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Abstract

Patterns of avian diversification in southern Asia are poorly understood due to the limited number of phylogenetic and biogeographic
studies of endemic groups, mainly due to the dearth of recent tissue samples and a historical taxonomic bias underestimating avifaunal
diversity. A systematic analysis of the endemic genus Pteruthius, the shrike-babblers, was undertaken in order to identify basal diagnos-
able taxa, analyze their phylogenetic relationships, and uncover patterns of diversification within southern Asia. Traditionally considered
to be 5 species, a total of 19 distinct taxa of Pteruthius are diagnosable by fixed characters under the phylogenetic species concept—
almost a four-fold increase in recognized diversity. Molecular phylogenetic analyses (85% of samples were from museum specimens)
recovered a robust phylogeny that was largely congruent using parsimony, likelihood, and bayesian. Initial divergences in each major
clade occurred in the early to mid-Pliocene, while the remaining majority of diversification events occurred in the Pleistocene. Within
Pteruthius, timings of species divergences across similar geographic regions correspond to both single and multiple Earth history events,
illustrating the complexities of continental diversification. A novel biogeographic pattern of species in peripheral areas (Java, W Hima-
layas, S Vietnam, Assam/Burma) diverging first from those in the core-mainland areas (E Himalayas, Yunnan, N Thailand, Indochina,
Malay Peninsula) was uncovered.
� 2008 Elsevier Inc. All rights reserved.
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1. Introduction

The avifauna of southern Asia, one of the richest in the
world, is characterized by high species richness and ende-
mism (Newton and Dale, 2001). This diversity is concen-
trated in the montane areas, with more than 700 endemic
species in the Himalayas and adjacent highland areas
(Martens, 1981). Many of the groups endemic to southern
Asia occur in congruent montane areas throughout the

region and are distinct from those in the lowlands (Blan-
ford, 1901; Delacour, 1974; Wells, 1976). Nevertheless,
there are very few recent studies of the phylogenetic or bio-
geographic patterns of endemic groups in this region. Sev-
eral factors impede such research, including few taxonomic
revisions that adequately reflect distinct taxa, limited tissue
samples, and few species range maps. Addressing these lim-
itations, which have been attributed to a historical and geo-
political bias in systematics research (Isaac et al., 2004;
Harris and Froufe, 2005), are imperative in order to study
the biodiversity of this region.

The shrike-babblers, genus Pteruthius, are a small group
of passerine birds endemic to southern Asia. These birds
have received little attention until recently. Molecular phy-
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logenetic studies show that this group does not belong in
the Timaliidae, as traditionally classified, but instead with
the New World Vireonidae (Cibois, 2003; Reddy and Cra-
craft, 2007). A detailed investigation of the species limits
and phylogenetic relationships of the shrike-babblers is
now of interest in order to elucidate patterns of diversifica-
tion within southern Asia.

Species diversity within many passerine groups is
obscured because many diagnosably distinct taxonomic
units have been ranked as subspecies and then lumped
into larger polytypic species (Cracraft, 1983; Cracraft,
1997). Similarly, Pteruthius includes five species-com-
plexes with 23 recognized subspecies (Deignan, 1964;
Dickinson, 2003), many of which were taxa initially
described as separate species. Species concepts are an
important consideration in biogeography because they
define the primary units and influence the spatial resolu-
tion of an analysis (Cracraft, 1989). For this reason,
delimiting distinct evolutionary lineages with diagnosable
characters, as outlined by the phylogenetic species con-
cept, will better represent species diversity and detect
the finest-scale patterns to resolve biogeographic patterns
(Cracraft, 1983; Zink and McKitrick, 1995). Phylogenetic
species of shrike-babblers are distributed in congruent,
overlapping patterns throughout montane southern
Asia—the Himalayas, and the mountainous areas of
southern China, southeast Asia, and the Greater Sunda
Islands. These factors make the phylogenetic and distri-
butional patterns within this group potentially informa-
tive for biogeographic studies.

The southern Asian landmass has had a complex history
that has influenced the diversification of taxa, including
processes such as tectonic movements, mountain building,
climate change, and evolving river systems. Since India col-
lided with Eurasia 50–45 million years ago (Ma), a series of
tectonic and orogenic activities unfolded in the region
(Molnar and Tapponier, 1975; Lee and Lawver, 1995; Hall
and Holloway, 1998). These included the uplift of the
Himalayas (major periods are postulated to be 45, 15, 8,
and 2 Ma), the Indo-Burman range (15 Ma), and the uplift
of various highlands throughout southern Asia (Molnar
and Tapponier, 1975; Cervenny et al., 1988; Rangin
et al., 1995; Ollier and Pain, 2000). Climatic fluctuations
during the Plio-Pleistocene and earlier periods also facili-
tated the dispersion (or range expansion) and isolation of
taxa. Fluctuations in temperature lowered and raised
cooler montane zones, while changes in sea levels con-
nected and isolated islands on the Sunda Shelf (Morley
and Flenley, 1987; Heaney, 1991; Voris, 2000; Inger and
Voris, 2001). Finally, rivers, which are potential barriers
for birds, have changed courses through time due to tec-
tonic and climatic changes (Brookfield, 1998; Lacassin
et al., 1998; Schoenbohm et al., 2004). All these geological
changes are potential vicariance events contributing to the
separation and differentiation of populations.

Based on prior studies, there are some hypotheses of
diversification within southern Asia and currently only a

few phylogenies of endemic birds that can be used to test
them. One hypothesis states that patterns of speciation
within Sundaland will reflect past connections of the
islands based on bathymetric and geographic distances
(Ruedi and Fumagalli, 1996; Inger and Voris, 2001). This
would indicate a pattern such that the Malay Peninsula is
closest to the mainland than the islands, then increasingly
more distantly related to the Malay Peninsula are Suma-
tra, Borneo, and Java (Ruedi and Fumagalli, 1996; Inger
and Voris, 2001). The phylogenies of two avian genera
that occur in the Sunda Islands, Lophura and Polyplectron

(Phasianidae), indicate that speciation within these groups
has occurred in a more complex pattern than that implied
by this hypothesis, and evidence points to the cyclical
connection and isolation of these islands, to each other
and the mainland, as having caused multiple dispersion
and vicariant events (Kimball et al., 2001; Randi et al.,
2001).

Some historical biogeographic analyses of this region
recover a pattern of two separate clades: one of the main-
land areas (India to Indochina) and another composed of
the Malay Peninsula and insular southeast Asian areas
(Cracraft, 1986; Ridder-Numan, 1996; Turner et al.,
2001), implying that diversification within these two large
regions occurred, to some degree, independently. In con-
trast, other analyses find that mainland areas do not form
a clade but rather are arranged in near-pectinate fashion
and are basal to a clade of southeast Asian islands (i.e.,
Sundaland) and Australasian areas (Schuh and Stonedahl,
1986; Turner et al., 2001). This pattern suggests that some
taxa originated and diversified on continental Asia and
later colonized the Sunda Islands. Area relationships
within the mainland are more complex, however. This is
largely due to the fact that the continental areas in these
studies are poorly defined (Schuh and Stonedahl, 1986).
More detailed analyses of distributional patterns to delimit
areas of endemism are necessary in order to decipher rela-
tionships of the continental areas.

