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Introduction

Gelang, M. Cibois, A., Pasquet, E., Olsson, U., Alstrém, P. & Ericson, P. G. P. (2009). Phylogeny
of babblers (Aves, Passeriformes): major lineages, family limits and classification. — Zoologica
Scripta, 38, 225-236.

Babblers, family Timaliidae, have long been subject to debate on systematic position, family
limits and internal taxonomy. In this study, we use five molecular regions to estimate the
relationships among a large proportion of genera traditionally placed in Timaliidae. We
find good support for five main clades within this radiation, and propose a new classification,
dividing the babblers into the families Sylviidae and Timaliidae. Within the latter family,
four subfamilies are recognized: Zosteropinae, Timaliinae, Pellorneinae and Leiothrichinae.
Several taxa, previously not studied with molecular data, are phylogenetically placed within
Sylviidae or Timaliidae. This is, however, not the case for the genus Proepyga, for which we
propose the family name Pnoepygidae fam. n.
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in Timaliidae, within the superfamily Timalioidea. Based on

The babblers, which are generally placed in the family
Timaliidae (e.g. Cibois 2003a; Alstrom et 4. 2006), include
about 400 species in more than 60 genera distributed through-
out the Australian, Pacific, Eurasian and African regions, with
one representative in the New World, the Wrentit Chamaea
fasciata occurring in North America (Collar & Robson
2007). Morphologically, Timaliidae is defined by its members
having unspotted juvenile plumage, usually a single annual moult,
scutellated tarsus, presence of rictal bristles, and double humeral
fossa. Moreover, the species are generally gregarious, non-
migratory and lack seasonal plumages variation. (Sibley &
Ahlquist 1990 and references therein). Traditionally, babblers
were placed in the ‘Old World insectivorous’ group, Mus-
cicapidae sensu Hartert (1910), Mayr & Amadon (1951) and
Deignan (1964), although Beecher (1953) placed most babblers

DNA-DNA hybridization, Sibley & Ahlquist (1990) divided
the babblers into the subfamilies Garrulacinae and Sylviinae,
and placed them together with warblers (Megalurinae and
Acrocephalinae) in the family Sylviidae, as part of the super-
family Sylvioidea. They further divided Sylviinae into three
tribes, Timaliini, Chamaeini and Sylviini. They excluded the
Australian babblers (i.e. Garritornis and Pomatostomus) from the
typical babblers. Cibois ez 4/. (1999, 2001) excluded a number
of genera from Timaliidae, such as the Malagasy babblers
(e.g. Neomixis, Oxylabes, Crossleyia and Mystacornis) and the
monotypic genus Erpornis (formerly Yubina zantboleuca).
Cibois (2003a) also excluded Pteruthius and Kakamega, while
including Zosterops and Sylvia. Several other authors have con-
firmed the close relationships of Sylvia and Zosterops to the
babblers (Barker ez /. 2002, 2004; Ericson & Johansson 2003;
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Beresford et al. 2005; Alstrom ez al. 2006). Sibley & Ahlquist
(1990) proposed Zosteropidae to be sister to babblers and Sy/via.

Until now, Cibois (2003a) has made the only study com-
prising a broadly represented Timaliidae. According to her
phylogeny based on mitochondrial DNA sequence data, six
main clades within Timaliidae are recognized. However, the
relationships among these clades are generally with poor
support. Her results show one clade comprising Sylvia,
Pseudoalcippe, Paradoxornis, Chamaea, Chrysomma, and two
representatives of the genus Alcippe. This clade is sister to
the remaining Timaliidae. Within the main timaliid clade,
a clade comprising representatives of the genera Yuhina and
Zosterops 1s sister to the other taxa. A third clade containing
Alcippe poioicephala and A. morrisonia is the sister to two clades,
one containing tree- and scimitar babblers (e.g. Pormatorhinus,
Stachyris, Macronous and Timalia), and one containing jungle-
and wren babblers (e.g. Napothera, Malacopteron, Pellorneum
and Illadopsis). The sister clade to these three clades comprises
the song babblers (e.g. Leiothrix, Minla, Actinoura and
Heterophasia), laughingthrushes (i.e. Garrulax and Babax) and
the genus Cutia.

A handful of recent studies concerning Timaliidae system-
atics have been made based on mitochondrial sequence data.
Cibois et al. (2002) suggested the genera Yuhina and Stachyris
to be paraphyletic with Zosterops and the Philippine Stachyris
nested within Yuhina (Cibois ez al. 2002; Cibois 2003a). This
was later reconfirmed by Zhang et a/. (2007). The genus Alcippe
was revealed by Pasquet et 4l. (2006) to be polyphyletic, and
separated into four different clades within Timaliidae, and a
taxonomic rearrangement was proposed. Despite the number
of recent studies concerning Timaliidae, the major lineages
are still vaguely defined phylogenetically and their relation-
ships remain to solve.

Delacour (e.g. 1946, 1950) did extensive work on the
taxonomy of Timaliidae, much of which has been confirmed
by recent molecular phylogenies. Recently, Collar (2006)
proposed a partly revised taxonomy of several Oriental genera
and species of Timaliidae.

