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Abstract

The Meliphagoidea comprises the largest radiatiohustralasian passerines.
Here we present the first detailed molecular phetagic analysis of its families and
genera, particularly the Acanthizidae, using segesrirom nine gene regions
including both mitochondrial and nuclear DNA. Oasults support some suggested
relationships but challenge other groupings, paldity in Meliphagidae and
Acanthizidae. Maluridae is sister to all other menstof the superfamily. We provide
the first strong molecular evidence for bristlebifdasyornis as a separate family,
Dasyornithidae, sister to Acanthizidae + Pardadmiat Meliphagidae. Pardalotidae is
sister to Acanthizidae, but whether it is retaiasda separate family is arbitrary. The
meliphagid genukichenostomuss polyphyletic. We find no support for the curren
subfamily structure within Acanthizidae but recagma clade that includes members
of the subfamily Sericornithinae excludi@geoscopusndAcanthornis Subfamily
Acanthizinae is paraphyletic. Surprisingly, the Masian island endemigcanthornis
magnusof mesic habitats is sister to tAphelocephalaf mainland Australian xeric

Zones.
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1. Introduction

Some 5,740 species of birds comprise the largésih arder, the
Passeriformes, or perching birds. Its largest sidrpthe oscine songbirds, originated
in the Australo-Papuan region (Sibley and AhlquB85; Barker et al. 2002, 2004,
Ericson et al. 2002). Two main subgroups of oxcare recognized. One is the
“Corvida”, a paraphyletic grade of mainly Australiand New Guinean (hereafter
Australo-Papua) lineages diverging basally in there tree and representing a
Gondwanan radiation within it. Dispersal from Aasb-Papua or Africa of one of
the most recently diverging corvidan lineages g@aeto the Passerida (see Jgnsson
et al. 2007; Jgnsson and Fjeldsa 2006a). The Rissee a monophyletic group
which today contain the bulk of passerine diveraitg comprise the majority of
northern hemisphere passerines and secondaryioadi@t the southern hemisphere.

Here we focus on the Meliphagoidea, the largasiaitimn of Australasian
passerines. It is one of five basal lineages ohessongbirds (Barker et al. 2004;
Hackett et al. 2008), others being Menuridae (liyds), Climacteridae (treecreepers)
plus Ptilonorhynchidae (bowerbirds), Pomatostomigtedblers) and Orthonychidae
(logrunners). The Meliphagoidea contains some peégiss of which ca. 145 are
Australian. Although the centre of diversity of thgperfamily is in Australia and
New Guinea some species occur in the south PaCificently, four families
(Maluridae, Meliphagidae, Acanthizidae, Pardalaidare recognized (Schodde and
Mason 1999; Christidis and Boles 2008). They digpleeat diversity in ecology,
morphology and behaviour, and occupy a broad rahbabitats from desert to

rainforest.
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The Maluridae, comprising grasswredsr(ytornig, fairy-wrens Malurus,
Clytomyias, Sipodotyignd emu-wrensStipiturug, are a distinctive and divergent
group of very small to small (most 5-10g, largedgYinsectivores that feed
predominantly on the ground or in low, dense velgeiaa few grasswrens have bills
adapted for granivory (Rowley and Russell, 199heyrare weak fliers, with
characteristically long, often cocked tails andgldegs. All are sexually dimorphic.
Of the 27 species of malurid, five are restricetlew GuineaNlalurus grayibroad-
billed fairy-wren,M. cyanocephaluemperor fairy-wrenM. alboscapulatusvhite-
shouldered fairy-wrerClytomyias insigni®range-crowned wren argipodotus
wallacii Wallace’s wren), while the remaining 22 species/Australian.

The Acanthizidae are a diverse assemblage of veayl $0 medium-sized,
primarily insectivorous Australo-Papuan passerihesotal there are 63 spp in 14
genera of which 7 are monotypic. The Australiaméaaomprises 41 spp in 13
genera, 10 of which are endemic. The systematitipo®f Dasyornis the
bristlebirds (3 species), has long been contentidipresent they are included in this
family although they differ in morphology and ar&ely considered to warrant a
separate family (see Schodde and Mason 1999; @siand Boles 2008). This
proposal needs confirmation and is addressed inutrent work.

The Pardalotidae has just four species in one g&andalotusand all are
Australian. They are small (7-14g), hollow-nestingectivores that feed in the
foliage ofEucalyptus Convergent morphological similarities with thei@sPacific
flowerpeckers led to their erroneous placemertiénRicaeidae, but DNA studies
have since revealed that they are a specialiseergiint group allied to Acanthizidae

(review in Schodde and Mason, 1999).
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The Meliphagidae (honeyeaters) are by far the dantifamily, with
approximately 182 species in 42 genera. There are than 70 Australian species
and over 60 in New Guinea. A few species occuh@an3outh Pacific and New
Zealand. One species occurs north of Wallace’s,lasdar west as Bali (Coates and
Bishop, 1997). This family displays great diversit size and morphology but most
have a characteristic, long, narrow, curved biifadd for nectar feeding. Many
species combine nectarivory and insectivory.

To date there has been no detailed phylogenetiy sitithe entire
Meliphagoidea. Cracraft and Feinstein (2000) shoivexlbe monophyletic, as
suggested by earlier authors (Sibley and Ahlqa@90; Christidis and Schodde,
1999) and subsequently affirmed (Driskell and Gldiis, 2004; Norman et al., in
press). Other studies have examined the relatipastithin particular families or
among particular genera (e.g., Meliphagidae: Dhisked Christidis, 2004; Norman et
al., 2007;Sericornis Christidis et al., 1988; Christidis and Schodb#91; Joseph and
Moritz, 1993; thornbillsAcanthiza Nicholls, 2001; Nicholls et al., 2000; fairywrens
Malurusand Maluridae: Christidis and Schodde, 1997).i&spnt we have a poor
understanding of the systematic relationships fatthin and between the constituent
families. There is confusion about which sharedsi@e the result of convergence,
which states are ancestral and which are derivied.i$ particularly evident in the
Acanthizidae where the arrangement of genera hers lbesed largely on
morphological data and is complex and controverMalst contentious are the
systematic placement of seven monotypic acantigieicera: pilotbird?ycnoptilus
rock warblerOrigma, fernwrenOreoscopusscrubtitAcanthornis redthroat
Pyrrholaemusspeckled warble€hthonicolaand weebillSmicrornis Accordingly,

there is a strong need to determine whether maedaita can clarify relationships,
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especially within the Acanthizidae, as well as mm@adly among the families of the
Meliphagoidea.

Here we construct a phylogenetic hypothesis foMe&phagoidea and
examine systematic relationships among familiestardnomically unstable genera,
particularly those in the Acanthizidae. We concatettargely on the Australian
species, with a few representatives from New GuiReam the Meliphagidae
(honeyeaters), we have included only 30 specié8igenera as our aim was to
understand relationships of honeyeaters to the atleéiphagoid families rather than
to address systematics within Meliphagidae. Howewer results do permit some
significant conclusions about generic relationshvtbin Meliphagidae. We sample
the three other families in greater depth, havidgj@ecies in four genera of
Maluridae, 45 species in 15 genera of Acanthizetaesu latoand three species of

Pardalotidae.

2. Materialsand M ethods

2.1 Taxa and data
Species and gene sequence regions initially wéeeted according to whether data
were held in the GenBank 'nr' database. Every GekBzscord from Maluridae,
Acanthizidae and Pardalotidae was examined, anergeri Meliphagidae were
selected to sample broadly across the phylogenyosex by Driskell and Christidis
(2004). Four species from the families Menuridden@cteridae and
Ptilonorhynchidae were chosen as outgroups toaoo¢liphagoid tree.