This study is designed to answer two main questions:
(1) what are the diagnosable taxonomic units of Pteruth-

ius and how are they related? and (2) what are the pat-
terns of diversification within southern Asia that can be
uncovered using the phylogeny, distribution, and diver-
gence times of Pteruthius? To answer the first question,
a fixed character analysis of external and molecular char-
acters was used to distinguish basal units or species
under the phylogenetic species concept (Davis and
Nixon, 1992; Goldstein and DeSalle, 2000). Phylogenetic
relationships of all distinct taxa were assessed using cyto-
chrome b sequences from available tissue and museum
specimen samples. Locality records of museum specimens
were used to derive species distributions and assess their
occurrence in areas of endemism (as delineated in Red-
dy, 2005). Since there are no fossils of this group or
any close relatives available, two different oft-cited cali-
brations for passerines were used to assess relative diver-
gence dates.
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2. Methods

2.1. Specimens examined

All available skin specimens of Pteruthius were exam-
ined from 10 museums (see Table 1 for total number of
specimens studied): American Museum of Natural History
(New York, NY; AMNH), Bombay Natural History Soci-
ety (Mumbai, India; BNHS), Field Museum of Natural
History (Chicago, IL; FMNH), Muséum National d’His-
toire Naturelle (Paris, France; MNHN), Museum für
Naturkunde Berlin (Berlin, Germany; ZMB), National
Museum of Natural History (Washington, DC; NMNH),
Nationaal Natuurhistorisch Museum (Leiden, Nether-
lands; RMNH), Natural History Museum (Tring, UK;
BMNH), Raffles Museum for Biodiversity Research (Sin-
gapore; ZRC-RMBR), and the Zoologisch Museum
Amsterdam (Netherlands; ZMA). Specimens were exam-
ined for fixed external plumage and morphological charac-
ters that could be used to diagnose distinct taxa, and
locality data were recorded for species distributions. Mor-
phological characters were used for species diagnoses and
were not included in the phylogenetic analysis. In addition
to data from examined specimens, locality information was
also obtained from the specimen databases of the Univer-
sity of Michigan Museum of Zoology (Ann Arbor, MI;
UMMZ) and Yale Peabody Museum (New Haven, CT;
YPM). Locality data were mapped to assess species distri-
bution (see Appendix A) and occurrence in areas of ende-
mism, as delineated in Reddy (2005).

The Phylogenetic Species Concept (PSC) was used to
diagnose basal evolutionary units or taxa. The PSC states
that a species is the smallest cluster of individuals diagnos-
able by a unique suite of characters or character states
within which there is a parental pattern of ancestry and
descent (Cracraft, 1983; Nixon and Wheeler, 1990). Plum-
age features and fixed nucleotide substitutions of these
units were examined for diagnosable features to test the
hypothesis that these are distinct taxa.

2.2. DNA sequencing

There are very few available frozen tissue samples of
Pteruthius in scientific collections throughout the world.
The remaining samples for this study came from museum
specimens, using toepads, feathers, and body skin as
sources of DNA (Houde and Braun, 1988; Leeton et al.,
1993; Mundy et al., 1997). A total of 48 samples, including
seven tissue and 41 museum skin samples, were used for
DNA extraction, amplification, and sequencing (Table 1).
At least two specimens per taxon were used in the sequence
analysis in order to ensure data quality and repeatability.
Two exceptions—P. xanthochlorus hybrida and P. aenobar-

bus aenobarbulus—were only sampled once because they
are poorly represented in collections, with the latter known
only from the holotype. Whenever possible, individuals
were sampled from different points throughout the extent

of the species’ range. All laboratory work was performed
at the Monell Molecular Laboratory and Cullman
Research Facility at the American Museum of Natural
History.

DNA was extracted from tissue and skin samples using
the recommended protocol for the Qiagen DNeasy Tissue
Kit (Qiagen, Valencia, CA). Slight modifications for the
skin samples included adding dithiothreitol solution
(10 ll of 1 M) to the initial lysis step (Cooper, 1994) and
reducing the elution volume to 50–100 ll instead of the rec-
ommended 200 ll. The complete cytochrome b gene (1143
base pairs) of mitochondrial DNA (mtDNA) was amplified
for all samples. The comparatively high number of
mtDNA copies in cells makes it appropriate for ancient
DNA analyses and cytochrome b has been shown to be
informative for species-level phylogenies (Moore and DeF-
ilippis, 1997).

Standard PCR procedures were followed to amplify
genomic DNA. Published primers designed for a wide
array of birds were used to amplify the target genes for
the tissue samples (Helm-Bychowski and Cracraft, 1993;
Lee et al., 1997). In order to amplify and sequence DNA
reliably from historical specimens, a strategy that involves
targeting smaller pieces (�250–350 base pairs) with large
amounts of overlap (�50 base pairs) was followed. For
these fragments, specific primers were designed for this
study using the sequences from tissue samples as references
(Table 2).

For both tissues and skins, 40 ll reactions were assem-
bled as follows: 0.2 ll (1 U) Hotstar Taq (Qiagen, Valencia,
CA), 4 ll 10� buffer with 15 lM MgCl2, 4 ll of 2 mM
dNTPs, 4 ll of each primer, 23.5 ll H20, and 2 ll template
DNA. PCR conditions were: an initial step of 95�C for
15 min, 40 cycles of 95�C for 30 s then 55–50�C for 30 s
then 72�C for 30 s, and a final extension step of 72�C for
7 min. PCR products were examined by gel electrophoresis
using 2% Nusieve GTG Low-Melt Agarose (Cambrex,
Rockland, ME) with ethidium bromide. DNA bands from
successful amplifications were punched out and melted
with 200 ll H20 at 75 �C for 15 min. These samples were
then used as templates in re-amplification reactions with
similar conditions as described above in order to have suf-
ficient copies of DNA for sequencing.

PCR products were purified with the Qiagen BioRo-
bot 9600 PCR clean-up kit (Valencia, CA). Cleaned
products were used in cycle sequencing reactions using
the dRhodamine Dye Terminator Chemistry (Applied
Biosystems; Foster City, CA). Sequencing reactions were
cleaned by ethanol precipitation and run on either the
ABI 377 automated sequencer or the ABI 3100 capillary
sequencer (Applied Biosystems; Foster City, CA). Gener-
ated sequences were edited using Sequencer 4.1.4 (Gene
Codes, Ann Arbor, MI). To ensure data quality,
sequences were read in both directions with up to four
strands in areas of overlap. Cytochrome b is a protein-
coding gene so the alignment was straightforward and
performed by eye.
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2.3. Phylogenetic analysis

Using the results of a previous study (Reddy and
Cracraft, 2007) as a guide for selecting close relatives,

five species of Vireonidae were chosen as outgroups
for this analysis and their cytochrome b sequences were
downloaded from Genbank: Vireo cassinii (AF081990),
Cyclarhis gujanensis (AY030107), Hylophilus ochraceiceps

Table 1
For each taxon, the total number of skin specimens examined, and information for samples used in DNA analysis, including accession numbers, Genbank
numbers, and locality information

Speciesa Number of museum
specimens examined

Specimens in DNA analysisb GenBank No. Locality

P. aenobarbulus 1 (DNA only) UMMZ 147837 (s) EF453307 25.46�N 90.5�E Garo Hills, India
P. aenobarbus 24 AMNH 591786 (s) EF453309 7.15�S 107.73�E Rakutak, Java, Indonesia

ZMB 30393 (s) EF453308 7.33�S 107.73�E Papandajan, Java, Indonesia
P. intermedius 33 AMNH 306967 (s) EF453313 26.02�N 98.62�E Hpimaw, Burma

AMNH 291093 (s) EF453312 22.35�N 103.87�E Chapa, Vietnam
(indochinensis) 6 BMNH 1927.6.5.1062 (s) EF453310 11.58�N 108.07�E Djiring, Vietnam

BMNH 1930.7.16.362 (s) EF453311 22.25�N 103.83�E Fansipan, Vietnam
(yaoshanensis) 2 ZMB 29331 (s) EF453315 24.00�N 110.10�E Yao Shan, Guangxi, China

ZMB 29330 (s) EF453314 24.00�N 110.10�E Yao Shan, Guangxi, China

P. aeralatus 105 BMNH 2000.5.34 (s) EF453316 12.17�N 103.02�E Mt Khmaoch, Cambodia
BMNH 2000.5.54 (s) EF453317 12.17�N 103.02�E Mt Khmaoch, Cambodia

P. annamensis 33 AMNH 591735 (s) EF453318 11.58�N 108.07�E Djiring, Vietnam
AMNH 591738 (s) EF453319 12.08�N 108.50�E Lang Bian Peaks, Vietnam

P. cameranoi 45 BMNH 1920.6.29.504 (s) EF453320 1.92�S 101.30�E Korinchi Peak, Sumatra, Indonesia
BMNH 1920.6.29.505 (s) EF453321 1.92�S 101.30�E Korinchi Peak, Sumatra, Indonesia

P. flaviscapis 71 AMNH 591808 (s) EF453323 7.15�S 107.73�E Rakutak, Java, Indonesia
AMNH 265889 (s) EF453322 6.90�S 108.40�E Tjiremaj, Java, Indonesia

P. ricketti 78 AMNH 291107 (s) EF453325 22.35�N 103.82�E Loquiho, Vietnam
AMNH 291104 (s) EF453324 20.42�N 105.15�E Lung Lunh, Vietnam