The inclusion of Sylvia in the babbler radiation exemplifies
a taxonomic problem, as Syfvia is the type genus for Sylviidae
Leach, 1820 and well-established for warblers, whereas
Timaliidae Vigors & Horsfield 1827 is well-established for
babblers, as remarked by Cibois (2003a, 2003b).

We here present a broadly sampled phylogeny of Timalii-
dae based on DNA sequence data from one mitochondrial
and four nuclear loci. Our main aims are to identify the major
lineages of the babblers and to better resolve their inter-
relationships, based on mitochondrial and nuclear regions.
Further, several taxa previously not studied with molecular
data are included in this study to add more to the knowledge
about the limits and internal relationships of babblers. We
also propose changes to the classification.

Materials and methods

Study group and laboratory procedures

DNA was obtained from tissue, blood or footpads from 59
species in 46 genera representing Timaliidae, 11 non-timaliid
genera representing all except one of the other Sylvioidea
families or main clades recognized by Alstrém ez al. (2006)
and Johansson ez al. (2008), and three representatives of
non-sylvioid groups used as outgroups (Table 1). We follow
the taxonomy of Dickinson (2003), except for the genera
Alcippe for which we follow Pasquet ez al. (2006), and Rimator
and Napothera for which we follow Collar (2006).

The laboratory procedures of extraction, amplification and
sequencing of three nuclear introns, glyceraldehyde-3-pho-
phodehydrogenase intron 11 (GAPDH), myoglobin intron 2
(myoglobin) and ornithine decarboxylase introns 6-7 (ODC),
the nuclear protein-coding recombination-activating gene
(RAG-1) and the mitochondrial protein-coding gene NADH
dehydrogenase II (ND2), followed standard protocols
(QiaGene). However, for the material from old study skins
we followed Irestedt et 2l (2006), mainly using hot start
touchdown PCR, with three phases of four, four, and finally 32
cycles, with annealing temperatures for each primer combi-
nation as shown in electronic supplementary material. For
amplification and sequencing of old skins, primers were
designed mainly following Irestedtet 4/. (2006), using on-line
tools such as Cybergene and Genewalker (available from
<www.cybergene.se>), after a by-eye design based on
alignments of closely related species. Sequences from four
of the taxa without specimen voucher (Graminicola, Rbopophilus,
Spelaeornis and Pnoepyga) were checked by complementary
sequences from study skins, to confirm the identifications.
This was also the case for the name-bearing taxa for subfamily
names without specimen voucher (Leiothrix, Pellorneum and
Zosterops). No unexpected start or stop codons that could
indicate the presence of nuclear copies were found in the
ND2 sequences.

Phylogenetic analyses

The sequences were aligned using MegAlign 4.00, DNASTAR
package (DNA STAR, Inc.) by the Clustal V algorithm
(Higgins et al. 1992) with complementary manual adjust-
ments. We estimated the phylogeny by Bayesian inference
(BI) using MRrBAYES 3.1.1 (Huelsenbeck & Ronquist 2001).
To determine evolutionary models implemented in the BI
analyses we used MrModeltest2.2 (Nylander 2005) in con-
junction with paup 4.0b10 (Swofford 2001) with the Akaike
Information Criterion (Akaike 1973) applied. For GAPDH,
the HKY model (Hasegawa ez 2/. 1985) with a gamma-shaped
distribution of rates across sites (') was proposed, for
myoglobin the GTR model (Lanave et a/. 1984; Tavaré 1986;
Rodr’guez et al. 1990) + T was proposed. For ND2, ODC and
RAG-1 the GTR model + I" with a proportion of invariable
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Table 1 List of samples used in this study, and GenBank accession numbers of DNA sequences. Samples marked with a are specimen-
vouchered samples, b and c are digitally vouchered by photo and sound recording, respectively.