We did additional sequencing to extend both thebemof species sampled

and the number of species sequenced for each géndid not aim for complete
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coverage of all genes previously sequenced forspegies. We restricted our
seqguencing to five genes chosen as potentiallynmdtive of relationships across a
range of time intervals, and so extended the taxomcange of the data set. Each
species and gene sequenced was represented hgtatle specimens and most by
several. Tissue for sequencing was sourced fromtis¢ralian National Wildlife

Collection, Canberra.

2.2 Molecular Methods

DNA extraction, PCR amplification and sequencing

DNA was extracted from preserved tissue with stesh@aioteinase K
digestion and precipitation methods (Brufetdal, 1998). Fragments of the nuclear
genes RAG-1 and RAG-2 and the mitochondrial 128sdimal RNA gene were
amplified with PCR primers designed using avianegeequences obtained from
GenBank. Approximately 1400bp of the first exorR#G-1 were amplified with the
primers RAG-1-F1b (aaaaacagcctctgatgacagt) and RARZ-(tcccacttctgtgttagtgga);
approximately 1100bp of the single exon of RAG-2evemplified with the primers
RAG-2-F1 (gaagagatcctgccccact), and RAG-2-R2 (¢mtgtagtagcectgt); and
approximately 1000bp of the mtDNA 12S gene wereldieg with the primers
L1276mod (cactgaagatgtcaagatgg) a modificationl@76 in Driskell and Christidis
(2004), and trnVR (tcaggtgtaagctgaatgc). Fragmeintise mitochondrial ND2 and
CO1 genes were amplified using primers from Sonerda@l. (1999). Approximately
1200bp of ND2 were amplified with the primers L5181 H6313 and approximately

1550bp of CO1 were amplified with the primers L66itisl H8121.
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Twenty microlitre PCRs contained 1U of Tag DNA pulrase and reaction
buffer at 1X concentration (Qiagen), Mg@kt 1.5mM to 3.0mM, forward and reverse
primers at 0.gM, the four dNTPs each at 0.2mM and approximat@lygof
genomic DNA template. Cycling conditions were theng for all reactions: an initial
three minute denaturing step was followed by 38ldicgttion cycles comprising 30
seconds of denaturing at°@} 30 seconds of annealing, initially at66then reduced
by 3°C every third cycle to reach a final annealing terafure of 48C, and 45
seconds of extension at°2

Sequencing templates were prepared by precipit&®ig products with
ammonium acetate and ethanol and resuspendingtér.Wamplates were sequenced
with the BigDye terminator v3.1 cycle sequencing(Ripplied Biosystems) and
electrophoresed and detected with an Applied Biesys 3100 genetic analyzer.
With the exception of CO1 templates (see below)saguenced both strands of all
templates with the primers used for their amplifima and with additional internal
primers. RAG-1 templates were sequenced with ttegnal pair of primers RAG-1-
F2 (gattctgtcacaactgttggagt) and RAG-1-R1 (cctapggacaggaggt), and RAG-2 and
12S templates were sequenced with the internatsey@imers RAG-2-R1
(gtagccaccaacaaggaca) and 12S-R2(caggcatagtggaptatpectively. ND2
templates were sequenced with the internal prilb®r$8 and H5766 (Sorenson et al.
1999). CO1 templates were not sequenced off the Hgtimer used for their
amplification but were sequenced with the other ipenof the amplification pair,
L6615, and the internal primers L7036, L7122 an®48 (all from Sorenson et al.
1999).

Base calls were checked and edited by visualizimbadigning the multiple

chromatograms for each sample for each gene imtigsousing Sequencher v3.1
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(Genecodes). The redundancy provided by sequeeeéiciy template off multiple
primers, such that most sequence positions weresepted in two or more
chromatograms, facilitated editing and providedmibguous verification of most of
the sequence we generated. A few 12S templated ootibe sequenced effectively
off the outside reverse primer trnVR, presumablg thua long run of consecutive
cytosine bases that were apparent in these teraplate the trnVR priming position.
The partial 12S sequences for these samples theradmprised approximately
800bp spanned by the forward primer L1276mod aadrtternal reverse primer 12S-

R2.

2.3 Phylogenetic methods

2.3.1 Sequence selection and alignment

From GenBank we obtained data from nine separate ggions for between
two and 56 species. The regions represented mitokclab genes 12S rDNA, 16S
rDNA, CO1, ND2, and Cyb, nuclear protein coding genes RAG-1 and RAG-2, and
nuclear introns from Gd3ph and Beta Fibrinogen §Bentron). In some cases more
than one accession for a gene region from a spegisavailable in GenBank. We
downloaded all available accessions and constrictadltiple alignment using either
CLUSTAL (Thompson et al., 1994) or MUSCLE (Edgaf2pat default settings.
This alignment was examined both by pairwise distarand by maximum likelihood
trees estimated in GARLI v0.951 (Zwickl, 2006)dafault settings, to confirm that
accessions annotated as being from the same spagésred together. Suspect

sequences were discarded and a single represendatiuence was chosen from the
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remaining sequences for each gene, for each spbessd on the length and quality
of the accession.

Sequences newly estimated by us were aligned tegefith all previously
selected GenBank sequences and compared usingdiothse distances and
maximum likelihood analyses in GARLI. Again, onggence was chosen to
represent each gene, for each species, based mmgile and quality of the edited

sequence product.

2.3.2 Sequence Alignment, noise reduction and rataix

Each of our nine gene regions was aligned sepgnasalg an alignment cost-
minimising program, either CLUSTAL or MUSCLE, atfdalt settings, to obtain an
initial alignment. This cost-minimising alignmenawthen adjusted by hand as
necessary to preserve structural features. Iniproteding regions we retained the
triplet pattern of codons. In rDNA and intron seqgce we aimed at consistency of
alignment across taxa within repetitive regionse $bquences from ribosomal genes
and introns were not so dissimilar, across our,tagdo require alignment methods
based on secondary structure prediction. For aligmetein coding genes we used
MacClade v3.08 (Maddison, 1992) to test for appetprtranslation into protein. The
other loci were examined in light of Morrison's (&) concept of a phylogenetic
alignment; regions in which alternative, plausibygotheses about past evolutionary
events would imply a change to the alignment weotugled from analysis. Several
such short, ‘unalignable’ regions were found in 18& rDNA alignment but none in
the other loci. Each aligned region was also exathior any parsimony-informative

patterns of shared indels, and these were codadimsll set of additional, binary
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characters for use in cladistic parsimony anal&gsause some Genbank accessions
had different start or end points some segmergewie alignments represented data
from fewer than four taxa. These uninformative segts were removed and the nine
aligned gene regions were concatenated into aessmgtrix.

We investigated the effect of saturation (multipies) by two methods. First,
we made a series of scatter plots of pairwise itianstransversion ratios against the
uncorrected (p)-distance and against GTR distafdesse results suggested that
mtDNA third codon positions were saturated. Accoglly, we made phylogenetic
estimates in three ways: from the entire gene redrom codon positions 1+2, and
from codon position 3. Bootstrap sampling (Felseinstl985) was used to measure
branch support. The phylogeny was not affectechbyiriclusion or exclusion of the
saturated characters. Third codon positions masifhported shallow nodes that were
supported by other characters and failed to prosig®oort toward the base of the
tree. Only in one case was a group resolved diffgreand equivocally, by the full
data than by mtDNA third codon positions alone (btvap scores of 88% vs 56% for
two alternative arrangements of thie&rdalotusspecies).

As a second and, we think, a novel method of asgpt®e effect of noise
from saturation we calculated a maximum-likelihaase using the whole of the data
and then used the 'reweight characters' commaRAUP 4.0b10 (Swofford, 2002)
to identify characters which are strongly homogmasion that tree. We built
‘exclusion sets’ for characters showing a rescatatsistency index of either 0, or
<0.1, or <0.3, and ran maximum likelihood bootstaaplyses on those exclusion sets.
Each exclusion set included some but not all mtONiAd codon positions as well as
some characters from other parts of the data. Baptsshowed that each exclusion

set contained hierarchical signal consistent with-axcluded data, chiefly relating to



259 shallow nodes, and no signal that was significaintiyonflict. We conclude that both
260 methods of noise reduction are equivalent and ckaraet exclusion to counter
261 saturation is not necessary.

