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Southeast Asia is one of the most geologically dynamic regions of the world with great species diversity and high 
endemism. We studied the bulbuls of the south and southeast Asian genus Iole (Aves: Pycnonotidae) in order to ana-
lyse their evolutionary relationships and describe their patterns of diversification and delimit species boundaries. 
Our phylogeographic reconstruction, based on two mitochondrial and one nuclear markers, sampled from all 13 
recognized Iole taxa, presently grouped as four species, revealing three primary lineages: (1) a Palawan lineage (2) 
a Sundaic group distributed in the Malay Peninsula, Sumatra and Borneo and (3) an Indochinese group distributed 
throughout continental Southeast Asia. Divergence time estimation suggested that the Palawan lineage diverged 
during the Miocene (around 9.7 Mya), a later split between the Sundaic and Indochinese lineages occurring around 
7.2 Mya. The present classification of Iole based on morphology does not accurately reflect taxonomic relationships 
within the genus, in which we recognize five more putative species. An integrative approach that incorporates mor-
phology and bioacoustics should further refine our understanding of species limits among Iole taxa.
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INTRODUCTION

Southeast Asia’s complex geography and dynamic 
geological history have contributed to its great spe-
cies diversity and high endemism (Heaney, 1991; Hall, 
2001; Sheldon, Lim & Moyle, 2015). Recent advances 
in molecular phylogeography have yielded insights 
into the evolutionary history of the region’s avifauna, 
identifying likely refugia during glacial periods (Moyle 
et al., 2005, 2011; Sheldon et al., 2009; Lim et al., 2010, 
2011, 2014; Oliveros & Moyle, 2010; Lim & Sheldon, 
2011; Gawin, 2014; Chua et al., 2015; Renner et al., 
2015); not only revealing higher than expected levels 
of diversification among cryptic species (Moyle et al., 
2005; Bickford et al., 2007; Zou et al., 2007; Fuchs 
et al., 2008; Reddy, 2008; Rahman, Gawin & Moritz, 

2010) but also finding unexpectedly low divergence 
among some allopatric and/or phenotypically different 
taxa (Crottini et al., 2010; Jønsson et al., 2010; Päckert 
et al., 2010; Rheindt, et al., 2011; Zhang et al., 2016). 
Continued phylogeographic studies are important to 
advance our knowledge of the evolution of the regional 
avifauna, clarify taxonomic issues, and help prior-
itize and guide conservation action in Southeast Asia 
(Lohman, 2010; Sheldon et al., 2015; Leonard, 2015; 
Renner et al., 2015).

Bulbuls (Pycnonotidae) are medium-sized, mainly 
sedentary, omnivorous songbirds. The family is dis-
tributed across Africa and Asia in a wide variety of 
habitats and includes species that are important seed 
dispersers (Fukui, 1995; Graham et al., 1995; Weir & 
Corlett, 2007; Spiegel & Nathan, 2007; Corlett, 2009). 
There are about 130 species of bulbuls in around 24 
genera (Pasquet et al., 2001; Fishpool & Tobias, 2005; *Corresponding author. E-mail: sontayavet@yahoo.com
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Moyle & Marks, 2006; Oliveros & Moyle, 2010; Zuccon 
& Ericson, 2010; Dickinson & Christidis, 2014). Around 
11 genera of Pycnonotidae are currently recognized in 
Southeast Asia including Iole with just 4 currently rec-
ognized species (Iole viridescens, Iole propinqua, Iole 
charlottae and Iole palawanensis) and 12–13 subspe-
cies (Fishpool & Tobias, 2005; Dickinson & Christidis, 
2014; Clements, 2015) (Fig. 1). Iole spp. are rather uni-
form and subdued in general coloration, being olive-
coloured on the upperparts and yellowish-buff on 
the underparts (Deignan, 1948; Lekagul et al., 1991; 
Fishpool & Tobias, 2005; Robson, 2005). Differences 
among recognized Iole taxa are chiefly based on highly 
subtle variations in coloration and morphology that 
are difficult to interpret with certainty. The Palawan 
endemic taxon I. palawanensis is most obviously dif-
ferent from the other members of the genus, being 
markedly more yellowish in overall plumage, and in 
having a yellowish iris (Fishpool & Tobias, 2005). The 
Sunda taxon I. charlottae, incorporating its three sub-
species, I. c. charlottae, I. c. crypta and I. c. perplexa, 
has been described as being generally slightly larger 
in size, with a slightly longer and heavier bill and 
paler undertail coverts compared with the Indochinese 
taxa (Deignan, 1948; King, Dickinson & Woodcock, 
1975; Lekagul et al., 1991; Fishpool & Tobias, 2005; 
Robson, 2005). The most obvious difference between 

the two tawnier-vented Indochinese species, I. viride-
scens (comprising three subspecies; I. v. viridescens, I. 
v. myitkyinensis, and I. v. cacharensis) and I. propin-
qua (six subspecies: I. p. propinqua, I. p. aquilonis, I. p. 
simulator, I. p. lekhakuni, I. p. cinnamomeoventris and 
I. p. innectens) is iris colour, which is brownish in the 
former and greyish in the latter (Lekagul et al., 1991; 
Fishpool & Tobias, 2005; Robson, 2005). However, juve-
niles of both species have a brownish iris, posing an 
obstacle to their separation in areas of actual or pos-
sible sympatry. The relative similarity among Iole taxa 
also extends to their simple, short, nasal vocalizations 
and further complicates assessment of their distribu-
tional ranges. No complex song is known for any taxon.

While some Iole were included in previous phylo-
genetic studies (Pasquet et al., 2001; Moyle & Marks, 
2006; Oliveros & Moyle, 2010; Zuccon & Ericson, 2010), 
none of these studies sampled all taxa across their 
distribution ranges, and the relationships among the 
members of the genus are still poorly known. A reso-
lution of the phylogenetic framework of small genera 
such as Iole is required for better understanding the 
biogeographic history of bulbuls as a whole (Moyle & 
Marks, 2006).

The goals of this study were to use mitochondrial and 
nuclear DNA sequence data sampled throughout the 
ranges of Iole bulbuls to (1) investigate the phylogeny 

Figure 1. Distribution and sampling localities (dots) for taxa in the genus Iole. Colours indicate ranges of subspecies from 
Dickinson & Christidis (2014).
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of all taxa within the genus; (2) estimate divergence 
times and patterns of vicariance among evolutionary 
lineages (3) examine how implied biogeographical pat-
terns contribute to understanding the evolutionary 
history of the genus; and (4) make taxonomic recom-
mendations based on the molecular data.

MATERIAL AND METHODS

Study group, taxonomy, and nomenclature

All 13 recognized Iole taxa were included in the phylo-
genetic analyses (Fig. 1). We followed the taxon limits 
in Dickinson & Christidis (2014) except that we recog-
nized Iole charlottae perplexa from northern and east-
ern Borneo (synonymized with I. c. charlottae by the 
latter authors, following Voous, 1961). Blood (N = 20) 
or feathers (N = 8) were obtained from live birds 
and toepad tissue (N = 25) from museum specimens. 
Additionally, published sequences of I. c. perplexa and 
I. palawanensis from Genbank (two individuals of 
each taxon, three loci from each individual) were also 
included in the analysis. Outgroup taxa included in 
the analyses were Hemixos flavala and Ixos malaccen-
sis, according to their close phylogenetic relationship 
to the genus Iole reported by Moyle & Marks (2006) 
and Oliveros & Moyle (2010). In total, 57 Iole speci-
mens from 34 localities were included (see Table S1).

dna extraction, amplification, and Sequencing

Total genomic DNA was extracted using QIAamp DNA 
Mini Kit (Qiagen, Inc.) according to the manufactur-
er’s protocol except in the case of feather specimens, in 
which an additional 20 µL of 1 M dithiothreitol (DTT) 
was added during the proteinase K incubation step.

Two mitochondrial loci, NADH dehydrogenase 2 
(ND2) and NADH dehydrogenase 3 (ND3), and one 
nuclear locus, autosomal beta-fibrinogen intron 7 
(FIB7), were amplified through PCR. A conventional 
PCR method was used with fresh blood or feathers 
from live birds. A two-step multiplex PCR method 
(Krause et al., 2006), with targeted short overlapping 
PCR products ranging from 250 to 320 bp, was used to 
obtain positive PCR results from DNA extracted from 
5- to 115-year-old museum specimens. The primers 
used in this study are shown in Table S2.

PCR products were purified using a GeneJET PCR 
purification Kit (Fermentas). Sequencing was carried 
out using an ABI 3730xl automatic sequencer following 
the ABI PRISM BigDye Terminator Cycle Sequencing 
protocol. Both strands were sequenced using the 
same primers as for PCR. Sequences were aligned 
and checked manually in MEGA 6.06 (Tamura et al., 
2013). Sequences from mitochondrial loci were manu-
ally checked for mixed peaks in the chromatogram and 

inappropriate stop codons, and compared to sequences 
from other individuals of the same or closely related 
species in order to avoid using nuclear copies of mito-
chondrial genes (Den Tex et al., 2010). We used PHASE 
2.1.1 (Stephens, Smith & Donnelly, 2001; Stephens & 
Scheet, 2005), as implemented in DNASP 5.0 (Librado 
& Rozas, 2009), to infer the haplotypes for the FIB7 
nuclear locus with heterozygous peaks. We ran three 
analyses and the results were compared across runs to 
ensure consistent results. We constructed nuclear gene 
trees separately, both with and without the individu-
als in which some alleles received phasing probability 
lower than 0.6, so as to evaluate the impact of incor-
porating genotypes with low-phasing probability (see 
Harrigan, Mazza & Sorenson, 2008).