Taxon Mus. No. Locality GAPDH Myo ND2 obC RAG-1
Ingroup

Actinodura souliei griseinucha MNHN 7-13 Vietnam FJ357853 FI357924 DQ861971" FJ358022 FJ358088
Alcippe poioicephala alearis MNHN 6-74 Umphang, Thailand FJ357854 FI357925 DQ861943' FJ358023 FJ358089
Babax lanceolatus® MNHN 16-6G Yunnan, China FJ357855 FJ357926 DQ861979' FJ358024 FJ358090
Chamaea fasciata® MNHN 8-12 California, USA FJ357856 FJ357927 DQ861975' FJ358025 FJ358091
Chrysomma sinense sinense MNHN 16-3B Yunnan, China FJ357857 FJ357928 FJ357986 FJ358026 FJ358092
Cutia nipalensis MNHN 7-21 Vietnam FJ357858 FJ357929 DQ861972' FJ358027 FJ358093
Dumetia hyperythra albogularis A. Helbig coll. Mysore, India FJ357859 FJ357930 FJ357987 FJ358028 FJ358094
Fulvetta vinipectus bieti® MNHN 18-26 NW Yunnan, China FJ357860 FJ357931 DQ861951" FJ358029 FJ358095
Gampsorhynchus rufulus MNHN 4-71 Thailand FJ357861 FJ357932 DQ861938' FJ358030 FJ358096
Garrulax erythrocephalus MNHN 7-20 Vietnam FJ357862 FJ357933 DQ861987' FJ358031 FJ358097
Garrulax leucolophus MNHN 4-6E Thailand FJ357863 F1357934 DQ861939' FJ358032 FJ358098
Garrulax sannio MNHN 16-5) Yunnan, China FI357864 FJ357935 DQ861980' FJ358033 FJ358099
Graminicola b. bengalensis NRM 20046789 Nepal FJ357865 DQ0085322 FJ357988 FJ358034 FJ358100
Heleia crassirostris® NRM 20086719 Flores, Indonesia FJ357866 FJ357936 FJ357989 FJ358035 FJ358101
Heterophasia melanoleuca MNHN 7-26 Vietnam FJ357867 FJ357937 DQ861974' FJ358036 FJ358102
Illadopsis cleaveri batesi® MNHN 2-38 Cameroon FJ357868 FJ357938 DQ861970" FJ358037 FJ358103
Jabouilleia danjoui® NRM 20047078 Vietnam FJ357869 FJ357939 FJ357990 FJ358038 FJ358104
Kenopia striata® MNHN 8-95 Sabah, Malaysia FI357870 FJ357940 DQ861985' FJ358039 FJ358105
Kupeornis gilberti® NRM 569566 Cameroon FI357871 FJ357941 FJ357991 FJ358040 FJ358106
Leiothrix argentauris MNHN 8-18 Captive bird FJ357872 FI357942 DQ861945' FJ358041 FJ358107
Liocichla steerii® MNHN 8-98 Taiwan FI357873 FJ357943 DQ861986' FJ358042 FJ358108
Lioparus chrysotis forresti NRM 20046751 Vietnam FI357874 FJ357944 DQ861978' FJ358043 FJ358109
Lophozosterops javanicus frontalis® NRM 20086720 W Java, Indonesia FJ357875 FI357945 FJ357992 FJ358044 FJ358110
Lophozosterops s. superciliaris® NRM 20086721 Flores, Indonesia FJ357876 FJ357946 FJ357993 FJ358045 FJ358111
Macronous gularis® NRM 20046770 Vietnam FI357877 FJ357947 DQ861941' FJ358046 FJ358112
Malacocinchla abbotti MNHN 4-5I Thailand FJ357878 FJ357948 DQ861942" FJ358047 FJ358113
Minla cyanouroptera sordida NRM 20046756 Vietnam FI357879 FJ357949 FJ357994 FJ358048 FI358114
Minla ignotincta MNHN 8-14 Captive bird FJ357880 FJ357950 FJ357995 FJ358049 FJ358115
Myzornis pyrrhoura® NRM 19838 Sikkim, India FJ357881 FI357951 FJ357996 FJ358050 FJ358116
Napothera epilepidota MNHN 8-82 Vietnam FJ357882 FJ357952 DQ861983' FJ358051 FJ358117
Paradoxornis gularis transfluvialis® NRM 20046761 Vietnam FJ357883 FJ357953 FJ357997 FJ358052 FJ358118
Paradoxornis nipalensis MNHN 14-22 Yunnan, China F1357884 FJ357954 DQ861981" FJ358053 FJ358119
Paradoxornis verreauxi craddocki NRM 20046746 Vietnam FJ357885 FJ357955 FJ357998 FJ358054 FJ358120
Parophasma galinieri® NRM 19783 Addis—Abeba, Ethiopia FI357886 FJ357956 FJ357999 FJ358055 FJ358121
Pellorneum ruficeps MNHN 4-6F Thailand F1357887 FJ357957 DQ861988' FJ358056 F1358122
Phyllanthus atripennis bohndorffi® NRM 19787 Beni, Congo FJ357888 FJ357958 FJ358000 FJ358057 FJ358123
Pnoepyga albiventer albiventer™ NRM 20086723 Sichuan, China FJ357889 FJ357959 FJ358001 FJ358058 FI358124
Pnoepyga pusilla pusilla® NRM 20086724 Yunnan, China FJ357890 FJ357960 FJ358002 FJ358059 FJ358125
Pomatorhinus ochraceiceps® MNHN 8-47 Laos FJ357891 FJ357961 FJ358003 FJ358060 FJ358126
Pomatorhinus schisticeps MNHN 6-73 Thailand FJ357892 FJ357962 DQ861944' FJ358061 FJ358127
Ptyrticus turdinus turdinus® NRM 18933 Yambio, Sudan FJ357893 FJ357963 FJ358004 FJ358062 FJ358128
Rhopaphilus pekinensis NRM 20046792 Xinjiang, China FJ357894 DQ0085382 FJ358005 FJ358063 FJ358129
albosuperciliaris®