262 To examine base usage we evaluated each genetegparal, in mtDNA

263 protein-coding genes, we evaluated first and secodihg positions separately from
264 thirds. We ran chi-square tests for homogeneityasie usage using the 'base

265 frequencies' command in PAUP. Most tests indicatationarity except those for
266 third positions in Cyb and ND2. Therefore we ran paired sets of maximum

267 likelihood bootstraps, one using data from all elstgrs showing homogeneity of
268 base usage, and the other using eithet@ytND2 third positions. No bootstrap of
269 >70% in one run was contradicted>a0% in the other run of either pair, except that
270 Cytb third positions supported alternative arrangemehteur species oMalurus
271 For our stated aims and scope, it is not necessayclude either Cyit or CO1 third
272  codon position characters from the analysis.

273 Dasyornisbroadbentiwas represented in the alignment by six genesigixu
274 CO1 andD. brachypterusy CO1 alone. All tree-estimation algorithms shdwigese
275 two taxa adjacent to each other, but for lack ¢ dacommon they did not form a
276 group. We therefore assumed monophylpatyornisand analysed a single

277 composite terminal taxorDasyornisspp”. Our final matrix thus has 101 not 102
278 terminal taxa.

279

280 2.3.3 Tree estimation

281

282 We tested whether our phylogenetic trees were tdbugriation in the

283 method of analysis and choice of an evolutionaocess model. First, we used
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unweighted and 2:1 transversion-weighted parsimomAUP 4.0b10 (Swofford,
2002). Binary characters describing shared indelewncluded in these analyses. A
parsimony ratchet search procedure was used ashsbby Nixon (1999) and batch
commands for the PAUP searches were created usibgMacRat (Sikes and
Lewis, 2001). Bootstrap runs used PAUP's fast-Bgaralgorithm with 1000
bootstrap pseudoreplicates.

Second, two maximum likelihood searches were ruBARLI 0.951 (Zwickl,
2006) using a single data partition with the GTRFImodel of evolutionary process
and parameter values estimated from the data. Baptsuns used 100
pseudoreplicates. A five-partition maximum likeldd analysis of the final data set
was conducted in RAXML (Stamatakis et al., 20008)®n the CIPRES
supercomputer (Portal 1) at <www.phylo.org>. Theadeere partitioned into nuclear
coding, nuclear non-coding, mitochondrial ribosomépchondrial first plus second
coding position, and mitochondrial third codon piosi characters. Each partition was
given its own overall rate and set of base-chaelgivities. A bootstrap run under
the same model used 100 pseudoreplicates.

Third, a single-data-partition Bayesian likelihaamhlysis was conducted in
MrBayes 3.1 (Huelsenbeck and Ronquist, 2001; Rat@ud Huelsenbeck, 2003) on
the CIPRES supercomputer (Portal 1). Settings ®etms at 4 chains per run, chain
temperature 0.2, for 2m generations sampled e@9 tyenerations. A four-partition
Bayesian likelihood analysis was conducted in Mié#&a$.1 on an Intel Mac. The data
were partitioned into nuclear coding, nuclear nodieg, mitochondrial ribosomal,
and mitochondrial protein coding characters. Eatitmpn was given its own set of

GTR+I+G parameters and rates were unlinked (a t8npeter model). The analysis



308

309

310

311

312

313

314

315

316

317

318

319

320

321

322

323

324

325

326

327

328

329

330

331

332

was run until well past the point of apparent cageace to a total of 8 million
generations. Trees were sampled every 1000 gemesati

A singularly unexpected result concerning relatiops of the acanthizid
generaAcanthornisandAphelocephalgprompted re-estimation of species-level
relationships in that part of the tree. We usedw method for joint estimation of
gene trees and their species tree within a Bayésiarework (Edwards 2009).
Edwards (2009) has described this methodologica@eke as a paradigm shift in
phylogenetics, but at present the calculationsocdy be done on small numbers of
taxa. We used MBBEST (Liu and Pearl, 2007; Liulget2908; see also Huelsenbeck
and Ronquist, 2001; Ronquist and Huelsenbeck, 2@0&8yamine a four-taxon subset
of our data Acanthornis magnus, Aphelocephala leucopsis, Ssigacitreogularis
andHylacola pyrrhopygiaas outgroup)Sericornisbeing the genus to which
Acanthornishas often been aligned or synonymised. The date patitioned into
the five genes for which we had complete dataHesé taxa. MtDNA third codon
positions were not treated separately becausentiligy be inherited as a unit together
with first and second codon position charactersgléld and diploid sources were
identified to the program and an unlinked, six-rat@del with invariant positions and
gamma-distributed rates (GTR+I+G) was applied twhegzartition (a 35-parameter
model). The analysis was run for 10 million geniera with two runs and four chains
per run. We also ran a 10-taxon subset which camgrihose four species plus
Pycnoptilus floccosus, Oreoscopus gutturalis, Aleaat pusilla, Gerygone mouéind
Smicrornis brevirostriswith Pardalotus striatuss outgroup. The 10-taxon analysis
was set up in the same way and run for 100m geaesatvith two runs and two

chains per run, but the MCMC process failed to engs.
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3. Reaults

3.1 Taxa and Data

GenBank provided sequence data from nine genenedio between two and
56 of the 102 selected species. To these sequercasnBank we were able to add
36 species for 12S rDNA, 35 for RAG-1, 36 for RAGAB for CO1 and 56 for ND2.
Our data matrix contains 12S rDNA sequence fromsfeties, 16S rDNA from 20
species, COL1 from 52 species, ND2 from 93 spe€Cigdh from 56 species, RAG-1
from 40 species, RAG-2 from 38 species, Gd3ph fiénspecies and Betab from 31
species. GenBank accession numbers of the sequase@d our analyses are listed
in Table 1. [Lab codes will be replaced by GenBand#tes prior to publication.]

The final, aligned data matrix is available at [suipformation; insert web
address]. This matrix of 101 taxa and 8974 aligrtrpesitions is 43% complete, with
57% of cells coded as either alignment gaps orgemuenced genes. Character sets,
taxon sets showing the taxon coverage for each iggien, and the R(M.1
exclusion set from the second of the noise redo@iperiments, are listed in a
PAUP block at the end of the matrix. Notes on gatevenance, alignment, and
sequence choice are provided as comments withiD&¥A block. The preliminary
alignment results, saturation plots and other nmskeiction results are not reported

here.

3.2 Phylogenetic results
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All phylogenetic methods and models applied tofiha data set yielded
similar trees. No method gave any relationshigslabotstrap score70% or a
posterior probability>80% that was contradicted at that level by anyratiethod
except inMalurus (see Methods above). Bootstrap scores and cladibdity values
never declined and for some nodes improved asiadditparameters were added,
and we suspect, given the disparate nature ofatarahd the non-linearity of our
pairwise GTR distance vs. transition-transversatiorplots, that even our most-
comprehensive models (RAXML 5-partition model andBlslyes 4-partition model)
are under-parameterised. Nonetheless the treeoppd stable across the entire
range of our analyses: only some bootstrap ance deetlibility scores might be
under-estimated.