(yunnanensis) 61 AMNH 591722 (s) EF453333 25.75�N 98.67�E Shweli-Salween divide, Yunnan, China
AMNH 306954 (s) EF453332 26.13�N 98.50�E Gang fang, Burma

P. robinsoni 18 ANSP 1305 (t) EF453326 4.87�N 115.63�E Gr. Lumaku, Borneo, Malaysia
ANSP 1315 (t) EF453327 4.87�N 115.63�E Gr. Lumaku, Borneo, Malaysia

P. schauenseei 19 BMNH 1936.4.12.1232 (s) EF453328 8.92�N 98.75�E Kao Nong, Bandon, Thailand
BMNH 1955.1.5827 (s) EF453329 11.65�N 99.58�E Khao Luang, Thailand

P. validirostris 208 AMNH 306104 (s) EF453353 21.23�N 93.92�E Mt. Victoria, Burma
AMNH 463372 (s) EF453330 25.58�N 91.63�E Bara Pani, Khasia Hills, India

P. ripleyi 72 AMNH 297212 (s) EF453354 29.38�N 79.45�E Naini Tal, India
AMNH 801194 (s) EF453352 28.68�N 80.60�E Dhangarhi, Nepal
AMNH 778725 (s) EF453331 30.47�N 78.10�E Landour, U.P., India

P. melanotis 113 AMNH DOT 10930 (t) EF453335 22.77�N 104.82�E Tai Con Linh Mt., Vietnam
AMNH DOT 2615 (t) EF453336 22.77�N 104.82�E Tai Con Linh Mt., Vietnam
AMNH 306963 (s) EF453349 26.18�N 98.5�E Nyetmaw Pass, Burma
AMNH 306966 (s) EF453350 25.72�N 97.82�E Hpare Pass, Burma
AMNH 591778 (s) EF453337 4.63�N 102.23�E Gunong Tahan, Malaysia
AMNH 591781 (s) EF453334 3.73�N 101.65�E Semanghu Pass, Malaysia

P. rufiventer 60 AMNH 306976 (s) EF453351 26.02�N 98.62�E Hpimaw, Burma
AMNH DOT 5597 (t) EF453341 27.98�N 85.18�E Betrawati, Nepal

(delacouri) 15 AMNH 291117 (s) EF453340 22.25�N 103.83�E Fan-si-pan, Vietnam
AMNH 291121 (s) EF453339 22.35�N 103.82�E Loquiho, Vietnam
MNHN 7-09 (t) EF453338 22.35�N 103.87�E Sa Pa, Vietnam

P. hybridus 9 AMNH 306103 (s) EF453343 21.23�N 93.92�E Mt. Victoria, Burma
P. pallidus 39 AMNH 306968 (s) EF453345 26.20�N 98.80�E Chimili, Burma

AMNH 423870 (s) EF453346 31.47�N 103.58�E Wenchuan, Sichuan, China
P. xanthochlorus 59 AMNH 591791 (s) EF453347 27.75�N 88.50�E Sikkim, India

AMNH DOT 5586 (t) EF453342 27.98�N 85.18�E Betrawati, Nepal
P. occidentalis 41 AMNH 304523 (s) EF453348 32.88�N 72.52�E Kulu, Punjab, India

AMNH 801195 (s) EF453344 29.53�N 81.08�E Bajhang, Nepal

a Original non-distinct subspecies designations are listed in parentheses.
b Letters next to accession numbers refer to either frozen tissue (t) or skin (s) sources for the DNA. Museum abbreviations are as follows: AMNH,

American Museum of Natural History; ANSP, Academy of Natural Sciences of Philadelphia; BMNH, British Museum (Natural History) or The Natural
History Museum (Tring, UK); MNHN, Muséum National d’Histoire Naturelle; UMMZ, University of Michigan Museum of Zoology; ZMB, Zoological
Museum Berlin.
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(AY030110), Vireolanius leucotis (AF081959), and Erpor-

nis zantholeuca (AF376882). The complete dataset
included 48 individuals of Pteruthius (Table 1) and the
five outgroup taxa. A heuristic search of 1000 ran-
dom-addition sequences and TBR branch swapping
was conducted to find the most parsimonious tree(s)
using PAUP* 4.0b10 (Swofford, 1998). Support for rela-
tionships was assessed by bootstrapping (BS) and jack-
knifing (JK; 50% replacement) for 1000 pseudo-
replicates each, and calculating decay indices (DI; Bre-
mer, 1994). Additionally, analyses using maximum like-
lihood (ML) and Bayesian inference (BI) were
compared to the results of maximum parsimony (MP).
For ML, Modeltest v3.06 (Posada and Crandall, 1998)
was first conducted in order to choose the most appro-
priate model that fits the data. The model and parame-
ters selected by both the Likelihood Ratio Test and the
Akaike Information Criterion were identical for this
dataset. This model, TVM + I + G, and parameters
(bases frequencies: f[A] = 0.3285, f[C] = 0.3640, f[G] =
0.1062, f[T] = 0.2013; 6 substitution categories: [A–
C] = 5.0245, [A–G] = 44.2433, [A–T] = 5.4575, [C–G] =
0.8257, [C–T] = 44.2433, [G–T] = 1.000; gamma distrib-
uted shape parameter = 1.4995; proportion of invariant
sites = 0.5892) was used to conduct maximum likelihood
heuristic searches of ten random-addition replicates with
TBR branch-swapping and 100 bootstrap replicates in
PAUP*. MrBayes 3.1.1 (Ronquist and Huelsenbeck,
2003) was used for the Bayesian analysis. The dataset
was partitioned by codon position and separate model
was used for each partition. Two runs of four separate
heated chains were analyzed for 5,000,000 generations
with every 100th sampled. The likelihoods of saved trees
were visually examined to assess if stationarity was
reached. The first 1000 saved trees, a conservative num-
ber, were discarded as the burn-in and a consensus of
the remaining trees was computed.

2.4. Divergence times

Two different approaches to assigning dates were
explored. In the first, under the assumption of rate con-
stancy or molecular clock, an oft-cited rate of 1.6%/Myr
calculated for passerines (Fleischer et al., 1998) was used
to estimate divergence times. In the second, estimates from
a recent study (Reddy and Cracraft, 2007) of passerines
(using a biogeographic calibration of the age of the rifting
of New Zealand and Antarctica for the basal split within
passerines) were used to constrain the ages of two root
nodes within the Vireonidae. Since molecular dating is con-
troversial, these two different approaches offer a better idea
of the range of possible dates for the divergences within
Pteruthius. According to Barker et al. (2004), rate estimates
from these two methods should yield similar results.

For the first approach, the assumption of clock-like
evolution was tested using the likelihood ratio test in
PAUP*. For the entire dataset, which includes all Pteruth-

ius as well as the five outgroup vireonid taxa, the assump-
tion of a molecular clock was rejected. However, using a
dataset of just the Pteruthius taxa (n = 48), this assump-
tion cannot be rejected. Modeltest and PAUP* were used
to calculate the best ML model for just the Pteruthius

taxa. Divergence ages were calculated by multiplying
clock-enforced ML branch lengths by the rate of 0.8%/
Myr per lineage.

For the second method, rate-smoothing techniques were
employed prior to divergence time estimates. Non-para-
metric rate smoothing (NPRS; Sanderson, 1997), as imple-
mented in the program r8s v.1.70 (Sanderson, 2004) was
used. r8s calculates divergence rates of phylogenetic trees
that deviate from the assumption of the molecular clock
by imposing a penalty function in order to smooth changes
along rate-heterogeneous branches. The best of five itera-
tions from different starting points was selected. Confi-
dence intervals for divergence estimates were calculated
by first creating 100 bootstrapped pseudo-replicates of
the dataset and, for each replicate, calculating the branch
lengths on the same topology using PAUP* and then esti-
mating divergence times using r8s. The distributions of
nodal ages were used to derive the standard errors.

The ML tree was used to calculate divergence rates in
r8s. As suggested in the r8s manual (Sanderson, 2004), an
additional ML analysis with a more distant outgroup—
Corvus macrorhynchos (Genbank Accession No.
AB092444)—was conducted in order to root the tree with
proper branch lengths. Prior to the divergence rate esti-
mations, Corvus was first pruned in r8s and calculations
were made on the remaining tree. Only one representative
(the most basal) of each Pteruthius species was used for
this analysis. Estimates of the divergence of Pteruthius

from the remaining Vireonidae (29.5 ± 2.5 Ma) and the
split of Erpornis from the New World vireos
(23.8 ± 2.8 Ma), as calculated in Reddy and Cracraft
(2007), were constrained and the ages of all other clade
divergence were calculated in r8s.

