalescent times between mtDNA and nuclear DNA due 

simply to the fact that nuclear markers take an average of four time longer to reach 

monophyly than that of uniparentally inherited markers.  

 

The climatic cycling during the late Pleistocene has had a significant impact on the 

distribution of assimilis populations.  Whilst plumage variation was not studied in this 

dissertation, it has been well documented that assimilis shows the greatest variation 

in plumage across its range (Mack 1934; Ford 1966; Harrison 1972; Schodde 
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1982a; Schodde and Mason 1999).  Based on morphological variation, up to nine 

subspecies (Harrison 1972) and as few as three (Mack 1934) or one (Harrison 

1972) have been recognised. A detailed study incorporating genetics and 

morphology is warranted to determine whether the substructure evident in assimilis 

across Australia should be recognised taxonomically. 

 

Contact zones between populations or species showing varying degrees of 

differentiation provide important insights into the nature and the process of 

speciation (Barton and Hewitt, 1985).   In Chapter 5 I analysed genetic data from 

individuals across the intergrade zone of Malurus lamberti lamberti and M. l. 

assimilis in south-east Queensland.  This study found that M. l. lamberti (eastern) 

and M. l. assimilis (western) have unique mitochondrial sequences that were deeply 

divergent and that overlap in the intergrade zone proposed by Schodde (1982a).  

The mitochondrial sequence divergence was comparable to that in Chapter 4 and 

falls well within the range expected between closely related species.  I found no 

evidence of population structure across the contact zone using microsatellites. 

However nuclear sequences showed divergent M. l. lamberti and M. l. assimilis 

lineages and no haplotype sharing between the subspecies.  The assignment test 

combining anonymous loci and microsatellites cluster the majority of individuals from 

the intergrade zone with M. l. assimilis.   Five individuals had the nuclear genotype 

typical of M. l. assimilis but a mtDNA haplotype associated with M. l. lamberti.  I 

suggested mtDNA introgression but the pattern observed could also indicate nuclear 

introgression.  The direction of introgression is very difficult to determine and 

requires further intense sampling in this zone of contact; more nuclear loci and the 

incorporation of cline-based and coalescent-based methods for investigating the role 
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of post-divergence introgression. *BEAST analysis suggested that divergence 

occurred between the two subspecies in the late Pleistocene.  This chapter provides 

a framework for further ecological and behavioural studies in this zone. 

 

6.1 Implications for Malurus lamberti taxonomy 

Taxonomic classifications currently recognise four mainland subspecies of M. 

lamberti based on morphology and plumage, but genetic analyses of M. lamberti 

across the entire range do not support simple concordance with that current 

classification.  The subspecies rogersi and dulcis, although phenotypically very 

different to assimilis are genetically very similar at the loci studied.  There are a 

growing number of examples of morphological divergence between subspecies in 

which researchers have been unable to detect divergence in a variety of selectively 

neutral loci (Funk and Omland 2003; Zink 2004).  I implicated recent divergence to 

explain the lack of genetic divergence.  Subspecific distinctions can still be valuable 

if subspecific geographic variation reflects important evolutionary adaptations to 

regional environmental conditions that have occurred in the apparent lack of 

mitochondrial and nuclear divergence (Zink 2004).  A closer study is required to 

determine the evolutionary forces that favour blue dorsal plumage in females across 

the northern part of Australia. 

 

Within Clade A (Chapter 4), nine molecular markers indicate there is more diversity 

within M. l. assimilis than is currently recognised.  Populations east of the Eyrean 

barrier were monophyletic and show genetic divergence at mitochondrial and 

nuclear DNA.  Individuals showing plumage variation east of the Eyrean barrier have 

been recognised as M. l. assimilis North 1901, the remainder of the populations to 
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the west classified as M. l. mastersi Mathews 1912.  Harrison (1972) concluded that 

the broad trends in colour variation were clinal and so did not warrant recognition of 

two subspecies, all populations involved being best treated as M. l. assimilis North 

1901 based on the earliest description.  The east-west divergence in neutral 

markers detected here in M. l. assimilis may justify recognition of more than one 

subspecies.  More detailed sampling, including spectrophotometric analysis, across 

this phylogeographic break is required to examine the validity of any such 

subdivision.  