Transversion-weighted parsimony with heuristic skatia the parsimony
ratchet gave 201 best-fit trees (Fig. 1). A fastristic bootstrap indicated support
>70% for every branch shown in Figs. 2-3 as hagiogd support by either maximum
likelihood or Bayesian methods. Maximum likelihoasing GARLI and a single data
partition, with process model GTR+I+G, gave an taehtree topology to that in Fig.
1. Branch lengths were not noticeably differentrfrthe lengths in Fig. 1. Bootstrap
support was >70% for every branch in Figs. 2-3 ihatported there with a bootstrap
score within that range. The GARLI bootstrap saeas 100% for every branch
having a bootstrap score of 100% in the RAXML resWPartitioned maximum
likelihood analysis using RAXML gave the single tofitstree in Fig. 1. Bootstrap
scores in the RAXML bootstrap are reported as ¢sersd of the two scores on
branches in Figs. 2-3. Partitioned Bayesian maxidikelihood gave a single best
tree topology very similar to that in Fig. 1, excdpat some branches poorly resolved

under conventional ML were resolved equally potly differently under Bayesian
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ML. Figs. 2-3 are built from the Bayesian consertses of 2001 trees, after
eliminating the first 6000 trees or 6 million gea@ons as 'burnin’, and after
collapsing any branch that had neither a cladeilutgyg value (i.e., "posterior
probability") >95% nor a bootstrap score in the RAXML bootstr@dp%.

Figs. 1 and 4 revealed a wholly unanticipated sigti@tionship between
AcanthornisandAphelocephalaat bootstrap score 97% and posterior probability
100%. Further testing of this hypothesis using MBBE)ave the species phylogeny
in Fig. 4a in which a sister relationship betwéeanthornisandAphelocephalas
supported with clade credibility score 98%. Thamas 10-taxon analyses in which
the MCMC process failed to converge gave a loweresor else failed altogether to
resolve the species-level tree. Fig. 4b shows iadypesult. Significantly, every
analysis that resolveghy part of the species tree included within it aesigfroup
relationship betweeAcanthornisandAphelocephalaNeither of those terminals ever

associated with any other taxon.

4. Discussion

Based on sequences from nine gene regions of hitabhrondrial and nuclear
DNA we provide the first robust, well-resolved maléar phylogeny of the oscine
songbird superfamily Meliphagoidea. Our resultsvjite support for many suggested
relationships within and between constituent fagsilibut also challenge previously
contentious groupings, particularly the sequenckaarangement of genera in the
Acanthizidae, and the classification of Meliphagi¢aoposed by Driskell and

Christidis (2004).



408 4.1 Family relationships within the Meliphagoidea

409

410 The Meliphagoidea are a monophyletic clade, witunanalysis, with

411 Maluridae sister to all the other members of traugras previously suggested (Sibley
412 and Ahlquist, 1990, Cracraft and Feinstein, 20@0s3on and Fjeldsa, 2006b). We
413 provide the first strong molecular evidence comesiswith recognition of bristlebirds
414 as a separate family, Dasyornithidae (Johnstoné&god, 2004). It is sister to the
415 Acanthizidae + Pardalotidae + Meliphagidae assegeb{Briskell and Christidis
416 2004, Christidis and Boles, 2008). We retain thelBlatidae as a separate family,
417 sister to Acanthizidae, in accordance with SchawkMason’s (1999) conclusion
418 based largely on morphology and behaviour, anantrast with Driskell and

419 Christidis (2004) who placed Pardalotidae as stst@ioneyeaters rather than

420 acanthizids. However, our data suggest that theéapates could equally be included
421 in an expanded Acanthizidae so the decision igrarp. Meliphagidae (honeyeaters)
422 are more closely related to the Acanthizidae + &latidlae clade than to Maluridae,
423 as also previously shown by Sibley and AhlquisB8&)%and Jansson and Fjeldsa
424  (2006b). Bootstrap and Bayesian support scorealifof these family-level

425 relationships are particularly strong (Fig. 2).

426

427 4.2 Maluridae

428

429 The Maluridae comprises two subfamilies: the Amgiibrinae forAmytornis
430 grasswrens and the Malurinae compriditgurus, StipiturusandClytomias as

431 suggested by Christidis and Schodde (1997) onyatilezevidenceSipodotufrom

432 New Guinea was not included here but is unremaykatnsidered part of the
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Malurinae. The position of the monotygitytomiaswithin Maluridae was not
resolved by Schodde and Mason (1997), who presematdalis lines of evidence for
its alignment with eitheBtipiturusor Malurus Pending inclusion dbipodotuswe
show clearly tha€lytomiasis sister tdVlalurus (bootstrap 100%).

We agree with Christidis and Schodde (1997) khalurus comprises two
major clusters, although the component specieatarvdds with their analysis. Our
analysis did not include two New Guinea specidslalurus M. grayi (broad-billed)
andM. cyanocephalugémperor). One lineage we define comprises the
morphologically distinct bicoloured wrendl, melanocephaluged-backed), aniil.
leucopterugwhite-winged) (New Guinean specigks alboscapulatuswhite-
shouldered) not sampled)). The second lineagedeslthe remaining species. We
have not been able to clearly ascertain the int@mdogenetic structure within this
lineage except that, given our taxon samplingplbe fairy-wrend\l. cyaneus
(superb fairy-wren) anl. splendengsplendid fairy wren) form a pair that in turn is
most probably sister tl coronatugpurple-crowned fairy-wren). The chestnut-
shouldered groum. amabilis(lovely fairy-wren),M lamberti(variegated fairy-wren)
andM. pulcherrimugblue-breasted fairy-wren) may be monophyletis@spected.
The position oM. elegangred-winged fairy-wren) endemic to south-western
Australia is equivocal: maximum-likelihood analyplaces it as sister to the
amabilis-pulcherrimus-lambergroup with bootstrap score 72% but Bayesian
likelihood analysis places it as sister to all of eecond groupafmabilis-
pulcherrimus-lamberti-coronatus-cyaneus-splendlevith posterior probability 0.60.
The apparent non-stationarity in base usage asmyse mitochondrial third codon
positions in this part of the tree (see deletedndés) may be implicated here and

more work is needed. In Fig. 3a we depict this pathe tree as unresolved.
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ExcludingM. coronatusthe blue wren and chestnut-shouldered groupgshar
iridescent blue plumage and semi-erectile bludwgts, and accordingly have been
thought to be closely related (Christidis and Sclepd 997)as shown here. Of the
blue groupM. cyaneusandM. splendensire more closely related to one another than
to M. coronatusreflecting these differences in plumage characteraddition, a
recent study showd. coronatugo be behaviourally distinct from all othgralurus

(Kingma et al., 2009).

4.3 Meliphagidae (honeyeaters)

Branching patterns in our dataset of 30 speciesgvartial agreement with
those described by Driskell and Christidis (200#pwecovered four major clades
plus Acanthorhynchushe spinebills, although the relationships amibregr four
groups were unresolved. In particular, our phylggaupportsAcanthorhynchugas
sister to all other honeyeaters, and we recovelecid of Driskell and Christidis
(2004):Meliphaga+ Acanthagenys Anthochaera+ Xanthomyza Manorina+ a
majority of the genukichenostomugFig. 3b). Of their clade #2 we have only one
representativeRamsayornis fasciasubar-breasted honeyeater), and this is firmly
placed as sister to clade #1. Among the remairarg, tDriskell and Christidis (2004)
recovered discordant phylogenetic signal betweeheau beta Fibrinogen intron and
the three mtDNA genes (Clt ND2 and 12S). They resolved this by relying am th
Beta5 signal over the mitochondrial signal and traimsed their tree search so as to
create their clade #&erthionyx MyzomelaGlychichaeraPtiloprora and
Phylidonyris (=Glyciphila) melanopseparate from their clade #4. Of those five

genera, our data set includes ollyzomela (M. obscuragndPhylidonyris(P.
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novaehollandia@ndP. nigra) but we find them to be widely separated and mkeste
deep within what would otherwise represent Driskalll Christidis’ clade #4.