Table 2
Novel primers specifically designed for this study

Primer 50–30

Lsb-125 ATAGGACCAGAAGGACTAGC
Lsb-37 TCATTCGCCCTATCAATC
Lsb82 CTTCCTACCCCATCAAACAT
Lsb233 TGCCGAGACGTACAATTCGGATG
Lsb428 GAGGACAAATATCATTCTGAGG
Lsb674 CCCATTCCACCCATACTA
Lsb677 CATTCCACCCATACTACTC
Lsb764 CCAAACTCCCTAGGAGAYCCAGA
Lsb956 CCAAACTACGCTCAATAACATTYCG

Hsb155 TCTGCTGTGTAATGCATGGCT
Hsb360 GTTGCTATTAGGGCTAGTAG
Hsb494 TTGTCTACTGAGAATCCTCCTCA
Hsb757 GCGGGCGTGAAATTTTCTGGGTC

L and H refer to light and heavy strands of DNA and numbers correspond
roughly to their relative position within the cytochrome b gene.
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3. Results

3.1. Species limits

Using fixed character states, 19 diagnosably distinct taxa
or phylogenetic species were found in Pteruthius. A revi-
sion of this genus along with species diagnoses is in Appen-
dix A. Of the 23 recognized subspecies, 14 were
diagnosably distinct. Eight subspecies did not have any
diagnostic characters and were therefore lumped with other
taxa. Finally, one described subspecies was found to be
composed of two distinct species.

Shrike-babblers fall into three morphologically distinct
groups that can be separated on the basis of overall body
size and plumage coloration. Within this genus, Pteruthius

rufiventer and the flaviscapis species-complex are larger
birds with dark upper bodies and contrasting lighter under-
sides. The other three species complexes, xanthochlorus,
aenobarbus, and melanotis, are composed of birds that
are significantly smaller in body size (roughly half the size
of P. rufiventer) and tend to be more monochromatic
throughout the body with some distinct color patches. In
these three species-groups, the females generally differ by
being duller in plumage than the males.

Pteruthius rufiventer, the Black-headed Shrike-Babbler,
is the largest bird of this genus (in fact, it was at one time
placed in its own genus, Hilarocichla (Oates, 1889), because
of this single characteristic). Variation between the two
described subspecies, P. r. rufiventer and P. r. delacouri,
appears to be clinal and their alleged disjunct distribution
(Mayr, 1941) is ambiguous and might also be due to inad-

equate sampling. These two taxa are not distinct in mor-
phology or DNA and therefore are considered a single
phylogenetic species—P. rufiventer. Males have black
heads, wings, and tails, chestnut colored backs, gray
throats, and rufous bellies. Females have similar colora-
tions on the underside, but have gray heads and greenish-
yellow backs and wings.

Birds of flaviscapis complex, the White-browed Shrike-
Babblers, consistently have white superciliary stripes and
chestnut-tipped secondary wing feathers. Males have black
heads, wings, and tails, whereas females have gray heads
and greenish-yellow backs, wings, and tails. There are 10
recognized subspecies within the flaviscapis species complex
(Deignan, 1964; Dickinson, 2003), which comprise nine
diagnosable phylogenetic species (see Table 3). Six of the
recognized subspecies are diagnosably distinct as tradition-
ally delineated: P. annamensis, P. aeralatus, P. schauenseei,
P. cameranoi, P. flaviscapis, and P. robinsoni. Three subspe-
cies (P. f. ricketti, P. f. yunnanensis, and P. f. lingshuiensis)
were indistinguishable and merged into one species, P. rick-

etti. Finally, two described subspecies that lumped into one
subspecies—P. f. validirostris—in a previous treatment
(Deignan, 1964) actually have numerous fixed character
differences to distinguish them, and they are, moreover,
unrelated to one another (see phylogenetic analysis). P. f.

validirostris is therefore split into two phylogenetic species:
P. ripleyi in the western Himalayas, and P. validirostris in
the eastern Himalayas.

The birds of the xanthochlorus species-complex, the
Green Shrike-Babblers, have grayish heads with greenish-
yellow backs, wings, and tails. They are much drabber than

Table 3
Fixed character differences between the diagnosable basal taxa of the flaviscapis species-complex

Underside Tertials Ear-coverts Back Other # Fixed
CYTB sites

P. ripleyi # White Orange-chestnut with black tips Black Gray Primary edges brown 13
$ White Chestnut Dark gray Brown-gray

P. validirostris # White/buff Dark chestnut with black tips Black Gray Primary edges blue-gray 11
$ White/buff Chestnut Dark gray Brown-gray

P. ricketti # Dark gray Chestnut, Orange-yellow
with black tips

Gray to black Darker gray White throat line 3

$ Dark gray Chestnut Light gray Brown-gray

P. annamensis # White No black tips Black Gray No white throat line 29
$ White Chestnut Gray Brown-gray

P. aeralatus # Pale gray Chestnut, yellow with black tips Black Gray White throat line 5
$ Pale gray Chestnut Gray Brown-gray

P. schauenseei # Pale gray Chestnut, yellow with black tips Black Gray Wings shorter than
P. aeralatus

4
$ Pale gray No chestnut Light gray Drab

P. cameranoi # Gray Chestnut, yellow with black tips Black Gray 1
$ Gray No chestnut Light gray Drab

P. flaviscapis # White/buff Little chestnut, bright yellow
with black tips

Black Black 24

$ White/buff No chestnut Drab Drab

P. robinsoni # Light gray Chestnut then orange-yellow
with back tips

Black Gray Strong pinkish wash
in flanks of belly

1

$ Deep buff Chestnut Drab Drab
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birds in the other species-complexes and have contrasting
head and back coloration similar to the flaviscapis spe-
cies-complex and P. rufiventer. The four recognized subspe-
cies within this species complex have diagnosable
morphological and genetic characteristics and were revised
to four distinct species: P. occidentalis, P. xanthochlorus, P.
hybrida, and P. pallidus.

Finally, the Chestnut-fronted and Black-eared Shrike-
Babblers, the aenobarbus and the melanotis species-com-
plexes, respectively, are bright yellowish birds with green-
ish-yellow backs, black wings, white on black eye-rings,
silver superciliary stripes, and varying levels of chestnut
coloration on their throats. The main morphological differ-
ence between these species-complexes is that the melanotis
group has broad black and silver bands that stretch from
the back of the neck to the ears, whereas this body-region
is not distinguished and is yellowish in color similar to rest
of the body in the aenobarbus group. The melanotis group
is traditionally comprised of two subspecies, which have
numerous fixed plumage and DNA difference to distinguish
them and are hereby revised to two species: P. melanotis

and P. tahanensis. The aenobarbus group includes five
described subspecies that are revised to three distinct spe-
cies. P. a. aenobarbus and P. a. aenobarbulus, which are
diagnosable distinct as currently delineated, are now
referred to P. aenobarbus and P. aenobarbulus. The remain-
ing three subspecies, P. a. intermedius, P. a. yaoshanensis,
and P. a. indochinensis, are indistinguishable in terms of
plumage and DNA and are therefore considered a single
species—P. intermedius.

3.2. Phylogenetic analyses

Average uncorrected sequence divergence of cyto-
chrome b within species was 0.3% (range: 0–0.7%), between
distinct species within a species-complex was 2.8% (range:
0.3–4.9%), between species-complexes was 12.4% (range:
8.3–14.0%), and between ingroup and outgroup taxa was
14.7% (range: 9.3–17.1%).

A MP analysis recovered 173 shortest trees of 967 steps
each. The strict consensus of these trees shows remarkable
resolution within Pteruthius, with most nodes being well
supported (Fig. 1). Similarly, the ML analysis, which
resulted in one tree with a log likelihood value of
6201.16, and Bayesian results were largely congruent with
each other and MP (Fig. 2). In all analyses, there is highly
supported agreement for the monophyly of Pteruthius and
each of the morphological discrete species-complexes.
There are three major clades within Pteruthius: one that
unites the flaviscapis species-complex and P. rufiventer,
another that unites the aenobarbus and the melanotis spe-
cies-complexes, and a clade composed of the xanthochlorus

species-complex. Most species are also reciprocally mono-
phyletic in the phylogenetic analysis.

