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CHAPTER 4

PHYLOGENY, BIODIVERSITY, AND SPECIES LIMITS OF PASSERINE
BIRDS IN THE SINO-HIMALAYAN REGION—A CRITICAL REVIEW*

Jochen Martens,13Dieter Thomas Tietze,24and Martin Packert2

Unstitutfir Zoologie, Johannes Gutenberg-Universitdt Mainz, 55099 Mainz, Germany; and
2Senckenberg Naturhistorische Sammlungen Dresden, Museum fiir Tierkunde,
Kénigsbricker LandstraBe 159, D-01109 Dresden, Germany

Abstract.—We analyzed passerine biodiversity and phylogeography in the Sino-Himalayan
region with respect to neighboring areas, especially the Siberian taiga zone to the north and tropi-
cal Asia southeast of the Himalayas and mountainous parts of southwest China. Fresh results,
informative about evolutionary processes in that area, were obtained mainly by the application
of new methods in passerine systematics, acoustic and molecular genetic markers. It became evi-
dent that species with areas in the Himalayas and southwest China and, in addition, often with
disjunct areas in Siberia, actually belong to swarms of closely related, mostly allopatric species.
In many cases these differ markedly in vocalizations and are deeply split according to molecular
genetic markers. External morphology of the constituent taxa quite often remained surprisingly
homogeneous and thus resulted in traditional subspecies status of single populations at best.
Other such well-differentiated taxa were often overlooked and only discovered by molecular
genetic techniques. Within the Himalayas, contrary to current thinking, intra-range differentiation
iswell developed in some taxa but still largely unresolved because of deficient sampling along the
Himalayan chain. Both subspecies and allopatric species are also concerned here. Apparently, the
Himalayas were mostly settled from the east following intra-range diversification. Immigration
from the west into the Himalayas was a much rarer event and, impeded by the monsoons, immi-
grants reached just west Nepal and, with respect to evolutionary history, did not diverge further.
Himalayan endemic passerines are few and mainly confined to the western part.

Key words: acoustics, China, Himalayas, molecular genetics, Siberia, Sino-Himalayan region,
speciation.

Filogenia, Biodiversidad y Limites de las Especies de Aves Paserinas en la Region
Sino-Himalaya—Una Revision Critica

Resumen —Analizamos la biodiversidad y filogenia de paserinas en la regién Sino-Himalaya
con relacion a las areas vecinas, especialmente la zona de la taiga siberiana hacia el norte y Asia
tropical al sudeste del Himalaya, y las partes montafiosas del sudoeste de China. Nuevos resultados,
que brindan informacidn sobre los procesos evolutivos en aquellas reas, fueron obtenidos princi-
palmente por la aplicacion de nuevos métodos en sistematica de paserinos, acUstica y marcadores
genéticos moleculares. Se hizo evidente que las especies distribuidas en el Himalaya y el sudoeste
de China, que ademas usualmente se encuentran en areas disyuntas en Siberia, pertenecen en
realidad a enjambres de especies mayormente alopétricas y cercanamente emparentadas. En
muchos casos éstas difieren marcadamente en vocalizaciones y estan profundamente escindidas
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de acuerdo a los marcadores genéticos moleculares. La morfologia externa de los taxones con-
stitutivos con frecuencia fue sorprendentemente homogénea y, por ende, dio como resultado el
estatus de subespecies tradicionales sélo para poblaciones individuales en el mejor de los casos.
Otros taxones bien diferenciados fueron usualmente pasados por alto y s6lo descubiertos por
técnicas de genética molecular. Al contrario de lo que se piensa usualmente, dentro del Himalaya
la diferenciacién estd bien desarrollada en algunos taxones, pero, en gran medida, permanece
aun sin resolver debido a los muestreos deficientes a lo largo de la cadena del Himalaya. Tanto
las subespecies como las especies alopétricas también son consideradas aqui. Aparentemente, el
Himalaya fue mayormente colonizado desde el este, con una posterior diversificacion dentro de
esta zona montafiosa. La inmigracion desde el oeste hacia el Himalaya fue mucho mas rara vy,
al estar impedida por los monzones, los inmigrantes llegaron sélo hasta el oeste de Nepal y no
se diferenciaron més evolutivamente. Los paserinos endémicos del Himalaya son pocos y estan

principalmente confinados a la parte oeste.

The Himalayan region and, especially, its
eastern parts and surrounding areas have long
been considered a hotspot of avian diversity.
Stattersfield et al. (1998) discriminated eight "im-
portant bird areas" (IBAs) in the area, with up to
22 endemic or restricted-range species in a single
IBA. Because of its orographic diversity, ranging
from the tropical lowlands and a variety of moun-
tain forests up to the Himalayan snow peaks and
Tibetan high-altitude steppes, the Sino-Himala-
yan area harbors a rich fauna. However, in the
area under consideration, there is not simply a
multitude of species attributable to orographic
and ecological diversity. Many species and spe-
cies complexes display a distinct and congruent
distributional pattern that suggests they share a
common history. In general, the historical com-
plexity of various taxa seems to be enormous
and enriches the fauna, which until recently was
sampled and analyzed on the basis of traditional
systematics and taxonomy. Fresh methods, like
bioacoustics and molecular genetic analyses, en-
able us to draw a more complex picture that is
appropriate to the orographic, geological, and
climatic history of the area.

Our aim here is to provide an overview of the
current state of knowledge from phylogenetic
and bioacoustic research on some Himalayan
passerine bird groups based on our own data
from the past 10 years. In all study taxa the results
of molecular research implied several taxonomic
changes. In most species, relatively recent evolu-
tionary steps seem to be concerned, because the
areas of the taxa in question are allopatric and,
occupying similar or even identical ecological
niches, they apparently were unable to reach
even partly sympatric distribution. Contact zones
of closely related taxa are as yet unknown and
have not been searched for. Consequently, popu-
lation genetics in suture zones of closely related
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representatives are unknown, too, but remain a
constant challenge for field research.

In many of the species we treat here, a degree of
geographic differentiation had long been known
and was expressed by denomination of subspe-
cies; thus, it was treated—in terms of current
taxonomy—as subtle in most cases. Only the on-
set of comparative bioacoustics and molecular
genetics provided the insight that population
structure in Sino-Himalayan passerines is much
more complicated and diverse, though quite often
subject to a common pattern. Only the fruitful
combination of acoustic and genetic characters
gave evidence that differentiation formerly re-
garded as "subspecific" in reality represents pop-
ulations that underwent long and independent
evolution in geographic separation. Presently, in
most cases these populations merit treatment
as "species." Notwithstanding that issue, taxa
that were formerly more or less indistinguishable
morphologically—and, thus, unrecognized—came
to light and needed to be named anew.

Definitions

Sino-Himalayan region—Our focus is on the
Himalayan chain between the upper Indus River
in the west and Namcha Barwa Mountain or the
Brahmaputra bent, respectively, in the east. The
area further includes mountainous areas of south-
western China east and northeast of the Himalayas
as an integral part of this biogeographic region.
Relations to Southeast Asia and even Siberia are
marked. At the western rim, faunal influences of
adjacent parts of, for example, Afghanistan are
sparse and did not much enrich Himalayan fau-
nas either by immigration or by local speciation
processes.

Species—We adhere to Mayr's (1942, 1970)
biological species concept throughout. The lack
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of population interactions (lack or virtual lack of
hybridization) is the precondition of the biologi-
cal species concept. The flaw of this concept with
regard to closely related allopatric populations is
common sense. In these cases the yardstick ap-
proach is an important tool (Mayr and Ashlock
1991). Under this idea two taxa are affiliated to
different species if important characters are at
least as different from each other as they are be-
tween two proven species of the genus (or family)
in question (compare Rheindt and Eaton 2010).
With the onset of molecular systematics, "spe-
cies" have often been reduced to strongly split
clusters or lineages, leading to the definition of
the phylogenetic species concept (Cracraft 1983),
whereas the interactions of those clusters in na-
ture have in most cases been neglected. Never-
theless, when discussing genetic distance values,
the two species concepts meet. Low values may
indicate independent lineages, not necessarily re-
productive barriers, and are often regarded as de-
fining a "species" according to the phylogenetic
species concept. Higher values may indicate re-
productive barriers and point to "biological spe-
cies." For the time being, it is impossible to draw
generalizations on molecular data alone.

Subspecies.—Subspecies indicate populations
that inhabit parts of the area of a species. Mostly
they are defined by external morphology, rarely
by molecular genetic data.

Superspecies—A superspecies is composed of
two or more allospecies, and the term follows
the ideas of Amadon (1966). Allospecies are ac-
tually allopatrically distributed and originate
from the evolutionary split or splits of a former
widespread ancestor species. Consequently, the
former makes a superspecies monophyletic and
its constituents closely related.

Species complex.—This is a more general term
and denotes a set of species to which the term
"superspecies” does not apply. In those complexes,
common ancestry is less clear; it is camouflaged
by further evolutionary processes and cannot be
revealed unambiguously by molecular genetic
analyses.

Material

The following review of passerine biodiversity
and phylogeography in the Himalayas and sur-
rounding areas is based mainly on the results of
the working group of J.M. at Mainz University
(and on the work of that group's later outliers).
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It is entirely focused on passerines, with particular
consideration of genera that include both Palearc-
tic and Himalayan species, like Certhia, Parus,
Phylloscopus, Regulus, Seicercus, and Sitta. In the
Himalayas, the Palearctic avifaunal elements
have a clear affiliation to the moist subalpine
forests (Rhododendron-coniferous zone up to tim-
berline; 2,800-4,200 m) whereas tropical Oriental
species rarely occur above 2,000 m (Martens 1984,
Belik 2006). Therefore, and because of our choice
of study taxa, we can draw only limited conclu-
sions on phylogeographic pattern and the degree
of intra- as well as interspecific differentiation
from our results, and it must be kept in mind that
avian genera with an exclusively (sub-)tropical
distribution might reveal different patterns. The
material necessary for the various studies—skins,
recordings of vocalizations, and tissue samples—
was collected almost entirely during J.M.'s ex-
peditions to parts of Asia, namely Nepal, India,
China, the Philippines, Indonesia, Iran, and the
former Soviet Union (western and eastern Sibe-
ria, Central Asia, and various parts of the Cauca-
sus), and in Europe. Collecting trips were made
nearly annually from 1969 to 2010.