We investigated this discrepancy between our resuit those of Driskell and
Christidis (2004) by re-aligning their data for qeanison with ours. We found no
disagreement between phylogenetic signal from Batabthat from Cyb, ND2 and
12S (we used the same Beta5 data from GenBankhdfuwe note that Driskell and
Christidis’ decision to prefer the Beta5 signal otree other three genes was strongly
influenced by two large indels in the Beta5 seqaenof 18 and 12 bases, shared
among taxa they constrained as their clade #3ulralignment there are no such
shared indels, and neither is there a third inflébdbases that Driskell and Christidis
report fromStipiturus malleeln fact, at 598 aligned positions our phylogeneti
alignment gensuMorrison, 2006) of the Beta5 intron is 119 posisshorter than the
Driskell and Christidis alignment, and 16 positi@m®rter than a default CLUSTAL
alignment. We conclude that Driskell and Christi@604) used a suboptimal
alignment that does not satisfy Morrison’s (20Gagt criteria of a phylogenetic
alignment. Their topological constraint artificiatjrouped a set of genera, two at
least of which we find should not be so groupedléte of clades #3 and 4 of
Driskell and Christidis (2004) we find a clade caimimg MyzomelaPhilemon
EntomyzonMelithreptus LichmeraandPhylidonyriswithin which all relationships
are robustly supported (Fig. 3b).

Lichenostomus leucot{svhite-eared honeyeater) also appears within this
clade Entomyzont+ Melithreptus) Its position here is notable given that its pueat
congeners appear, albeit in two widely separatadagl, within the group which
Driskell and Christidis (2004) called clade #1.dbpecies was represented in our

study by two independent specimens sourced fromtiséralian National Wildlife
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Collection, and was sequenced for ND2 and COL1. Bettes and both specimens
support the sister relationshipEmtomyzont Melithreptus Our findings that
Lichenostomuss polyphyletic and.. leucotisis not closely related to either of two
other clades in this genus are supported by indbpsly derived molecular data
(pers. comm. A. Nyari).

Schodde (1975) split the genMeliphaga(s.l.) into threeLichenostomus
XanthotisandMeliphaga 6.s). Driskell and Christidis (2004) showed that theeéh
genera do not form a monophyletic group, and fadsetwved major rearrangements.
Our analysis, which includes eighthenostomuspecies and thrédeliphaga
species but notanthotis,confirms thaMeliphagaandLichenostomusre not each
other’s closest relativekichenostomuss polyphyletic, forming two clades plis
leucotis. L. flavugyellow honeyeater) and unicolor(white-gaped honeyeater) are
sister species. This is reflected in the similaoityheir eggs, which differ from those
of otherLichenostomug¢Beruldsen 2003), and their song, with pairs ithispecies
performing duets (Higgins at el., 2001). This pdispecies in turn is sister ko
melanopgyellow-tufted honeyeater). The second clade, satlarated from these by
two strongly supported branches, comprisegrescengsinging honeyeater),.
flavescengyellow-tinted honeyeaterl,. penicillatus(white-plumed honeyeater) and
L. ornatus(yellow-plumed honeyeater-urther work is being done to resolve the
systematics ofichenostomusnd the other species-rich genera, and their
relationships with other honeyeaters (A. Nyari,speomm.).

We recovelEntomyzoras sister td/elithreptusas shown by Driskell and
Christidis (2004). Previously, a close relationdhgtweerEntomyzorand the larger-
bodied honeyeateiManorinaminers andinthochaerawattlebirds had been

suggested (Schodde 1975). Storr (1977; 1984) iedutdwithin Melithreptuswhich
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it resembles but for its larger size. Driskell &fafistidis (2004) sequenced two
MelithreptusspeciesNl. albogularisandM. brevirostrig; we added one additional
speciesM. lunatus(white-naped honeyeater) represented in our @ataysCytb

from Cracraft and Feinstein (2000) and new ND2 @@d. sequences. Elsewhere, one
of us, LJ, will present a phylogeny of 8klithreptus(A. Toon and L. Joseph, in
prep).

We support Driskell and Christidis (2004) in findithat the Regent
honeyeaterXanthomyza phryg)as nested within the wattlebird&rithochaeraand
is more closely related to the large-bodied specssesented here By carunculata
(red wattlebird), than to the small-bodied speéieshrysopterdlittle wattlebird),
andA. lunulata(western wattlebird). Similarlyghylidonyris novaehollandiagNew
Holland honeyeater) arfél nigra(white-cheeked honeyeater) are sister species and
sister toLichmera indistinctgbrown honeyeater) as shown by Driskell and Cidlisst
(2004). Our data set does not incliRlanelanopgtawny-crowned honeyeater),
which Driskell and Christidis (2004) placed apaoinfi its congeners, and which is
often placed in monotypiGlyciphila. We predict it will ultimately align with other
Phylidonyris

We confirm the suspected close relationship betvwéeliphaga lewinii
(Lewin’s honeyeaterM. notata(yellow-spotted honeyeater) akt gracilis
(graceful honeyeater)M lewinii andM. notataare each other’s closest relative and
sister toM. gracilis. This trio is morphologically very similar, allsplaying
prominent yellowish gape stripes and yellow spotsheir ear coverts, and
accordingly are easily confused in the field whibedr ranges overlap in the Wet
Tropics of north east Queensland. The three argewer, readily distinguishable by

vocalizations (Higgins et al., 200N\ gracilis differs from the other two in its
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smaller size and in the colour and patterningoéggs, which are richly coloured as
opposed to being plain with small spots (Higginalet2001). This relationship
supports previous suggestions thatlewinii andM. notatarepresent am situ
allopatric speciation event (Christidis and Schoti@@3; Norman et al., 2007). In
contrastM. gracilis is thought to have dispersed into north-easterstralia from

New Guinea (Christidis and Schodde, 1993; Normaal.e2007).

4.4 Pardalotidae

The small insectivorous, foliage-dwelling pardatosee retained here as a separate
family, reflecting morphological and molecular @ifénces (Christidis and Schodde,
1991; Cracraft and Feinstein, 2000), as discuslsegvbere (Schodde and Mason,

1999). However, the decision is arbitrary, as ttwug could equally be retained as a

subfamily in an extended Acanthizidae, reflectingit sister relationship.

4.5 Acanthizidae

We present the first molecular phylogeny of relagioips within the family. It
provides a novel but well-supported arrangemewgieoiera. The previous, complex
sequence of genera, which was based largely onhuolargical data, is controversial.
The relative positions of the seven monotypic geieve been particularly
problematic. Our data refute the traditional vidattAcanthizidae comprises two
subfamilies, the SericornithinaBycnoptilus, Origma, Oreoscopus, Crateroscelis,
Sericornis, Acanthornis, Hylacola, Calamanthus,gtaemus, Chthonico)aand

Acanthizinae $micrornis, Gerygone, Acanthiza, Aphelocephdlsstead, we recover
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a well-resolved set of generic relationships inakhinonotypidOreoscopuss sister

to all other generaGerygoneand the remaining genera are sister t&anthornis+
Aphelocephalare sister té\canthiza and the sister taxon to that set of three genera
includes the remaining group, wimicrornissister to the rest (Fig. 3c). Overall, our
data support a restricted subfamily Sericornithic@aprising a clade that excludes
OreoscopusandAcanthornis but subfamily Acanthizinae is paraphyletic. Mosbur
changes from the previous classification resulinfriew associations of the
monotypic genera.

We provide strong evidence tHateoscopus gutturaljghe fernwren, is sister
to all other acanthizids. This species is endemibé montane Wet Tropics of north-
eastern Australia and is osteologically divergeotrf all other acanthizids (Schodde
and Mason, 1999). Traditionally it was placed nsat@Sericornis(scrubwrens) and
the New GuineaRraterosceligmouse-warblers) (Schodde, 1975) although
differences in skull characters, egg patterningj,acal bill morphology (which have
been suggested to be derived and adapted for fyagider litter) have clouded its
taxonomic position (Schodde and Mason 1999).

Previous arrangements have plaGatygonewith Smicrornis, Acanthizand
Aphelocephaldreview in Schodde and Mason 1999). However, bytqgeny places
Gerygoneand the remaining acanthizid species as sistar tarelationship that is
well-supported by high bootstrap values and Bayegasterior probabilities.
Gerygones a morphologically distinct group that has thdest distribution of all
Acanthizidae, having radiated into New Zealand jfRaislands, Indonesia and the

Philippines.