There are very few disagreements between analyses,
mainly the placement of the xanthochlorus clade and the
relationships of the basal members of the flaviscapis group.

Xanthochlorus is the most basal clade within Pteruthius in
the MP (Fig. 1; 85% BS; 84% JK; 5 DI) and BI (<50%
PP) analyses. In the ML results, the xanthochlorus-group
is sister to the clade of aenobarbus and melanotis (51%
BS; Fig. 2). The ML topology regarding this group is
unstable—various permutations of included outgroups
led to a basal placement of xanthochlorus. Moreover, a Shi-
modaira-Hasegawa (S-H) test (using RELL for 10,000 rep-
licates) shows that the likelihood scores of these two
different tolopologies are not significantly different.

The close relationship of the flaviscapis-group with P.

rufiventer is unsurprising given their plumage similarities.
This clade comprises the larger and darker colored birds
of the genus. Within the flaviscapis-group, the relationships
of the three most basal taxa are contentious. In the MP
analysis, P. flaviscapis (Java) is the most basal taxon and
P. ripleyi (W Himalayas) and P. annamensis (S Vietnam)
are sister taxa. This latter relationship is not well supported
and is biogeographically anomalous. In the ML analyses,
the Java taxon groups with the W Himalayas taxon while
the S Vietnam taxon is placed most basal (Fig. 2). Again,
there is very little support for this biogeographically incon-
gruous grouping. One explanation is that these three taxa
probably diverged from others in the species-complex
around the same time and group together due to saturation
in cytochrome b evolution.

The close grouping of the aenobarbus and melanotis

clades was expected due to their close plumage similarities.
In the aenobarbus-group, P. aenobarbus (Java) is most
basal, with P. aenobarbulus (E Himalayas) being sister to
P. intermedius (N Thailand, N & C & S Vietnam). Despite
diagnosable plumage differentiation, P. xanthochlorus (E
Himalayas) and P. occidentalis (W Himalayas) do not have
any fixed differences within cytochrome b to distinguish
them (see Appendix A) and therefore they are unresolved
in this gene tree. P. pallidus (Yunnan, Sichuan, SE China)
is sister to these Himalayan taxa and P. hybrida (Assam/
Burma) is the most basal taxon of this clade.

3.3. Divergence patterns

Species of Pteruthius occupy 17 areas of endemism
across southern Asia (Fig. 3). All species within species-
groups are allopatric, with several species widely separated
geographically, indicating that there is little chance of gene
flow. For example, P. aenobarbus in Java is geographically
very distant from the other two taxa in this complex that
occur in mainland southern Asia (Fig. A1). Similarly, P.

melanotis and P. tahanensis are separated by a wide area
(Fig. A1). Furthermore, other taxa are separated by major
geographic barriers such as breaks in mountain ranges
(e.g., P. ripleyi & P. validirostris and P. occidentalis & P.

xanthochlorus are both separated by a gap in the Himala-
yan range), rivers (e.g., P. validirostris, P. ricketti, P. aeral-

atus are divided by the Irrawaddy River in Burma), oceans
(e.g., P. robinsoni, P. flaviscapis, and P. aenobarbus are iso-
lated on Greater Sunda Islands), and isolated montane for-
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ests (e.g., P. annamensis in southern Vietnam; P. schauen-

seei in the Isthmus of Kra, P. hybrida in the Chin Hills).
Two minor adjustments were made to the ML phylog-

eny prior to calculating divergence rates. In the ML analy-
sis, Erpornis groups within, instead of basal to, New World
vireos, probably due to a combination of missing data (in
Erpornis) and long-branch attraction (with Cyclaris). A
S-H test showed that the most likely tree with Erpornis con-
strained as basal to New World vireos was not significantly
different than the most likely tree unconstrained. Conse-
quently, the constrained tree was used to calculate the
rate-smoothed tree and divergence times. Additionally,
the unsupported and anomalous grouping of P. flaviscapis

and P. ripleyi, at the base of the flaviscapis clade, was col-
lapsed. A S-H test showed that this topology was not sig-
nificantly different from the most likely tree.

The relative rates of divergences within Pteruthius are
the same for the clock (Fig. 4) and rate-smoothed
(Fig. 5) estimates. However, the difference between the esti-
mates using these two methods ranges from small for more
recent times to substantial for later ages (Fig. 6). The two
different dates are used here as a range of possible ages,
with the NPRS estimate listed first and the molecular clock
estimate second.

Divergence times cluster into two groups indicating
major periods of diversification occurred in the early to
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Fig. 1. Phylogenetic relationships of Pteruthius using maximum parsimony. This is a strict consensus of the resulting 173 most parsimonious trees
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names are specimen numbers referenced in Table 1.
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mid-Pliocene and then during the Pleistocene. Four diver-
gence events, the basal-most splits within species-groups,
occurred in the Pliocene: P. annamensis (S Vietnam)
diverged from the other members of flaviscapis group at
4.7/3.5 Ma; P. aenobarbus (Java) diverged from its main-
land relatives around 4.5/3.9 Ma; P. hybrida (Assam/
Burma) split from the Sino-Himalayan members of the
xanthochlorus group approximately 4.3/2.5 Ma; and
finally, P. ripleyi (W Himalayas) and P. flaviscapis (Java)
split concurrently from the flaviscapis group around 3.4/
2.8 Ma. The remaining eight divergence events occurred
during the Pleistocene: P. intermedius (N Thailand, N &
C & S Vietnam) and P. aenobarbulus (Assam/Burma)
diverged from each other 1.9/1.8 Ma; within the flavisca-

pis group, P. validirostris (E Himalayas, Assam/Burma,
Yunnan) split 1.9/1.5 Ma, P. ricketti (Yunnan, N Viet-
nam, Hainan, Sichuan) split 1.3/1.0 Ma, P. aeralatus

(Yunnan, N Thailand, N & C Vietnam, Indochina)
diverged 0.8/0.6 Ma, and P. cameranoi (Malay Peninsula,
Sumatra), P. schauenseei (Isthmus of Kra), and P. robin-

soni (Borneo) split from each other 0.4/0.4 Ma; P. melan-

otis (W & E Himalayas, Assam/Burma, Yunnan, N
Thailand, N & C & S Vietnam) and P. tahanensis (Malay
Peninsula) split 0.6/0.6 Ma; finally, within the xanthochlo-
rus group, P. pallidus (Yunnan, Sichuan, S China)
diverged 1.0/0.5 Ma, and P. occidentalis (W Himalayas)
and P. xanthochlorus (E Himalayas) split from each other
0.4/0.2 Ma.
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Fig. 2. Phylogenetic relationships of Pteruthius found using both maximum likelihood (�lnL = 6201.16075) and Bayesian analyses. Topologies resulting
from the two analyses were similar, except for the placement of one clade. In Bayesian, the xanthochlorus clade is the most basal within Pteruthius, but with
<50% posterior probability. ML branch lengths are shown, along with ML bootstrap (above node or left), and Bayesian posterior probabilities (below
node or right) of 50% or greater. Stars indicate less than 50% support in one of the bootstrap measures. Areas where specimens originated are listed next to
taxon names.
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4. Discussion

4.1. Systematics of Pteruthius

Current taxonomy, under the biological species concept,
obscures a great deal of useful information with the recog-
nition of only five species of Pteruthius. In this study, 19
distinct taxa, or phylogenetic species, are recognized. These
taxa are differentiable on the basis of numerous fixed mor-
phological and genetic characters and have genetic dis-
tances similar to those found between other named
‘species’ (Moore and DeFilippis, 1997). With this revision,
there is an almost four-fold increase in the diversity of this
group, far greater than the suggested rate of 1.9 phyloge-
netic species per biological species by Zink (2004; but see
Phillimore and Owens, 2006).

The use of ‘subspecies’ in this group does not necessarily
designate diagnosable, evolutionary units and often repre-
sents arbitrarily defined units. For example, P. r. delacouri,
P. a. indochinensis, and P. a. yaoshanensis were taxa that
were subjectively delineated using clinally variable charac-
ters. Furthermore, the process of lumping taxa can conceal
differentiated taxa even within the rank of ‘subspecies’. In

the case of P. f. validirostris, four taxa that were formerly
defined as separate (sub)species were consolidated into this
one subspecies. Yet, two of these taxa are differentiated and
are not even sister species.