Methods

Molecular genetics.—Taxonomic and system-
atic conclusions drawn from our own molecular
data were generally inferred from mitochon-
drial markers. Most of our own studies refer to
the cytochrome-b gene, which for a long time
was the most frequently used marker gene for
phylogenetic inference. However, single-gene
trees may significantly differ from species trees
and may lead to conflicting results with respect
to different mitochondrial and nuclear gene loci
(Bensch et al. 2006, Liebers-Helbig et al. 2010,
Wiens et al. 2010) but may also lead to con-
cordant phylogenetic trees (Weibel and Moore
2002). In a comprehensive review of recent ge-
netic studies on birds, Zink and Barrowclough
(2008) found only a few examples of conflicts
among phylogenies reconstructed from nuclear
and mitochondrial DNA and concluded that
mtDNA even provides the more sensitive mark-
ers for population structure. For a better resolu-
tion of older bifurcations in the molecular trees
of highly diverse genera, additional mitochon-
drial and nuclear genes were used in some of
our recent studies (Martens et al. 2008; Packert
et al. 2009a, b, 2010).
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Depending on the study group, there were
fresh blood and tissue samples available for
molecular analysis; for the several taxa missing
from the sample sets, we analyzed toe-pad or
skin samples from museum specimens (up to
~90 years old). For extraction of DNA from blood
and tissue samples, we used a High Pure PCR
Template Preparation Kit (Roche, Mannheim,
Germany). DNA extraction from toe pads was
performed using an AGOWA sbeadex Forensic
Kit (LGC, Berlin) in a separate clean room, and all
steps of analysis (sampling, extraction, and poly-
merase chain reaction [PCR]) were performed on
separate clean benches. Depending on the study
group and the use of museum tissue samples,
several internal primers were designed in order
to amplify shorter gene fragments from degraded
ancient DNA (aDNA). The PCR and sequencing
protocols for cytochrome b followed Dietzen et al.
(2003), and those for 16S rRNA followed Spicer
and Dunipace (2004) with slight modifications.
For aDNA analysis, internal primer design, and
according PCR settings, see Martens et al. (2008)
and Packert et al. (2009a, 2010). Sequencing of the
PCR products was performed with BigDye v. 3.0
and v. 3.1 Dye Terminator Cycle Sequencing Kits
(Applied Biosystems, Foster City, California) ac-
cording to the manufacturer's instructions, and
reactions were electrophoresed with an ABI 377
automatic sequencer. Sequences were aligned by
ClustalW using MEGA 3.1 (Tamura et al., 2007)
and slightly adjusted by hand. Our own molecu-
lar data sets for the species discussed below com-
prise about 450 sequences of Asian passerines
(cytochrome b only; west Palearctic taxa excluded,
but far east Russian taxa included; for accession
numbers of GenBank and standard phyloge-
netic reconstructions using maximum likelihood,
neighbor joining, and Bayesian inference of phy-
logeny, see the original publications cited in the
various sections below). To ensure comparability
of genetic results from different studies, all intra-
and interspecific genetic distances referred to be-
low were recalculated from original data sets as
uncorrected p-distances.

Bioacoustics.—Vocalizations of a number of Sino-
Himalayan bird species are fairly well known
and were often used as a flanking independent
character set to verify the assumptions made on
molecular systematics. A first, partly comprehen-
sive Nepal avifauna by Martens and Eck (1995)
provides a multitude of sonagrams, with a focus
on passerine species; since then, knowledge of
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acoustic differentiation among Himalayan, Cen-
tral Asian, and Chinese populations of the same
species group has significantly increased, mainly
owing to the extensive collecting activities of J.M.
(as shown in the examples below). Along with
our molecular studies, sonagraphic analyses were
conducted for all passerine groups discussed
here. For sonagraphic measurements with Avi-
soft-SASLab Pro, version 4.36 (see Acknowledg-
ments), we used digitized recordings of original
recordings converted to a sampling rate of 22.1
kHz/16 bit. For details on sonagraphic measure-
ments and analyses, see Martens et al. (2008) and
Packert et al. (2009a).

In order to test for a correlation of genetic and
bioacoustic differentiation among taxa, mean
pairwise genetic distances were compared with
mean pairwise differences in discriminant func-
tions 1 and 2 (as performed in Packert et al. 2004,
2009a). In a more generalized approach, differ-
ences in song pattern (i.e., the order of notes, syl-
lables, or distinct partitions of song [= syntax])
among taxa were categorized into three levels of
differentiation: (1) same song pattern, in which
subtle differences in frequency range may occur;
(2) only parts of song show a different pattern
(e.g., presence or absence of introduction notes
in Phylloscopus and Seicercus [Packert et al. 2004,
Martens et al. 2008], trills or syllables in unit 1
of uniformly tripartite goldcrest song [Packert
et al. 2003]); or (3) song pattern completely dif-
ferent among taxa (e.g., trill and motif singers
in treecreepers [Certhia; Tietze et al. 2008], song
syntax in Regulus [U1U2U3 in R. regulus, U2U2 in
R. ignicapillus, etc.; Packert et al. 2003]).

Results

Genetic and acoustic differentiation of Himalayan
passerine species—Pairwise genetic distances cover
a broad range, even at the intraspecific level,
according to the taxonomy in Dickinson (2003):
most pairwise comparisons between currently
recognized subspecies range below 3% p-distance
values, but already a number of interspecific pair-
wise comparisons have been found at that com-
paratively low genetic divergence level (Fig.
1A). Examples for Himalayan-Chinese species
pairs at a low level of genetic differentiation are
Aegithalos iouschistos vs. A. bonvaloti vs. A. fuligi-
nosus, Phylloscopus xanthoschistos vs. P. davisoni,
and Pyrrhula erythrocephala vs. P. erythaca. On the
other hand, several pairwise comparisons at the

Access provided by University of New Mexico


https://bioone.org/ebooks
https://bioone.org/terms-of-use

68

ORNITHOLOGICAL MONOGRAPHS NO. 70

Fig. 1. Genetic versus acoustic differentiation of Himalayan taxa from their closest Chinese, Southeast Asian,
and Palearctic relatives: p-distances (cytochrome b) plotted versus absolute number of pairwise comparisons
(y-axis). (A) Intraspecific versus interspecific pairwise comparisons (taxonomy according to Dickinson 2003). (B)
Comparison of Himalayan populations with those from other zoogeographic regions. (C) Comparison among three
categories of pairwise acoustic differences: song pattern the same, partially different, or considerably different.

currently accepted intraspecific level have pro-
duced considerably high genetic distance values,
up to a maximum of 8.8% among Himalayan and
Chinese populations of Phylloscopus affinis. Parus
ater aemodius and P. a. melanolophus also belong
in this group (for details, see below). Other in-
traspecific comparisons at a high level of genetic
differentiation comprise Himalayan and closely
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related subspecies of the Goldcrest (Regulus
regulus himalayensis vs. all other conspecifics),
Black-throated Tit (Aegithalos concinnus iredalei vs.
Southeast Asian ssp. manipurensis, concinnus, and
talifuensis), and Brown-throated Treecreeper (Cer-
thia discolor discolor vs. C. d. manipurensis). But the
latter taxon pair is now considered to represent
two separate species.
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Genetic differentiation within the Himalayas,
and between Himalayan populations and those
from the Indo-Burmese Mountains of Northeast
India and Myanmar, ranges within the lowest
distance values, generally lower than ~1.5%, but
exeptions occur (Fig. 1B). Also, pairwise com-
parisons between Himalayan and Chinese sister
clades (in most cases sister species) may range
down to a comparatively low distance level of
<2% but also yielded higher values of <5.4%. Re-
garding biogeographic affinities, the sister clade
to several Sino-Himalayan species pairs (species
groups) is represented by one north Palearctic spe-
cies. Splits between these two clades correspond
to a large range of pairwise genetic distances, even
for intraspecific comparisons with lowest values
for Coal Tits (~2%) and highest for Goldcrests (4.5-
5.7%). Assuming a mean substitution rate of 0.0105
substitutions/site/lineage/Ma in cytochrome b, as
recently reevaluated by Weir and Schluter (2008),
most Sino-Himalayan and Palearctic sister clades
separated during the (Late) Pliocene era.

Any differences in song pattern among taxa cor-
respond to pairwise genetic distance values >2.5%.
All pairwise comparisons below that value com-
prise taxa sharing the same song pattern (Fig. 1C).
Most of the latter cases refer to subspecies pairs
with identical song syntax, which, however, might
well correspond to distinct clusters in discriminant
analysis of sonagraphic parameters (see examples
in warblers of the genus Phylloscopus, below). Some
outliers with identical song patterns at relatively
high distance values were found in (1) Himalayan
Regulus regulus himalayensis and Taiwanese R. good-
fellowi, and (2) Himalayan Seicercus whistleri and
Chinese S. soror and S. valentini (black bars at high-
est distance values in Fig. 1C). Nevertheless, the
highly similar songs of these species pairs are also
distinguishable by differences in frequency range.

Pairwise differences of functions 1 and 2 from
discriminant analyses with seven Himalayan war-
bler species (Phylloscopus and Seicercus) and their
closest relatives from adjacent Southeast Asian re-
gions (25 taxa included in total) showed a positive
correlation with pairwise genetic distances (Fig. 2).
Pairwise differences were compiled from four in-
dependent analyses of the following species com-
plexes: Phylloscopus reguloides complex, P. davisoni
complex, Seicercus burkii complex, and the super-
species P. fuscatus, P. affinis, and P. armandii. Cor-
relation between acoustic and genetic difference
values were significant for function 1 (Pearson P
< 0.05) but not for function 2 (Fig. 2).
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Fig. 2. Correlation of genetic versus acoustic dif-
ferentiation in leaf-warblers (Phylloscopus, Seicercus).
Plotted on the x-axis are uncorrected pairwise p-dis-
tances. Plotted on the y-axis are pairwise differences of
functions 1 and 2 that resulted from four independent
discriminant analyses with seven Himalayan warbler
species (Phylloscopus and Seicercus) and their closest
relatives from adjacent Southeast Asia (total 25 taxa).

In the following sections, we give an overview
of intra- and interspecific differentiation of mo-
lecular and acoustic markers for superspecies and
species complexes with different biogeographic
affinities.

Superspecies and Species Complexes within
a Twofold Area: Northern Palearctic
and Sino-Himalayas

Coal Tit (Parus ater)

Distribution—Apart from a wide trans-Palearc-
tic distribution from north Africa to Japan, the Coal
Tit has a second and isolated stronghold in the Hi-
malayas and adjacent mountainous areas of west-
ern China and (heavily fragmented) in southeast
China (Fujian and Jiangxi) and on Taiwan (Fig. 3).