 

The level of divergence across marker types also suggests the merit of separate 

species status for Malurus lamberti lamberti and M. l. assimilis.  The high 

mitochondrial DNA divergence and lack of sharing of nuclear DNA haplotypes 

suggests that these two taxa are on distinct evolutionary trajectories and separated 

~ 230 kya (107-358 kya).   Morphological differences were not examined in this 

study but differences, particularly of the head and upper back, between coastal M. l. 

lamberti and M. l. assimilis individuals west of the coast range have been well-

documented (Schodde 1982a, Figure 6.1) and been considered by some to be 

sufficient to warrant specific rank (Mack 1934; Harrison 1972).      

Figure 6.1 – Specimens of Left panel; Malurus lamberti assimilis. Right panel; M. l. lamberti.  Photos 

taken by Leo Joseph and Alex Drew, Australian National Wildlife Collection, Canberra. 



Chapter 6 - Discussion 

P a g e  | 150 

It is therefore that I propose that M. lamberti (sensu lato) represents two divergent 

species; one distributed from east of the Great Dividing Range and another to the 

west of the Great Dividing Range.  Since the type locality of M. lamberti is from New 

South Wales (Vigors and Horsfield 1827), the eastern species becomes M. lamberti 

Vigors and Horsfield, 1827 and the western species should be known as M. 

assimilis North, 1901 based on the earliest description of a specimen from this 

region.  This classification would hold using the Biological Species Concept (BSC, 

Mayr 1942), the Phylogenetic Species Concept (PSC, Cracraft 1983) and the 

General Lineage Concept (GLC, de Queiroz 1998).  A more detailed examination is 

required in the zone of contact as mentioned earlier as there are no obvious barriers 

to gene flow.  Even if some hybridisation is taking place, it will very likely be 

localised and hence not invalidate the recognition of distinct taxa, as hybridisation is 

a common phenomenon in birds (10% of all bird species are known to hybridise; 

Grant and Grant 1992) (Fuchs et al. 2011). 

 

The formal recognition of the genetically distinct populations within Malurus lamberti 

(sensu lato) may also be important for conservation management.  Although the 

species overall is abundant, subspecies M. l. lamberti is particularly sensitive to 

habitat disturbance and is an example of a specialised species at greater risk of 

extinction from habitat loss (Owens and Bennett 2000).   
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6.2 Conclusion 

In conclusion, each of the studies presented here lays a foundation for further 

research.  The phylogeography chapter (Chapter 4) describes geographically 

structured patterns within the wide-spread subspecies assimilis and demonstrates 

the resilience of an arid-adapted species to Pleistocene cycles of aridity and 

pluviality.  A significant outcome from my research is the suggested reclassification 

of M. lamberti (sensu lato) into two separate species; M. lamberti (sensu stricto) and 

M. assimilis North 1901.  This arrangement better reflects the deep divergence 

found between M. lamberti (sensu lato) from east and west of the Great Dividing 

Range.  The close relationship observed between M. assimilis (sensu stricto) and M. 

l. rogersi and M. l. dulcis at mtDNA and nuclear DNA would further support the 

reclassification of M. assimilis (sensu stricto) into three subspecies; nominotypical 

M. assimilis assimilis; M. a. rogersi and M. a. dulcis. 
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APPENDICIES 

Appendix I - Descriptive statistics for the 9 loci used in this study.  Sequence length includes alignment gaps.  Numbers in brackets 

refer to length of recombination free segment used in analyses.  Primer sequences and characteristics of sequence variation of 

mitochondrial, anonymous loci and nuclear introns used in this study. 

 

Locus Abb. Length (bp) Primer Sequences Substitution 
Model 

# of 
variable 
sites 

Anonymous Loci      
Mame-AL06 A06 368 (211) F: 5’-AGAAGAATCCGTGTGCCAAC-3’ 

R: 5’-ATGTTCAGCACAACCACAGC-3’ 
HKY 45 

Mame-AL16 A16 394 (118) F: 5’-GCAGGGAGGTGTGATTATAGC-3’ 
R: 5’-AGCCCAAAGTTGTCAGAAGC-3’ 

HKY 62 

Mame-A23 A23 403 (191) F: 5’-TGCATTCACACCAGGAATTG-3’ 
R: 5’-GTGCTGGCACTGAAACTTCC-3’ 

GTR 64 

Mame-A26 A26 351 (184) F: 5’-ATGCCAGCTGCAAAGGTTAC-3’ 
R: 5’-ATGGGCAGTTGTTTGCTTTC-3’ 

GTR 67 

Mame-A28 A28 414 (312) F: 5’-AGAGCCAGGAAAACCTCTTT-3’ 
R: 5’-TGGAGGTGATTGAATGAATG-3’ 