Most of the phylogenetic relationships within Pteruthius
recovered in this study are well resolved and supported,
with only a few ambiguous placements. All species recog-
nized in this paper, with the exception of five, were found
to be reciprocally monophyletic based on mitochondrial
cytochrome b sequences. However, reciprocal monophyly
is not a necessary feature of species diagnoses (Davis and
Nixon, 1992; Zink and McKitrick, 1995; Cracraft, 1997;
Brower, 1999; Goldstein and DeSalle, 2000) and these five
taxa are nonetheless diagnosable based on non-molecular
character variation. The anomalous groupings of the basal
nodes of the flaviscapis-group are probably due to rapid
diversification along with constraints in substitutions
within cytochrome b. Similarly, the placement of the xanth-

ochlorus-group is somewhat unstable. Some saturation in
terms of third position transitions and transversions was
observed in this dataset and is probably the source of con-
flict between the trees obtained using different evolutionary
models and optimality criteria.

Fig. 3. Areas of endemism of southern Asia (from Reddy, 2005) occupied by Pteruthius species.
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4.2. Molecular dating

Estimates of divergence dates using the two approaches
differed on average 0.5 million years (range: 0–1.8; Fig. 6).
Estimates using NPRS and the calibration dates from a
broader study of passerine relationships (Reddy and Cra-
craft, 2007) were always older than the molecular clock
estimates using the 1.6%/Myr rate, except in one case
(Node 3, Fig. 6) where they were the same. The largest dis-
crepancies occurred in older events (nodes 2, 8, 9, 12) while
younger splits (nodes 1, 3–7, 10, 11) showed more congru-
ence in the estimates between methods. While this level of
disparity seems substantial on the time scale of interest
(�5 to 0.2 Ma), lack of fossils for this group limit us from
making more accurate estimates or choosing between these
methods. Nevertheless, the relative timings of divergence
events are useful to make inferences about diversification
within Pteruthius.

4.3. Diversification patterns

Two phases of diversification are apparent in this study:
the first occurred from the early to mid-Pliocene and the
other in the Pleistocene (Fig. 6). The basal species of each
major clade diverged in the early to mid-Pliocene (nodes 2,

8, 9, 12). A quiet period followed during the late Pliocene
when there were no apparent speciation events or alterna-
tively the extinction rate was equal to the speciation rate.
Finally, the majority of speciation events within Pteruthius

occurred in the Pleistocene (nodes 1, 3–7, 10, 11).
Temporal information is especially important when

examining biogeographic patterns across continental
regions. There are several taxa that occur in the same area
but with different divergence times, indicating that diversi-
fication took place in a cyclical fashion. For example, there
are multiple divergence patterns (i.e., histories) for East
and West Himalayas (nodes 8, 10), Java (nodes 2, 8),
Assam/Burma (nodes 1, 12), Malay Peninsula (nodes 3,
4), and the South Vietnam (nodes 1, 3, 9) areas. Cyclical
geological and climatic changes across a continental region
can led to multiple vicariance events affecting same areas.
There is widespread evidence for eustatic sea-level fluctua-
tions in the Pliocene and Pleistocene, which led to the con-
nection and isolation of landmasses on the Sunda Shelf
(Morley and Flenley, 1987; Heaney, 1991; Voris, 2000;
Inger and Voris, 2001). The divergence of P. aenobarbus

(node 2) and P. flaviscapis (node 8), both occurring in Java,
was probably due to periods of sea-level fluctuations in the
Pliocene. In contrast, the diversification of P. cameranoi

(Malay Peninsula, Sumatra), P. schauenseei (Isthmus of
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Kra), and P. robinsoni (Borneo; node 4) was likely due to
sea-level fluctuations during the Pleistocene. Similarly,
the uplift of the Himalayas is postulated to have occurred
in multiple phases (with some major periods occurring in
the Pliocene and Pleistocene; Schoenbohm et al., 2004; Val-
diya, 1984; Sorkhabi and Stump, 1993) and has led to var-
ious vicariance events affecting the same region at different
times. In the flaviscapis group, P. ripleyi (node 8; West
Himalayas) diverged between 3.4 and 2.8 Ma while P. val-

idirostris (node 7; East Himalayas, Assam/Burma, Yun-
nan) split between 1.9 and 1.5 Ma. In the xanthochlorus

group, the East and West Himalayan species, P. xanthoch-

lorus and P. occidentalis(node 10), split from each other
0.4–0.2 Ma.

In some cases, there is a consistent pattern in the diver-
gence of species in similar areas. For example, P. ricketti

(node 6) and P. pallidus (node 11), which both occur in
Yunnan, Sichuan, and adjacent areas, split at 1.3–1.0 Ma
and 1.0–0.5 Ma, respectively (Fig. 6). This is coincident
with a period of rifting along the Red River Fault (Scho-
enbohm et al., 2004). Similarly, P. tahanensis (node 3)
and P. cameranoi (node 4), which both occur in the Malay
Peninsula, split from their closest relatives at 0.6 and
0.4 Ma, respectively. Based on species distributions, the

Isthmus of Kra has long been considered a floral and avi-
faunal biogeographic transition zone between two areas of
endemism (Wells, 1976; Hughes et al., 2003; Woodruff,
2003). Current hypotheses propose that climatic changes
as well as geological influences (such as a marine seaway
across the isthmus most recently during the early Pliocene)
account for this pattern (Hughes et al., 2003; Woodruff,
2003).

The biogeographic patterns outlined here contradict
previous hypotheses for the diversification of southern
Asia. The hypothesis of linear speciation within Sundaland
is not supported in this study. Java appears to have a very
different history that the other Sunda islands. Sea-level
fluctuations seem to affect speciation patterns of Javan taxa
during the Pliocene. In contrast, taxonomic differentiation
in the Malay Peninsula, Sumatra, and Borneo areas
occurred in the Pleistocene. Furthermore, the pattern of
separate mainland and insular clades is not found in this
study. In the flaviscapis group, insular areas, with the
exception of Java, form a derived clade that groups within
the mainland areas.

The patterns within Pteruthius point to a distinction
between core and peripheral areas. For each species-group,
there is a pattern of species in peripheral areas (e.g., Java,
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Fig. 5. Chronogram showing divergence estimates using non-parametric rate-smoothing (NPRS). The dots indicate nodes whose ages were fixed (from
Reddy and Cracraft, 2007) in the analysis. Numbers at nodes indicate species divergence events also shown in Fig. 6. Listed under each species is the
area(s) of endemism (see Fig. 3) in which they occur.
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West Himalayas, South Vietnam, Assam/Burma) diverging
first from their relatives in core areas in southeast Asia.
Interestingly, while some of these areas show later connec-
tions to the core areas, the differentiation and distributions
of these basal species have persisted despite later environ-
mental changes. One plausible scenario to explain this pat-
tern is that a longer period of isolation allowed taxa to
differentiate and adapt to the specific ecological conditions
of these peripheral areas.

Speciation patterns uncovered within Pteruthius are con-
sistent with the geological history of southern Asia. Pro-
cesses leading to continental diversification, such as
vicariance and biotic dispersion (range expansion), occur
in a cyclical fashion and can lead to multiple, temporally
distinct, events affecting similar areas. Evidence from addi-
tional groups endemic to Southern Asia will show if the
novel biogeographic patterns revealed in this study are gen-
eral ones.
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Appendix A. Species diagnoses: Genus Pteruthius Swainson

All available museum specimens were examined for the
morphological characters used to diagnose distinct species.
Additionally, fixed DNA character states from the molecu-
lar analysis are reported here. Species delimitations are
hypotheses to be tested with additional information. As

Pliocene Pleistocene

P. xanthochlorus, P. occidentalis (10)

P.cameranoi,P.schauenseei,P.robinsoni (4)

P. melanotis, P. tahanensis (3)

P. aeralatus (5)

P. pallidus (11)

P. ricketti (6)

P. validirostris (7)

P. intermedius, P. aenobarbulus (1)

P. ripley,P . flaviscapis (8)

P. hybrida (12)

P. aenobarbus (2)

P. annamensis (9)

12345 Millions of years
before present

Fig. 6. Species divergence time estimates using molecular clock (gray squares) and NPRS (black dots with bars indicating standard errors). Numbers
indicate nodes from Figs. 4 and 5.
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further sampling or availability of specimens increases,
some ‘‘fixed” characters may prove to be continuous and
therefore not usable for diagnosis. The low number of indi-
viduals of each species used in the molecular analysis
means that the number of reported differences must be
taken as a maximum number that might decrease with
additional sampling.