Morphology —Within Southeast Asian Coal Tit
populations, color differences are remarkable and
much more pronounced than throughout the ex-
tended north Eurasian area. Within Himalayan
Coal Tits, color and pattern differences between
eastern and western populations led to the con-
clusion that two small Parus (Periparus) species
inhabit the Himalayan chain: P. melanolophus in
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Fig. 3. Breeding range of the Coal Tit, Parus ater, including the Spot-winged Tit (P. ater melanolophus, lineage
4) with indication of alleged distribution limits of the six presently known cytochrome-"~ haplotype lineages

(altered from Martens et al. 2006).

the west, extending into western Nepal; and P
ater, ranging from western Nepal all along the Hi-
malayas into central China and to the highly iso-
lated splinters in Fujian-Jiangxi and on Taiwan.
Species status of melanolophus has been upheld
by nearly all authorities writing on Asian birds
(Cheng 1987, Dickinson 2003, Rasmussen and
Anderton 2005, Gosler and Clement 2007) despite
the long-known fact that in western Nepal both
populations meet and hybridize in remote high-
altitude valleys (Diesselhorst and Martens 1972,
Martens and Eck 1995). In addition, it was largely
overlooked that the isolated southeast Chinese
population fokiensis is a rather dull and grayish
form, bridging the colorations of the extreme
western and eastern Himalayan forms melanolo-
phus and aemodius/martensi.

Molecular genetics—In the Palearctic, P. ater is
divided into distinct cytochrome-b haplotype lin-
eages, three of which occur in the Sino-Himalayan
area (Martens et al. 2006): (1) "P. melanolophus"
(western Himalayas), (2) P. a. aemodius (eastern
Himalayas; including P. a. martensi), and (3) the
recently described P. a. eckodedicatus (from south-
west China; Martens et al. 2006). We know that
there are variable hybrid populations between lin-
eages 1 and 2, whereas the contact area between 2
and 3 is unknown but is suspected to be located in
southwest China-northeast Himalayas. Lineage
3 was overlooked for so long because these birds
are very similar to those of lineage 2.

Downloaded From: https://bioone.org/ebooks on 1/14/2019
Terms of Use: https://bioone.org/terms-of-use

Sequence distances between all trans-Palearctic
cytochrome-b clusters are remarkably high (range:
2.4-4.1%; Martens et al. 2006) and suggest almost
simultaneous Eurasian lineage splits during the
Early Pleistocene. The distance values between the
adjacent melanolophus and martensi in the Dhaula-
giri in western Nepal amount to 2.2%, and those
between aemodius and eckodedicatus to 2.4%.

Acoustics.—Vocal differentiation is said not to
be marked within the Coal Tit complex (Martens
1993), though differentiation atleastbetween north
Eurasian and Sino-Himalayan populations is
noticeable. In playback experiments in the field,
certain verse types of Nepal and Afghan P. a. mel-
anolophus are well "understood" by German P. a.
abietum (Thielcke 1969), whereas other Himalayan
or Chinese Coal Tit songs evoked significantly
lowered or even no territorial reaction of German
test birds (Tietze et al. 2011). Mensural differen-
tiation of vocal characters is similar throughout
the Palearctic (Tietze et al. 2011), and slight verse-
pattern differences exist between north Palearctic
and Sino-Himalayan populations, but not within
Sino-Himalayan molecular lineages (Martens 1975).

Taxonomy.—Because it was only recently iden-
tified as the west Himalayan mitochondrial lin-
eage of P. ater, the subspecies melanolophus was
treated as a separate species, mainly for reasons of
coloration and color pattern (e.g., Dickinson 2003,
Rasmussen and Anderton 2005), despite good ar-
guments not to do so. Taxon melanolophus simply
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represents one of several distinct lineages within
the wide-ranging trans-Palearctic P ater, and, ac-
cordingly, its taxonomic treatment as a separate
species is not appropriate (Martens 1993, Eck and
Martens 2006, Packert and Martens 2008).

Pallas's Warbler (Phylloscopus [proregulus])
Superspecies

Distribution.—This superspecies has a typical
Sino-Himalayan distribution, with an eastward ex-
tension into the Qinling range; the distribution has
a large, disjunct northern Siberian part (Fig. 4).

Morphology.—External morphology of repre-
sentatives from all Sino-Himalayan populations
is extremely homogeneous, and several available
names partly referred to as subspecies or even spe-
cies (forresti Hartert, kansuensis Meise, yunnanensis
La Touche) for certain Chinese populations were
generally placed in synonymy (Ticehurst 1938,
Vaurie 1954, del Hoyo 2006). Only nominate pro-
regulus from Siberia can easily be told apart from
the Sino-Himalayan populations by a noticeably
more yellowish tinge of the face. Consequently, all
populations of the two main distributional areas
have long been summarized under only one spe-
cies name.

Molecular genetics.—Population structuring
is considerably more pronounced than external
morphology can indicate (Martens et al. 2004,

Fig. 4. Breedingrange of the allospecies of the Pallas's
Warbler complex, Phylloscopus [proregulus], with indi-
cation of (corrected) cytochrome-fc distance values
between, and alleged distribution limits of, the allospe-
cies P. proregulus sensu stricto, P. kansuensis, P.forresti, and
P. chloronotus (derived from Martens et al. 2004).
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Johansson et al. 2007). Nominate proregulus from
Siberia represents just one cluster of its own, but
the disjunct Sino-Himalayan populations repre-
sent three further, deeply split haplotype clusters:
one in northwest China (minute area in Gansu
and northern Qinghai provinces; kansuensis), one
in southwest China (Sichuan, Shaanxi, southeast
Qinghai, and Yunnan provinces;forresti), and one
along the Himalayan chain (chloronotus). Molecu-
lar distance values among most genetic lineages
exceed population variation level. They are low-
est between nominate proregulus and kansuensis
across a huge distributional gap stretching across
forestless northern China (divergence in cyto-
chrome b: 2.0%) and are highest between forresti
and nominate proregulus and between kansuensis
and chloronotus, respectively (3.9-4.1% each; cf.
Martens et al. 2004). Slight coloration differences
within the Himalayan population (ssp. chloronotus
Hartert, ssp. simlaensis Ticehurst) are not reflected
by genetic differentiation.
Vocalizations.—Different song types and call
notes (Fig. 5) strictly correspond to four cyto-
chrome-b haplotype clusters. Territorial songs are
distinguishable by various frequency and time
parameters, resulting in an array of highly distinct
song forms (Alstrom and Olsson 1990, Alstrom et
al. 1997, Martens 1998, Martens et al. 2004). Song
types vary between "endless songs" and dis-
tinctly partitioned "verse songs." The former lack
a distinct partitioning into verses; instead, they
continue for minutes without marked pauses in
between. "Endless songs" are composed of note
blocks that comprise few or only one repeated
element, and long trills may be interspersed (pro-
regulus sensu stricto, forresti in part, chloronotus).
Verse songs, on the other hand, are only up to 4.5
s long and consist of narrowly spaced trills with
large frequency span (kansuensis, forresti in part).
Highly similar partitioned verses of kansuensis
and chloronotus differ by an important detail: in
kansuensis the trill note steeply ascends, and infor-
resti it steeply descends—an important feature for
species-specific recognition in warblers in the ge-
nus Phylloscopus (Becker at al. 1980, Martens and
Hanel 1981). Innate calls (Fig. 5) of the superspe-
cies' constituents are quite different but still show
strong basic similarities (except for P. kansuensis)
and impressively demonstrate the close relation-
ships of the inherent taxa (Martens et al. 2004).
Taxonomy.—Molecular genetics and vocaliza-
tions of the proregulus complex indicate that four
independent biological species are concerned
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Fig. 5. Calls of several allospecies from the Pallas's Warbler complex, Phylloscopus [proregulus]. Phylloscopus
proregulus sensu stricto: (a) Russia, Primorskiy Kray. Phylloscopus kansuensis: (b) China, Qinghai, Beishan.
Phylloscopusforresti: (c) China, Sichuan, Omei Shan; (d) China, Sichuan, Wawu Shan. Phylloscopus chloronotus: (e)
P. c. chloronotus, Nepal, Thodung, Those; (f) P. c. simlaensis, Nepal, Purano Marpha. (Recordings by J.M.)

(Martens et al. 2004, Johansson et al. 2007). How-
ever, alleged contact zones have not yet been dis-
covered. It is, therefore, not a given fact that no
hybridization occurs at the suture zones of the
various areas, but, because of large vocal differ-
ences in song and calls between neighboring rep-
resentatives, we expect none or only a little.
Surprisingly, one more taxon belongs in close
relationship to the proregulus complex: P yunnan-
ensis. This escaped notice shortly after its formal
description by La Touche (1922). A Chinese en-
demic, it occurs across the mountainous areas of
Sichuan, Gansu, Shaanxi, Hubei, and Hebei prov-
inces and lives sympatrically, and locally even syn-
topically, with two of the allospecies of the Pallas's
Warbler (P kansuensis and P forresti). By external
characters, P. yunnanensis is distinguishable from
the Pallas's Warbler superspecies, but despite its
monotonous, machine-like endless song type, it
was overlooked for ~50 years. Alstrom etal. (1992)
resurrected this taxon but described it under a dif-
ferent name. Genetic analyses confirmed a close
relationship of the entire Pallas's Warbler complex
with both P yunnanensis and P subviridis, but with
poor support for any sister-group relationship
among the three clades (Johansson et al. 2007).

Eurasian Treecreeper (Certhia [familiaris])
Superspecies

Distribution—This superspecies is widely
distributed in mountainous areas from western
Europe across the Palearctic taiga belt to Japan.
Apart from smaller and isolated areas on Euro-
pean islands and in Asian mountain systems,
there is one additional extended area in south-
west China and all along the Himalayan chain
(Fig. 6). Until recently, this assemblage of 13 valid
subspecies (Dickinson 2003) was believed to be-
long to a single species, Certhiafamilaris.
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Morphology.—Despite the considerable number
of subspecies described, the coloration and pat-
tern of all local subspecies are quite homogeneous,
their camouflaging plumage matching tree-bark
characters. Bill length varies, as does the color of
the underside from grayish to whitish. The four
Sino-Himalayan subspecies are the most diverse,
especially the neighboring west (ssp. hodgsoni)
and central-east Himalayan (ssp. mandellii) popu-
lations and the north Chinese (ssp. bianchii) and
southwest Chinese (ssp. khamensis) populations,
respectively, and concern bill length, underpart
coloration, and hind-claw length (Martens and
Eck 1995, Tietze and Martens 2009).

