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Competing systematic hypotheses have placed the Tibetan endemic Przevalski’s Finch
Urocynchramus pylzowi either with the Old World buntings (Emberizidae) or with the
cardueline finches (Fringillidae, Carduelinae). Recent studies based on limited genetic
evidence instead suggest an isolated position within Passeroidea and advocate a separate
family, Urocynchramidae, as had been suggested much earlier on the grounds of mor-
phology. We provide a time-calibrated multi-locus phylogeny for Passeroidea including
Przevalski’s Finch based on three mitochondrial markers and three nuclear introns that
placed U. pylzowi in a clade together with Estrildidae, Viduidae and Ploceidae. A sister
group relationship of U. pylzowi and weavers (Ploceidae) was concordant among three
multilocus reconstructions but received only poor support. Divergence time estimates
inferred from a fossil/biogeographical molecular dating approach suggested a late Oligo-
cene split of U. pylzowi from its closest relatives at roughly 25 million years ago, making
this the oldest known Tibetan endemic passerine. In addition to the molecular data,
behavioural peculiarities and egg coloration further strengthen an isolated placement of
U. pylzowi.
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Przevalski’s Finch Urocynchramus pylzowi Przewal-
ski 1876 (Fig. 1) is a Chinese endemic passerine
with a small distribution at the eastern margin of
the Qinghai-Tibet Plateau. It was first described
from the Tatung River in the Nan Shan of north-
eastern Qinghai and from there its range extends
to south-western Gansu, eastern Xizang and west-
ern Sichuan (Collar & Newton 2010). It occupies
semi-open and open bush and scrub vegetation
between 3050 m and the upper limit of shrub and
bush vegetation below the nival ecotone. The
species has a strong preference for dwarf willow
species, such as Salix alfredii, and dwarf rhododen-
drons Rhododendron spp. as well as for stands of
Potentilla tenuifolia and Caragana jubata (Sch€afer
1938, Sch€afer & Meyer de Schauensee 1938,

Gebauer et al. 2006). Apart from the nominate
form, one subspecies, U. p. coloratus Tugarinow
and Stegmann (1929), has been described from
the headwaters of the Blue River, but most
authorities do not recognize this taxon (Vaurie
1956). Urocynchramus pylzowi is one of the Asian
high-elevation bird species whose biology and ecol-
ogy is very little known. Its general behaviour, nest
and eggs have been insufficiently described, and its
peculiar acoustic display was described only
recently (Gebauer et al. 2006).

Since its initial scientific description, the phylo-
genetic relationships and systematic placement of
Urocynchramus have been controversial. The scien-
tific name of its monotypic genus is a compound
word that refers to its phenotypic similarities to
the long-tailed rosefinch Uragus sibiricus on the
one hand (cf. Badyaev 1997) and similarities in
beak morphology with the emberizid subgenus
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Cynchramus on the other (Fig. 1). The various
vernacular names given to Urocynchramus are
symptomatic of the controversy regarding its sys-
tematic affiliations: some authorities refer to it as
Pink-tailed Bunting and include it in the Ember-
izidae (Inskipp et al. 1996) or in the subfamily
Emberizinae of the Fringillidae (Monroe & Sibley
1993), whereas others include it as the Pink-tailed

Rosefinch in the Fringillidae, with close affiliations
to Carduelinae (Vaurie 1956, 1959, 1972, King
1997, Clement 1999, for a criticism of that classifi-
cation see Parkes 2001, Collar & Newton 2010).

Although researchers of the early 20th century
had already noticed significant peculiarities of Uro-
cynchramus beyond superficial characters such as
the bunting-like beak, rosefinch-like reddish col-
oration and Uragus-like long tail, its affiliation to
finches (Fringillidae) and/or buntings (Ember-
izidae) was common until the first molecular
genetic analysis was published (Groth 2000),
which did not support such affiliations. However,
even in the light of Groth (2000), some authors
still suggest an affiliation with finches and bunt-
ings. For example, Collar and Newton (2010) in
the Handbook of the Birds of the World placed Uro-
cynchramus between Uragus sibiricus (which was
recently shown to be a true Carpodacus rosefinch;
Zuccon et al. 2012, Tietze et al. 2013) and Carpo-
dacus, although they highlighted recent molecular
findings.