GTR 40 

Nuclear Introns      

glyceraldehydes-3-phosphate dehydrogenase 
 intron 11 

GADPH 331 (261) F: 5’-TCCACCTTTGAYGCGGGTGCTGG-3’ 
R: 5’-CAAGTCCACAACACGGTTGCTGTATCC-3’ 

GTR 24 

phosphenolpryuvate carboxykinase intron 9 GTP 740 (173) F: 5’-ACGAGGCCTTTAACTGGCAGCA-3’ 
R: 5’-CTTGGCTGTCTTTCCGGAACC-3’ 

HKY 58 

Transforming Growth Factor-β2 intron 5 TGFb2 622 (360) F: 5’-TTGTTACCCTCCTACAGACTTGAGTC-3’ 
R: 5’-GACGCAGGCAGCAATTATCC-3’ 

GTR 81 

Mitochondrial      

NADH dehydrogenase subunit 2 ND2 969 F: 5’-GGCCCATACCCCGRAAATG-3’ 
R: 5’-ACTCTTRTTTAAGGCTTTGAAGGC-3’ 

TRN+I+G 250 
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Appendix II – Tissue specimens, registration Nos. and naming conventions for 

individuals in the three data chapters.  Museum acronyms are as follows: Australian 

National Wildlife Collection, Canberra (ANWC); Western Australia Museum, Perth 

(WAM), Museum Victoria, Melbourne (NMV); Australian Biological Tissue Collection, 

South Australia (ABTC); Cornell Lab of Ornithology, New York (CLO) and the 

Academy of Natural Sciences of Drexel University, Philadelphia (ANSP) 

 

SOURCE REG. NO. CHAPTER 3 CHAPTER 4 CHAPTER 5 

     

ANWC B29230 M. l. lamberti_1 L1 LN1 

ANWC B46335 M. l. lamberti_2 L2 LN4 

ANWC B46336 M. l. lamberti_3 L3 LN5 

ANWC B46852  L4 LN7 

ANWC B46877 M. l. lamberti_4 L5 LN8 

ANWC B46883  L6 LN9 

ANWC B29336  L7  

ANWC B29337  L8  

ANWC B29378 M. l. assimilis_5 L9  

ANWC B41643  L10 LQ10 

ANWC B41656  L11 LQ11 

ANWC B41664  L12  

ANWC B48005  L13  

ANWC B48020 M. l. assimilis_11 L14  

ANWC B31655  L15  

ANWC B32011  L16  

ANWC B46415  L17  

ANWC B49330  L18  

ANWC B49357  L19  

ANWC B49438  L20  

ANWC B49452  L21  

ANWC B49626  L22  

ANSP 22697  L23  

ANSP 22763  L24  

ANSP 22764  L25  

ANWC B32773  L26  

ANWC B32774  L27  

ANWC B32811  L28  

ANWC B46525 M. l. assimilis_29 L29  

ANWC B46569  L30  

ANWC B46574  L31  

ANWC B46604  L32  

ANWC B46630  L33  

ANWC B46769  L34  

ANWC B48221  L35  

ANWC B48235  L36  

ANWC B48236  L37  

ANWC B48315  L38  

ANWC B48426  L39  
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SOURCE REG. NO. CHAPTER 3 CHAPTER 4 CHAPTER 5 

     

ANSP 23279  L40  

ANSP 23312  L41  

ANSP 23369  L42  

ANWC B33013  L43  

ANWC B33369 M. l. assimilis_46 L44  

ANWC B32899  L45  

ANWC B33180  L46  

ANWC B33181  L47  

ANWC B33205  L48  

WAM 34815  L49  

WAM 35745  L50  

ANWC B50537  L51  

ANWC B50538 M. l. assimilis_58 L52  

ANWC B50556  L53  

ANWC B54019  L54  

ANWC B54028  L55  

ANWC B54096  L56  

ANWC B54097  L57  

ANWC B54119  L58  

ANWC B54133  L59  

ANWC B54146  L60  

ANWC B54149  L61  

ANWC B54256  L62  

ANWC B54257  L63  

ANWC B54278  L64  

ANWC B54287  L65  

ANWC B54288  L66  

ANWC B32845 M. l. assimilis_75 L67  

ANWC B55126  L68  

ANWC B55127  L69  

ANWC B55160  L70  

ANWC B55161  L71  

ANWC B55220  L72  

ANWC B55221  L73  

ANWC B55222  L74  

ANWC B55255  L75  

ANWC B55256  L76  

ANWC B55279  L77  

ANWC B55280  L78  

ANWC B55281  L79  

ANWC B55291  L80  

ANWC B55292  L81  

ANWC B55308  L82  

ANWC B55370  L83  

ANWC B55371  L84  

ANWC B55399  L85  
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SOURCE REG. NO. CHAPTER 3 CHAPTER 4 CHAPTER 5 

     