Rimator pasquieri® NRM 569992 Tonkin, Vietnam FJ357895 FJ357964 FJ358006 FJ358064 FJ358130
Schoeniparus rufogularis® NRM 20046763 Vietnam FJ357896 FJ357965 DQ861955' FJ358065 FJ358131
Speirops lugubris lugubris® NRM 847677 S&o Thomé island FJ357897 FJ357966 FJ358007 FJ358066 FJ358132
Spelaeornis chocolatinus MNHN 14-12 Yunnan, China FJ357898 FJ357967 DQ861982" FJ358067 FJ358133
Stachyris chrysaea MNHN 8-79 Vietnam FJ357899 FJ357968 FJ358008 FJ358068 FJ358134
Stachyris nigriceps MNHN 4-6H Thailand FJ357900 FJ357969 FJ358009 FJ358069 FJ358135
Stachyris striolata NRM 20026625 Vietnam FJ357901 FJ357970 FJ358010 FJ358070 FJ358136
Stachyris whiteheadi ZMUC 118874 Luzon, The Philippines FJ357902 FI357971 FJ358011 FJ358071 FJ358137
Sylvia atricapilla NRM 976380 Blekinge, Sweden EF441232° AY8877272 DQ125994* EF441254° AY228038°
Timalia piletata dictator’ NRM 569652 Vietnam FJ357903 FI357972 — FJ358072 FJ358138
Turdinus macrodactylah NRM 20086722 Bali (market), Indonesia FJ357904 FJ357973 FJ358012 FJ358073 FJ358139
Turdoides jardineii® MNHN 8-28 Botswana FJ357905 FI357974 — FJ358074 FJ358140
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Table 1 Continued.

Taxon Mus. No. Locality GAPDH Myo ND2 0oDC RAG-1
Xiphirhynchus s. superciliaris® NRM 569663 Tonkin, Vietnam FJ357906 FI357975 FJ358013 FJ358075 FJ358141
Yuhina diademata® MNHN 18-28 Yunnan, China FJ357907 FI357976 FJ358014 FJ358076 FJ358142
Yuhina flavicollis rouxP NRM 20046752 Vietnam FJ357908 FI357977 FJ358015 FJ358077 FJ358143
Yuhina gularis gularis MNHN 7-24 Vietnam FJ357909 FJ357978 DQ861973' FJ358078 FJ358144
Zosterops japonica simplex® MNHN 16-6F Yunnan, China FJ357910 FJ357979 DQ861968' FJ358079 FJ358145
Outgroup

Acrocephalus dumetorum NRM 569279 Punjab, India FJ357911 AY8876822 FJ358016 EF625338° FJ358146
Aegithalos caudatus caudatus NRM 976089 Uppland, Sweden F1357912 AY2282813 AY136588'° EU680703" AY2280013
Alauda arvensis arvensis NRM 966614 Sérmland, Sweden FJ357913 AY2282843 DQ125975* EF625336° AY056978°
Corvus coroné® MNHN 21-16 France FJ357914 FJ357980 FJ358017 FJ358080 AY056989°
Donacobius atricapilla atricapilla NRM 966966 Paraguay FI357915 DQ0085332 FJ358018 EU680723° FI358147
Hirundo rustica NRM 973268 Sweden EF4412187 AY064258° AY052463° EF441240’ AY443290"
Lanius collaris MNHN 2-26 Cameroon FJ357916 FJ357981 FJ358019 FJ358081 FJ358148
Megalurus palustris toklao NRM 20046781 Punjab, India FJ357917 DQ008529? FJ358020 EU680741" AY319988'3
Muscicapa striata® MNHN 23-1A France FJ357918 FJ357982 DQ861967" FJ358082 FJ358149
Panurus biarmicus biarmicus NRM 20026034 Sweden FJ357919 FJ357983 FJ358021 FJ358083 FJ358150
Phylloscopus collybita abietinus NRM 20036964 Sweden FJ357920 DQ125966* DQ125988* FJ358084 AY319997'3
Prinia bairdii MNHN 2-45 Cameroon FJ357921 FI357984 DQ126000* FJ358085 FJ358151
Pycnonotus barbatus MNHN 2-21 Cameroon FI357922 FJ357985 DQ402232™ FJ358086 FJ358152
Thamnornis chloropetoides® FMNH 436448 Madagascar FJ357923 DQ1259714 DQ125995* FJ358087 AY320004"3

MNHN, Muséum National d'Histoire Naturelle, Paris; NRM, Swedish Museum of Natural History, Stockholm; ZMC, Zoological Museum of Copenhagen. A. Helbig coll., Personal
collection of Andreas Helbig; FMNH, Field Museum of Natural History, Chicago. GenBank accession numbers indicated with numbers are from following studies: 'Pasquet et al.
(2006); 2Alstrom et al. (2006); 3Ericson & Johansson (2003); *Fuchs et al. (2006);® Johansson et al. (2007); ®Barker et al. (2002); "Jansson et al. (2007); ®Ericson et al. (2002);
Wittingham et al. (2002); 'Sefc et al. (2003); " Johansson et al. (2008); '?Barker et al. (2004); *Barker et al. (unpublished); '*Moyle & Marks (2006).