Hartert (1910), alluding to the systematic posi-
tion of nine-primaried and 10-primaried songbirds,
found a relatively long 10th primary in U. pylzowi
and suggested strong similarities of that species
with the weavers (Ploceidae). Based on results
from his morphological analyses, von Domaniewski
(1918) was the first to suggest family rank to a
monotypic Urocynchramidae. This was later fol-
lowed by Wolters (1975–1982), who did not add
any further arguments. The isolated systematic
position of Urocynchramus was subsequently cor-
roborated by molecular evidence. A comparison of
a cytochrome-b (cytb) sequence acquired from a
specimen collected by Ernst Sch€afer in 1934 with
those of other passerines allowed Groth (2000) to
reject any phylogenetic relationship of Urocynchra-
mus to either Fringillidae or Emberizidae. He
placed it as a basal sister of a large passeroid clade
including all so-called ‘nine-primaried’ families
plus Estrildidae and Ploceidae. These results were
later confirmed by Gebauer et al. (2006), who also
added bioacoustic and ecological arguments against
a closer relationship of Urocynchramus to either
buntings or finches. In the same year, Yang et al.
(2006) provided a two-marker phylogeny (cytb
and a further nuclear marker c-myc) that likewise
rejected a close relationship between U. pylzowi
and rosefinches (Carpodacus including Uragus
sibiricus), instead suggesting an isolated position of
Urocynchramidae basal to the nine-primaried
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Figure 1. Przevalski’s Finch Urocynchramus pylzowi: (a) adult
male, Qinghai, photo: Paul Jones, Ottawa, Canada; (b) adult
female from near Lake Qinghai (Koko Nor), photo: Axel Gebauer,
http://www.gebauer-wildphoto.com; (c) adult female from near
Koko Nor, note the bunting-like beak, photo: J. Martens.
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oscines. All subsequent phylogenetic supertree and
supermatrix reconstructions that included Urocyn-
chramus (Jønsson & Fjelds�a 2006, Jetz et al. 2012)
referred to Groth’s (2000) phylogenetic hypothesis
but without using his original sequence data. To
date, a single complete cytochrome-oxidase I
(COI) sequence of U. pylzowi (1249 bp length) is
available at GenBank submitted by team members
of Yang et al. (2006), who apparently had not
used this sequence for their study. Some taxo-
nomic authorities have recently relied on the
genetic evidence from Groth (2000) to confirm
the family status of Urocynchramidae (Clements
et al. 2014, Dickinson & Christidis 2014). How-
ever, to date, a phylogenetic hypothesis for the
placement of Urocynchramus in relation to other
Passeroidea based on firm multi-locus evidence is
still missing. Here we aim to provide a more
robust hypothesis of the phylogenetic relationships
of U. pylzowi based on a multi-locus sequence
dataset and to investigate the temporal dimension
when ancestors of this enigmatic Tibetan endemic
split from its closest relatives using time-calibrated
phylogenetic trees.

METHODS

We obtained samples of U. pylzowi from the
lower slopes of northern Nan Shan Mts close to
the southern shore of Lake Qinghai (Koko Nor),
3 km southeast of Heimahe at 3300 m, sampling
one adult female (voucher catalogue number:
MTD-C64769) and one juvenile (voucher cata-
logue number: MTD-C64770). We amplified and
sequenced four mitochondrial regions (cytb,
NADH dehydrogenase subunit 2 (ND2), 16S
rRNA, COI) and three nuclear markers (myo-
globin intron 2, fibrinogen intron 7, ornithine-
decarboxylase intron 7) from DNA extracts
obtained from muscle tissue. For phylogenetic
analyses we assembled a multi-locus sequence
dataset of 100 taxa. We filled gaps in published
sequence datasets of buntings and rosefinches
from previous studies (Tietze et al. 2013, P€ackert
et al. 2015b) and added newly generated
sequence data for members of other passeroid
families such as Prunellidae. For details on DNA
extraction, PCR and sequencing protocols see the
studies cited above. For sources of sequence data
see Table S1.