BayeSian inference analySiS of the 
concatenated gene tree

The phylogenetic tree was reconstructed separately 
for the concatenated mitochondrial ND2 and ND3 loci 
and the nuclear FIB7 locus using partitioned Bayesian 
inference with reversible jump Metropolis-coupled 
Markov chain Monte Carlo (MCMC) (Huelsenbeck 
& Rannala, 2004), implemented in MrBayes version 
3.2.3 (Huelsenbeck & Ronquist, 2001; Ronquist & 
Huelsenbeck, 2003; Ronquist et al., 2012). We calcu-
lated the best partitioning schemes and the best fit 
nucleotide substitution models under the Bayesian 
information criterion in PartitionFinder 1.1.1 (Lanfear 
et al., 2012), testing for all possible partitioning 
schemes including the three codon positions of ND2 
and ND3 loci. The best partition scheme for the mito-
chondrial data set was three partitions consisting of 
(1) first codon of ND2 and ND3; (2) second codon of 
ND2 and ND3; and (3) third codon of ND2 and ND3, 
with the best fit model for each partition as HKY + G, 
HKY + I, and GTR + G respectively. For nuclear data, 
the best fit model was HKY + I + G. Four Metropolis-
coupled MCMC chains were run for 1 million iterations 
with tree topology sampled every 500 iterations. The 
first 25 % of the generations were discarded (‘burn-
in’) and the posterior probability (PP) was estimated 
for the remaining sampled generations. The MCMC 
output was analysed in Tracer version 1.5 (Rambaut 
& Drummond, 2009) to evaluate the stationarity and 
whether the valid effective sample size of the under-
lying posterior distribution (>200) had been obtained.

Additionally, genetic divergences within and 
between major lineages from the inferred mitochon-
drial gene trees were estimated using Kimura’s (1980) 
two-parameter (K2P) model implemented in MEGA 
6 (Tamura et al., 2013). We also used DNASP 5.10.01 
(Librado & Rozas, 2009) to calculate the number of 
haplotypes of the combined mtDNA and nuclear loci 
and used Network 5.0.0.0 (Bandelt, Forster & Röhl, 



934 S. MANAWATTHANA ET AL.

© 2017 The Linnean Society of London, Biological Journal of the Linnean Society, 2017, 120, 931–944

1999) to construct median-joining haplotype networks 
to assess non-hierarchical relationships between phy-
logenetic lineages.

SpecieS tree and divergence timeS eStimation

We used the *BEAST function implemented in BEAST 
v2.2.1 (Bouckaert et al., 2014) to derive the multilo-
cus species tree for all Iole taxa and to estimate diver-
gence times among them, with all subspecies input as 
separate taxa. The species tree approach accounts for 
incomplete lineage sorting due to ancestral polymor-
phisms and is therefore considered to outperform tra-
ditional concatenated gene tree estimations (Degnan 
& Rosenberg, 2006; Kubatko & Degnan, 2007; Leaché 
et al., 2015). Due to the lack of useful fossil records (for 
node dating), there are no internal calibration points 
available for most avian taxa (Hillis, Moritz & Mable, 
1996; van Tuinen & Hedges, 2001; Weir & Schluter, 
2008) including the genus Iole. Thus divergence times 
in this analysis were based on the evolutionary rates 
proposed for the Hawaiian Honeycreepers by Lerner 
et al. (2011) who used ages of volcanic islands in the 
Hawaiian archipelago to calibrate DNA substitu-
tion rates. We used Lerner’s proposed substitution 
rates of ND2 [0.029 substitutions per site per million 
years (s/s/Myr), 95% highest posterior density (HPD): 
0.024–0.033 s/s/Myr], ND3 (0.024 s/s/Myr, 95% HPD: 
0.018–0.031 s/s/Myr) and FIB7 (0.0019 s/s/Myr, 95% 
HPD: 0.0014–0.0024 s/s/Myr) in our study.

We ran 10 million MCMC iterations with tree and 
parameters sampling taking place every 1000 itera-
tions using the log normal relaxed clock and Yule spe-
cies tree prior. A burn-in of 25% was applied to obtain 
the node age estimates and their respective 95% HPD. 
The MCMC output was analysed in Tracer version 1.5 
(Rambaut & Drummond, 2009) to evaluate the sta-
tionarity and whether the valid effective sample size of 
the underlying posterior distribution (>200) had been 
obtained. Finally, the maximum clade credibility tree 
was visualized using FigTree version 1.4.2 (Rambaut, 
2012).

anceStral area reconStruction

We reconstructed the ancestral states of the dis-
tribution ranges of Iole taxa using the Dispersal–
Extinction–Cladogenesis (DEC) model of LAGRANGE 
(Ree et al., 2005; Ree and Smith, 2008) implemented in 
RASP v.3.1 software (Yu et al., 2015). We used an input 
of 10 000 trees, along with the maximum clade credit-
ability tree obtained from the *BEAST analysis as the 
tree topology to map ancestral areas. We defined five 
geographical areas based on the distribution of Iole 
lineages: (A) Palawan; (B) Sumatra; (C) Borneo; (D) 
Thai–Malay Peninsula; and (E) Indochina. We defined 

dispersal constraints based on the level of connectivity 
between these landmasses (see Table S3). All possible 
ranges and all combinations of areas were allowed.

RESULTS

Sequencing reSultS

We successfully obtained 2337 base pairs (bp) of com-
bined DNA sequence data (ND2: 1141 bp, ND3: 351 bp, 
and Fib7: 845 bp) from all 57 Iole samples. No indels 
were observed in the alignment of the two protein-cod-
ing genes and they could be translated into amino acid 
sequences without internal stop codons. Heterozygous 
peaks, occurring in 43% of FIB7 sequences, were 
limited to one to four occurrences within any given 
sequence, and were resolved by phasing. There were 
three individuals (one from each of three taxa, I. p. cin-
namomeoventris, I. palawanensis, and I. v. viridescens) 
with alleles that received less than 0.6 phasing proba-
bility. The occurrences of low-phasing probability were 
limited to only a single site per individual. The number 
of parsimony informative sites for each locus and the 
respective percentage values, excluding the outgroup, 
were 100 for ND3 (28%), 344 for ND2 (33%), and 32 for 
FIB7 (3.7%). The GENBANK accession numbers of all 
DNA sequences in this study are listed in Table S1.

BayeSian inference gene treeS

A Bayesian phylogenetic tree of the concatenated 
mitochondrial data (Fig. 2) indicated three major 
geographic lineages within Iole. A Palawan lineage 
(Clade 1) was basal to all other Iole (100% PP) and 
consisted solely of I. palawanensis (two specimens), 
the taxon endemic to Palawan Island of Philippines. 
The rest of the genus then split (85% PP) into a 
Sundaic lineage containing all other Sundaic taxa, 
which themselves constituted three subclades 
(Clades 2–4), and an Indochinese lineage with five 
subclades (Clades 5–9).

Clade 2 of the Sundaic Clade (100% PP) consisted 
of three I. c. charlottae specimens from north-central 
and north-western Borneo which was sister to Clade 3 
(100% PP) containing 2 I. c. perplexa specimens from 
Sabah in north-eastern Borneo. Clade 4 (96% PP) 
consisted of 11 I. c. crypta specimens from the Malay 
Peninsula, Sumatra, and the Natuna Islands with no 
clear distinct geographic structure among them.

Within the Indochinese lineage two I. p. innectens 
specimens from Southern Vietnam formed a clade 
receiving 100% PP support (Clade 5), sister to the 
group formed by Clade 6 (100% PP) which held the 
specimens from four taxa: I. p. propinqua (northern-
northeastern Thailand, seven specimens), I. p. aquilo-
nis (northern Vietnam and southern China, the 
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holotype), I. p. simulator (southeastern Thailand, two 
specimens), and I. v. myitkyinensis (northern Myanmar, 
three specimens including the holotype).

The remaining Indochinese specimens formed three 
further clades, Clade 7 (85% PP), Clade 8 (100% PP), 
and Clade 9 (100% PP). Clade 7 consisted of two I. v. 
cacharensis specimens from Bangladesh, sister to the 
group formed by Clades 8 and 9. Clade 8 consisted of 
both I. v. viridescens (western Myanmar and western 
Thailand, seven specimens) and I. p. lekhakuni (west-
ern Thailand, three specimens including one para-
type), with no distinct geographic structure among 
specimens of these two taxa. Finally, Clade 9, sister 
to Clade 8, consisted of 12 specimens of I. p. cinnamo-
meoventris (including two syntypes) from southern 
Thailand.

For nuclear data, the Bayesian phylogenetic tree 
(Fig. S1) was largely unresolved and no traditionally 
recognized species other than I.palawanensis were 
recovered as monophyletic clades. The nuclear gene 
tree yielded the same topology regardless of whether 

or not individuals with low-phasing probability were 
included (Figs S1 and S2 respectively).

Mean pairwise K2P genetic distance values between 
the nine major lineages ranged from 3.0 to 24.3% for 
ND2 and 3.0 to 19.2% for ND3 (Table 1). Mean genetic 
distance within lineages ranged from 0 to 0.9% for 
ND2 and 0 to 0.7% for ND3 except for the within-lin-
eage genetic distance of I. c. crypta from three locali-
ties (Sumatra, Malay Peninsula, and Natuna Islands) 
which was 1.1% for ND2 and 1.6% for ND3, relatively 
high compared to the values in other lineages. However, 
the relationship among specimens from these three 
regions was not resolved in the phylogenetic tree.