Molecular genetics.—A cytochrome-b phylogeny
paints a quite complex picture (Tietze et al. 2006).
One haplotype cluster spans all the north Palearctic
from western Europe and Finland toJapan. At least
nine of the current subspecies belong to this cluster;
others have not been checked yet. Unexpectedly,
the northernmost Chinese population (ssp. bianchii)
also belongs to this northern Eurasian lineage and
is separated from the nearest south Siberian popu-
lations by the deserts of Mongolia. The remainder
of the Sino-Himalayan area harbors an additional
three cytochrome-b lineages. One is represented by
individuals from Sichuan and Shaanxi provinces
(ssp. khamensis), one is in the central-east Himala-
yas (ssp. mandellii), and another is in the western
Himalayas (ssp. hodgsoni). Sequence distances are
pretty high, ranging from 4.9% to 5.1% between
the north taiga area and the south Sino-Himalayan
area and between 1.6% and 4.1% within the three
Sino-Himalayan clusters. Sino-Himalayan (except
for northern China, ssp. bianchii) and north Palearc-
tic populations represent two deeply split clusters.

Vocalizations.—Territorial songs reflect the bipar-
tite division between northern taiga populations
(including the north Chinese bianchii) and all other
Sino-Himalayan genetic lineages (Fig. 7). However,
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Fig. 6. East Palearctic breeding range of the Eurasian Treecreeper, Certhia [familiaris] superspecies with indica-
tion of cytochrome-b distance value between northern C.familaris sensu stricto and C. hodgsoni and the alleged
distribution limits between both allospecies in southwest China. Dots refer to origin of sequenced samples

(slightly changed from Tietze et al. 2006).
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Fig. 7. Territorial songs of Sino-Himalayan treecreeper species. (a) Certhiafamiliaris bianchii, China, Qinghai.
(b) C.f. daurica, Japan, Hokkaido. (c) C. hodgsoni hodgsoni, Pakistan, North-West Frontier Province. (d) C. h. man-
dellii, Nepal. (e) C. h. khamensis, China, Sichuan. (f) C. himalayana himalayana, India, Kashmir. (g) C. h. yunnanensis,
China, Yunnan. (h) C. h. ripponi, Myanmar, Natmataung National Park. (i) C. nipalensis, Nepal. (k) C. tianquanen-
sis, China, Shaanxi. (Recordings a, d-g, i-k by J.M.; b by T. Kabaya; ¢ by P. Alstrom; h by D.T.T.)
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Fig. 8. Breeding range of the Goldcrest (Regulus regulus), with indication of cytochrome-fc distance values
between various lineages within the Palearctic region (reproduced from Martens and Packert 2003).

although in terms of cytochrome-fc differentiation
the latter group is heavily substructured in itself,
the trill-like territorial songs are relatively homoge-
neous and do not reflect the strong morphological
and genetic differences between them. Substantial
vocal differences between central European and
Himalayan representatives have been reported
(Martens 1981, Martens and Geduldig 1988, Tietze
et al. 2008).

Taxonomy.—According to the genetic and acous-
tic differences, C.familiaris is now attributed to two
allopatric species, C. familiaris sensu stricto and
C. hodgsoni (Tietze et al. 2006). The latter comprises
representatives of three well-differentiated lin-
eages with morphological characters that are eas-
ily told apart. We may expect further species-level
subdivisions upon better knowledge of contact
zones of cluster representatives in the western Hi-
malayas (ssp. mandellii vs. ssp. hodgsoni) because of
their remarkably divergent external morphology
(Martens and Eck 1995, Martens and Tietze 2006).

Goldcrest (Regulus regulus)

Distribution.—The trans-Palearctic area from
the Canary Islands to Japan comprises a remark-
able number of largely disjunct areas, including
the Sino-Himalayan region (Fig. 8).

Morphology.—Although three valid subspecies
occur in the area under consideration (sikkimensis,
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yunnanensis, and himalayensis), external variation
is minute (Vaurie 1959).

Molecular genetics.—Within the Sino-Himalayas,
genetic differentiation in the Goldcrest is low.
Cytochrome-fc haplotypes from Nepal and Gansu
are identical, and apparently all populations be-
long to only one lineage. The closest relatives live
in Central Asia (Tian Shan, ssp. tristis), eastern
Siberia-Japan, and the Siberian taiga belt (ssp.
japonensis; cf. Packert et al. 2003). Recent molecular
analyses confirmed a close phylogenetic relation-
ship of the endemic Taiwan R. goodfellowi to the
R. regulus group (Packert et al. 2008).

Vocalizations.—Molecular genetic lineages co-
incide with clearly distinct types of territorial
song; one lineage may incorporate two rather dif-
ferent song types (eastern Siberian-Pacific coast
vs. Japan). Throughout the entire Sino-Himala-
yan range, songs are identical and show a strong
similarity to songs from Taiwanese R. goodfellowi
(Packert et al. 2008). Acoustic premating isolating
mechanisms among largely allopatric subspecies
groups were indicated by playback experiments
(Martens et al. 1998).

Taxonomy.—Despite marked cytochrome-fc
distance values of the various lineages and dis-
tinct vocal differences, splits on the species level
have never been proposed, and presently all
trans-Palearctic Goldcrests range under one spe-
cies name. Only Canary Island Goldcrests are
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Fig. 9. Breeding range of the Smoky Warbler (Phylloscopusfuligiventer, including ssp. weigoldi; filled triangles)
and the Dusky Warbler (P.fuscatus, including ssp. robustus; shaded circles). Distributional markers correspond
to genetically identified specimens; dotted line indicates late spring records of northern P.f. fuscatus in western
China and may refer to passage migrants rather than potential breeders (white circles). Distributional limits
according to Chrabryj et al. (1989) and Martens et al. (2008).

sometimes treated as an independent species
(Clements 2007).

Smoky Leaf-Warbler and Dusky
Leaf-Warbler (Phylloscopus fuligiventer-
P. fuscatus) Complex

Distribution—The distribution of this complex
is Sino-Himalayan, with a large, disjunct north-
ern taiga part in Siberia in P. fuscatus but not in
P.fuligiventer, which is exclusively Sino-Himalayan
(Fig. 9).

Morphology—At a first glance, all members of
this group seem to represent a rather homoge-
neous morphological variation, with the exception
of Himalayan and southeast Tibetan P.fuligiventer.
These conspicuously dark birds differ from all
other forms of the complex by having blackish-
olive upperparts, breast, and flanks, and a rather
small light-brownish to near blackish belly-patch.
However, like the latter taxon, birds from Qing-
hai (ssp. weigoldi) lack the brown breast band and
brownish tinge on the flanks, which are distinct
characters of both Dusky Warbler populations
from Siberia, Mongolia, and northeast China on
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the one hand and populations from Gansu prov-
ince (China) on the other.
Moleculargenetics.—Martensetal. (2008) showed
that abasal split divides this complex into two ma-
jor clades, with the Himalayan P.fuligiventer clade
including populations from Qinghai (traditional
subspecies P. fuscatus weigoldi) at a surprisingly
low level of genetic differentiation (1.4%). The P.
fuscatus clade is bifurcated into a northern hap-
lotype lineage of nominate fuscatus and a second
one comprising haplotypes from Gansu in south-
western China (ssp. robustus). The northern clus-
ter was found with several distinct haplotypes in
southwest China (Shaanxi). It is likely that most of
the Chinese birds carrying nominatefuscatus hap-
lotypes are late migrants, because the three recent
samples were taken in May. However, even a June
bird from Gansu (Beick collection; see Martens et
al. 2008) was genotyped as nominatefuscatus.
Vocalizations.—Territorial songs of all P.f fuscatus
and P.f. robustus are simple trills or double trills and
are mostly preceded by an inconspicuous introduc-
tory note (Fig. 10). Songs from the Qinghai popula-
tion (ssp. weigoldi) are given in a slower mode (i.e.,
the notes are more spaced) and are significantly
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Fig. 10. Territorial songs of (a-g) the Dusky Warbler and (h-k) the Smoky Warbler. (a-d) Phylloscopusfuscatus
fuscatus, far east Russia, Middle Amur, one male. (e-g) P.f. robustus, China, Gansu, Zhuoni, one male. (h-k)
P.fuligiventer weigoldi, China, Qinghai, Koko Nor Lake, one male. (Recordings a-d by M.P., e-k by J.M.)

longer and much more complex. Even the individ-
ual note of the weigoldi verse is more structured and
more strongly modulated than in nominate fusca-
tus and ssp. robustus and rather resembles a highly
compressed syllable. In discriminant analysis, songs
of weigoldi andfuscatus are well-separated clusters
even when compared with other simple trill songs
of P affinis and P armandii (Fig. 11).

Taxonomy.—On grounds of genetic and bioacous-
tic differentiation, Martens et al. (2008) suggested
transferring the taxon weigoldi as a subspecies into
P.fuligiventer. Consequently, Martens et al. (2008)
declared a genotyped June bird from the robustus
paratype series as a lectotype (the holotype was
lost during World War II; Eck and Quaisser 2004),
and other genotyped P.f. robustus specimens are

Fig. 11. Scatterplot of functions 1 and 2 from discriminant analysis based on eight song parameters of songs
from Phylloscopus fuscatus, P. fuligiventer (ssp. weigoldi from Qinghai), P. affinis, P. occisinensis, and P. armandii.
Song parameters with highest correlations with both functions are indicated at the x- and y-axes.
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Fig. 12. Breeding range of the Rufous-vented Tit (Parus rubidiventris), with indication of cytochrome-bdistance
value of two molecular genetic lineages between gray-vented southwestern Chinese population (ssp. whistleri)
and Himalayan populations (approximate alleged limit east and west of solid bar "2"); and range of red-vented
western Himalayan (ssp. rubidiventris) and gray-vented eastern Himalayan (ssp. beavani) populations (approxi-
mate limit at stippled bar "1" in east Nepal). (Map slightly altered from Martens et al. 2006.)

so far known only from Sichuan and Gansu prov-
inces, China.