sites (I) (Gu et al. 1995) were proposed. We estimated phylo-
genies for all regions in a combined analysis, as well as each
region independently. In the combined analysis, the concate-
nated sequences were partitioned based on the selected
substitution models, but the topology was constrained to be the
same. Each analysis was started from random trees with four
Metropolis-coupled MCMC chains run for five million
generations, sampled every 100 generation. The burn-in phase
(generally the first 200 000 generations, before the chains
had reached the target distributions) was discarded and the
posterior probabilities were calculated for the remaining
generations. In addition to the BI analysis of the combined
data set, we also estimated the phylogeny with Maximum
Likelihood (ML) by using TreeFinder [version of January
2008] (Jobb 1997-2008). The ML analysis was performed
using the GTR (optimum, empirical) model with the data set
analysed as one partition, with default settings and 1000
bootstrap replicates for a 50% consensus tree. All trees were
edited using MrEnt 2.0. (Zuccon & Zuccon 2005-2008).

Results

We obtained a data set of 5925 characters divided in 452 base
pairs (bp) of GAPDH, 812 bp of myoglobin, 1023 bp of ND2,
766 bp of ODC and 2872 bp of RAG-1. For Timalia pileata and
Turdoides jardinei, we were not able to obtain any ND2 sequences,
and only partial sequences were obtained from the study skins.

According to the combined BI analysis we find good sup-
port for a monophyletic babbler radiation (clade A, Fig. 1)
containing all ingroup taxa included in this study except the
genus Proepyga. The ML analysis is congruent with the BI
analysis, with no topological conflicts (Fig. 1). The babbler
clade is sister to a clade containing the genera Aegithalos and
Phylloscopus, with high posterior probability (100%), but
unresolved in the ML. Clade A is divided into five subclades
(B, D-G), all well-supported (except for moderate ML
support for clade A, moderate ML support for the sister
relationships of clades F and G, and low ML support for
clade B). Clade B, comprising Sylvia, Myzornis, Chrysomma,
Rhopophilus, Paradoxornis, Chamaea, etc., is sister to the remain-
ing babblers. The genus Paradoxornis is paraphyletic, as
P. gularis is sister to C. fasciata, albeit with no ML support.
Two former members of the genus Alcippe belong to this clade
(Lioparus chrysotis and Fulvetta vinipectus sensu Pasquet et al.
20006). The genera Sylvia and Parophasma group together and
form a trichotomy with Myzornis and the rest of the clade.
Clade D, containing Yubina, Stachyris whitebeadi and Zoster-
opidae sensu Sibley & Ahlquist (1990), is sister to the three
remaining clades. In this clade the genera Lophozosterops and
Yuhina prove to be paraphyletic, and Stachyris whitebeadi groups
with Zosteropidae. Of the three remaining clades, the tree-
and scimitar babbler clade (E) is sister to the two remaining
clades (F and G). This clade also includes the genus
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Fig. 1 The 50% majority rule consensus tree obtained from the Bayesian analysis of the combined data, with posterior probabilities above and ML
bootstrap values below. The letters A—H. refers to comments in the text. Proposed family and subfamily names are shown with vertical lines.
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Spelaeornis, but from our data we are not able to find its exact
position in this clade. The genus Stachyris is non-monophyletic.
The genus Alcippe sensu Pasquet et al. (2006), and jungle- and
wren babblers (except the genera Spelueornis and Pnoepyga)
form a clade (F). A former member of Alcippe also belongs to
this clade (Schoeniparus rufogularis sensu Pasquet et al. 2006),
as do the genera Graminicola and Gampsorbynchus. Ptyrticus
and adopsis group together, as do Fabouilleia and Rimator,
the two latter as sisters to Napothera epilepidota. The laughing-
thrush, ground- and song babbler clade (G) is poorly
resolved, but with one well-supported clade consisting of
song babblers. One clade consists of ground babblers
(Turdoides) and the two genera Kupeornis and Phyllanthus,
which group together with good support. The genus Garrulax
is paraphyletic.

From our analysis we are not able to find the exact affinity
of the genus Pnoepyga (clade H), but it is outside the babbler
radiation (clade A) and well within Sylvioidea with high
posterior probability. However, the ML analysis is generally
unresolved in this part of the Sylvioidea tree.

With some exceptions, the separate gene trees show
generally congruent topologies with respect to well-supported
clades (Fig. 2). Large parts of the GAPDH tree are un-
resolved, but there is no conflict in topology with the combined
tree. The myoglobin tree is congruent with the combined
analyses in placing the clade containing Paradoxornis, Sylvia,
etc. (clade B in Fig. 1) as sister to the remaining Timaliidae.
The ND2 tree is congruent with the combined tree in
placing the clade containing Yuhina, Stachyris whiteheadi
and Zosteropidae as sister to the three ‘crown Timaliidae’
clades (E-G in Fig. 1). In neither the ODC tree nor the
RAG-1 tree are the relationships of the internal clades of
Timaliidae supported. In the ND2 tree Myzornis falls outside
Timaliidae, while Aegithalos is sister to Sylvia and Parophasma,
and Alcippe poioicephala groups together with Cutia. In the
ODC tree Myzornis groups together with the tree- and
scimitar babbler clade (clade E in Fig. 1).