Haplotypes of count 56 and 34 were recovered from 
the combined mitochondrial and the nuclear sequences 
respectively. The haplotype network of the combined 
mitochondrial data (Fig. 2) showed no haplotype shar-
ing among the nine major lineages, demonstrating 
high genetic and geographic separation. However, 
sharing of nuclear haplotypes was observed among 
populations (Fig. S1).

Figure 2. Concatenated gene tree based on the combined mitochondrial (ND2 and ND3) DNA data estimated using 
MrBayes. Numbers at nodes indicate posterior probability. Next to the major clades are the median-joining networks for 
the relationships among the haplotypes with circle size proportional to the number of individuals. Black dots indicate one 
mutational step. The red dots indicates median vector as extinct ancestral or unsampled haplotype. Colours correspond to 
the distribution ranges of taxa in Fig. 1.
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SpecieS tree

The species tree topology obtained (Fig. 3) bore many 
similarities to the mtDNA gene tree with three 
main lineages: (1) the I. palawanensis clade, basal 
to all other Iole taxa; (2) a Sundaic clade containing 
I. c. charlottae, I. c. crypta, and I. c. perplexa as three 
separate subclades; and (3) an Indochinese clade con-
taining I. p. innectens, (I. p. propinqua/ I. p. aquilonis/ 
I. p. simulator), I. v. myitkyinensis, I. v. cacharensis, 
(I. v. viridescens/ I. p. lekhakuni), and I. p. cinnamo-
meoventris as six separate subclades. The main differ-
ences in topology between the gene tree and the species 
tree were (1) the position of I. v. myitkyinensis which, 
in the gene tree, was contained in the same clade as 
I. p. propinqua, I. p. aquilonis, and I. p. simulator. This 
taxon was recovered as a distinct lineage in the species 
tree with 98% PP support; (2) the split between Sunda 
and Indochinese lineages, and between I. v. cacha-
rensis and (I. v. viridescens/ I. p. lekhakuni / I. p. cin-
namomeoventris) which received moderate support in 
the Bayesian analyses (85% PP both). Both received 
a higher support (95 and 92% PP respectively) in the 
species tree analyses.

Biogeographic hiStory

We estimate (Fig. 3) a basal divergence at around 
9.7 Mya (million years ago) (95% HPD: 6.9–12.2 Mya), 
separating I. palawanensis (Palawan) from all other 
taxa in the genus. However, the LAGRANGE (DEC) 
ancestral area reconstruction method could not recon-
struct the ancestral node of the genus with high sup-
port, indicating a broad area including the Sunda 
region, Indochina region, and Palawan as the ances-
tral range with 35% probability. The split between the 
Sundaic and Indochinese lineages occurred later at 
7.2 Mya (95% HPD: 5.5–8.8 Mya) with the combined 
Sunda and Indochina regions as their ancestral range 

(61% probability). Within the Sundaic lineage, the 
divergence event between I. c. charlottae/ I. c. perplexa 
(Borneo) and I. c. crypta (Sumatra, Malay Peninsula, 
and Natuna Islands) occurred at 5.7 Mya (95% HPD: 
3.7–7.4 Mya), the model indicating with 67% prob-
ability that their ancestral distribution was the 
Sunda region. The Bornean lineage then subsequently 
diverged at 0.9 Mya (95% HPD: 0.3–1.3 Mya) into an 
I. c. perplexa lineage in the north-east and I. c. charlot-
tae lineage in the rest of the island with Borneo as 
their origin (100% probability).

Remaining lineages all originated in the Indochinese 
region (100% probability) with five divergence events 
corresponding to the major subclades occurring 0.2–
2.8 Mya: (1) The propinqua group of I. p. propinqua, 
I. p. innectens, I. p. aquilonis, I. p. simulator, and I. v. 
myitkyinensis (Indochina to northern-northeastern 
Thailand and north-eastern Myanmar) diverged from 
the viridescens group of I. v. cacharensis, I. v. viride-
scens, I. p. lekhakuni, and I. p. cinnamomeoventris 
(north-eastern India and Bangladesh, western, cen-
tral, and southern Myanmar, and south-western and 
southern Thailand) approximately 2.8 Mya (95% 
HPD: 1.7–2.7 Mya); (2) Within the viridescens group, 
I. v. cacharensis (north-eastern India and Bangladesh) 
split from the I. v. viridescens, I. p. lekhakuni, and I. 
p. cinnamomeoventris lineage of southern-western 
Thailand to western Myanmar around 1.7 Mya (95% 
HPD: 0.7–2.4 Mya); (3) Within the propinqua group, I. 
p. innectens (southern Vietnam) split from the lineage 
of I. p. propinqua, I. p. aquilonis, I. p. simulator, and 
I. v. myitkyinensis (northern-central Myanmar, north-
ern, north-eastern, and south-eastern Thailand, south-
ern China, and northern Vietnam) around 0.9 Mya 
(95% HPD: 0.2–1.4 Mya); (4) I. p. cinnamomeoventris 
(southern Thailand and extreme southern Myanmar) 
diverged from the lineage consisting of I. v. virides-
cens and I. p. lekhakuni (western Thailand, western 

Table 1. Pairwise mitochondrial mean genetic distance (%) among major clades for ND3 (above diagonal) and ND2 (below 
diagonal)

1 2 3 4 5 6 7 8 9

1 Clade 1 (palawanensis) 0.3/0.1 19.2 17.2 18.4 17.4 18.0 18.1 15.8 18.7
2 Clade 2 (crypta) 24.3 1.6/1.1 13.3 14.1 16.8 18.3 16.9 14.1 16.5
3 Clade 3 (perplexa) 22.9 18.7 0/0.9 3.0 12.3 12.7 14.6 11.6 14.3
4 Clade 4 (charlottae) 23.0 18.2 4.0 0.2/0.8 13.5 13.5 17.2 12.7 15.4
5 Clade 5 (innectens) 21.8 20.4 20.9 19.9 0/0.4 3.5 8.8 7.6 9.5
6 Clade 6 (propinqua/aquilonis/ 

simulator/myitkyinensis)
22.1 21.6 20.7 19.7 4.7 0.7/0.6 9.3 7.1 9.7

7 Clade 7 (cacharensis) 22.8 23.2 19.9 19.9 11.1 10.8 0.3/0 7.0 6.5
8 Clade 8 (viridescens/lekhakuni) 22.7 21.5 20.2 19.7 11.9 10.7 7.3 0.2/0.7 3.6
9 Clade 9 (cinnamomeoventris) 22.7 20.7 19.8 19.2 11.0 10.4 6.9 3.0 0.7/0.6

Note: Values in diagonal are genetic distance within group (ND3/ND2).
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Myanmar) approximately 0.4 Mya (95% HPD: 0.1–
0.9 Mya); (5) I. v. myitkyinensis (northern Myanmar) 
diverged from the rest of the propinqua group around 
0.2 Mya (95% HPD: 0.1–0.3 Mya).

Additionally, the LAGRANGE (DEC) model indi-
cated a dispersal event in which the common ancestor 
of I. v. viridescens, I. p. lekhakuni, and I. p. cinnamom-
meoventris dispersed into the present day Thai–Malay 
Peninsula range of I. p. cinnamomeoventris, albeit with 
modest support (44%). The same model also suggested 
three vicariance events with varying levels of support: 
(1) between I. palawanensis (Palawan) and the rest of 
the genus (42%); (2) between the Sunda (Borneo, Malay 
Peninsula, Sumatra) and Indochina lineages (56%); 
and (3) between I. c. crypta (Malay Peninsula, Sumatra, 
and Natuna Islands) and I. c. charlottae/I. c. perplaxa 
(Borneo) (78%).

DISCUSSION

phylogeography of Iole BulBulS

The results of our analysis, based on mitochondrial 
and nuclear DNA data, yielded the first complete phy-
logenetic tree of all taxa in the genus Iole. The oldest 

divergence event was during the late Miocene to the 
early Pliocene (~9.7 Mya) between the population on 
Palawan and that on the rest of the Sunda subconti-
nent. Palawan’s collision with the Sunda shelf is esti-
mated to have taken place as early as 10 Mya (Hall, 
1998, 2002; Zamoros & Matsuoka, 2004; Zamoros 
et al., 2008), and presumably allowed for the coloniza-
tion of Palawan by an ancestral population of Iole. It 
is not fully clear whether Palawan was subsequently 
connected to Borneo because rates of tectonic change 
around Palawan have been rapid, while current 
bathymetry is only useful for understanding relatively 
recent (c. < 1 Mya) patterns of inter-island connected-
ness (Esselstyn et al., 2010). However, the most recent 
sea-level estimates for the penultimate glacial period 
(Bintanja, van de Wal & Oerlemans, 2005; Thomas 
et al., 2009) suggest that a deep water trench between 
Borneo and Palawan has existed for at least the last 
million years, and probably much longer, which allowed 
the Palawan population to remain isolated from other 
Sundaland populations.