4.5.1 Acanthornis—Aphecephala-Acanthiza assemblage
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We found strong support for a close relationshigpveenAcanthiza
(thornbills) andAphelocephaldwhite-faces), as suggested elsewhere (Schodde and
Mason 1999), but our finding thatanthornisandAphelocephalare sisters is
remarkable. The scrub#itcanthornis magnuis restricted to the wet forests of the
continental island Tasmania and its offshore isldimg) Is. and is insectivorous. In
contrast, the three speciesAghelocephalare dry woodland, semi-arid and arid
zone species of mainland Australia. They have hilid digestive tracts
morphologically adapted for seed-eating (SchoddeMason, 1999). In external
phenotypeAcanthornisclosely resembles some specieSeficornisbut has little if
any similarity toAphelocephaldFig. 5). Eggs oAcanthiza Aphelocephaland
Acanthornisare, however, similar and differentiated fr@@ricornis.Circumscription
of Sericornishas variously been expanded to inclédanthornis(e.g., Keast, 1978)
or exclude it (see review in Christidis et al., 8&lthough with little comment in
either case. Schodde and Mason (1999) curiouslaniaad thatAcanthornisis an
“ancestral” form. They noted that among acanthittitigs at least one particularly
divergent character of cranial osteology, well-deped vomerine horns. They placed
it close toCalamanthusindHylacolain a linear sequence of genera because of the
karyological and protein data of Christidis (199Dis is the most explicitly argued
previous hint thafcanthornismay not be close t8ericornis

We took several steps to test the strong suppatiiranalyses for the
unexpected sister relationship betwéaanthornisandAphelocephalaFirst, we
extracted and sequenced additional samplégahthornis sequences generated
were the same for allcanthornissamples (n = 3). Next, we addressed recent

concerns that under some circumstances the mes tijene tree for any given gene
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is almost certain to differ from the true specregf(i.e., where there are short
branches deep within a tree, see Degnan and Rasg2006; Kubatko and Degnan,
2007). Our reanalysis with MBBEST (Liu and Pea@lQ?2; Liu et al., 2008) yielded a
posterior probability of 0.98 for thiephelocephala Acanthornisrelationship in a
four-taxon analysis. However, MBBEST provided ndication of a relationship
other thamphelocephalandAcanthornisbeing sister taxa. The MBBEST results
(0.98 and 0.87 posterior probability; Fig. 4a/h)gtare consistent with the
conventional species tree estimation methods @epthat show 1.00 posterior
probability and 97% phylogenetic bootstrap scordlis novel clade. We conclude
thatAphelocephaldnas diverged morphologically, possibly in part tlue
morphological adaptations associated with granivAphelocephalare the only
primarily granivorous species in the Acanthizidde, rest are primarily insectivorous.

The thornbills Acanthiza are recovered as monophyletic. Although the deep
branches within this clade are not well resolverialrangement of species largely
follows that suggested by Schodde and Mason (18883d on plumage, behaviour
and voice, and subsequently the mtDNA data of Nistat al. (2000). Nicholls et al.
identified five clades with\. robustirostris(slaty-backed thornbill) sister to all other
Acanthiza We recoveA. robustirostrisas sister t@\. iredalei(slender-billed
thornbill), which reduces the five clades to folse provide good support for this
group as sister to th& uropygialis(chestnut-rumped thornbill) A. reguloidegbuff-
rumped thornbill) +A. inornata(western thornbill) assemblage, as suggested by
Nicholls et al. (2000). The suggested relationstiilew GuineaA. murina(Papuan
thornbill) to A. nana(yellow thornbill) andA. lineata(striated thornbill) (Nicholls et
al., 2000) is also confirmed here, reflecting samtly in plumage patterns and

behaviour.
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4.5.2 Smicrornis, Pycnoptilus-Pyrrholaemus-Chthotac Calamanthus-Hylacola,

and the Origma-Crateroscelis-Sericornis complex

In general, the relationships among species inclhide are uncontroversial
with most associations well-established. The tweegkions are the monotypic genera
Smicrornis(weebill) andPycnoptilus(pilotbird) where affinities previously were
uncertain. We find tha@micrornisis sister to all other genera in this group.
Smicrorniswas previously aligned witGerygone although a range of characters set
it apart (bill, skull, nest and eggs; Schodde arabdh, 1999) as well as its specialised
foraging niche. Presumably, the morphological cttarastates by which it was
previously associated witBerygoneshould now be re-interpreted as shared ancestral
traits (symplesiomorphies).

Monotypic Pycnoptilusis clearly placed in our analysis as sister to
Pyrrholaemust Chthonicola Traditionally, this species has been viewed agniga
features both of the bristlebird®4syornig and the acanthizids, and accordingly it
has been seen as a “link” supporting the placewfdasyorniswithin Acanthizidae.
Alternatively, Dasyornis-like character states have been suggested th fiesn
convergence (del Hoyo et al., 2007). Accordingbrious arrangements have been
suggested: Schodde (1975) and Schodde and Mas#9) (i@cedPycnoptilusclosest
to Dasyorniswith both retained in Acanthizidae, although irfeiént subfamilies,
whereas Christidis and Boles (2008) recogni3asdyornisas a separate family but
retainedPycnoptilusin the Acanthizidae pending molecular data. Owal\asis
provides strong evidence fBycnoptilusdeep within Acanthizidae and separate from

Dasyornis supporting the ‘morphological convergence’ hygsil. Interestingly, all
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three genera in this group have uniformly dark eggsplish inPycnoptilusand
reddish inPyrrholaemust+ Chthonicola(Higgins and Peter 2002).

The relationships betweétylacola+ CalamanthusandChthonicola+
Pyrrholaemusand theirassociation wittsericornis + Craterosceliare as proposed
by Schodde and Mason (1999). Schodde and Masorechéng heathwrertsylacola
with the fieldwrenalamanthusAll methods we employed support these genera as
sister taxa. Whethétylacolaneeds to be retained as a separate genus appbarat
matter of choice. The clad¢ylacola+ Calamanthuss sister to th&€hthonicola +
Pyrrholaemust Pycnoptilusassemblage. We show that the two monotypic genera
Chthonicola(C. sagittataspeckled warbler) an@yrrholaemugP. brunneus
redthroat) are each other’s closest relatives,ignoy support for Schodde and
Mason’s (1999) reversion @hthonicolato PyrrholaemusThis relationship is
reflected in the strong similarity in the appeamntthe eggs (they are the only
acanthizids to have plain chocolate-brown eggs)kentd species are the primary
hosts of the brood parasitic black-eared cuckilrysococcyx osculapsrThis sister
relationship is also supported by Christidis (1990)

The monotypic rockwarbledrigma solitariais sister to the New Guinea
mouse-warbler€rateroscelisand they are sister ®ericornis Previous arrangements
have place®rigmacloser toPyrrholaemust+ ChthonicolaandCalamanthusr
Hylacolaas these genera share similarities in osteologyphology and general
biology. In these characters they are closer toammgher than t&ericornis(Schodde
and Mason, 1999). However, the pale egg®mdma, its strikingly unusual pendant
nests, specialized niche and restricted distribyttonfined to the rocky outcrops of
the Hawkesbury sandstone belt of central eastew $ith Wales in eastern

Australia, suggest differences betwéatigmaand the rest.
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Monophyly of the scrubwrerericornisis affirmed in our best-estimate tree
(Fig. 1) as argued elsewhere (Christidis et aB8)9WhethelS. citreogularis
(yellow-throated scrubwren) is sister to all congians poorly resolved (Fig. 3c)
although our best-fit tree (Fig. 1) indicates tthet conflicting results of Christidis et
al. (1988) and Joseph and Moritz (1993a) may bavred in favour of the latte6.
citreogularisaside, the two New Guinean specgeperspicillatugbuff-faced
scrubwren) an&. papuensifPapuan scrubwren) form a clade that is sistédre¢o
remaining five species group and all seven fornel:-resolved clade. We support
retention of three species in tlientalis complex. The Tasmanian ender8ic
humilis(Tasmanian scrubwren) is strongly supported asitter toS. keri(Atherton
scrubwren) a restricted range endemic of rainferasthe opposite end of eastern
Australia and not to the morphologically similadageographically closes. frontalis
(white-browed scrubwren), as previously suggestiigtidis et al., 1988; Schodde
and Mason, 1999, Joseph and Moritz, 1993a) andithst@nding hybridization
betweers. frontalisandS. keri(Joseph and Moritz 1993b). Accordingly, we find no
support for combining. humilisandS. frontalisat the species level, as suggested
from genetic distances by Christidis and Schod@81L The sister of thigontalis
complex isS. magnirostriglarge-billed scrubwren) and New Guingannouhusyi

(large scrubwren)ys shown by Christidis et al. (1988).