Superspecies and Species Complexes
Confined to the Sino-Himalayan Area

Rufous-vented Tit (Parus rubidiventris)

Distribution.—The Rufous-vented Tit is distrib-
uted from the western Himalayas to southwest-
ern China, in the northeast to north Gansu and
Shaanxi (Qinling range), thus conforming to the
typical Sino-Himalayan pattern (Fig. 12).

Morphology.—Two distinct subspecies based
on color differences are generally accepted, a
cinnamon-bellied western Himalayan nominate
rubidiventris and an eastern gray-bellied beavani.
Another subspecies, saramatii, is known from
south of the eastern Himalayas (Ripley 1961).
Species rank of the former two groups had been
proposed (Wolters 1980, Haffer 1993).

Molecular genetics.—There is a remarkable
split, not as one might expect between cinnamon-
bellied nominate rubidiventris and gray-bellied
beavani, but within the gray-bellied populations
in the eastern part of the area in the eastern Hi-
malayas on the one hand and in southwest China
on the other (Fig. 12). The between-lineage dis-
tance value amounts to ~2.8% (compared to ~6%
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against sister species P. rufonuchalis). Apparently,
the cinnamon versus gray underpart coloration
distinguishing the two subspecies is quite young
and is not reflected by any distinct molecular ge-
netic differentiation.

Vocalizations.—No differences between the two
mitochondrial lineages have yet been described.

Taxonomy.—The two molecular clusters are dif-
ferentiated at the subspecies level. Martens et al.
(2006) revalidated the Chinese subspecies whistleri
Stresemann for the northeastern gray-bellied popu-
lations; both western subspecies, cinnamon-bellied
nominate rubidiventris and the western of the two
gray-bellied, beavani, are retained as different sub-
species though traditionally based on coloration.

Tickell's Warbler (Phylloscopus [affinis])
Superspecies

Distribution.—The area of Phylloscopus affinis
sensu lato (Fig. 13) stretches all over the Hima-
layas and the mountainous areas of southwest
China, including parts of east Qinghai, but the
high-altitude Tibetan plateau is uninhabited
(Vietinghoff-Scheel 1986). Throughoutits area, the
members of the affinis complex live in mountain-
ous open bush and forest edges at high altitudes,
and this holds true also for P. griseolus in Central
Asia. All taxa of this group are mainly allopatric,
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Fig. 13. Breeding range of three species taxa from the Tickell's Warbler (Phylloscopus [affinis]) superspecies.
Data points correspond to genetically identified specimens; question mark indicates possible contact area, but
so far no data are available (distributional limits according to Vietinghoff-Scheel 1986, Loskot and Vietinghoff-

Scheel 1991, Martens et al. 2008).

but P griseolus is believed to overlap with P. af-
finis in the westernmost parts of the Himalayas
and in the Karakoram (Roberts 1992). Their areas
embrace the Tibetan plateau, including P. griseo-
lus, which also thrives as far as southwest Siberia
(Loskot and Vietinghoff-Scheel 1991). The whole
complex thus may have undergone the same
north Palearctic-Sino-Himalayan diversification
pattern as the truly arboreal species.
Morphology.—Phylloscopus affinis was believed
to present a homogeneous external morphology
throughout (Ticehurst 1938), and no subdivision
into subspecies was ever proposed. However,
variation all over the area is marked in the color-
ation and pattern of the underside. Three major
population blocks are discernible. Birds of the
western Himalayas are bright yellow below, in
the central and eastern Himalayas the underpart
is dull yellowish-greenish, and in southwestern
China it is yellow with an orange touch and a
marked breast-band (Martens et al. 2008).
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Molecular genetics.—In two mitochondrial
markers, Himalayan populations show strong dif-
ferentiation from southwestern Chinese popula-
tions (Martens et al. 2008). These two lineages are
separated by a surprisingly large cytochrome-b
distance of 8.9%, and the markers used do not
even represent a monophyletic group because of
their unresolved phylogenetic relationships to the
Central Asian P. griseolus (7.3% p-distance of the
latter against P. affinis from Nepal). In addition,
the eastern and western Himalayan populations
also represent well-separated genetic lineages
that are younger and more recently diverged dur-
ing the Pleistocene.

Vocalizations.—In contrast to the extremely large
genetic differences, only slight differentiation of
territorial songs could be detected between eastern
Himalayan (Nepal; P. a. affinis) and southwestern
Chinese populations (P. occisinensis) of this group
(Figs. 11, 14). Throughout the Sino-Himalayan
range, territorial songs are made up of simple
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Fig. 14. Territorial songs of species from the Tickell's Warbler complex. (a-f) Phylloscopus affinis, Nepal,
Mustang District, one male. (g-k) P. occisinensis, China, Qinghai, Donggi Cona Lake, one male. (I-0) P. griseolus,
Russia, Rep. Tyva, one male. (Recordings a-k by J.M., I-o by B. Veprintsev.)

trills preceded by one or two sharp click-like call
notes. Songs of western Himalayan populations
have not been described by sonagrams. Central
Asian P. griseolus songs have a similar trill pattern
but cover a lower and narrower frequency range
than those of P. affinis sensu lato.

Taxonomy.—Phylloscopus affinis is now attributed
to two species, P. affinis sensu stricto (with a west-
ern ssp. perflavus and central-eastern Himalayan
nominate affinis) and southwestern Chinese P. oc-
cisinensis from Qinghai, Gansu, Sichuan, and Yun-
nan (Martens et al. 2008). We may expect a further
species-level subdivision upon better knowledge
of a contact zone of cluster representatives in the
western Himalayas (ssp. perflavus vs. ssp. affinis)
and analysis of hitherto unknown territorial song
of ssp. perflavus. Expected contact zones between
all three taxa are yet undiscovered. Along with the
two former species, the superspecies Phylloscopus
[affinis] includes P. griseolus; however, phylogenetic
relationships among the three allospecies are not
yet fully resolved.

Blyth's Leaf-Warbler (Phylloscopus
reguloides) Species Complex

Distribution.—This complex of forms has a
typical Sino-Himalayan distribution all along the
Himalayan chain, with extended areas in north,
southwest, and east China, to Indochina (Fig. 15).

Morphology.—This complex comprises medium-
sized warblers with marked coronal stripes. P.
reguloides sensu stricto (including kashmirensis,
assamensis and ticehursti) has the least-developed
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coronal stripes and is quite dull-greenish on the
upper- and underparts, thus resembling ssp.
claudiae. The latter shows marked coronal stripes
tending to black at the rear. Subspecies goodsoni
is brightest greenish (upperpart) and yellowish
(underpart), also with distinct coronal stripes.
Molecular genetics.—Olsson et al. (2005), Johan-
sson et al. (2007), and Packert et al. (2009a) found
considerable molecular genetic differentiation
between three major genetic lineages within the
complex. Neither of these studies supported the
monophyly of all members of the Blyth's Leaf-
Warbler group, because at least one further well-
established species, P. occipitalis, was firmly nested
in the respective clade. Monophyly is corrobo-
rated only for a clade comprising populations of
the Himalayas (ssp. reguloides, ssp. kashmirensis),
those from the adjacent mountains of Myanmar
(ssp. assamensis), and those from southwest China
(Yunnan), northwest Thailand, and south Vietnam
(ssp. ticehursti). Genetic distance values within
this clade range up to 2.9% of the cytochrome-b
gene. Two further genetic lineages from north
and northwest China (Hebei, Sichuan, Shaanxi,
etc.; ssp. claudiae) and from south and southeast
China (Fujian, Jiangxi, Guangxi, Guangdong; ssp.
goodsoni and ssp. fokiensis) do not unambiguously
form a monophyletic group with the latter Sino-
Himalayan clade (Olsson et al. 2005, Johansson
et al. 2007, Packert et al. 2009a), but they are at
least closely related to each other.
Vocalizations.—A discrete song pattern can be
assigned to each of the three recently separated
species P. reguloides sensu stricto, P. claudiae, and
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Fig. 15. Breeding range of species taxa from the Blyth's Warbler complex (Phylloscopus reguloides sensu lato).
Data points correspond to specimens identified by molecular and/or acoustic markers (including data from
Olsson et al. 2005, Packert et al. 2009a); question mark indicates possible contact areas, but so far no data are
available. Easternmost Himalayan records of ssp. "reguloides™ belong to ssp. assamensis, too (distributional limits

mainly according to Vietinghoff-Scheel 1989).

P goodsoni (Figs. 16 and 17). In all Blyth's Leaf-
Warbler populations, male repertoires comprise
regularly structured songs with two- or three-note
syllables (Martens 1980). Only repertoires of ssp.
claudiae males include distinct trill song types with
single notes repeated. Songs of P. goodsoni lack
the typical introductory note of P. claudiae and
P. reguloides sensu stricto and are introduced by
two highly modulated notes of the same type.
Discriminant analysis of song parameters re-
vealed several distinct vocal clusters correspond-
ing to genetic lineages (Packert et al. 2009a). Song
patterns in this group range from simply struc-
tured medium-speed songs ("speed" refers to
the number of elements or syllables per second)
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in P. occipitalis to low-speed and complex syntax
structures in P. goodsoni (Fig. 17).

Taxonomy.—On the basis of molecular analy-
ses, Olsson et al. (2005) distinguished three spe-
cies in this group: P. reguloides sensu stricto breeds
throughout the entire Himalayan chain (includ-
ing the poorly differentiated western ssp. kash-
mirensis). Both form the little-differentiated sister
clade to ssp. assamensis from Myanmar. The pop-
ulations from southwest China (Yunnan), Thai-
land, and Vietnam were tentatively treated as ssp.
P. reguloides ticehursti by Olsson et al. (2005). Phyl-
loscopus claudiae and P. goodsoni were suggested
to be ranked as separate species because of their
strong genetic (Olsson et al. 2005, Packert et al.
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Fig. 16. Territorial songs in the Phylloscopus reguloides complex and allied species. (a-c) P. reguloides reguloides,
one male from Nepal, Dolakha District. (d-e) P. r. assamensis, one male from India, Assam, Panbari Reserve Forest
(rec. P. Holt). (f) P. r. assamensis, one male from Myanmar, Chin State, Natmataung National Park (rec. D.T.T.).
(g-h) P. r. ticehursti, one male from China, Yunnan, north of Zhongdian. (i) P. r. ticehursti, one male from Thailand,
Chiang Mai; Doi Inthanon. (k-0) P. claudiae, one male from China, Sichuan, Labahe. (p-r) P. goodsoni, one male
from China, Jiangxi, Huanggang Shan. (s-u) P. occipitalis, one male from India, Kashmir. (Recordings by J.M.
unless stated otherwise.)