Sequences were aligned with MEGA 6 (Tamura
et al. 2011). We reconstructed a multi-locus

phylogeny based on six markers (COI sequences
were not used for multi-locus analyses due to data
deficiency for many taxa) with BEAST v.1.8.1
(Drummond & Rambaut 2007). We ran BEAST for
50 million generations (trees sampled every 5000
generations) under the uncorrelated lognormal
clock model for all loci with the ‘auto-optimize’
option activated and a birth-death process prior
(with incomplete sampling assumed) applied to the
tree. The best partitioning scheme was determined
with PARTITIONFINDER 1.1.1 (Lanfear et al. 2012)
using the corrected Akaike information criterion
(AICc), the ‘beast’ model set and the greedy search
algorithm. The best scheme was determined to be a
10-partition scheme with cytb and ND2 partitioned
by codon position and all other markers set as a
separate partition. According to these results we
applied (i) the GTR+I+Γ model to the partitions
cytb 1st codon position, ND2 1st and 2nd codon
position and 16S rRNA; (ii) the GTR+Γ model to
the partitions cytb 3rd codon position, ND2 3rd
codon position, myo, fib7 and ODC; (iii) the
HKY+I+Γ model to cytb 2nd codon position.

For inference of divergence time estimates, we
calibrated our phylogeny using four fossil and two
biogeographical calibration points (three of them
have been previously applied by Kennedy et al.
2012). We used the following fossil ages as node
constraints: (i) a fossil bunting Ammodramus hatch-
eri from the Clarendonian–Hemphillian (Steadman
1981, node: all Passerellidae), (ii) a fossil Passerina
sp. from the Hemphillian (Steadman 1981, Stead-
man & McKitrick 1982, Kennedy et al. 2012,
node: Cyanocompsa and Passerina), (iii) a fossil
tentatively identified as Parulidae from the early
Miocene (Kennedy et al. 2012, Mayr 2013, node:
Parulidae, Icteridae, Emberizidae and Passerelli-
dae), and (iv) the earliest fossil representing the
crown group Passeriformes for time to most recent
common ancestor (tmrca) of the root separating
Acanthisitta from other passerines (Mayr 2013, the
normal prior interval was defined using the separa-
tion of New Zealand from Australia as a soft mini-
mum; see Kennedy et al. 2012). We furthermore
applied the following three palaeogeographical
node constraints: (v) the palaeovolcanic age of S~ao
Miguel, Azores, for the crown group of Pyrrhula
bullfinches (Johnson et al. 1998, T€opfer et al. 2011,
node: Pyrrhula murina and P. pyrrhula), and (vi)
the formation of the Hawaiian Kauai/Nilhau com-
plex for Hawaiian honeycreepers (Lerner et al.
2011). We slightly modified the dating approach
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of Kennedy et al. (2012) by applying a lognormal
tmrca prior distribution to four calibration points
(instead of a ‘hard maximum’) according to the
standards for fossil calibrations outlined in Benton
et al. (2009). For two calibration nodes a normal
prior distribution was applied due to apparent
incompatibilities between lognormal tmrca prior
intervals that arose in first test runs with BEAST

(palaeovolcanic age of S~ao Miguel, Pyrrhula; sepa-
ration of New Zealand from Australia, Acan-
thisitta). For details on constraint nodes,
calibration points and tmrca prior settings, see
Table 1 and Fig. S1. For comparison, we per-
formed a second run with BEAST and applied an
empirical substitution rate of 0.0105 substitutions
per site per lineage per million years (Weir &
Schluter 2008) to the cytb partition and left the
rates of all other loci to be estimated relative to
the cytb rate. The log files were examined with

TRACER v1.4.8 (Drummond & Rambaut 2007) to
ensure adequate effective sample sizes (ESSs). We
considered ESSs satisfactory for each target distri-
bution if they were at least 100 (preferably above
200; Drummond & Bouckeart 2015). Trees were
summarized with TREEANNOTATOR v1.4.8 (poste-
rior probability limit = 0.5) using a burn-in value
of 3000 (trees) and the median height annotated
to each node.