4.6 Relationships between the Australian and Neméaufauna

We find no support for separate New Guinean andrAlisn endemic

radiations within Acanthizidae. This is consistetith Driskell and Christidis’ (2004)

finding for the Meliphagidae. We show tHagricornisspecies from New Guinea do



733 not form a monophyletic group. A parsimonious restarction of the biogeography
734 would involve two separate range extensions witlfseguent loss of connectedness
735 to the parent population for the ancestofeficornis nouhuysand the ancestor &.
736 perspicillatus+ S. papuensidHowever, not all New Guinea species are included
737 our analysis.

738

739 Conclusions

740

741 Our first main aim was to resolve family-level tgaships in the

742 Meliphagoidea. We generated a robust phylogenyaitates for recognition of five
743 families not four as in the current classificatibasyornisis not sister to the

744  remaining Meliphagoidea, as was suggested by Otiakd Christidis (2004), nor is
745 it closely related t®ycnoptiluswithin Acanthizidae, but it is sister to Meliphdge +
746 Pardalotidae + Acanthizidae, aRdrdalotusis sister to Acanthizidae. The family
747 relationships can be represented as (Maluridaey(aghidae (Meliphagidae

748 (Pardalotidae, (Acanthizidae))))).

749 Our analysis confirms the two subfamilies of Madiae and placeSlytomias
750 sister toMalurus but the relationships amomglurus species need further work. We
751 have no information about relationships witBiasyornisbecause our sample did not
752 extend to all three species, and we obtained eqalvesults for relationships

753 amongst our three-species sampl@afdalotus Differences in gene trees resulting
754 from incomplete lineage sorting, or under-paraniedaéion of the model may have
755 caused this result but broader samples are ne@étedosition of Pardalotidae as

756 sister to Acanthizidae is, however, well supported.
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Within Meliphagidae our major finding is that thiassification proposed by
Driskell and Christidis (2004) is likely compromésby analytical errors. We offer an
alternative arrangement of genera in which theidel#3 is split and distributed
within their clade #4. Our sample was represergativthis family rather than
comprehensive, and further work is required. Alsacis the non-monophyly of
Lichenostomuswhich falls into three separate parts within lbmited sample of
species.

A second aim of our study was to provide a firstenolar phylogeny of the
Acanthizidae. Our conclusions here appear robust,strong bootstrap support and
posterior probability scores and we find no subistddisagreement across different
models or methods of tree inferen€eeoscopuss sister to all other acanthizid
genera, an&Gerygones sister to all remaining genera. A sister talationship
betweenAcanthornisandAphelocephalawhich we tested with closer scrutiny and
could not reject, must surely be one of the masiarkable cases of external
morphology misleading phylogenetic inference in Australo-Papuan avifauna. The
sister relationship emerges strongly despite trezy different habitats and feeding
modes. Egg patterning shows strong similaritiesiptesly ignored or interpreted as
shared ancestral traits, but which we suggestraeed derived traits. This has
consequences for the interpretation of egg morghcéd characters across the entire
family. More work is required. The sisterAganthornist+ Aphelocephalas
Acanthiza notSericornisas has been previously proposed.

Sericornisis sister to a clade comprisi@yigma+ Crateroscelis The
biogeographical implications of this are profourst@usedrigmais restricted to the

Hawkesbury sandstone belt of central coastal NewttS&/ales whereas
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Crateroscelisgs endemic to New Guine&gricornisoccurs widely in mostly mesic
Australia and New Guinea and one specidgeccarii spans both areas.

The sister to$ericornis(Origma+ Craterosceli¥) comprises the genus-pairs
Calamanthus/HylacolandPyrrholaemus/Chthonicoldn both cases the decision to
use either a single or two generic names is aritRycnoptilusbeing sister to
Pyrrholaemus/Chthonicold is thus also firmly within Acanthizidae and radose to
Dasyornithidae. This opens the way for further wainkthe morphological similarities
between those two taxa, which presumably arosebyeargence. Likewise, the
finding thatSmicrornisis not particularly closely related erygonesuggests that
the various similarities by which they were predlyugrouped together are either
convergent or shared ancestral traits.

Overall, our new phylogeny of the Meliphagoideavles a strong
foundation for subsequent study and reinterpretaifacharacter evolution and
biogeography in a large radiation of Australo-Pappasserines. The phylogenetic
coverage of this work clearly needs to be extendedclude additional taxa, and our
tree needs to be tested with further gene regi®eygond these obvious extensions, a
large number of morphological, behavioural, ecataband biogeographic traits, that
may have been misinterpreted due to incorrect gigyletic assumptions or never

examined for want of a robust phylogenetic hypathesan now be examined afresh.
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FIGURE LEGENDS

Figure 1. Best-estimate maximum-likelihood treerfrBAXML partitioned analysis.

Figure 2. Supported relationships at family legélbwing the placement of genera
DasyornisandPardalotus Scores are Bayesian posterior probability and /RIAX

bootstrap percent.

Figure 3. The Bayesian consensus tree showing si@ojp@lationships within a)
Maluridae; b) Meliphagidae; c) Acanthizidae. Scaes Bayesian posterior
probability score and RAXML bootstrap percent. Bfaas with both a posterior

probability <0.95 and a bootstrap score <70% haenlrollapsed.

Figure 4. Species tree estimates and clade criggimllues (x100) reported by
program MBBEST: a) result from a four-taxon anaysith Hyacolaas outgroup; b)

result from a 10-taxon analysis wiBtardalotusas outgroup.

Figure 5. Plumage and morphological (eg bill) digigces among related scrubwren,
scrubtit and whiteface species; a) lateral andebfnal views. From L to R (ANWC
accession numbersJericornis humilig45774),S. frontalis(20401),S. frontalis
(17637),Acanthornis magni45993),A. magnug38941) and\phelocephala

leucopsig12246).
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Table 1. GenBank accession numbers of sequenceéskmesequences generated in this study, ANWCHt(Alisn National Wildlife

Collection) accession numbers are given in brackets

Species 12S RAG-2 RAG-1 16S Cytb ND2 Betab Gd3ph CO1
Malurus melanocephalus AY443162 AY057001 43297 _M_m pas039 (29510)
Malurus leucopterus M_| 32001 33327
Malurus cyaneus M_c 42458 | M_c_42458 M_c 42458 AF197845 42458 M_c.cyaneug AF197846
Malurus splendens M_s 40517 | M_s 40517 M_s 40517 AY488403 AY488327 AY488484
Malurus lamberti M_| 32811 M_| 32811 M_| 32811 AY488402 AY488326 AY488483
Malurus amabilis AY037847 AY228088 AY064752
Malurus elegans M_e 29154 | M_e 29154 M_e 29154 31938 M el
Stipichurus malachurus S m 31755 S m 31755 31755_S.malchurus
Stipichurus mallee AY488258 AY488404 AY488328 AY488485