Fig. 17. Acoustic differentiation among species (and subspecies) of the Phylloscopus reguloides complex; scatter
plot of the song-parameter element variation (number of different element types per song, x-axis) and speed of
repetition (number of elements or syllables per time unit, y-axis).
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Fig. 18. Breeding range of species taxa from the White-tailed Warbler complex (Phylloscopus davisoni sensu
lato). Data points correspond to specimens identified by molecular and/or acoustic markers (including data from
Olsson et al. 2005, Packert et al. 2009a); question mark indicates possible contact area, but so far no data are avail-
able (distributional limits drawn from Vietinghoff-Scheel [1987] and adjusted to the data points presented here).

2009a) and acoustic differentiation (Packert et al.
2009a) from other species in this group.

White-tailed Leaf-Warbler
(Phylloscopus davisoni) Species Complex

Distribution.—This species complex has a typical
Sino-Himalayan distribution, within China north-
ward to the Qinling range in Shaanxi and also in
southwest and south China, ranging into Indo-
china; there is a closely related taxon on Hainan
(Fig. 18).

Morphology.—This complex group circumscribes
small warblers with marked coronal stripes and
whitish outer two rectrices (R5 and R6) differing
in the extent of white. Depending on the taxon,
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the underparts are whitish to yellowish-greenish;
the upperparts are dull greenish to light yellow-
ish-greenish in the southern populations, and on
Hainan this tendency proceeds to yellowish-green
(upperside) and bright yellow (underside). In gen-
eral, the davisoni complex remarkably parallels the
P. reguloides complex in distribution pattern, evo-
lutionary history, and north-to-south coloration
gradient.

Molecular genetics.—The Hainan Leaf-Warbler
(P. hainanus) and the Gray-hooded Leaf-Warbler
(P. xanthoschistos) are firmly nested in the molec-
ular clade comprising all members of P. davisoni
sensu lato (Olsson et al. 2005, Johansson et al. 2007,
Packert et al. 2009a). Accordingly, Olsson et al.
(2005) suggested a species split between western

Access provided by University of New Mexico


https://bioone.org/ebooks
https://bioone.org/terms-of-use

DIVERSITY OF SINO-HIMALAYAN PASSERINES

83

Fig. 19. Territorial songs of the Phylloscopus davisoni complex and allied species. (a-d) P. davisoni, one male from
China, Yunnan, Jizu Shan. (e-h) P. ogilviegranti disturbans, one male from China, Shaanxi, Qinling Mountains.
(i-1) P. 0. disturbans, one male from China, Shaanxi (rec. P. Holt). (m-p) P. o. ogilviegranti, one male from China,
Jiangxi, Huanggang Shan. (g-t) P. xanthoschistos, one male from Nepal. (u-x) P. hainanus, one male from China,
Hainan, Diao Luo Shan. (Recordings by J.M. unless stated otherwise.)

and southern P davisoni sensu stricto (southwest
China [Yunnan] to north Thailand and northwest
Vietnam) and more northern and southeastern
Chinese P. ogilviegranti. Intraspecific genetic dif-
ferentiation within the latter ranges at distance
values <1.0% between nominate ssp. ogilviegranti
from south China and northern ssp. disturbans
from Shaanxi, Sichuan, and Gansu, despite an
obviously large uninhabited area (Fig. 18). The
sister clade of this species group comprises sev-
eral species of Indo-Malayan origin, such as P.
trivirgatus, P. sarasinorum, P. presbytes, and P. amoe-
nus (Olsson et al. 2005), which are all little known
with respect to vocal characters and internal mo-
lecular genetic structure. Strikingly, genetic dis-
tances within this group are highest among the
two newly established species taxa of P. davisoni
sensu lato (~3.2% cytochrome-b distance) but are
considerably lower between terminal sister taxa
of this group (e.g., between P. ogliviegranti and
P. hainanus, only 1.0% cytochrome-b distance).
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Vocalizations.—Territorial songs in this group
are complex, with many different and often
strongly modulated element types in the indi-
vidual verse (Figs. 19 and 20). Repetitions of syl-
lables or motifs in a single song are rare; often
only the first two or three notes of a song are re-
peated. Regular song patterns with repeated syl-
lables occur only in P. davisoni sensu stricto and
P. ogilviegranti disturbans (but never in nominate
ogilviegranti). In most species the maximum fre-
guencies of the complex songs tend to decrease
toward the end of a verse, most strikingly in P.
xanthoschistos and P. hainanus. Songs of the latter
species often end in a characteristic v-shaped ele-
ment of relatively low frequencies.

Taxonomy.—With respect to paraphyly of the
White-tailed Warbler and on grounds of their
large genetic and bioacoustic differentiation, P.
davisoni sensu stricto and P. ogilviegranti should
be treated as separate species (Olsson et al. 2005,
Packert et al. 2009a). Apart from this split, species
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Fig. 20. Acoustic differentiation among species (and subspecies) of the Phylloscopus davisoni complex. Scatter
plot of song-parameter element variation (number of different element types per song, y-axis) and speed of rep-
etition (number of elements or syllables per time unit, x-axis).

delimitation among members of the White-tailed
Warbler clade still causes difficulties. Whether
species status of the island endemic P. hainanus
is justified from a conservationist viewpoint re-
mains questionable: genetic distances between
this Hainan population and those from adjoining
continental Chinese P. ogilviegranti are surpris-
ingly low (1.0% cytochrome-b distance). Color-
ation and color patterns are remarkably different
between insular (hainanus) and continental (ogil-
viegranti) populations, but morphological differ-
ences alone are a rather poor argument for species
discrimination (see Phylloscopus fuligiventer and
Parus ater, above).

Golden-spectacled Warbler (Seicercus burkii)

Species Complex

According to the results of molecular, bioa-
coustic, and morphological analyses, the tradi-
tional polytypic Seicercus burkii sensu lato (Mayr
et al. 1986, Cheng 1987) turned out to be a species
swarm that underwent a complex evolutionary
history resulting in both extant vicariance as well
as vertical and presumably horizontal parapatry
and local sympatry throughout the entire Sino-
Himalayan region (Alstrom and Olsson 1999,
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Martens et al. 1999, Martens and Eck 2000, Olsson
et al. 2004, Packert et al. 2004). Even the youngest
splits among terminal sister species of this group
were dated to the Pliocene-Pleistocene boundary
and earlier (Johansson et al. 2007, Packert et al.
2009b). The taxonomy, phylogeny, and breeding
distribution of species within this highly differ-
entiated group have already been revised several
times (Martens et al. 2003, Alstrom 2006, Rheindt
2006), though considerable gaps in knowledge
still exist.

The former S. burkii sensu lato proved to be a
complex of at least six species that live partly sym-
patrically and partly allopatrically in the Himala-
yas, a large part of mountainous China, and parts
of Southeast Asia, southward to south Vietnam
(Alstrom and Olsson 1999, 2000; Martens et al.
1999, 2003; Olsson et al. 2004; Packert et al. 2004).
On a single mountain slope, up to four species
may occur vertically separated, but up to three
species have been found within a single forest
edge and degraded secondary forest during the
breeding season (Martens et al. 2003). The current
state of knowledge is briefly summarized here.
With respect to phylogenetic relationships and
ecological diversification, two major subgroups
of this complex are better described separately.
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Fig.21. Territorial songs of Sino-Himalayan spectacled warblers (Seicercus; two or three songs of one male per

species). (a) S. whistleri whistleri, Nepal, Thodung. (b) S.

valentini latouchei, China, Jiangxi, Huanggang Shan. (c)

S. soror, China, Shaanxi, Taibai Shan. (d) S. omeiensis, China, Gansu, Kangxian. (e) S. burkii sensu stricto, Nepal,
Thakkhola. (f) S. tephrocephalus, China, Gansu, Qing He. (g) S. affinis, China, Jiangxi, Huanggang Shan. (h) S.
poliogenys, Bhutan (rec. P. Holt). (Recordings by J.M. unless stated otherwise.)

(I) Species of the Medium and High
Mountain Elevations

Taxonomy—All four species taxa of this group
were formerly included in the Golden-spectacled
Warbler at the subspecies level or were recently
described as new to science. The closest relatives
are two sister species from the upper mountain
forest belt (ranked as two allospecies of the su-
perspecies Seicercus [valentini]: S. whistleri occurs
in the Himalayas up to 3,700 m (nominate whis-
tleri) and in mountain forests of easternmost Hi-
malayas-Myanmar up to 2,800 m (ssp. nemoralis)
and is vicariant to the Chinese species S. valentini
from the upper mountain regions of southwest-
ern China (Shaanxi, Sichuan, Gansu, Yunnan
provinces; spp. valentini) and of southern China
(Guangdong, Jiangxi, Fujian) and adjacent Viet-
nam (ssp. latouchei).

Two other species from the middle elevations
of Chinese mountain systems were described re-
cently. Local breeding ranges of S. omeiensis (Mar-
tens et al. 1999) from southwest China (Shaanxi,
Gansu, Sichuan, Hubei provinces) range from
1,300 m to ~2,300 m, but this differs locally. There,
this species is vertically parapatric to S. valentini
at its upper distributional range and in some
places to S. soror (Alstrom and Olsson 1999),
which inhabits lower elevations from 600 m to
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1,300 m. Most species in this group have gray
central crown stripes, and the inner vanes of R5
and R6 are fully or partly white. Only the cen-
tral crown stripes of S. whistleri are green in the
nominate subspecies, or mixed greenish-grayish
in ssp. nemoralis; breast and underparts of the
latter are tinged with a marked orange. Further-
more, S. whistleri differs from all other species
in this group in having white on the three outer
rectrices.

Vocalizations—With the exception of S. omeien-
sis, all the species share the same song pattern:
a repetition of two- or three-note syllables intro-
duced by a short click note (Fig. 21a-d). Songs of
the two upper mountain species (S. whistleri and
S. valentini) are significantly lower and more nar-
row-banded. Strikingly, male S. omeiensis possess
the most variable song repertoires of all Gold-
en-spectacled Warbler species. Apart from the
widely distributed syllabic songs, males of this
species display simple and double trills, mixed
song types comprising trills and syllables, and
even complex nonrepetitive song types.