A.1. Pteruthius rufiventer

There were two described subspecies in this species, P. r.

rufiventer distributed throughout the eastern Himalayas,
Yunnan, and Assam/Burma, and P. r. delacouri found in
northern Vietnam. The putative disjunction in the distribu-
tions of these two taxa appears to be an artifact of geo-
graphic sampling (see Fig. A1). In terms of external
characteristics, P. r. delacouri is only somewhat distinguish-
able in a series by some individuals having a lighter under-
side and a slightly darker back (Mayr, 1941). In terms of
DNA characters, there are no fixed character states to dif-
ferentiate these two subspecies. For these reasons, P. r. rufi-

venter and P. r. delacouri are hereby treated as a single
taxon–P. rufiventer–due to insufficient evidence to distin-
guish them.

A.1.1. P. rufiventer Blyth

SYNONYMY. Pt[eruthius]. rufiventer Blyth, 1842, Journ.
Asiat. Soc. Bengal, 11, p. 183.

Pteruthius rufiventer delacouri Mayr, 1941, in Stanford
and Mayr, Ibis, p. 96.

DIAGNOSIS. Males have black heads, wings, and tails, and
chestnut colored backs. Females have gray heads, and
greenish-yellow wings, tails, and backs. Both sexes have
similar undersides of gray throats, and rufous bellies.

DISTRIBUTION. Mountainous regions from eastern Hima-
layas to northern Vietnam.

NUMBER OF SPECIMENS EXAMINED. AMNH (15); BMNH
(37); BNHS (2); FM (6); MNHN (6); ZMB (5).

A.2. flaviscapis species-group

There are nine distinct species in the flaviscapis complex.

A.2.1. P. ripleyi Biswas

SYNONYMY. Lanius erythropterus Vigors, 1831, Proc.
Comm. Zool. Soc. London, pt. 1, p.22.

Pteruthius validirostris ripleyi Biswas, 1960, Bull. Brit.
Orn. Club, 80, p. 106.

DIAGNOSIS. Males and females are paler overall than P.

validirostris (Koelz, 1951). In males, tertials are orange-
chestnut and the edges of primaries are brown. In terms
of cytochrome b, there are 13 sites where this taxon has
fixed character states relative to others in this complex
(N = 3).

DISTRIBUTION. Western Himalayas (Pakistan, India, and
W Nepal).

NUMBER OF SPECIMENS EXAMINED. AMNH (6); BMNH
(31); BNHS (21); FMNH (12); NMNH (2); ZMA (1);
ZRC-RMBR (1).

A.2.2. P. validirostris Koelz

SYNONYMY. Pteruthius erythropterus validirostris Koelz,
1951, Journ. Zool. Soc. India, 3, p. 28.

Pteruthius erythropterus nocrecus Koelz, 1952, Journ.
Zool. Soc. India, 4, p. 40.

Pteruthius erythropterus glauconotus Koelz, 1954, Con-
trib. Inst. Regional. Explor., no. 1, p. 9.

DIAGNOSIS. Males have white throats and undersides,
dark chestnut colored tertials, black coverts, and blue-gray
edging on the primaries. Differs from P. ripleyi in that
males have darker gray backs and less white on tips of
primaries (Koelz, 1951). Females have distinct gray on
the crown and a postocular stripe (Koelz, 1951). The indi-
viduals used for the DNA analysis (N = 2), show 11 fixed
character states in cytochrome b relative to other species
of this complex.

DISTRIBUTION. Central and eastern Himalayas (Nepal,
India, and Bhutan) to Burma.

NUMBER OF SPECIMENS EXAMINED. AMNH (16); BMNH
(116); BNHS (17); FMNH (40); NMNH (5); ZMB (14);
ZRC-RMBR (1).

A.2.3. P. ricketti Ogilvie-Grant

SYNONYMY. Pterythius [sic] ricketti Ogilvie-Grant, 1904,
Bull. Brit. Orn. Club, 14, p. 92.

Pteruthius erythropterus yunnanensis Ticehurst, 1937,
Bull. Brit. Orn. Club, 57, p. 147.

Pteruthius flaviscapis lingshuiensis Cheng, 1963, Acta
Zool. Sinica, 15, p.639–647.

DIAGNOSIS. Both sexes have darker gray backs and
undersides than P. validirostris. Males have gray to black,
and females have light gray, ear-coverts. This taxon has
fixed states at three sites in cytochrome b (N = 4).

DISTRIBUTION. Mountains of northeastern Burma, Yun-
nan, southern China, Hainan, and northern portion of
Thailand, Laos, and Vietnam.

NUMBER OF SPECIMENS EXAMINED. AMNH (36); BMNH
(45); FMNH (16); MNHN (13); NMNH (12); ZMB (5).

A.2.4. P. annamensis Robinson and Kloss

SYNONYMY. Pterythius [sic] �ralatus annamensis (Robin-
son and Kloss, 1919), Ibis, p. 589.

DIAGNOSIS. P. annamensis is distinguished by the males
lacking the black tips on the tertials and the white throat
line, having greatly reduced white tips of the primaries,
and having black ear-coverts (Robinson and Kloss,
1919). There are 29 fixed character states (N = 2) in the cyt-
chrome b of this taxon.

DISTRIBUTION. Southern Annamite Mountains, southern
Vietnam.

NUMBER OF SPECIMENS EXAMINED. AMNH (4); BMNH
(10); MNHN (10); NMNH (9).
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Fig. A1. Maps showing locality records for all diagnosable species of Pteruthius. Basemaps show elevation, major rivers (dark lines), and country
boundaries (lighter lines) of southern Asia. Colored symbols indicate localities of DNA samples. (For interpretation of the references to color in this figure
legend, the reader is referred to the web version of this paper.)
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A.2.5. P. aeralatus Blyth

SYNONYMY. Pteruthius �ralatus ‘‘Tickell” Blyth, 1855,
Journ. Asiat. Soc. Bengal, 24, p. 267.

DIAGNOSIS. Both sexes have lighter, less gray undersides
than P. ricketti and white lines along the throat that sepa-
rates the chin. In males, the tertials have patches of yellow
and chestnut tipped with black (Baker, 1922). There are
five sites with fixed characters states in the cytochrome b

of this taxon (N = 2).
DISTRIBUTION. Montane regions of southern Burma,

northern Thailand and Laos.
NUMBER OF SPECIMENS EXAMINED. AMNH (11); BMNH

(53); BNHS (3); FM (4); MNHN (13); NMNH (12);
ZMB (1); ZRC-RMBR (8).

A.2.6. P. schauenseei Deignan

SYNONYMY. Pteruthius erythropterus schauenseei Dei-
gnan, 1964, Journ. Washington Acad. Sci., 36, p.428.

DIAGNOSIS. Has shorter wings than P. aeralatus (Dei-
gnan, 1964) and is distinguished by the females having no
chestnut on the tertials, and fixed character states at four
sites in the cytochrome b gene (N = 2).

DISTRIBUTION. Highlands of peninsular Thailand, south
of Isthmus of Kra.

NUMBER OF SPECIMENS EXAMINED. BMNH (10); NMNH
(5); ZRC-RMBR (4).

A.2.7. P. cameranoi Salvadori

SYNONYMY. Pteruthius cameranoi Salvadori, 1879, Ann,
Mus. Civ. Genoa, 14, p. 232.

Pteruthius flaviscapis leuser Chasen, 1939, Treubia, 17,
p. 205.

DIAGNOSIS. Both sexes are distinctly darker colored and
larger in size than P. schauenseei (Medway and Wells,
1976). There is one fixed character state in the cytochrome
b of this taxon (N = 2) that separates it from other species
in this species-group.

DISTRIBUTION. Highlands of the lower Malay Peninsula
and Sumatra.

NUMBER OF SPECIMENS EXAMINED. AMNH (3); BMNH
(21); RMNH (4); ZMA (1); ZMB (1); ZRC-RMBR (15).