ANWC B55400  L86  

ANWC B55401  L87  

ANWC B55412  L88  

ANWC B55415  L89  

ANWC B55416  L90  

ANWC B55435  L91  

ANWC B54435  L92  

ANWC B54436  L93  

ANWC B54458  L94  

ANWC B54701  L95  

ANWC B54702  L96  

ANWC B54738  L97  

ANWC B54739  L98  

ANWC B54740  L99  

ANWC B54778  L100  

ANWC B54779  L101  

ANWC B52435  L102  

ANWC B52436  L103  

NMV D070 M. l. dulcis_1 L104  

NMV D071 M. l. dulcis_2 L105  

ABTC 28116 M. l. dulcis_3 L106  

ABTC 28117 M. l. dulcis_4 L107  

WAM 27720  L108  

WAM 27722  L109  

WAM 36181  L110  

WAM 36182 M. l. rogersi_5 L111  

NMV D040 M. l. rogersi_6 L112  

NMV D050 M. l. rogersi_7 L113  

NMV D051 M. l. rogersi_8 L114  

ANWC B52744   LQ12 

ANWC B52745   LQ13 

ANWC B52746   LQ14 

ANWC B55472   LQ15 

ANWC B55473   LQ16 

ANWC B55474   LQ17 

ANWC B55475   LQ18 

ANWC B55479   LQ19 

ANWC B55473   LQ20 

ANWC B55477   LQ21 

ANWC B55478   LQ22 

ANWC B55480   LQ23 

ANWC B55481   LQ24 

ANWC B55482   LQ25 

ANWC B55483   LQ26 

ANWC B55484   LQ27 

ANWC B55485   LQ28 
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SOURCE REG. NO. CHAPTER 3 CHAPTER 4 CHAPTER 5 

     

ANWC B55486   LQ29 

ANWC B55494   LQ30 

ANWC B55495   LQ31 

ANWC B55496   LQ32 

ANWC B55497   LQ33 

ANWC B55501   LQ34 

ANWC B55502   LQ35 

ANWC B55503   LQ36 

ANWC B55505   LQ37 

ANWC B55506   LQ38 

ANWC B55507   LQ39 

ANWC B55508   LQ40 

ANWC B55511   LQ41 

ANWC B55512   LQ42 

ANWC B55513   LQ43 

ANWC B55514   LQ44 

ANWC B55515   LQ45 

ANWC B55516   LQ46 

ANWC B55517   LQ47 

ANWC B55591   LQ48 

ANWC B55593   LQ49 

ANWC B55594   LQ50 

ANWC B55595   LQ51 

ANWC B55599   LQ52 

ANWC B55600   LQ53 

ANWC B55601   LQ54 

ANWC B55603   LQ55 

ANWC B55604   LQ56 

ANWC B55606   LQ57 

ANWC B55607   LQ58 

ANWC B55609   LQ59 

ANWC B55610   LQ60 

ANWC B55616   LQ61 

ANWC B55617   LQ62 

ANWC B55618   LQ63 

ANWC B55619   LQ64 

CLO 6009   LQ65 

CLO 6022   LQ66 

CLO 6039   LQ67 

CLO 6088   LQ68 

CLO 6131   LQ69 

ANWC B52750   LN16 

ANWC B52751   LN17 

ANWC B52752   LN18 

ANWC B52753   LN19 

ANWC B52754   LN20 
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SOURCE REG. NO. CHAPTER 3 CHAPTER 4 CHAPTER 5 

     

ANWC B31304 M. amabilis_4   

ANWC B31305 M. amabilis_5   

ANWC B51687 M. amabilis_13   

ANWC B51782 M. amabilis_15   

ANWC B28233 M. pulcherrimus_1   

ANWC B28286 M. pulcherrimus_2   

ANWC B28323 M. pulcherrimus_3   

ANWC B31783 M. pulcherrimus_4   

     

ANWC B29154 M. l. elegans_1   

ANWC B29155 M. l. elegans_2   

ANWC B29169 M. l. elegans_3   

ANWC B31938 M. l. elegans_4   

     

ANWC B49646 M. splendens   

     

 

 