(1) Species of the Low Mountain Elevations
Taxonomy—This group comprises two spe-

cies formerly included in S. burkii sensu lato at
the subspecies level: S. burkii sensu stricto from
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the low elevations of the Himalayas is sister to
S. tephrocephalus from Myanmar, parts of south-
west China extending to the Qinling range, and
Vietnam. These two species presumably sepa-
rated during Pleistocene times and represent the
youngest lineage split at the species level in the
S. burkii sensu lato group. Both have white on
the inner vane of the two outer rectrices (R5 and
R6); central crown stripes are gray in S. tephro-
cephalus and green in S. burkii; lateral crown
stripes are distinctly blackish and sharply out-
lined in both.

These two form a monophyletic group with the
sister-species pair of S. affinis and S. poliogenys.
The fact that the latter two were never subsumed
under the large S. burkii sensu lato complex is cer-
tainly due to their distinctive head pattern of a
broad bright eye-ring that is partly whitish or yel-
lowish (in Sichuan) in affinis and broad whitish in
poliogenys, and the general darkish head pattern
of the latter. According to molecular data, Hima-
layan S. poliogenys populations are remarkably
differentiated from those of southwest China and
Vietnam, maybe even at the species level (Olsson
et al. 2004).

Vocalizations.—Song structures of S. affinis and
S. tephrocephalus are similar; repertoires are vari-
able and contain repeated syllables, trills, and
a combination of both (Fig. 21e-h). However,
songs of S. tephrocephalus are distinct in having a
regular introduction of one or two short call-like
notes. Repertoires of S. poliogenys (Fig. 21h), at
least in the eastern Himalayan population, com-
prise long and more complex song types and do
not contain trills.

ORNITHOLOGICAL MONOGRAPHS NO. 70
Disjunct Sino-Himalayan Distributions

White-cheeked Nuthatch (Sitta [leucopsis])
Superspecies

Distribution.—The two populations are largely
disjunct in the western Himalayas (west to Af-
ghanistan, in the east to western Nepal) on the one
hand and in southwest China (Sichuan, Gansu,
Qinghai) on the other hand. The gap between the
two populations is ~1,500 km wide.

Morphology.—Quite pronounced differences
exist between these population groups, the east-
ern przewalskii being larger and much more red-
brownish on the flanks.

Molecular genetics.—The molecular genetics of
this superspecies have not yet been investigated.

Vocalizations.—There are remarkable differences
in territorial song (Fig. 22). That of S. leucopsis is
multibanded and nasal throughout, and no other
song forms were ever heard in the western Nepal
breeding areas (Martens and Eck 1995). Also, Ras-
mussen and Anderton (2005) present sonagrams
only of this type of vocalization. Song of S. przewal-
skii consists of long verses with slightly ascending
whistles and short notes interspersed. In addition,
Rasmussen and Anderton (2005) provide illustra-
tions of further vocalizations, but these are not
specified as to their behavioral context.

Nepal Treecreeper-Sichuan Treecreeper

(Certhia nipalensis-C. tianquanensis)

Distribution.— Certhia nipalensis is an east Hima-
layan species that extends slightly into Yunnan;
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Fig.22. Territorial songs of Sino-Himalayan White-cheeked Nuthatch (Sitta leucopsis) from (a) Nepal, Tarakot,
and (b) Nepal, Phoksumdo Lake; and of (c) Przewalski's Nuthatch (Sitta przewalskii), from China, Gansu, Lianhua

Shan. (Recordings by J.M.)
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C. tianguanensis is confined to a minute area in
Sichuan and Shaanxi. The latter taxon was origi-
nally described as a subspecies of C.familiaris (Li
1995), but molecular genetics brought to light the
close relationship with C. nipalensis (Tietze et al.
2006).

Morphology.—As is consistent with the con-
siderable molecular genetic distance, external
morphology in this pair is quite different. With
respect to coloration, the uniform dark underpart
of Himalayan C. nipalensis contrasts with the light
breast tapering to light gray in C. tianquanensis.
Also, bill lengths are remarkably different (Mar-
tens et al. 2002), but in both species (which in gen-
eral have similar body dimensions) the bills are
much shorter than in other Certhia species (Tietze
and Martens 2009).

Molecular genetics.—The cytochrome-b distance
value between nipalensis and tianquanensis amounts
to 5.7% and points to a long independent evolution
of the two taxa that justifies species rank (Tietze et
al. 2006).

Vocalizations.—Vocalizations are distinctly dif-
ferent in the two species; verses consist of short
trills with ascending notes in nipalensis, whereas
in tianquanensis the verse is bipartite, one part
with ascending and the other with descending
notes (Fig. 7i-k). Extremely narrowly spaced trills
and remarkably short verses, the shortest within
the genus Certhia, and short click-like calls that
differ only in frequency are distinctive of this spe-
cies pair (Tietze et al. 2008).

Taxonomy.— Certhia tianquanensis was described
as a subspecies of C. familiaris, to which species
it definitely does not belong (Tietze et al. 2006).
Molecular phylogenetics and vocalizations dem-
onstrated relationships at the species level with
C. nipalensis, a Himalayan endemic with only
slightly larger area than C. tianquanensis.

Bar-tailed Treecreeper (Certhia himalayana)

Distribution.—The Bar-tailed Treecreeper's dis-
tribution is remarkably disjunct from Afghanistan
and the western Himalayas, not east of western
Nepal (eastern records in Kali Gandaki Gorge),
and restricted to dry, monsoon-protected areas
(Martens and Eck 1995). The other parts of its
area are confined to mountainous western China
and quite isolated in the Natmataung National
Park in Myanmar.

Morphology.—Subspecies have been described,
and the disjunct populations in the western
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Himalayas (and western outliers) are attributed
to two subspecies, those in southwestern China
and Myanmar to one each (Vaurie 1959).

Molecular genetics.—With 0.5-0.7% distance
values in the cytochrome-b gene among the three
main populations, differences are remarkably low
and indicate the subspecies level at best (Tietze
et al. 2006).

Vocalizations.—Although notes of the territorial
song of individual males may differ considerably,
song recognition between widely spaced popu-
lations of the Himalayas and China is obvious
(Fig. 7f-h). In a population in north Yunnan, song
types from western Nepal elicited strong territo-
rial reactions, demonstrating a common species-
specific pattern in both song types (Tietze et al.
2006, 2008).

Taxonomy.—On the basis of hardly recognizable
differences in the territorial song of the various
populations in the Himalayas and China and of
low molecular genetic-distance values, all popula-
tions are best united within one species. Findings
on vocal and molecular genetic investigations
match current practice. The present disjunctions
seem to be quite young.

Discussion

Inner-Himalayan  diversification  pattern.—
Distributional patterns of passerine birds in the
Sino-Himalayan region are manifold, and the
respective populations are differentiated at dif-
ferent levels of the time scale. The term "Sino-
Himalayan" first points to a pattern of common
occurrences of species in the Himalayan chain
and in adjacent mountainous areas, mainly in
southwest China. Martens (1984) pointed out
that Himalayan passerine bird species have their
origin in areas partly northeast and partly south-
east of the Himalayan chain and, for a very small
fraction, only from the northwest. He also stated
that the Himalayan passerine fauna is to a large
extent an "immigration" fauna that acquired its
faunal wealth by immigration of taxa from out-
side the Himalayas. Additional recognition of
diversification processes of Sino-Himalayan taxa
within the Himalayan chain remained poor and,
until recently, hardly surpassed the level of more
or less well-marked subspecies. This was consid-
ered to be true of closely related representatives
of the Himalayas and adjacent China as well. A
nearly absent species-level diversification within
the Himalayan chain was stressed by Johansson
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et al. (2007) for Phylloscopus and Seicercus war-
blers. According to the latter study, speciation
within the Himalayas is a rare case and can be
referred to only two extant species pairs (P. mac-
ulipennis-P. pulcher and S. affinis-S. poliogenys).
However, both species pairs harbor populations
within the Himalayas as well as in China east of
the Himalayas, and their individual distribution
pattern is Sino-Himalayan. Consequently, in both
cases an intra-Himalayan speciation process is
not proven. Apparently, Phylloscopus and Seicer-
cus species evolved in rather small areas either
in the Himalayas or in China-Indochina east of
the Himalayas, where they stayed until the recent
past and finally spread into neighboring areas,
including the Himalayan chain. Following this
logic, only small-scale subspeciation occurred
because of the small spans of time available for
diversification in interglacials.

However, one should not generalize results
drawn from a taxonomically narrowly circum-
scribed group, here phylloscopid warblers. Mar-
tens and Eck (1995:51, Fig. 41) pointed to distinct
zones within the Himalayas where subspecies
meet and possibly, but not necessarily, merge.
They focused on four such areas in Nepal alone—
the Karnali catchment transition zone, the Dhaul-
agiri transition zone, the Kathmandu transition
zone, and the Arun catchment transition zone—
and named up to 21 species that meet with differ-
ent subspecies in a single transition zone. Almost
none of these species were investigated vocally or
genetically in sufficient detail to indicate whether
evolutionarily distinct populations (in terms of
genetic clusters or lineages) meet in these nar-
row zones or if only steps in clines are described.
Such may be caused locally by different climatic
conditions—for example, different temperature
gradients or precipitation regimes along the Hi-
malayan chain.

In fact, in some species, inner-Himalayan di-
versification of genetic markers was detected
to some degree. The few cases occur in various
passerine groups: titmice (Parus ater complex;
Martens et al. 2006), bush warblers (Bradypterus
thoracicus complex; Alstrom et al. 2008), leaf-
warblers (Phylloscopus affinis; Martens et al. 2008),
bush-tits (Aegithalos concinnus iredalei; Packert et
al. 2010), and treecreepers (Certhia hodgsoni; Tietze
et al. 2006, 2008). In all these cases, a small-range
western Himalayan population group is opposed
to a more extensive eastern Himalayan area,
followed by the southwest Chinese mountainous
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area farther east. The latter normally harbors at
least one further well-distinguishable taxon of
given form-complexes. According to our mo-
lecular dating, all inner-Himalayan separation
events were dated to the Pleistocene (with rela-
tively narrow confidence intervals) and must
thus be considered relatively recent (Packert et
al. 2009b). However, vocal differences among
eastern and western Himalayan clades and their
respective Chinese sister clade are subtle, if de-
tectable at all, and would indeed indicate a rather
low differentiation level. Undoubtedly, further
detailed acoustic and genetic studies in species
known to display striking morphological subspe-
ciation along the Himalayan chain will reveal a
wealth of further such inner-Himalayan diver-
sifications, partly at the species level, partly at a
well-advanced subspecies level.