A_s_28865
Amytornis striatus A s 28865 revcomp AY488401 AY488325 AY488482
Clytomias insignis C_i_26949 26656
Pardalotus punctatus P p 32659 | P_p 32659 P p 32659 AY488397 AY488321 AY488478
Pardalotus striatus P s 29313 | P_s 29313 P s 29313 AF197847 AY488322 AY488479 AF197848
Dasyornis spp D b 40391 | D b 40391 D b 40391 AY488394 AY488318 AYA488475 Dbrachpas044 (34386
Pycnoptilus floccosus P_f 45256 P _f 45256 P_f 45256 pas064 pas064 (45256)
Origma solitaria O s 46238 | O s 46238 O s 46238 pas063 (46238)
Oreoscopus gutturalis O _g_31499 | O g 31499 O _g_31499 pas062 pas062 (31499)
Sericornis citreogularis S ¢ 33397 [ S c 33397 S c 33397 U22042 pas068 pas068 (33397)
Sericornis frontalis S_f RM1159] S_f RM1159 | S f RM115 | AF129171 AF197849 AY488323 AY488480 | AF129247 AF197850
Sericornis keri U22039 315670r31569
Sericornis magnirostris U22038 pas069 (29207) pas069 (29207)
Sericornis perspicillatus AY488254 AY488400 AY488324 AY488481 pas003 (31825)
Acanthornis magnus A m 45994 | A m 45994 | A m_45994 38926 A.magnusl pas053 (45994)




Pyrrholaemus brunneus P b 33280 | P_b 33280 P b 33280 pas066 pas065 (33833)
Chthonicola sagittata C_s JG116 | C_s JG116 C_s JG116 pas067 pas067
Calamanthus campestris C_c_49967 C_c_49967 pas055 pas055 (49967)
Hylacola pyrrhopygia C p 43301 | C p 43301 C_p 43301 pas057 pas057 (43301)
Hylacola cautus C_c_49625 pas056 (49625) pas056 (49625)
Acanthiza katherina AF129192 AF129231 28844 AF129254

Acanthiza pusilia A p DG244 | A p DG244 | A p DG244 | AF129199 AF129237 pas072 AF129255 pas072
Acanthiza apicalis AY488246 A _a_49264 AF129180 AY488392 AY488316 AY488473 | AF129251 pas048 (49264)
Acanthiza ewingii AF129184 AF129222 pas020 AF129253 pas020 (20555)
Acanthiza reguloides A r DEO34 | A r DE034 A r_DE034 AF129201 AF129239 42069 AF129258

Acanthiza inornata A i 31702 A i 31702 A i 31702 AF129187 AF129225 pas049 (31702) AF129257 pas049 (31702)
Acanthiza iredalei AF129189 AF129227 pas024 (48407) AF129256

Acanthiza chrysorrhoa A_c_29158 A _c_29258 A _c 29158 AF129182 AF197851 AY488317 AYA488474 | AF129252 AF197852
Acanthiza uropygialis A u 29266 | A u 29266 A u 29266 AF129207 AF129245 pas052 newND2dat: AF129259 pas052 (29266)
Acanthiza nana A n_29232 | A n_29232 A n_29232 AF129196 AF129234 pas051 (29232) AF129262 pas051 (29232)
Acanthiza lineata A1 46334 | A1 46334 | A | 46334 | AF129194 AF129232 pas050 (46334) AF129261 pas050 (46334)
Acanthiza robustirostris AF129205 AF129243 pas007 (40245) AF129260 pas007 (40245)
Acanthiza murina AF129198 AF129236

Smicrornis brevirostris S b 33814 | S b 33814 S b 33814 AF129175 AF129213 33019 S brevl AF129250 pas075 (33814)
Gerygone chrysogaster AY488250 AY488396 AY488320 AYA488477

Gerygone chloronotus AY488249 AY488395 AY488319 AY488476

Gerygone olivacea G_0 49262 | G o 49262 G_0 49262 AF129179 AF129217 pas061 (49262)
Gerygone fusca 2\_/2_042248 AF129177 AF129215 pas058 (49648) AF129249 pas058 (49648)
Gerygone mouki G_m 29205 | G_m_29205 | G_m_29205 | AF129178 AF129216 pas060 (29205) pas059 (29206)
Aphelocephala leucopsis A 129281 | A | 29281 A | 29281 AF129173 AF129211 pas054 (29281) AF129248 pas054 (29281)
Acanthagenys rufogularis AY488184 A r 49683 AY488330 DQ097571 AY488410 pas074 (49683)
Anthochaera chrysoptera AY488188 AY488334 AY488263 AY488414

Anthochaera carunculata AY488187 AY488333 AY488262 AY488413

Lichenostomus virescens

DQ097606




Lichenostomus pencillatus L_p_33100 L_p_33100 33100 Lich

Manorina melanophrys M_m_32043 | M_m_32043 | M_m_42735 AY488355 AY488282 AY488435

Manorina melanocephala M_m_34179 | M_m_34179 | M_m_34179 AF197859 AY064753 AF197860
Manorina flavigula AY488208 AY488354 AY488281 AY488434

Lichmera indistincta AY488207 AY488353 AY488280 AY488433

Phylidonyris novaehollandiae AY488231 AYA488377 AY488303 AY488458

Phylidonyris nigra AY488230 AY488376 AY488302 AY488457

Ramsayornis fasciatus AY488239 AY488385 AY488309 AY488466

Myzomela obscura AY488220 AY488366 AY488293 AYA488447

Meliphaga gracilis AY488215 AY353241 AY488288 DQ673243

Meliphaga lewinii DQ673225 DQ673245

Philemon citreogularis AY488225 AY488371 AY488298 AY488452

Cormobates leucophaeus C_|_29228 C_1_29228 C_|_29228

Ptilonorhynchus violaceus P v 32548 | P_v 32548 AY057026 X74256 AY064759 AF197833
Climacteris rufa AY037846 U58501 AY064746

Menura novaehollandiae AY542313 AY443171 AY057004 AY542313 AY542313 AY542313 AY542313
Philemon corniculatus AY488226 AY488372 AY488299 AY488453

Entomyzon cyanotis AY488197 AY488343 AYA488272 AYA488423

Anthochaera lunulata AY488189 AY488335 AY488264 AY488415

Acanthorhynchus superciliosus | AY488185 AY488331 pas037 AY488411

Acanthorhynchus tenuirostris AY488186 AY488332 AY488261 AY488412

Melithreptus lunatus AF197853 pas019 (43479) pas032 (41975)

Amytornis ballarae

pas002 (41737)

pas002 (41737)

Sericornis papuensis

pas004 (24425)

pas004 (24425)

Sericornis nouhuysi

pas005 (24396)

pas005 (24396)

Lichenostomus flavescens

AY488278

Aphelocephala nigricincta

pas009 (40088)

pas009 (40088)

Crateroscellis robusta

pas010 (24439)

Calamanthus fuliginosus

pas011 (38940)

pas012 (38186)

Amytornis barbatus

pas013 (40054)

pas013 (40054)
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Amytornis textilis

pas014 (40176)

Amytornis goyderi

pas015 (40080)

Amytornis housei

pas016 (24307)

pas016 (24307)

Amytornis purnelli

pas018 (42889)

pas017 (40220)

Lichenostomus ornatus

49652

pas022 (46738)

Amytornis merrotsyi

pas023 (28202)

Lichenostomus leucotis

pas26 (42440)

pas026 (42440)

Gerygone magnirostris

pas036 (32144)

pas036 (32144)

Malurus coronatus

ANUPC9

pas077

Gerygone levigaster

pas035 (29007)

Gerygone palpebrosa

pas041 (29756)

Pardalotus rubricatus

pas042 (33106)

Lichenostomus flavus 51481
Lichenostomus melanops 46323
Lichenostomus unicolor 50847
Malurus pulcherrimus 28233
Meliphaga notata 31299
Xanthomyza phrygia 42003
Sericornis humilis 38908