The second major divergence event, when the 
Sundaic and Indochinese Iole lineages became sepa-
rated, occurred during early Pliocene (~7.2 Mya). Other 
biogeographic analyses of avifauna in Southeast Asia 

Figure 3. Maximum clade credibility species tree inferred from *BEAST, along with divergence times and reconstruction 
of ancestral areas from RASP. Numbers above branches are posterior probability. Nodes with low statistical support (<0.90) 
are collapsed. Numbers below branches are mean divergence time and 95% highest posterior density interval, both in Mya. 
Scale (lower left) indicates Myr. Present-day ranges for each taxon are colour coded and drawn as small circles at the end 
of the external branches. Pie charts at internal nodes represent marginal probabilities for each alternative ancestral range.
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region recover a pattern of similarly deep divergence 
between Indochinese and Sundaic taxa (Cracraft, 
1986; Ridder-Numan, 1996; Turner, Hovenkamp & 
Van Welzen, 2001). Both Johansson et al. (2007) and 
Päckert et al. (2012) reported a late Miocene to Pliocene 
divergence between Sundaic yellow-breasted warblers 
(Seicercus montis, S.castaniceps, and S. grammi-
ceps) and other, Sino-Himalayan, Seicercus warblers. 
A recent phylogeny of the Galliformes (Stein, 2013) 
dated the divergence between a pair of Arborophila 
species (A. ardens from Hainan and the Sundaic A. 
javanica) around the early Pliocene. The timeframe of 
these divergence events coincided with reported global 
cooling and drying towards the end of the Miocene 
which caused evergreen forest, widespread through-
out Indochina and Sunda during the Miocene (Morley, 
1998), to retreat to refuges in Sundaland (Morley, 
2012) and parts of northern Indochina (Li & Walker, 
1986) were separated by intervening drier seasonal 
forests (Sheldon et al., 2015) for much of the last 5–10 
million years (Morley, 2012). However, some avian 
taxa were still capable of moving between Sundaland 
and Indochina during that timeframe (Hughes, Round 
& Woodruff, 2003; Reddy, 2008; Moyle et al., 2012). 
Dispersal of rainforest taxa between Sundaland and 
Indochina may have either occurred during relatively 
short wetter periods or involved eurytopic interme-
diates able to move through drier, more open, forest 
(Sheldon et al., 2015).

During the Pliocene (~5.7 Mya) the Sundaic Iole 
taxa split into two lineages: (1) an eastern Sunda 
(Borneo) lineage and (2) a western Sunda (Malay 
Peninsula/Sumatra/Natuna Islands) lineage. This 
would accord with a proposed ‘savannah corridor’ sce-
nario (Heaney, 1991; Bird, Taylor & Hunt, 2005) in 
which parts of Sundaland between Borneo, Sumatra, 
and the Malay Peninsula were occupied by drier, sea-
sonal habitats in the late Pliocene to mid-Pleistocene, 
forcing rainforest birds into refugia in western and 
eastern Sundaland. While the existence of a savannah 
corridor is still debatable as the evidence is mixed and 
often site-specific (Meijaard, 2003; Bird et al., 2005; 
Meijaard & Groves, 2006; Kershaw, Van Der Kaars 
& Flenley, 2007; Wang et al., 2009), phylogeographic 
studies of Sunda fauna including mammals (Ruedi, 
1996; Zhi et al., 1996; Brandon-Jones, 1998; Fernando 
et al., 2003; Gorog, Sinaga & Engstrom, 2004; Meijaard 
& Groves, 2004; Hirai et al., 2005; Steiper, 2006; Patou 
et al., 2010; Wilting et al., 2012; Wurster & Bird, 2014), 
reptiles and amphibians (Wilting et al., 2012), fish 
(Ryan & Esa, 2006), ants (Quek et al., 2007), termites 
(Gathorne-Hardy et al., 2002), and trees (Bänfer et al., 
2006; Iwanaga et al., 2012; Ohtani et al., 2013) provide 
strong support for such a corridor.

The monophyly of I. c. crypta of the western Sunda 
lineage received strong support (96% PP in the gene 

tree and 94% PP in the species tree), demonstrating 
that populations in Sumatra, Malay Peninsula, and 
the Natuna Islands, although separated by a body of 
water at present time, are more closely related to each 
other than they are to populations of I. c. charlottae 
and I. c. perplexa in Borneo. The I. c. crypta lineage also 
had the highest within-lineage genetic divergence of 
any Iole. In most (16 out of 17) phylogeographic analy-
ses of non-migratory, forest-dependent vertebrates, 
the Sumatran populations were likewise more closely 
related to the Malay Peninsula populations, with the 
Bornean populations more divergent (Leonard et al., 
2015). The dates of divergences found, however, varied 
extensively among species (0.2–3.9 Mya), indicating 
that the diversification patterns in the Sunda region 
were not caused by a single climatic fluctuation influ-
encing forest cover or sea-level, but likely by several 
different stochastic events resulting in different rates 
of population survival over tens of thousands to a few 
million years.

The Pleistocene divergence of the Sabah (NE 
Bornean) I. c. perplexa population from I. c. charlottae 
populations in other parts of Borneo (~0.9 Mya) cor-
responds with the pattern reported in around 20 other 
bird species (Moyle et al., 2005, 2011; Sheldon et al., 
2009; Lim et al., 2010, 2011, 2014; Oliveros & Moyle, 
2010; Lim & Sheldon, 2011; Gawin, 2014; Chua et al., 
2015). Borneo’s forest avifauna became separated 
among habitat fragments early in the Pleistocene dur-
ing the period of relatively dry climate. Populations 
subsequently came into renewed contact because of 
forest expansion during periods of wetter climate in 
the mid to late Pleistocene (Cannon, Morley & Bush, 
2009; Sheldon et al., 2015) and formed a contact zone 
near the Sabah border. Such a vicariance-dispersal 
pattern in Borneo is reported in detail in two shama 
species, Copsychus malabaricus and C. stricklandii 
(Mees, 1986, 1996. Lim et al., 2010, 2011, 2014; Gawin, 
2014; Chua et al., 2015). Our study included only two 
Iole specimens from Sabah and three others from two 
localities in Sarawak, and we lacked samples from 
elsewhere. Thus, further sampling of Iole in Borneo 
would be desirable.

Our results suggested that all divergence events 
within the Indochina region happened during the late 
Pliocene/early Pleistocene (~0.2–2.8 Mya). This diver-
gence pattern is similar to that found for Alophoixus 
bulbuls by Fuchs et al. (2015) in which the diversifica-
tion of Indochinese mainland taxa took place during 
the Pleistocene. Both Iole and Alophoixus mainly show 
a pattern of parapatric replacement between members 
of the different phylogroups extending around (west, 
south, and east of) the drier, largely unforested low-
land basin of the central Thailand (Fuchs et al.’s ‘bro-
ken ring’). The latter authors demonstrated that some 
of the Alophoixus lineages were likely isolated before 
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coming back in contact, instead of the classical ring in 
which no allopatric phase was involved. Other phylo-
geographic studies of passerine birds (Pteruthius spp., 
Reddy, 2008; and Pomatorhinus spp., Reddy & Moyle, 
2011) indicate diversification events within Indochina 
during the past 1.0–2.8 Myr, probably as a result of 
multiple distinct geological and climatic events in the 
region, but without suggesting the precise mecha-
nisms that caused them. Dejtaradol et al.’s (2015) phy-
logeographic study of Pycnonotus bulbuls also dated 
Indochinese–Sundaic divergence events to the late 
Pliocene and divergence within Indochinese lineages 
during the late Pleistocene.

Deignan’s (1948) implied extensive sympatry 
between I. viridescens and I. propinqua in parts of 
eastern Myanmar, extending northwards from 16°N 
(Fig. 1), needs to be reviewed as it appears not to be 
substantiated by the specimens he examined and listed 
therein. Nor have we yet demonstrated range overlap 
between I. v. viridescens and I. p. cinnamomeoventris, 
with the southern limit of the former at 14° N and the 
northern limit for the latter at c.13°N. However, for-
est cover in Thailand between those limits is highly 
fragmented and the area was unsampled by our study. 
Additionally, these two taxa are morphologically and 
acoustically so similar that sympatry or even hybridi-
zation, should it occur, could easily remain undetected.

The only undoubted, extensive zone of sympa-
try between any Iole taxa appears to be between 
Indochinese I. p. cinnamomeoventris and Sundaic I. c. 
crypta in the Thai–Malay Peninsula at ~7°–9°N. The 
general region, the Isthmus of Kra, is recognized as 
an important biogeographic transition zone between 
the Indochinese and Sundaic subregions (Hughes 
et al., 2003; Woodruff, 2003; de Bruyn et al., 2005). 
Additionally, the less seasonal lowland forests of the 
Thai–Malay Peninsula are floristically more diverse 
than the drier Indochinese formations and presum-
ably offer more foraging niches, allowing for a more 
diverse assemblage of resident forest birds to co-exist 
(Round, Hughes & Woodruff, 2003). The divergence 
between Indochinese taxa and Sundaic taxa (~7.2 
Mya), the second oldest among any of the clades exam-
ined, evidently allowed the Iole populations of the two 
regions to develop ecological segregating mechanisms 
sufficient for them to exist in sympatry after coming 
into secondary contact. Although south of the zone of 
sympatry I. c. crypta is found up to 825 m above sea 
level (Robson, 2005), where both species occur, I. p. cin-
namomeoventris is found widely on hill slopes, while 
the relatively few unimpeachable specimen records of 
I. c. crypta are all from evergreen forest of the extreme 
lowlands or foothills. Repeated constrictions in land 
area caused by sea level changes within the last 5 mil-
lion years, as suggested by Woodruff & Turner (2009), 
may have further constrained opportunities for more 

extensive dispersal and greater sympatry along the 
Thai–Malay Peninsula.

taxonomic implicationS

Our results indicated that the present classification 
of Iole based on supposed morphological differences 
and plumage coloration does not accurately reflect the 
relationships among taxa. In addition to the four spe-
cies currently recognized, I. propinqua, I. viridescens, 
I. charlottae, and I. palawanensis, there are potentially 
five more species, while some presently recognized 
subspecies also require reassignment.