Superspecies and species complexes with (continu-
ous) Sino-Himalayan distribution.—In a number of
cases, diversification within the Sino-Himalayan
region is remarkably complex: a highly diverged
array of populations are allopatrically distributed
and represent deeply split haplotype clusters. In
most of these cases vocalizations differ remark-
ably. We assume that the constituents of these
form complexes (in most cases referred to here
as "superspecies") developed in allopatry, prob-
ably in single mountain stocks, perhaps in refuge
areas prior to or within the Pleistocene glaciation
periods. Secondarily, these supposed small-range
populations enlarged their areas and came into
secondary contact. How the individuals of the
different haplotype clusters behave upon contact
is virtually unknown. In no case have population
interactions in contact zones been described, ei-
ther by vocal behavior or by population genetics.
Unlike the inner-Himalayan differentiation pat-
tern, as in nearly all cases described above, vocal
and genetic differences are marked and may well
act as premating isolating barriers, preventing
pair formation between the differing vocal and
genetic entities. Two general phylogeographic
patterns are observed.

(1) The first pattern consists of superspecies
with rather boreal representatives in parts of the
northern Palearctic and a disjunct Sino-Himala-
yan portion of the range. This vast Eastern Paleac-
tic part in Siberia, extending to Japan (sometimes
reaching even the Western Palearctic), is homoge-
neous, at least in terms of molecular genetics, and
belongs to a single haplotype cluster only (there
are additional ones in the Western Palearctic, as
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in Parus ater or Regulus regulus). The populations
of the Sino-Himalayan part of the range, though
much smaller than the former, are considerably
more divergent and, in general, comprise three
or four haplotype clusters. The respective areas
are arranged in a more or less north-south or-
der, as follows (depending on the superspecies
or species complex): Ningxia, Gansu, Sichuan,
Yunnan, and southeast Tibet, sometimes with an
eastward extension along the Qinling range in
south Shaanxi, in the south turning northwest-
ward into the Himalayan chain. Parus ater com-
prises three such haplotype clusters (four valid
subspecies), P. [proregulus] three (formerly four
valid subspecies, now three allospecies), Certhia
[familiaris] four (the northernmost populations in
Sino-Himalayan China unexpectedly belong to
the north Siberian taiga cluster), and P. fuscatus
two. Regulus regulus comprises only one cluster;
thus, Goldcrests are genetically uniform in the
Sino-Himalayan region and so are their territorial
songs. All species mentioned here are Palearc-
tic, and their supposed origin was in the present
southwest Chinese mountains. Range extension
occurred northward into Siberia with extensions
to the Western Palearctic. The present compli-
cated cluster development may have occurred
as a result of Late Pliocene and Early Pleistocene
fragmentation and disjunction of areas and by
additional range extension into the Himalayas
combined with further diversification.

(2) The second phylogeographic pattern con-
sists of species complexes and superspecies
that are confined to the Himalayas and various
mountainous parts of China east of the Hima-
layas only. This group is less homogeneous and
mostly harbors true Chinese taxa with hardly any
affiliation to the northern Palearctic. In addition
to the Himalayas, these taxa are distributed in
southwest China and often in south China, with
extensions into tropical Indochina. Some species
inhabit (as in the first pattern) high-altitude forest
belts of the Himalayas and are found disjunctly
in high-altitude southwestern Chinese forests,
sometimes with relict area outliers in southeast
China (Fujian, Jiangxi, and even Taiwan), the lat-
ter apparently being relicts from formerly more
extended ranges, scattered during the Pleisto-
cene. The Seicercus burkii complex in general has a
tropical affiliation and origin and represents sev-
eral evolutionary "layers" that allow even para-
patric and locally sympatric occurrences of up to
four species-level taxa on a single mountain slope
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(Martens et al. 1999, 2003). It is noteworthy that,
compared with the group described by pattern 1
above, in the tropical spectacled warblers separa-
tion times among Himalayan and Chinese sister
clades (S. valentini- S. tephrocephalus; Himalayan
and Southeast Asian S. poliogenys) were dated to
older periods, prior to the Pliocene-Pleistocene
boundary.

Other taxa that range to more southern parts
of China and even Indochina represent a much
more complex pattern. Besides a Himalayan clus-
ter in the southwest, eastern and southern China,
including Indochina, may harbor several popula-
tions that represent deeply split molecular genetic
custers, and this diversification pattern is best
represented by the Phylloscopus reguloides and
P. davisoni species complexes (Olsson et al. 2005,
Packert et al. 2009b). In addition to the Himalayan
lineage, three additional ones exist in China and
Indochina. Their areas are largely congruent but
differ in details. This suggests a more or less syn-
chronous diversification process of fragmentation
that involved even parts of the Indonesian Archi-
pelago (close relatives of P. [davisoni]). As in these
leaf-warblers, other exclusively (sub-)tropical taxa
apparently underwent a complex Southeast Asian
radiation over long evolutionary time spans and
formed highly diverse genera with many extant
representatives in the Himalayas, particularly in
the species-rich genera of the Timaliidae (former
genus Garrulax: Luo et al. 2008; Pteruthius: Reddy
2008, Rheindt and Eaton 2009; Yuhina: Zhang et
al. 2007, though this study neglected the Himala-
yan species; family level diversification: Gelang et
al. 2009). Cettia acanthizoides also belongs to this
distribution type, though its area parts are much
smaller and isolated in southeast China and Tai-
wan (Alstrom et al. 2007).

Disjunct parts of areas within the Sino-Himalayan
diversification pattern.—The reasons for these dis-
junctions are unclear, and at present they may be
attributable to current differences in ecological con-
ditions to which the western and eastern popula-
tions are adapted. Western Himalayan populations
are adapted to dry, monsoon-reduced climate and
presently can survive only in western Himalayan
areas, mainly in inner valleys (Martens and Eck
1995:345). Differentiation levels are apparently very
recent in terms of low cytochrome-b lineage differ-
entiation and vocal similarity, as in Certhia himala-
yana. Slightly more marked differentiation exists
in Bradypterus thoracicus between west Himalayan
and southwest Chinese populations (Alstrom et al.
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2008) and in Sitta leucopsis. Cytochrome-fo diver-
gence is unknown in the latter.

Pattern encircling the Tibetan Plateau.—Within
Eurasia, the Tibetan Plateau facilitates ring-
shaped distributional patterns of arboreal birds
and was suggested to enhance the formation
of so-called "ring species" (sensu Mayr 1942).
Mayr's isolation-by-distance theory is based on
two main assumptions: (1) stepwise colonization
around the geographic barrier in two chains of
populations connected by gene flow and (2) sig-
nificant differentiation and reproductive isolation
of terminal populations of each of the two chains
in secondary contact. The Greenish Warbler
(Phylloscopus trochiloides) attracted some interest
because it seemed to represent a well-established
ring species with a nearly complete ring-shaped
area only fragmented in the forestless deserts of
northern China. In fact, the comprehensive analy-
ses by Irwin (2000, 2002) and Irwin et al. (2001b,
¢, 2005) confirmed that the Greenish Warbler ful-
fills all basic assumptions made for a true ring
species: (1) variation of song characters is clinal
along both population chains, (2) populations
along the eastern and western chain around the
plateau are connected by gene flow, and (3) gene
flow is interrupted and acoustic differences are
highest between terminal populations of both
chains in the Siberian secondary contact area of
P. trochiloides viridanus and P. plumbeitarsus. In
fact, the Greenish Warbler appears to be the only
bird group for which mitochondrial, nuclear, and
bioacoustic markers corroborate the isolation-by-
distance theory around the Tibetan Plateau (for
critical reviews of classical ring species, see Irwin
and Irwin 2002, Martens and Packert 2008).

A marginal debate raised the question of how
and when the ring was actually formed, because
certainly no such ring existed during the Pleisto-
cene, at least in the northern arm, because of a lack
of a continuous forest belt (Frenzel 1968) to which
Greenish Warblers are confined (cf. Martens and
Packert 2008). Strikingly, the distributional pat-
terns of some other monophyletic warbler groups
at least partly encircle the Tibetan Plateau. How-
ever, more than two genetic units are involved: (1)
the Phylloscopus [inornatus] superspecies, which
includes three genetic units (P. inornatus and two
further lineages of P. humei)—distribution gaps in
the central Himalayas and northeast China—with
initial separation similar to that in the Greenish
Warbler at the beginning of the Pleistocene (cf. Ir-
win et al. 2001a); and (2) the Phylloscopus [affinis]
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superspecies, which includes three genetic units
(P. affinis sensu stricto, P. occisinensis, P. griseolus)
with the ring nearly closed in the Qilian Shan
of Gansu and Qinghai—separation of the three
clades involved was dated considerably earlier
than Pleistocene times, and very likely all three
extant species evolved in allopatry (Martens et al.
2008). Apart from the warbler superspecies dis-
cussed, the breeding range of the White-browed
Tit Warbler (Leptopoecile sophiae) encircles the Ti-
betan Plateau, too, absent only from parts of the
western Himalayas. So far, itisnot known whether
the species comprises more than one genetic unit,
but it may represent an older, pre-Pleistocene im-
migrant to the Tibetan Plateau, as suggested by
Pliocene time estimates for the separation from
its Chinese sister species, L. elegans (Packert et al.
2010). All species discussed here, including the
Greenish Warbler, inhabit high elevations of the
Himalayas reaching from the subalpine forest
belt considerably above 4,000 m to timberline and
even into the alpine bush steppe and meadows.
Apparently, the extant distributional patterns of
these high-altitude species around the Tibetan
Plateau date back to range and lineage separation
during very different evolutionary time spans
(some Early Pleistocene, others even before), and
only the Greenish Warbler represents an excep-
tional case of isolation-by-distance around the
geographic barrier.

Himalayan endemics.—Endemics without close
relatives outside the Himalayas are a small group,
and their relationships are diverse (Das 1966).
Among passerines, one should note Sitta cash-
mirensis of the S. europaea complex; Phylloscopus
tytleri, P subviridis, and Pyrrhula aurantiaca in the
west; and Pnoepyga immaculata and Liocichla bu-
gunorum in the center and east of the mountain
chain, respectively. However, in many cases their
relations are not well worked out. In addition, it
should be kept in mind that the Himalayas are
richer in endemics than was formerly believed.
Well-circumscribed subspecies (also in terms of
molecular genetics) and allospecies of superspe-
cies newly defined by vocal and genetic charac-
ters are confined to the Himalayas, and more are
expected to be discovered.
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