Discussion

Our results from both BI and ML of the combined data set
support the monophyly of the babblers (clade A), with the
exclusion of the genus Proepyga. The genera previously pro-
posed to be moved from other families to Timaliidae, namely
Zosterops and Sylvia (Cibois 2003a; Beresford ez 2l 2005;
Alstrom et al. 2006) and Graminicola and Rbopophilus (Alstrom
et al. 2006), are all members of the babbler radiation in our
analysis. These results are congruent with the circumscription
of Timaliidae according to Cibois (2003a), Alstrom ez 1. (2006)
and Johansson et 4/. (2008). Overall, the relationships among
the five main clades within Timaliidae are fully resolved and
well-supported. In a few cases, the support differs between
the BI and ML analyses. The ML gives moderate support for

clade B as sister to clade C, as well as the sister relationship
between clades F and G. The sister relationships of clades D
and E-G, and E and F-G are reasonably well-supported by
the ML. The BI infers high (100%) posterior probabilities
for all these clades. Importantly, the topologies are congruent
between the two analyses. The single-locus trees (Fig. 2) are
generally congruent in recovering five main clades (except for
GAPDH), but the support is generally low. With two excep-
tions, no incongruence with good support was found between
the single-locus trees. In the ODC tree, Myzornis is sister to
the tree- and scimitar babbler clade with good support, while
itis inferred to be outside Timaliidae in the ND2 tree (albeit
with weak support). Further, ND2 inferred Aegithalos as sister
to Sylvia and Parophasma. Compared to the results of Cibois
(2003a), the major lineages are congruent between the studies
(Alcippe exceptional). However, the topology based on mito-
chondrial data obtained no, or low support, while we obtained
generally strong support with combined mitochondrial and
nuclear sequence data.

The genus Proepyga is consistently found outside of
Timaliidae, although we are not able to infer its exact
position. This genus is aberrant compared to the babblers
in several aspects, such as having non-social behaviours,
and morphologically by extremely short tail, and two colour
morphs are present for the members of this genus (Collar &
Robson 2007).

The members of clade B (Fig. 1) have an African and
Eurasian distribution, but are more or less absent from tropical
South-east Asia (Dickinson 2003; Collar & Robson 2007).
The species typically inhabit drier habitats, such as bushes,
grass, bamboo thickets or macchia. Chamaea fasciata is excep-
tional in occurring in dense vegetation of various habitats in
North America (Collar & Robson 2007). After years of debate
about the systematic affinity of Chamaea (Hellmar 1903;
Ridgway 1904; Delacour 1946; Mayr 1946; Mayr & Amadon
1951; Mayr & Greenway 1956; Wetmore 1960; Deignan
1964; Mayr & Short 1970; Wolters 1975-82; Voous 1977)
several authors have proposed its position in this clade based
on molecular data (Sibley 1970; Sibley & Ahlquist 1982,
1990; Cibois 2003a). According to the BI analyses, Chamaea
is nested within the genus Paradoxornis with good support,
but more research is required to infer its position. The sys-
tematic position of the aberrant, nectar-adapted, monotypic
genus Myzornis has long puzzled ornithologists, and has not
been analysed with molecular data until now. Sharpe (1883,
1903), Oates (1889-90) and Baker (1922) placed it in Liotri-
chinae, where it was associated with Chloropsis and Aegithina
by Baker (1922). It was placed as incertae sedis in Timaliinae by
Deignan (1964), and both Delacour (1946) and Rand (1967)
placed it close to Leiothrix. We find good support for its
position in clade B, but we are not able to infer its sister taxon.
Nectarivorous feeding behaviour is found in three clades
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within the babbler radiation (clade B, Myzornis; clade D,
Yubina and Zosterops; clade G, Heterophasia (Rand 1967;
Collar & Robson 2007)). We find Parophasma as sister to
Sylvia, according to our taxon sampling. Until now, Paropbasma
has not been studied with molecular data, and no certain
affinity has been proposed for this taxon, but relationships to
Lioptilus, Kupeornis or the Old World warblers has been
proposed (Collar & Robson 2007). Rhopophilus was placed in
Cisticolidae by Sibley & Monroe (1990), but this was not
based on molecular data. However, it was included in Timalii-
dae, in a clade with Sylvia and Paradoxornis, by Alstrom et al.
(2006) based on myoglobin and cytochrome 4 sequence data,
and that is corroborated here. The close affinity of Lioparus
chrysotis and Fulvetta vinipectus to other taxa in clade B has
previously been shown by Pasquet et a/. (2006).