1. I. c. crypta, I. c. perplexa, I. p. innectens, I. v. cacharen-
sis, and I. p. cinnamomeoventris were each recovered 
as monophyletic clades, both in the Bayesian gene 
tree and in the species tree. These taxa also showed 
substantial genetic divergence from their respective 
closest lineages, suggesting they should be treated 
as full species: I. crypta, I. perplexa, I. innectens, 
I. cacharensis, and I. cinnamomeoventris.

2. Although receiving high support as a distinct line-
age in the species tree, I. v. myitkyinensis was not 
recovered as a monophyletic clade in the Bayesian 
gene tree, and showed low genetic divergence from 
the propinqua clade, its closest lineage in the spe-
cies tree (0.1%, data not shown). Therefore, we 
treat myitkyinensis as a subspecies of I. propinqua, 
I. p. myitkyinensis.

3. Neither I. p. aquilonis nor I. p. simulator were recov-
ered as distinct lineages in either the Bayesian gene 
tree or the species tree, and were recovered in the 
propinqua clade with no distinct monophyly. Both 
should therefore continue to be treated as doubt-
fully recognizable subspecies of I. propinqua.

4. I. p. lekhakuni was recovered in the viridescens 
clade with no distinct monophyly. Therefore, this 
taxon should be treated as a doubtfully recogniz-
able subspecies of I. viridescens, I. v. lekhakuni.

Molecular species delimitation analyses, such as 
Bayesian Phylogenetics and Phylogeography (Rannala 
& Yang, 2003; Yang & Rannala, 2010, 2014; Yang, 2015) 
or Bayesian implementation of the general mixed 
Yule-coalescent model (Reid & Carstens, 2012) would 
be better suited to further investigate and delimit the 
taxonomy of Iole bulbuls. However, this would require 
more DNA loci, larger sample sizes, and hence fur-
ther collecting effort, especially in northern Myanmar, 
Cambodia, southern Vietnam and Borneo, necessary 
for more rigorous taxonomic analyses.

We are also aware that genetic differentiation alone 
may not always accurately reflect the process of spe-
ciation (Hickerson et al., 2006; Galtier et al., 2009). An 
integrated approach incorporating both morphologi-
cal and bioacoustic analyses may be more convincing 
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in portraying species limits (DeSalle, 2006; Padial & 
de la Riva, 2007, 2010; Frezal & Leblois, 2008; Padial 
et al., 2010), and further study of our Iole findings is 
in progress.

ACKNOWLEDGEMENTS

Permits to collect samples in Thailand were provided 
by the Department of National Parks, Wildlife and 
Plant Conservation, Ministry of Natural Resources and 
Environment. Within the department, we acknowledge 
the kind cooperation of Apisith Pidthong, Budsabong 
Kanchanasaka, Chainarong Dooddeum, Chaiwat 
Limlikhitoxsorn, Duangrat Phothieng, Isaraphan 
Boonmas, Khajohnsak Yuangthong, Kriangsak 
Sribuarod, Paibul Phetchkaew, Panit Suwannaphat, 
Prateep Rojanadilok, Somchai Prangnark, Sompoch 
Maneerat, Somsak Thitichyaporn, Sunate Karapan, 
Suwit Gaewpiyarat, Umnach Muangprang, Uthai 
Chansuk, Weerasak Siengwan, Weeraya Ochakul, 
and Wirote Khwankaew. We are grateful for the tis-
sue samples provided by the American Museum of 
Natural History (Paul R. Sweet), California Academy 
of Sciences (Maureen Flannery), Louisiana State 
University Museum of Natural Science (Donna 
L. Dittmann), Muséum National d’Histoire Naturelle 
(Jerome Fuchs), Natural History Museum at Tring 
(Mark Adams), Smithsonian Institution National 
Museum of Natural History (Chris Milensky), Thailand 
Natural History Museum (Wachara Sanguansombat), 
University of Kansas Natural History Museum (Robert 
Moyle), and Yale Peabody Museum of Natural History 
(Kristof Zyskowski). We are also grateful to Enam Ul 
Haque, Samiul Mohsanin, Tareq Onu, Perawit Insuan, 
Ampaphat Toonin, Suphatchaya Techachoochert, and 
all those who assisted in the field, without whom 
this project would not have been completed. We are 
indebted to Arunee Ahantarig and Wachareeporn 
Trinachartvanit for allowing us to share their molec-
ular laboratory and equipment. Ananta Srisuphab 
kindly loaned equipment for recording bird vocaliza-
tions. The Harrison Institute (UK) provided copies 
of some older references which could not be obtained 
online. Ekgachai Jeratthitikul gave valuable help and 
advice on phylogenetic analyses. Amporn Wiwegweaw 
assisted our haplotype mapping. The preliminary syn-
thesis of our results greatly benefited from comments 
received from David Wells and Edward Dickinson. 
Jerome Fuchs made many valuable comments on the 
first draft of this manuscript. We appreciate the detailed 
comments of two anonymous reviewers whose care-
ful assessment and constructive suggestions greatly 
improved our manuscript. We thank the staff and stu-
dents of the Department of Biology, Faculty of Science, 
Mahidol University, for encouraging and supporting 

our work. This research was funded by the Thailand 
Graduate Institute of Science and Technology (TGIST), 
National Science and Technology Development Agency 
(NSTDA), Thailand. Philip Round is supported by 
the Wetland Trust, UK. We respectfully dedicate this 
paper to the late David S. Woodruff who encouraged 
and inspired us through his work on the biogeography 
of the Thai–Malay Peninsula.

REFERENCES

Bandelt HJ, Forster P, Röhl A. 1999. Median-joining net-
works for inferring intraspecific phylogenies. Molecular 
Biology and Evolution 16: 37–48.

Bänfer G, Moog U, Fiala B, Mohamed M, Weising K, 
Blattner FR. 2006. A chloroplast genealogy of myrmeco-
phytic Macaranga species (Euphorbiaceae) in Southeast 
Asia reveals hybridization, vicariance and long-distance dis-
persals. Molecular Ecology 15: 4409–4424.

Bickford D, Lohman DJ, Sodhi NS, Ng PK, Meier R, 
Winker K, Ingram KK, Das I. 2007. Cryptic species as a 
window on diversity and conservation. Trends in Ecology & 
Evolution 22: 148–155.

Bintanja R, van de Wal RS, Oerlemans J. 2005. Modelled 
atmospheric temperatures and global sea levels over the 
past million years. Nature 437: 125–128.

Bird MI, Taylor D, Hunt C. 2005. Palaeoenvironments of 
insular Southeast Asia during the Last Glacial Period: a 
savanna corridor in Sundaland? Quaternary Science Reviews 
24: 2228–2242.

Bouckaert R, Heled J, Kühnert D, Vaughan T, Wu CH, 
Xie D, Suchard MA, Rambaut A, Drummond AJ. 2014. 
BEAST 2: a software platform for Bayesian evolutionary 
analysis. PLoS Computational Biology 10: e1003537.

Brandon-Jones D. 1998. Pre-glacial Bornean primate impov-
erishment and Wallace’s line. In: Hall R, Holloway JD, eds. 
Biogeography and geological evolution of SE Asia. Leiden: 
Backhuys Publishers, 393–404.

de Bruyn M, Nugroho E, Hossain MM, Wilson JC, Mather 
PB. 2005. Phylogeographic evidence for the existence of an 
ancient biogeographic barrier: the Isthmus of Kra Seaway. 
Heredity 94: 370–378.

Cannon CH, Morley RJ, Bush AB. 2009. The current refu-
gial rainforests of Sundaland are unrepresentative of their 
biogeographic past and highly vulnerable to disturbance. 
Proceedings of the National Academy of Sciences 106: 
11188–11193.

Chua VL, Phillipps Q, Lim HC, Taylor SS, Gawin 
DF, Rahman MA, Moyle RG, Sheldon FH. 2015. 
Phylogeography of three endemic birds of Maratua Island, a 
potential archive of Bornean biogeography. Raffles Bulletin 
of Zoology 63: 259–269.

Clements JF, Schulenberg TS, Iliff MJ, Roberson 
D, Fredericks TA, Sullivan BL, Wood CL. 2015. 
The eBird/Clements checklist of birds of the world: 
v2015.  Available at: http:/ /www.birds.cornell .edu/
clementschecklist/download/

http://www.birds.cornell.edu/clementschecklist/download/
http://www.birds.cornell.edu/clementschecklist/download/


PHYLOGEOGRAPHY OF BULBULS 941

© 2017 The Linnean Society of London, Biological Journal of the Linnean Society, 2017, 120, 931–944

Corlett RT. 2009. Seed dispersal distances and plant migra-
tion potential in tropical East Asia. Biotropica 41: 592–598.

Cracraft J. 1986. Origin and evolution of continental biotas: 
speciation and historical congruence within the Australian 
avifauna. Evolution 40: 977–996.

Crottini A, Galimberti A, Boto A, Serra L, Liu Y, Yeung 
C, Yang X, Barbuto M, Casiraghi M. 2010. Toward a 
resolution of a taxonomic enigma: first genetic analyses of 
Paradoxornis webbianus and Paradoxornis alphonsianus 
(Aves: Paradoxornithidae) from China and Italy. Molecular 
Phylogenetics and Evolution 57: 1312–1318.