To validate the phylogeny obtained from BEAST

we also calculated a maximum likelihood (ML)
tree with RAXML v7.2.6 (Stamatakis 2006; using
the GUI PYTHON application v0.93 by Silvestro &
Michalak 2012) and another Bayesian tree with
MRBAYES v3.1.2 (Ronquist & Huelsenbeck 2003).
Partitioning of the dataset was identical to that
used for runs in BEAST. For MRBAYES, the MCMC
chains ran for 10 million generations and trees
were sampled every 100th generation. We used

Table 1. Calibration points used for molecular dating and tmrca prior settings in BEAST. Five lognormal priors (including zero offset,
minimum node age (= fossil age), log mean and standard deviation (sd)), and two normal priors; tmrca priors for fossil calibration
points 1–4 were set to a lognormal distribution roughly covering the interval of the stratigraphic layer with the fossil age as zero offset
(see Benton et al. 2009). The tmrca prior for the Drepanidinae clade was set according to the respective node age estimated by Ler-
ner et al. (2011) (zero offset) and with a lognormal distribution covering the period of the biogeographical formation of the oldest
Hawaiian islands (compare Lerner et al. 2011). Node 5 of the Azorean endemic Pyrrhula murina and its sister species Pyrrhula pyr-
rhula was constrained using the volcanic age of S~ao Miguel.

Calibration taxon Node dated Calibration source
Date

used (Ma)
Zero
offset

log
mean sd Reference(s)

Parulidae 1. Parulidae +
Icteridae +
Emberizidae +
Passerellidae

Fossil: tentative
identification as
Parulidae, early
Miocene

18–23 18 1.0 0.1 Kennedy et al. (2012),
Mayr (2013)

Passerina cyanea 2. Cyanocompsa
cyanoides

Fossil: Passerina,
Hemphillian

4.5–10 4.5 0.5 0.75 Kennedy et al. (2012),
Steadman and McKitrick
(1982)

Ammodramus
humeralis

3. Passerellidae Fossil: Ammodramus
hatcheri, Clarendonian–
Hemphillian

4.3–10 4.3 0.5 0.75 Steadman (1981)

Drepanidinae 4. Drepanidinae Biogeographical: formation
of Kauai/Nilhau
complex

4.9–5.7 4.9 0.01 0.5 Lerner et al. (2011)

Date
used
(Ma)

Normal
mean sd

Pyrrhula
murina

5. P. murina/
P. pyrrhula

Biogeographical: age of
S~ao Miguel

0–0.88 0.88 0.35 T€opfer et al. (2011)

Acanthisitta
chloris

6. All
passerines

Biogeographical: separation
of
New Zealand from Australia

23–85 54 15.8 Kennedy et al.
(2012)

Fossil: earliest crown group
passerines from Australia

Mayr (2013)
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TRACER v1.4.8 to check ESS values for conver-
gence of model parameters for the combined out-
put files. The first 30 000 samples were discarded
as burn-in and the model parameters and the pos-
terior probabilities were estimated from the
remaining samples. The remaining trees were sum-
marized in a 50% majority rule consensus tree.
ML bootstrap support was obtained with RAXML
using 100 replicates under the GTR+Γ+I model
(thorough bootstrap option).

For ESSs for the data likelihood, the mean in
the BEAST run was 1395 (range 329–5291;
Table S2) indicating satisfactory convergence. In
comparison, the mean ESS from the run with
MRBAYES was 8913 (range 107–45 770) indicating
satisfactory convergence for all parameters except
mean relative rates for each of the 10 partitions
(m{1} – m{10}; Table S3). Failure of Bayesian
analysis to converge, particularly for large datasets,
has been previously reported, e.g. for the deep
phylogeny of birds by Hackett et al. 2008 (their
fig. S3), and might be due to inaccurate branch-
length estimates several magnitudes longer com-
pared with those resulting from likelihood analysis
(Brown et al. 2009). On account of this criticism
and given that crucial parameters such as prior and
likelihood reached satisfactory ESS in our analysis,
we considered the non-convergence of the relative
rate parameters and a possible effect on branch
lengths of minor importance in the MRBAYES tree,
as that lacked a time calibration. Nevertheless, the
ML reconstruction using RAXML might be the
more reliable and more robust phylogenetic
hypothesis to be compared with the time-cali-
brated BEAST tree.