Actinodura souliei
Minla cyanouroptera
100 Minla ignotincta

Clade D comprises yuhinas, Zosteropidae sensu Sibley &
Ahlquist (1990) and one representative of the Philippine
Stachyris babblers. This clade is distributed over much of the
Asian, Pacific, Australasian and African regions (Dickinson
2003). The members of this clade generally inhabit tropical
and subtropical forests and semiopen habitats. Unlike most
other babblers, members of both Zosterops and Yuhina are
adapted to nectar-feeding (cf. Myzornis) (Rand 1967). As
previously shown (Zhang ez 4l. 2007), and corroborated here,
the Philippine Stachyris babblers are sisters to Zosteropidae
sensu Sibley & Ahlquist (1990), and these are nested within
the paraphyletic Yubina. We confirm the inclusion of Zosterops
and additional members of Zosteropidae in the babbler
radiation. Until now, the genera Lophozosterops and Heleia
have not been analysed using molecular data, and based on
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our analyses they are closely related to Zosterops, Speirops and
the Philippine Stachyris babblers.

The tree- and scimitar babblers of clade E are confined to
South, East and South-east Asia, where they typically are
found in the undergrowth or close to the ground of tropical
or subtropical forests, forest edge and bamboo growth
(MacKinnon & Phillipps 1999; Robson 2000; Collar &
Robson 2007). The position of Spelaeornis in this clade, and the
paraphyly of Stachyris and Pomatorbinus are congruent with
the results of Cibois et 4. (2002) and Cibois (2003a). Until
now, no molecular data has been available for Duzmzetia, and in
our analyses we infer its sister relationship to Timalia. Much
of this clade corresponds to the tribe Timaliini by Delacour
(1946, 1950), except the genera Pomatorbinus and Xiphirbyn-
chus which were associated with wren babblers in the tribe
Pomatorhinini, and the non-timaliid genus Neomziwis.

Clade F is found in understorey close to, or on, the ground
in Africa, South & South-east Asia. Alstrom ez 4. (2006)
showed that Graminicola is a babbler and sister to Pellorneum
according to their taxon sampling, while our results suggest
that it is sister to Turdinus macrodactyla. A denser taxon
sampling is needed to infer its exact position. Graminicola is
aberrantin relation to the remaining taxa of clade E by inhabit-
ing wet grasslands and reeds (Grimmet ez a/. 1998; Collar &
Robson 2007). Wren babblers (including Proepyga and
Spelaeornis) were treated as members of Pomatorhinini by
Delacour (1946, 1950).

Clade G is distributed over large parts of Africa and South,
Eastand South-east Asia. The members of this clade typically
inhabit forested habitats except the Tinrdoides ground babblers,
which generally inhabit dry areas with scattered bushes
(Collar & Robson 2007). The systematic affinities of Kupeornis
and Phyllanthus as sister to Turdoides, in our analyses, show
that these genera either are Turdoides taxa adapted to an
arboreal life, or arboreal sisters to the exceptional Turdoides.
A detailed study of clade G with dense taxon sampling will
clarify this question. No previous study has employed molecular
data to elucidate the relationships of these genera, and their
systematic affinity has been proposed close to Lioptilus, or to
Turdoides (Collar & Robson 2007). Phyllantbhus was included
in Turdoidini by Delacour (1946, 1950).