A.2.8. P. flaviscapis Temminck

SYNONYMY. Allotrius flaviscapis Temminck, 1835, Pl.
col., livr. 99, p. 589.

DIAGNOSIS. Smaller in overall size than other taxa of this
species-group. Males have black backs instead of the typi-
cal gray, as well as black heads and tails. There are 24 sites
with fixed states in the cytochrome b of this taxon (N = 2).

DISTRIBUTION. Montane areas of Java.
NUMBER OF SPECIMENS EXAMINED. AMNH (18); BMNH

(9); MNHN (2); RMNH (17); NMNH (3); ZMA (5);
ZMB (11); ZRC-RMBR (4).

A.2.9. P. robinsoni Chasen and Kloss

SYNONYMY. Pteruthius flaviscapis robinsoni Chasen and
Kloss, 1931, Bull. Raffles Mus., no. 5, p. 86.

DIAGNOSIS. Smaller in size than the mainland species, yet
larger than P. flaviscapis. Males retain gray backs and have
a strong pinkish wash on the flanks (Deignan, 1964). This
taxon has one site with a fixed state in cytochrome b

(N = 2).
DISTRIBUTION. Highlands of northern Borneo.
NUMBER OF SPECIMENS EXAMINED. AMNH (6); BMNH (8);

MNHN (4); NMNH (1); ZMB (1).

A.3. xanthochlorus species-group

Four subspecies have been described within a single bio-
logical species; all are diagnosable based on plumage or
DNA.

A.3.1. P. occidentalis Harington

SYNONYMY. Pterythius [sic] xanthochloris [sic] occidentalis

Harington, 1913, Bull. Brit. Orn. Club, 33, p. 82.
DIAGNOSIS. Males have a pale ash-gray crown and

females a pale greenish-gray crown. There are no fixed
states in cytochrome b to distinguish this taxon from the
others in this species-group.

DISTRIBUTION. Western Himalayas (Pakistan, N India,
and W Nepal).

NUMBER OF SPECIMENS EXAMINED. AMNH (3); BMNH
(17); BNHS (6); FMNH (15).

A.3.2. P. xanthochlorus Gray

SYNONYMY. Pteruthius xanthochlorus [‘‘Hodgs.”] J. E.
Gray, 1846, Cat. Mamm. and Birds Nepal Thibet, p. 155.

DIAGNOSIS. Males and females have significantly darker
gray crowns than in P. occidentalis. This taxon has no fixed
characters in cytochorme b to distinguish it from others in
this species-complex.

DISTRIBUTION. Eastern Himalayas (Nepal, India, and
Bhutan).

NUMBER OF SPECIMENS EXAMINED. AMNH (4); BMNH
(27); BNHS (3); FMNH (10); NMNH (3); ZMB (13).

A.3.3. P. hybrida Harington

SYNONYMY. Pterythius [sic] pallidus hybrida [sic] Haring-
ton, 1913, Bull. Brit. Orn. Club, 33, p. 81–82.

DIAGNOSIS. Has similar crown coloration as P. xanthoch-

lorus, but despite its name, is easily distinguished by its
prominent white eye-ring. There are 36 base-pair differ-
ences in cytochrome b between this taxon and others in this
species-complex, but only one individual was sampled and
this number is likely to decrease with additional
sampling.

DISTRIBUTION. Assam, India and Chin Hills, Burma.
NUMBER OF SPECIMENS EXAMINED. AMNH (1); BMNH (3);

FMNH (2); ZMB (4).

A.3.4. P. pallidus David
SYNONYMY. Allotrius xanthochloris [sic] Hodgs., var. pal-

lidus David, 1871, Nouv. Arch. Mus. Hist. Nat. [Paris], 7,
p.14.
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DIAGNOSIS. Characterized by a very distinctive bluish
slate-gray crown that differentiates it from the drab color-
ing of its back, dark gray ear-coverlets, and a white eye-
ring. In terms of DNA, this taxon has fixed states at four
sites in cytochrome b (N = 2).

DISTRIBUTION. Mountains of northeast Burma and across
southern China, from Yunnan and Sichuan to Fujian.

NUMBER OF SPECIMENS EXAMINED. AMNH (12); BMNH
(8); FMNH (4); MNHN (7); NMNH (3); ZMB (5).

A.4. melanotis species-group

The two described subspecies have ample character
states to diagnose these taxa as distinct. Also, their geo-
graphic ranges show two allopatric populations that are
widely separated indicating that the possibility of gene flow
is minimal (Fig. A1).

A.4.1. P. melanotis Hodgson

SYNONYMY. Pt[eruthius] melanotis Hodgson, 1847, in
Blyth, Journ. Asiat. Soc. Bengal, 16, p. 448.

Pteruthius melanotis melanops Koelz, 1952, Journ. Zool.
Soc. India, 4, p. 40.

DIAGNOSIS. Has a deep chestnut chin and chest, a bright
yellow underside in males that is less bright in females, and
yellow ear-coverts.

DISTRIBUTION. Himalayas (Nepal, India, Bhutan),
Burma, Yunnan, and highlands throughout southeast Asia
except for the Thai-Malay peninsula.

NUMBER OF SPECIMENS EXAMINED. AMNH (20); BMNH
(44); BNHS (6); FMNH (24); MNHN (8); NMNH (5);
ZRC-RMBR (1); ZMB (5).

A.4.2. P. tahanensis Hartert

SYNONYMY. Pteruthius tahanensis Hartert, 1902, Novit.
Zool., 9, p. 576.

DIAGNOSIS. Has the chestnut restricted to the chin only
and olive-green ear-coverts. Males of this taxon are a more
dull yellow and females are much paler in the underside
than P. melanotis. There are five fixed differences in the
cytochrome b between the two species of this complex
(N = 2, each).

DISTRIBUTION. Highlands of Malay Peninsula.
NUMBER OF SPECIMENS EXAMINED. AMNH (6); BMNH

(12); NMNH (1); ZRC-RMBR (14); ZMB (1).

A.5. aenobarbus species-group

The five described subspecies of this species-group com-
prise three distinct taxa.

A.5.1. P. aenobarbulus Koelz

SYNONYMY. Pteruthius aenobarbus aenobarbulus Koelz,
1954, Contrib. Inst. Regional Explor., no. 1, p. 9.

DIAGNOSIS. Has well-defined chestnut patch that is
restricted to the throat and a deep yellow forehead (Koelz
1954). This taxon has 10 base-pair differences in cyto-

chrome b from the other taxa of this complex, but only
one individual was sampled.

DISTRIBUTION. Know only from type found in Assam,
India.

A.5.2. P. intermedius Hume
SYNONYMY. Allotrius intermedius Hume, 1877, Stray

Feathers, 5, pp. 112, 115.
Pterythius [sic] �nobarbus laotianus Delacour, 1927,

Bull. Brit. Orn. Club, 47, p. 162.
Pteruthius aenobarbus yaoshanensis Stresemann, 1929,

Orn. Monatsb., 37, p. 140.
Pteruthius aenobarbus indochinensis Delacour, 1927,

Bull. Brit. Orn. Club, 47, p. 163.
DIAGNOSIS. Males have a narrow chestnut patch on the

throat that extends further onto the belly than in P. aeno-

barbulus. Females are extremely lighter yellow in body col-
oration than males. This taxon is diagnosable by 11 fixed
character states in cytochrome b(N = 6).

DISTRIBUTION. Highlands of Burma, Thailand, Laos,
Vietnam, and southern China.

NUMBER OF SPECIMENS EXAMINED. AMNH (4); BMNH
(10); FMNH (7); MNHN (5); NMNH (13); ZMB (2).

A.5.3. P. aenobarbus Temminck

SYNONYMY. Allotrius �nobarbus Temminck, 1835, Pl.
col. livr. 99, pl. 589.

DIAGNOSIS. Males are bright yellow with a deep chestnut
throat patch and a chestnut and yellow forehead, while
females are only slightly duller in body color than males
with little or no chestnut on the throat. There are 37 sites
with fixed states in the cytochrome b of this taxon (N = 2).

DISTRIBUTION. Montane areas of Java.
NUMBER OF SPECIMENS EXAMINED. AMNH (7); BMNH (1);

NMNH (1); ZRC-RMBR (1); RMNH (9); ZMA (1); ZMB
(4).
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