We also reconstructed a single-locus phylogeny
for an enlarged ND2 sequence dataset of U. pyl-
zowi plus Ploceidae, Viduidae and Estrildidae (data
from GenBank; most sequences from Sorenson &
Payne 2001, Sorenson et al. 2004, Prager et al.
2008). Phylogenetic reconstructions with BEAST

were performed according to the settings described
above including partitioning by codon position of
the ND2 dataset.

RESULTS

The simplified multi-locus tree of our Passeroidea
dataset is shown in Fig. 2 (for a tree showing all
species, see Fig. S1). In our time-calibrated phy-
logeny, U. pylzowi was not included in the fully
supported clade of ‘nine-primaried’ oscines

(although note that Peucedramidae was also
excluded from the nine-primaried oscine clade)
but was instead nested in a clade with Estrildidae,
Viduidae and Ploceidae (Fig. 2). This entire clade
received strong support in the dated BEAST phy-
logeny (Fig. 2), but only poor support from likeli-
hood bootstrap and Bayesian posterior
probabilities in the RAXML and MRBAYES trees
(Fig. 3). The topology among U. pylzowi and these
three families was identical in all multi-locus
reconstructions with BEAST, MRBAYES and RAXML.
However, the sister group relationship between
Urocynchramus and Ploceidae received poor sup-
port in all analyses (Figs 2 and 3). The position of
Urocynchramus as sister to Ploceidae could be dri-
ven by the signal of the mitochondrial markers,
because this position was corroborated by the
RAXML mtDNA tree; however, it received only
poor support from likelihood bootstrap analyses
(Fig. S2a). In contrast, for the nuclear and mtDNA
tree inferred using MRBAYES, the Estrildidae/Vidui-
dae clade, Urocynchramus and Ploceidae were suc-
cessively basal to the crown clade of Motacillidae/
Passeridae and the nine-primaried oscines
(Fig. S2b). In the single-locus tree based on an
enlarged ND2 sequence set, Estrildidae, Viduidae
and Ploceidae appeared as three clearly separated
lineages (however, only the first two received
strong support) and Urocynchramus was nested
within Ploceidae and formed a poorly supported
clade with Bubalornis, Dinemellia and Amblyospiza
(Fig. 4).

The mean divergence time to the tmrca of Plo-
ceidae and Urocynchramidae inferred from the fos-
sil calibration was 25 Ma (22.5–27.5 Ma);
however, the tmrca estimate inferred from the
cytb rate was considerably older (35 Ma (29.7–
40.9 Ma)).

We compared our COI barcode sequences
(688 bp, including that of a second juvenile from
the same locality; cat. no. MTD-C64771) with the
only GenBank sequence available for U. pylzowi
(EU847720). The COI sequences differed by four
substitutions, and the GenBank sequence showed
three additional insertions at positions 403, 416
and 441 (all adenosine) that caused a reading-
frame shift along that part of the COI gene.

DISCUSSION

All our multi-locus reconstructions placed U. pyl-
zowi sister to Ploceidae, in a larger clade that also
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included Estrildidae and Viduidae. That position
is discordant with previous phylogenetic hypothe-
ses, which placed U. pylzowi as a basal lineage of
Passeroidea without any close affinities to at least
one passeroid family (Groth 2000, Yang et al.
2006, Jønsson & Fjelds�a 2006 (Passeroidea, clade
4)). Although node support was moderate to low
for the clade uniting Urocynchramidae, Ploceidae,
Estrildidae and Viduidae, there is further evi-
dence of a closer relationship among U. pylzowi
and weavers, waxbills and whydahs. Groth
(2000) emphasized that in his cytb sequence
dataset the lowest transversion distance between
U. pylzowi and other species was with the estril-
did genus Parmoptila; however, he refrained from
suggesting a closer relationship between these
taxa because they did not appear as sister groups
from his phylogeny. Like Groth (2000), Yang
et al. (2006) pointed out the isolated position of