Degnan JH, Rosenberg NA. 2006. Discordance of species 
trees with their most likely gene trees. PLoS Genetics 2: e68.

Deignan HG. 1948. Races of the bulbul Microscelis charlot-
tae (Finsch) and its relatives. Proceedings of the Biological 
Society of Washington 61: 1–9.

Dejtaradol A, Renner SC, Karapan S, Bates PJ, Moyle 
RG, Päckert M. 2015. Indochinese‐Sundaic faunal tran-
sition and phylogeographical divides north of the Isthmus 
of Kra in Southeast Asian Bulbuls (Aves: Pycnonotidae). 
Journal of Biogeography 43: 471–483.

DeSalle ROB. 2006. Species discovery versus species iden-
tification in DNA barcoding efforts: response to Rubinoff. 
Conservation Biology 20: 1545–1547.

Dickinson EC, Christidis L, eds. 2014. The Howard and 
Moore complete checklist of the birds of the world, 4th edn, 
Vol. 2. Eastbourne, UK: Aves Press.

Esselstyn JA, Oliveros CH, Moyle RG, Peterson AT, 
McGuire JA, Brown RM. 2010. Integrating phylogenetic 
and taxonomic evidence illuminates complex biogeographic 
patterns along Huxley’s modification of Wallace’s Line. 
Journal of Biogeography 37: 2054–2066.

Fernando P, Vidya TN, Payne J, Stuewe M, Davison G, 
Alfred RJ, Andau P, Bosi E, Kilbourn A, Melnick DJ. 
2003. DNA analysis indicates that Asian elephants are 
native to Borneo and are therefore a high priority for conser-
vation. PLoS Biology 1: E6.

Fishpool LDC, Tobias JA. 2005. Family Pycnonotidae 
(Bulbuls). In: del Hoyo J, Elliott A, Christie DA, eds. 
Handbook of the birds of the world, Vol. 10. Cuckoo-shrikes 
to Thrushes. Barcelona: Lynx Edicions, 124–251.

Frézal L, Leblois R. 2008. Four years of DNA barcoding: 
current advances and prospects. Infection, Genetics and 
Evolution 8: 727–736.

Fuchs J, Ericson PG, Bonillo C, Couloux A, Pasquet E. 
2015. The complex phylogeography of the Indo-Malayan 
Alophoixus bulbuls with the description of a putative new 
ring species complex. Molecular Ecology 24: 5460–5474.

Fuchs J, Ericson PG, Pasquet E. 2008. Mitochondrial phy-
logeographic structure of the white‐browed piculet (Sasia 
ochracea): cryptic genetic differentiation and endemism in 
Indochina. Journal of Biogeography 35: 565–575.

Fukui AW. 1995. The role of the brown-eared bulbul 
Hypsypetes amaurotis as a seed dispersal agent. Researches 
on Population Ecology 37: 211–218.

Galtier N, Nabholz B, Glémin S, Hurst GD. 2009. 
Mitochondrial DNA as a marker of molecular diversity: a 
reappraisal. Molecular Ecology 18: 4541–4550.

Gathorne‐Hardy FJ, Davies RG, Eggleton P, Jones DT. 
2002. Quaternary rainforest refugia in south‐east Asia: 
using termites (Isoptera) as indicators. Biological Journal of 
the Linnean Society 75: 453–466.

Gawin DF. 2014. Population genetic and hybridization stud-
ies of three Bornean birds species: Mountain Black-eye 
(Chlorocharis emiliae), White-rumped Shama (Copsychus 
malabaricus), and Oriental Magpie-Robin (Copsychus saul-
aris). Doctoral dissertation, PhD thesis, Louisiana State 
University, Baton Rouge.

Gorog AJ, Sinaga MH, Engstrom MD. 2004. Vicariance 
or dispersal? Historical biogeography of three Sunda shelf 
murine rodents (Maxomys surifer, Leopoldamys sabanus 
and Maxomys whiteheadi). Biological Journal of the Linnean 
Society 81: 91–109.

Graham CH,  Moermond TC,  Kr is tensen  KA, 
Mvukiyumwami J. 1995. Seed dispersal effectiveness by 
two bulbuls on Maesa lanceolata, an African montane forest 
tree. Biotropica 27: 479–486.

Hall R. 1998. The plate tectonics of Cenozoic SE Asia and the 
distribution of land and sea. In: Hall R, Holloway JD, eds. 
Biogeography and geological evolution of SE Asia. Leiden: 
Backhuys, 99–131.

Hall R. 2001. Cenozoic reconstructions of Southeast Asia and 
the southwest Pacific: changing patterns of land and sea. In: 
Metcalfe I, Smith J, Morwood M, Davidson I, eds. Faunal and 
floral migrations and evolution in SE Asia-Australia. Lisse, 
The Netherlands: Swets and Zeitlinger, 35–56.

Hall R. 2002. Cenozoic geological and plate tectonic evolution 
of Southeast Asia and the Southwest Pacific: computer-based 
reconstructions, model and animations. Journal of Asian 
Earth Sciences 20: 353–434.

Harrigan RJ, Mazza ME, Sorenson MD. 2008. Computation 
vs. cloning: evaluation of two methods for haplotype determi-
nation. Molecular Ecology Resources 8: 1239–1248.

Heaney LR. 1991. A synopsis of climatic and vegetational 
change in Southeast Asia. Climatic Change 19: 53–61.

Hickerson MJ, Meyer CP, Moritz C. 2006. DNA barcod-
ing will often fail to discover new animal species over broad 
parameter space. Systematic Biology 55: 729–739.

Hillis DM, Moritz C, Mable BK, eds. 1996. Molecular sys-
tematics, Vol. 23. Sunderland, MA: Sinauer Associates.

Hirai H, Wijayanto H, Tanaka H, Mootnick AR, Hayano 
A, Perwitasari-Farajallah D, Iskandriati D, Sajuthi 
D. 2005. A whole-arm translocation (WAT8/9) separating 
Sumatran and Bornean agile gibbons, and its evolutionary 
features. Chromosome Research 13: 123–133.

Huelsenbeck J, Rannala B. 2004. Frequentist properties of 
Bayesian posterior probabilities of phylogenetic trees under 
simple and complex substitution models. Systematic Biology 
53: 904–913.

Huelsenbeck JP, Ronquist F. 2001. MRBAYES: Bayesian 
inference of phylogenetic trees. Bioinformatics  17: 
754–755.

Hughes JB, Round PD, Woodruff DS. 2003. The Indochinese-
Sundaic faunal transition at the Isthmus of Kra: an analy-
sis of resident forest bird species distributions. Journal of 
Biogeography 30: 569–580.



942 S. MANAWATTHANA ET AL.

© 2017 The Linnean Society of London, Biological Journal of the Linnean Society, 2017, 120, 931–944

Iwanaga H, Teshima KM, Khatab IA, Inomata N, 
Finkeldey R, Siregar IZ, Siregar UJ, Szmidt AE. 
2012. Population structure and demographic history of a 
tropical lowland rainforest tree species Shorea parvifolia 
(Dipterocarpaceae) from Southeastern Asia. Ecology and 
Evolution 2: 1663–1675.

Johansson US, Alström P, Olsson U, Ericson PGR, 
Sundberg P, Price TD. 2007. Build-up of the Himalayan avi-
fauna through immigration: a biogeographical analysis of the 
Phylloscopus and Seicercus warblers. Evolution 61: 324–333.

Jønsson KA, Bowie RCK, Moyle RG, Irestedt M, 
Christidis L, Norman JA, Fjeldså J. 2010. Phylogeny and 
biogeography of Oriolidae (Aves: Passeriformes). Ecography 
33: 232–241.

Kershaw AP, Van Der Kaars S, Flenley JR. 2007. The 
quaternary history of far eastern rainforests. In: Bush MB, 
Flenley JR, eds. Tropical rainforest responses to climatic 
change. Chichester: Praxis Publishing Ltd, 77–115.

Kimura M. 1980. A simple method for estimating evolutionary 
rates of base substitutions through comparative studies of nucle-
otide sequences. Journal of Molecular Evolution 16: 111–120.

King BF, Dickinson EC, Woodcock M. 1975. Field guide to 
the birds of South-East Asia. London: Houghton Mifflin.

Krause J, Dear PH, Pollack JL, Slatkin M, Spriggs H, 
Barnes I, Lister AM, Ebersberger I, Pääbo S, Hofreiter 
M. 2006. Multiplex amplification of the mammoth mitochon-
drial genome and the evolution of Elephantidae. Nature 439: 
724–727.

Kubatko LS, Degnan JH. 2007. Inconsistency of phyloge-
netic estimates from concatenated data under coalescence. 
Systematic Biology 56: 17–24.

Lanfear R, Calcott B, Ho SY, Guindon S. 2012. 
Partitionfinder: combined selection of partitioning schemes 
and substitution models for phylogenetic analyses. Molecular 
Biology and Evolution 29: 1695–1701.

Leaché AD, Chavez AS, Jones LN, Grummer JA, Gottscho 
AD, Linkem CW. 2015. Phylogenomics of phrynosomatid 
lizards: conflicting signals from sequence capture versus 
restriction site associated DNA sequencing. Genome Biology 
and Evolution 7: 706–719.

Lekagul B, Round PD, Wongkalasin M, Komolphalin K. 
1991. A guide to the birds of Thailand. Bangkok: Saha Karn 
Bhaet.

Leonard JA, Tex RJ, Hawkins MT, Muñoz‐Fuentes V, 
Thorington R, Maldonado JE. 2015. Phylogeography of 
vertebrates on the Sunda Shelf: a multi‐species comparison. 
Journal of Biogeography 42: 871–879.