Taxonomic implications

Oates (1889-1890) used Crateropodidae Swainson 1832, and
Liotrichidae Swainson 1832 for babblers, while Baker (1922)
fused the two and used Timaliidae Vigors & Horsfield 1827
after Crateropus was synonymized with Turdoides Cretzschmar
1827. Sibley & Monroe (1990) used Sylviidae for babblers
and warblers combined, and placed babblers in Garrulacinae
and Sylviinae (tribes Timaliini and Chamaeini). However,
the genus Sylvia was shown to be part of the babblers, and
Sylviidae Leach, 1820 therefore became paraphyletic (Cibois
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2003a; Beresford ez al. 2005; Alstrom ez al. 2006). Zosteropidae
Bonaparte 1853 does not have priority over Sylviidae Leach,
1820 or Timaliidae Vigors & Horsfield 1827. Since the name
Timaliidae is well-established for babblers, while Sylviidae is
as well-established for warblers, Cibois (2003b) suggested the
possibility of suppressing Sylviidae if these taxa are united in
the same family, because most of the species in this clade are
babblers and not warblers. Such action would lead to less
confusion than if Timaliidae was synonymized with Sylvii-
dae. However, formal suppression of Sylviidae can only be
authorized by the International Commission on Zoological
Nomenclature (ICZN), and because Sylviidae is valid, we
find it appropriate to divide the babbler radiation (clade A)
into two families, Sylviidae and Timaliidae. Several names
potentially referring to clade B have been proposed (e.g.
Sylviidae Leach 1820; Paradoxornithidae Horsfield & Moore
1854; Chamaeidae Baird 1858). Delacour (1946) used Chamaeini
Baird 1858 for most of the members except Sy/viz, while Sibley
& Monroe (1990) included parrotbills in Timaliini Vigors &
Horsfield 1827, and Syfvia in Sylviini Leach 1821. We pro-
pose Sylviidae Leach, 1820 based on Sylvia, to refer to clade
B by priority. We propose Timaliidae Vigors & Horsfield
1827, based on Timalia, to refer to clade C, by priority.
Within Timaliidae, we propose Zosteropinae Bonaparte
1853, based on Zosterops, to refer to clade D by priority over
Yuhininae Wolters 1980 (1863) which replaced Ixulinae
Jerdon 1863 after Ixulus was synonymized with Yubina. We
propose the members of clade E to be referred to as Timaliinae
Vigors & Horsfield 1827. Several other names have been
proposed later (Bock 1994 and references therein). Most of
the members of clade F were included in Pellorneinae Delacour
(1946). Cacopittinae Bonaparte (1854); based on Cacopitta
Bonaparte (1850) is synonymized with Napothera Temminck
1828, (Cacopitta is used by Wolters 1975-82), but not
Cacopittinae Bonaparte 1854). However, the Cacopittinae
Bonaparte 1854 is not replaced and still available. We
propose Pellorneinae Delacour (1946) to refer to clade F,
based on Pellorneum, and not Cacopitta as this name is not in
use. Regarding clade G, Crateropus was synonymized with
Turdoides and Turdoidinae Richmond 1917 replaced Cratero-
podinae Swainson 1832. Turdoidinae Richmond 1917 (1832)
and Leiothrichinae Swainson 1832 have the same priority,
according to article 40.2 in the Code ICZN, 1999). Therefore,
the choice of name should be determined by the principle of
firstreviser (article 24.2 in the ICZN code). Cabanis (1850-1851)
used both Liotrichinae and Crateropodinae, and included
these in Liotrichidae, while no earlier classification has included
both genera in one of the two potential family group names
(i.e. Gray 1842; Bonaparte 1850). Later authors have not
merged the two genera in one family group (e.g. Sharpe
1883, 1903; Oates 1889-90; Baker 1922; Deignan 1964) until
Delacour (1946) included both Leiothrix and Turdoides in
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Turdoidini. Sibley & Ahlquist (1990) and Sibley & Monroe
(1990) used Garrulacinae Bonaparte (1850) for laughing-
thrushes and liocichlas, but did not include Turdoides or
Leiothrix in their study. We refer to clade G as Leiothrichinae,
based on Leiothrix, by the principle of first reviser.

According to our results, the genus Proepyga falls well
outside the babbler radiation. In our analysis, a long branch
leads to Pnoepyga, and we find no reasons to believe it is
nested within or closely related to any other family within
Sylvioidea. However, resolution of the relationships between
the families within Sylvioidea is beyond the scope of this
paper. Compared to most members of the families of Sylvioi-
dea, Pnoepyga shows a unique combination of morphological
characters. The rounded and ‘cup-shaped’ wings and near
absence of tail restrict the birds to an almost flightless behavi-
our. They typically inhabit dense undergrowth in mountain
forest. Further, most taxa show an irregular pattern of the
ventral feathers, with variable amounts of black and white
centres to the contour feathers. Compared to most babblers,
Pnoepyga is non-social, mostly living solitary or in pairs
(Collar & Robson 2007). Based on the morphological,
behavioural and phylogenetic uniqueness of these birds, we
propose a new family name to refer to clade H:

Pnoepygidae fam. n.

Type genus. Pnoepyga Hodgson 1844.

Diagnosis. Separated from other families within Sylvioidea
by the combination of short, rounded and ‘cup-shaped’ wings;
very short or virtually absent tail; strong and long legs, with
booted tarsus; cryptically patterned plumage with more or
less irregular colour pattern of ventral feathers; and two
colour morphs. Juveniles generally more uniformly coloured
than adults. The members of this family inhabit dense under-
growth, and live in pairs or solitary. Typically, the birds hop
among leaf litter on the ground or exceptionally climb or hop
in low bushes, logs and branches. Song is constant within
individuals and populations. Genetically, members of this
family (included in this study) have synapomorphic deletions
of 16 base pairs between positions 79-80 in GAPDH, two
base pairs between positions 146-147 in ODC and two base
pairs between positions 487-488 in ODC.
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Supporting Information

Additional supporting information may be found in the
online version of this article.

Table S1. Primers used in this study, with annealing tem-
peratures for amplification. Samples marked with asterisk are
only used for old study skins, and with asterisk inside paren-
thesis used mainly for old study skins. Previously published
primers can be found in: 1: Irestedtez a/. (2002); 2: Slade et 4.
(1993); 3: Heslewood et al. (1998); 4: Irestedt ez al. (2006); 5:
Jonsson et al. 2008; 6: Zuccon (2005); 7: Allen & Omland
(2003); 8: Barker et al. (2002); 9: Groth & Barrowclough
(1999); 10: Irestedt ez a/. (2001). The primers G3P13b is only
used for amplification, and G3PintL1 only for sequencing.

Please note: Wiley-Blackwell are not responsible for the content
or functionality of any supporting materials supplied by the
authors. Any queries (other than missing material) should be
directed to the corresponding author for the article.
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