U. pylzowi in their Bayesian and maximum parsi-
mony consensus trees but also stressed that in
their likelihood phylogeny U. pylzowi groups with
three species of Ploceidae and Estrildidae (Ploceus,
Cryptospiza and Lonchura), although with poor
support. In contrast to our findings regarding the
placement of U. pylzowi, the monophyly of the
‘nine-primaried’ oscines with the exception of
Peucedramidae is in accordance with previous
studies (Klicka et al. 2000, Yuri & Mindell 2002,
Davis & Page 2014).

Strikingly, one of the major arguments against
the inclusion of U. pylzowi in either the Fringilli-
dae or the Emberizidae has been its well-devel-
oped 10th primary (von Domaniewski 1918, see
also Payne: in Peters 1968). However, in passeri-
nes the number of primaries and the size of the
10th primary are known to carry only very limited
phylogenetic information (Hall 2005). Hartert
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Figure 2. Multi-locus Bayesian phylogeny of Passeroidea (BEAST analysis) based on six markers (cytb: 1041 bp; ND2: 1041 bp; 16S
rRNA: 856 bp; myoglobin: 746 bp; ODC: 543 bp; fib7: 705 bp). The tree was rooted with Acanthisitta chloris (pruned from the tree).
Support from posterior probabilities is indicated at nodes.
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(1910) described the 10th primary of U. pylzowi
as more than half the length of the ninth primary
(he gives about 22 mm for its length) and he
explicitly stated that the wing of U. pylzowi cannot
be regarded as nine-primaried but rather resembles
that of weavers, Ploceidae. Furthermore, Vaurie
(1956: p. 35) describes the 10th primary of U. pyl-
zowi as being somewhat similar in its development,
although still longer, than that of the typical wea-
vers of the genus Ploceus; similarly Stone (1933)
also notes a similarity of the 10th primary to Plo-
ceidae. In addition to the 10th primary, skull anat-
omy, e.g. the absence of an ossified inter-orbital
septum, provides further arguments against a

closer relationship of U. pylzowi with either
Emberizidae or Fringillidae (Zusi 1978).

In addition to morphology, its acoustic display
behaviour strongly distinguishes U. pylzowi from
finches and buntings. Its pipit-like display flight is
most impressive and has been described in detail
by Gebauer et al. (2006): the male starts sud-
denly from a bush perch, mostly when
approached by a conspecific, and silently ascends
at a steep angle with rapid and shallow wing
beats. After reaching a height of 10–20 m, he
starts singing and descends gliding with wings
raised in a V-shape, the tail spread and slightly
fanned upwards. The gliding back to the perch
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Figure 3. Multi-locus maximum likelihood phylogeny of Passeroidea based on six markers (cytb: 1041 bp; ND2: 1041 bp; 16S rRNA:
856 bp; myoglobin: 746 bp; ODC: 543 bp; fib7: 705 bp) inferred using RAXML. The tree was rooted with Acanthisitta chloris (pruned
from the tree). Node support from ML bootstrap and Bayesian (BI) posterior probabilities is indicated, *Full nodal support (ML = 100,
BI = 1.0).
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takes about 8–10 s, during which the male sings
continuously. During the descent the long, partly
reddish spread tail is a strong visual signal that
can be seen well for a long distance. This display
flight is unique and not shared by any finch,
bunting or weaver species. A second distinct song
type of U. pylzowi is regularly given from a
perch. It differs in length and syntax from the
flight song (Gebauer et al. 2006). The song is
similar in auditory impression, and based on son-
agram, to that of Uragus sibiricus as stated by
Gebauer et al. (2006). Notes and frequency range
are similar in both species, but statistically differ-
ent in other characters. For example, verse length
is shorter in U. sibiricus and that species does not
use display flights. Song similarity to the Reed
Bunting Emberiza schoeniclus has been suggested
by Przewalski (1876), but Gebauer et al. (2006)
suggest this may refer to certain call types, as the
song of the Reed Bunting is much shorter and
much more stereotyped than that of U. pylzowi
and the syntax of both differs considerably.