Lerner HR, Meyer M, James HF, Hofreiter M, Fleischer 
RC. 2011. Multilocus resolution of phylogeny and timescale 
in the extant adaptive radiation of Hawaiian honeycreepers. 
Current Biology 21: 1838–1844.

Li XW, Walker D. 1986. The plant geography of Yunnan 
Province, southwest China. Journal of Biogeography 13: 
367–397.

Librado P, Rozas J. 2009. DnaSP v5: a software for compre-
hensive analysis of DNA polymorphism data. Bioinformatics 
25: 1451–1452.

Lim HC, Chua VL, Benham PM, Oliveros CH, Rahman MA, 
Moyle RG, Sheldon FH. 2014. Divergence history of the 

Rufous-tailed Tailorbird (Orthotomus sericeus) of Sundaland: 
implications for the biogeography of Palawan and the taxon-
omy of island species in general. The Auk 131: 629–642.

Lim HC, Rahman MA, Lim SLH, Moyle RG, Sheldon FH. 
2011. Revisiting Wallace’s haunt: coalescent simulations and 
comparative niche modeling reveal historical mechanisms 
that promoted avian population divergence in the Malay 
Archipelago. Evolution 65: 321–334.

Lim HC, Sheldon FH. 2011. Multilocus analysis of the evolu-
tionary dynamics of rainforest bird populations in Southeast 
Asia. Molecular Ecology 20: 3414–3438.

Lim HC, Zou F, Taylor SS, Marks BD, Moyle RG, Voelker 
G, Sheldon FH. 2010. Phylogeny of magpie-Robins and 
shamas (Aves: Turdidae: Copsychus and Trichixos): implica-
tions for island biogeography in Southeast Asia. Journal of 
Biogeography 37: 1894–1906.

Lohman DJ, Ingram KK, Prawiradilaga DM, Winker 
K, Sheldon FH, Moyle RG, Ng PK, Ong PS, Wang LK, 
Braile TM, Astuti D. 2010. Cryptic genetic diversity in 
‘widespread’ Southeast Asian bird species suggests that 
Philippine avian endemism is gravely underestimated. 
Biological Conservation 143: 1885–1890.

Mees GF. 1986. A list of birds recorded from Bangka Island, 
Indonesia. Zoologische verhandelingen 232: 1–176.

Mees GF. 1996. Geographical variation in birds of Java. 
Nuttall Ornithological Club Publications 26: 1–119.

Meijaard E. 2003. Mammals of south-east Asian islands 
and their Late Pleistocene environments. Journal of 
Biogeography 30: 1245–1257.

Meijaard E, Groves CP. 2004. The biogeographical evolution 
and phylogeny of the genus Presbytis. Primate Report 68: 
71–90.

Meijaard E, Groves CP. 2006. The geography of mammals 
and rivers in Mainland Southeast Asia. In: Lehman SM, 
Fleagle JG, eds. Primate biogeography: progress and pros-
pects. New York: Springer, 305–329.

Morley RJ. 1998. Tertiary history of the Malesian flora: a 
palynological perspective. In: Taxonomy: the cornerstone of bio-
diversity: Proceedings of the 4th International Flora Malesiana 
Symposium.  Kuala Lumpur, 20–24 July 1998, 197–210.

Morley RJ. 2012. A review of the Cenozoic palaeoclimate his-
tory of Southeast Asia. In: Gower DJ, Johnson KG, Richardson 
JE, Rosen BR, Ru¨ber L, Williams ST, eds. Biotic evolution 
and environmental change in Southeast Asia. Cambridge: 
Cambridge University Press, 79–114.

Moyle RG, Andersen MJ, Oliveros CH, Steinheimer 
FD, Reddy S. 2012. Phylogeny and biogeography of the 
core babblers (Aves: Timaliidae). Systematic Biology 61: 
631–651.

Moyle RG, Marks BD. 2006. Phylogenetic relationships of 
the bulbuls (Aves: Pycnonotidae) based on mitochondrial 
and nuclear DNA sequence data. Molecular Phylogenetics 
and Evolution 40: 687–695.

Moyle RG, Schilthuizen M, Rahman MA, Sheldon FH. 
2005. Molecular phylogenetic analysis of the whitecrowned 
forktail Enicurus leschenaulti in Borneo. Journal of Avian 
Biology 36: 96–101.

Moyle RG, Taylor SS, Oliveros CH, Lim HC, Haines CL, 
Rahman MA, Sheldon FH. 2011. Diversification of an 



PHYLOGEOGRAPHY OF BULBULS 943

© 2017 The Linnean Society of London, Biological Journal of the Linnean Society, 2017, 120, 931–944

insular Southeast Asian genus: phylogenetic relationships of 
the spiderhunters (Aves: Nectariniidae). The Auk 128: 777–788.

Ohtani M, Kondo T, Tani N, Ueno S, Lee LS, Ng KKS, 
Muhammad N, Finkeldey R, Na’iem M, Indrioko S, 
Kamiya K, Harada K, Diway B, Khoo E, Kawamura 
K, Tsumura Y. 2013. Nuclear and chloroplast DNA phylo-
geography reveals Pleistocene divergence and subsequent 
secondary contact of two genetic lineages of the tropical rain-
forest tree species Shorea leprosula (Dipterocarpaceae) in 
South-East Asia. Molecular Ecology 22: 2264–2279.

Oliveros CH, Moyle RG. 2010. Origin and diversification of 
Philippine bulbuls. Molecular Phylogenetics and Evolution 
54: 822–832.

Päckert M, Martens J, Sun YH. 2010. Phylogeny of long-
tailed tits and allies inferred from mitochondrial and nuclear 
markers (Aves: Passeriformes, Aegithalidae). Molecular 
Phylogenetics and Evolution 55: 952–967.

Päckert M, Martens J, Sun YH, Severinghaus LL, 
Nazarenko AA, Ting J, Töpfer T, Tietze DT. 2012. 
Horizontal and elevational phylogeographic patterns of 
Himalayan and Southeast Asian forest passerines (Aves: 
Passeriformes)? Journal of Biogeography 39: 556–573.

Padial JM, De La Riva I. 2007. Integrative taxonomists 
should use and produce DNA barcodes. Zootaxa 1586: 67–68.

Padial JM, De La Riva I. 2010. A response to recent pro-
posals for integrative taxonomy. Biological Journal of the 
Linnean Society 101: 747–756.

Padial JM, Miralles A, De la Riva I, Vences M. 2010. The 
integrative future of taxonomy. Frontiers in Zoology 7: 16.

Pasquet E, Han LX, Khobket O, Cibois A. 2001. Towards 
a molecular systematics of the genus Criniger, and a pre-
liminary phylogeny of the bulbuls (Aves, Passeriformes, 
Pycnonotidae). Zoosystema 23: 857–863.

Patou ML, Wilting A, Gaubert P, Esselstyn JA, Cruaud C, 
Jennings AP, Fickel J, Veron G. 2010. Evolutionary his-
tory of the Paradoxurus palm civets – a new model for Asian 
biogeography. Journal of Biogeography 37: 2077–2097.

Quek SP, Davies SJ, Ashton PS, Itino T, Pierce NE. 2007. 
The geography of diversification in mutualistic ants: a 
gene’s-eye view into the Neogene history of Sundaland rain 
forests. Molecular Ecology 16: 2045–2062.

Rahman MA, Gawin DFA, Moritz C. 2010. Patterns of genetic 
variations in the Little Spiderhunter (Arachnothera longiro-
stra) in Southeast Asia. Raffles Bulletin of Zoology 58: 381–390.

Rambaut A. 2012. Figtree version 1.4.2. Available at: http://
tree.bio.ed.ac.uk/software/figtree/.

Rambaut A, Drummond A. 2009. Tracer v1.5. Available at: 
http://beast.bio.ed.ac.uk.

Rannala B, Yang Z. 2003. Bayes estimation of species diver-
gence times and ancestral population sizes using DNA 
sequences from multiple loci. Genetics 164: 1645–1656.

Reddy S. 2008. Systematics and biogeography of the shrike-
babblers (Pteruthius): species limits, molecular phyloge-
netics, and diversification patterns across southern Asia. 
Molecular Phylogenetics and Evolution 47: 54–72.

Reddy S, Moyle RG. 2011. Systematics of the scimitar bab-
blers (Pomatorhinus: Timaliidae): phylogeny, biogeography, 
and species‐limits of four species complexes. Biological 
Journal of the Linnean Society 102: 846–869.

Ree RH, Moore BR, Webb CO, Donoghue MJ. 2005. A like-
lihood framework for inferring the evolution of geographic 
range on phylogenetic trees. Evolution 59: 2299–2311.

Ree RH, Smith SA. 2008. Maximum likelihood inference of 
geographic range evolution by dispersal, local extinction, and 
cladogenesis. Systematic Biology 57: 4–14.

Reid NM, Carstens BC. 2012. Phylogenetic estimation error 
can decrease the accuracy of species delimitation: a Bayesian 
implementation of the general mixed Yule-coalescent model. 
BMC Evolutionary Biology 12: 196.

Renner SC, Rappole JH, Milensky CM, Aung M, Shwe 
NM, Aung T. 2015. Avifauna of the Southeastern Himalayan 
Mountains and neighboring Myanmar hill country. Bonn 
Zoological Bulletin – Supplementum 62: 1–75.