The eggs of U. pylzowi are also peculiar and
indicate an isolated position unrelated to finches
and buntings. They are glossy, heavily and densely
speckled on a dark olive background providing lit-
tle contrast of the speckles and yielding an overall
dark appearance (Sch€onwetter 1988, Gebauer
et al. 2006, Dixon et al. 2013). In this aspect they
resemble eggs of Common Nightingale Luscinia
megarhynchos and Bluethroat Luscinia svecica and
do not at all resemble the eggs of finches or bunt-
ings (Dixon et al. 2013).

Our divergence time estimates are in good con-
cordance with the chronology of passerine evolu-
tion by Claramunt and Cracraft (2015), who
suggest a late Eocene split between the sister
clades Passeroidea and Bombycilloidea. Further-
more, our within-Passeroidea chronology is con-
gruent with that proposed by Kennedy et al.
(2012) and Barker et al. (2013), who both gave a
tmrca of roughly 20 Ma for the basal node of their
passeroid clade (comprising Fringillidae and the
crown group of nine-primaried oscines). Devia-
tions among more recent tmrca estimates within
the nine-primaried passerine clade between the
latter study and our results (younger tmrca of the
sister clade of Fringillidae in Barker et al. 2013)
are certainly due to the different taxon-samplings
and different time-calibration strategies. Likewise,
our fossil-calibration yielded a younger tmrca esti-
mate for the Urocynchramidae/Ploceidae split

compared with the tmrca inferred from a fixed
cytb substitution rate. Regardless of the deviations,
our divergence time estimates suggest a long sepa-
ration of U. pylzowi from its closest relatives that
started possibly as early as the late Oligocene.
Long-term separation and successive adaptations
to extreme alpine environments might have
masked its true phylogenetic relationships, as has
been seen in other Tibetan endemics such as the
Tibetan Ground Tit Pseudopodoces humilis (James
et al. 2003, Qu et al. 2013). It remains open to
question whether these Tibetan endemics have
never diversified or whether they represent relic
lineages of formerly more diverse clades (Favre
et al. 2014, P€ackert et al. 2015a). Nevertheless,
according to our phylogenetic results U. pylzowi
can be considered the oldest Tibetan endemic
passerine bird species known to date. Placing
U. pylzowi in a monotypic family still seems to be
well justified in light of this deep genetic diver-
gence.
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SUPPORTING INFORMATION

Additional Supporting Information may be found
in the online version of this article:

Figure S1. Multi-locus phylogeny of Passeroidea
based on six markers with all 100 taxa shown
(cytb: 1041 bp; ND2: 1041 bp; 16S rRNA:
856 bp; myoglobin: 746 bp; ODC: 543 bp; fib7:
705 bp). Support from posterior probabilities is
indicated at nodes; grey boxes indicate constraint
nodes, numbers refer to the calibration points in
Table 1 (except node 1 which is the root of the
tree, the root taxon Acanthisitta chloris was pruned
from the tree).

Figure S2. Phylogeny of Passeroidea based on
(a) three mitochondrial genes (cytb, ND2, 16S
rRNA) and (b) three nuclear introns (myo, ODC,
fib7); likelihood trees were reconstructed with
RAXML including bootstrap support and support
from posterior probabilities indicated at nodes, full
node support (BI = 1.0, ML = 100) indicated by
an asterisk; – node in the Bayesian tree differing
from the RAXML tree; the trees were rooted with
Acanthisitta chloris (pruned from the trees).

Table S1. Material and sequences used for phy-
logenetic reconstructions.

Table S2. ESS values for all model parameters
resulting from Bayesian inference of phylogeny
using BEAST after 50 000 000 generations.

Table S3. ESS values for all model parameters
resulting from Bayesian inference of phylogeny
using MrBayes after 10 000 000 generations.
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