Rheindt FE, Székely T, Edwards SV, Lee PL, Burke T, 
Kennerley PR, Bakewell DN, Alrashidi M, Kosztolányi 
A, Weston MA, et al. 2011. Conflict between genetic and 
phenotypic differentiation: the evolutionary history of a ‘lost 
and rediscovered’ shorebird. PLoS One 6: e26995.

Ridder-Numan JW. 1996. Historical biogeography of the 
Southeast Asian genus Spatholobus (Legum.-Papilionoideae) 
and its allies. Blumea Supplement 10: 1–144.

Robson C. 2005. Birds of Southeast Asia. Princeton, NJ: 
Princeton University Press. 

Ronquist F, Huelsenbeck JP. 2003. MrBayes 3: Bayesian 
phylogenetic inference under mixed models. Bioinformatics 
19: 1572–1574.

Ronquist F, Teslenko M, van der Mark P, Ayres DL, 
Darling A, Höhna S, Larget B, Liu L, Suchard MA, 
Huelsenbeck JP. 2012. MrBayes 3.2: efficient Bayesian 
phylogenetic inference and model choice across a large model 
space. Systematic Biology 61: 539–542.

Round PD, Hughes JB, Woodruff DS. 2003. Latitudinal 
range limits of resident forest birds in Thailand and the 
Indochinese–Sundaic zoogeographic transition. Natural 
History Bulletin of the Siam Society 51: 69–96.

Ruedi M. 1996. Phylogenetic evolution and biogeography 
of Southeast Asian shrews (genus Crocidura: Soricidae). 
Biological Journal of the Linnean Society 58: 197–219.

Ryan JR, Esa YB. 2006. Phylogenetic analysis of hampala 
fishes (subfamily Cyprininae) in Malaysia inferred from par-
tial mitochondrial cytochrome B DNA sequences. Zoological 
Science 23: 893–901.

Sheldon FH, Lim HC, Moyle RG. 2015. Return to the Malay 
Archipelago: the biogeography of Sundaic rainforest birds. 
Journal of Ornithology 156: 91–113.

Sheldon FH, Lohman DJ, Lim HC, Zou F, Goodman SM, 
Prawiradilaga DM, Winker K, Braile TM, Moyle RG. 2009. 
Phylogeography of the magpie-robin species complex (Aves: 
Turdidae: Copsychus) reveals a Philippine species, an interesting 
isolating barrier, and unusual dispersal patterns in the Indian 
Ocean and Southeast Asia. Journal of Biogeography 36: 1070–1083.

Spiegel O, Nathan R. 2007. Incorporating dispersal distance 
into the disperser effectiveness framework: frugivorous birds 
provide complementary dispersal to plants in a patchy envi-
ronment. Ecology Letters 10: 718–728.

Stein RW. 2013. Multistage scenerios for the evolution of poly-
morphisms in birds. PhD thesis. Simon Fraser University, 
Burnaby.

http://tree.bio.ed.ac.uk/software/figtree/
http://tree.bio.ed.ac.uk/software/figtree/
http://beast.bio.ed.ac.uk


944 S. MANAWATTHANA ET AL.

© 2017 The Linnean Society of London, Biological Journal of the Linnean Society, 2017, 120, 931–944

SUPPORTING INFORMATION

Additional Supporting Information may be found in the online version of this article at the publisher’s website:

Table S1 Taxonomic sampling and DNA sources used in this study.
Table S2 Primers used in this study.
Table S3 Dispersal constraints used in ancestral area reconstruction with RASP.
Figure S1 (A) Gene tree based on nuclear FIB7 DNA data estimated using MrBayes. Numbers at nodes indicate 
posterior probability. (B) Median-joining networks for the relationships among the haplotypes with circle size 
proportional to the number of individuals. Black dots indicate one mutational step. The red dots indicates median 
vector as extinct ancestral or unsampled haplotype. Colours correspond to the distribution ranges of taxa in Fig. 1.
Figure S2 Gene tree based on nuclear FIB7 DNA data without the individuals with allele which received phasing 
probability lower than 0.6. Numbers at nodes indicate posterior probability. Colours correspond to the distribution 
ranges of taxa in Fig. 1.

Steiper ME. 2006. Population history, biogeography, and tax-
onomy of orangutans (Genus: Pongo) based on a population 
genetic meta-analysis of multiple loci. Journal of Human 
Evolution 50: 509–522.

Stephens M, Scheet P. 2005. Accounting for decay of linkage 
disequilibrium in haplotype inference and missing-data impu-
tation. American Journal of Human Genetics 76: 449–462.

Stephens M, Smith NJ, Donnelly P. 2001. A new statistical 
method for haplotype reconstruction from population data. 
American Journal of Human Genetics 68: 978–989.

Tamura K, Stecher G, Peterson D, Filipski A, Kumar S. 
2013. MEGA6: molecular evolutionary genetics analysis ver-
sion 6.0. Molecular Biology and Evolution 30: 2725–2729.

den Tex RJ, Maldonado JE, Thorington R, Leonard JA. 
2010. Nuclear copies of mitochondrial genes: another prob-
lem for ancient DNA. Genetica 138: 979–984.

Thomas AL, Henderson GM, Deschamps P, Yokoyama Y, 
Mason AJ, Bard E, Hamelin B, Durand N, Camoin G. 
2009. Penultimate deglacial sea level timingfrom uranium/
thorium dating of Tahitian corals. Science 324: 1186–1189.

Turner H, Hovenkamp P, Van Welzen PC. 2001. 
Biogeography of Southeast Asia and the west Pacific. Journal 
of Biogeography 28: 217–230.

van Tuinen M, Hedges SB. 2001. Calibration of avian molec-
ular clocks. Molecular Biology and Evolution 18: 206–213.

Voous KH. 1961. Birds collected by Carl Lumholtz in eastern 
and central Borneo. Nytt Magasin for Zoologi 10: 127–180.

Wang XM, Sun XJ, Wang PX, Stattegger K. 2009. 
Vegetation on the Sunda Shelf, South China Sea, during the 
last glacial maximum. Palaeogeography, Palaeoclimatology, 
Palaeoecology 278: 88–97.

Weir JE, Corlett RT. 2007. How far do birds disperse seeds 
in the degraded tropical landscape of Hong Kong, China? 
Landscape Ecology 22: 131–140.

Weir JT, Schluter D. 2008. Calibrating the avian molecular 
clock. Molecular Ecology 17: 2321–2328.

Wilting A, Sollmann R, Meijaard E, Helgen KM, Fickel J. 
2012. Mentawai’s endemic, relictual fauna: is it evidence for 
Pleistocene extinctions on Sumatra? Journal of Biogeography 
39: 1608–1620.

Woodruff DS. 2003. Neogene marine transgressions, palaeo-
geography and biogeographic transitions on the Thai–Malay 
Peninsula. Journal of Biogeography 30: 551–567.

Woodruff DS, Turner LM. 2009. The Indochinese–Sundaic 
zoogeographic transition: a description and analysis of terres-
trial mammal species distributions. Journal of Biogeography 
36: 803–821.

Wurster CM, Bird MI. 2014. Barriers and bridges: early 
human dispersals in equatorial SE Asia. In: Harff J, Bailey 
G, Lüth F, eds. Geology and archaeology: submerged land-
scapes of the continental shelf. London: Geological Society.

Yang Z. 2015. The BPP program for species tree estimation 
and species delimitation. Current Zoology 61: 854–865.

Yang Z, Rannala B. 2010. Bayesian species delimitation 
using multilocus sequence data. Proceedings of the National 
Academy of Sciences 107: 9264–9269.

Yang Z, Rannala B. 2014. Unguided species delimitation 
using DNA sequence data from multiple Loci. Molecular 
Biology and Evolution 31: 3125–3135.

Yu Y, Harris AJ, Blair C, He X. 2015. RASP (Reconstruct 
Ancestral State in Phylogenies): a tool for historical bioge-
ography. Molecular Phylogenetics and Evolution 87: 46–49.

Zamoros LR, Matsuoka A. 2004. Accretion and postaccre-
tion tectonics of the Calamian Islands, North Palawan block, 
Philippines. Island Arc 13: 506–619.

Zamoros LR, Montes MGA, Queaño KL, Marquez EJ, 
Dimalanta CB, Gabo JAS, Yumul GP. 2008. Buruanga 
peninsula and Antique range: two contrasting terranes in 
Northwest Panay, Philippines featuring an arc-continent col-
lision zone. Island Arc 17: 443–457.

Zhang Z, Wang X, Huang Y, Olsson U, Martinez J, Alström P, Lei 
F. 2016. Unexpected divergence and lack of divergence revealed 
in continental Asian Cyornis flycatchers (Aves: Muscicapidae). 
Molecular Phylogenetics and Evolution 94: 232–241.

Zhi L, Karesh WB, Janczewski DN, Frazier-Taylor H, 
Sajuthi D, Gombek F, Andau M, Martenson JS, O’Brien 
SJ. 1996. Genomic differentiation among natural populations 
of orang-utan (Pongo pygmaeus). Current Biology 6: 1326–1336.

Zou F, Lim HC, Marks BD, Moyle RG, Sheldon FH. 
2007. Molecular phylogenetic analysis of the Grey-cheeked 
Fulvetta (Alcippe morrisonia) of China and Indochina: a case 
of remarkable genetic divergence in a ‘species’. Molecular 
Phylogenetics and Evolution 44: 165–174.

Zuccon D, Ericson PG. 2010. The phylogenetic position of 
the Black‐collared Bulbul Neolestes torquatus. Ibis 152: 
386–392.


