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Abstract

The disjunct distribution of forests in the Qinghai-Tibetan Plateau (QTP) and adjacent
Helan Shan and Daqing Shan highlands provides an excellent model to examine vegetation
shifts, glacial refugia and gene flow of key species in this complex landscape region in
response to past climatic oscillations and human disturbance. In this study, we examined
maternally inherited mitochondrial DNA (#ad1 intron b/c and nad5 intron 1) and paternally
inherited chloroplast DNA (trnC-tmD) sequence variation within a dominant forest species,
Picea crassifolia Kom. We recovered nine milotypes and two chlorotypes in a survey of 442
individuals from 32 populations sampled throughout the species’ range. Significant
mitochondrial DNA population subdivision was detected (G = 0.512; Ngy = 0.679), suggesting
low levels of recurrent gene flow through seeds among populations and significant phylo-
geographical structure (Ng; > Ggr, P < 0.05). Plateau haplotypes differed in sequence from
those in the adjacent highlands, suggesting a long period of allopatric fragmentation
between the species in the two regions and the presence of independent refugia in each
region during Qualernary glaciations. On the QTP platform, all but one of the disjunct
populations surveyed were fixed for the same mitotype, while most populations at the
plateau edge contained more than one haplotype with the mitotype that was fixed in plateau
platform populations always present at high frequency. This distribution pattern suggests
that present-day disjunct populations on the QTP platform experienced a common recolo-
nization history. The same phylogeographical pattern, however, was not detected for paternally
inherited chloroplast DNA haplotypes. Two chlorotypes were distributed throughout the
range of the species with little geographical population differentiation (G¢y = Ngp = 0.093).
This provides evidence for highly efficient pollen-mediated gene flow among isolated
forest patches, both within and between the QTP and adjacent highland populations.
A lack of isolation to pollen-mediated gene flow between forests on the QTP and adjacent
highlands is surprising given that the Tengger Desert has been a geographical barrier
between these two regions for approximately the last 1.8 million years.

Keywords: cpDNA, gene flow, mtDNA, Picea crassifolia, postglacial recolonization, Tibetan Plateau
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Mitochondrial DNA phylogeny of two morphologically
enigmatic fishes in the subfamily Schizothoracinae
(Teleostei: Cyprinidae) in the Qinghai-Tibetan Plateau
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The complete mitochondrial DNA (mtDNA) cytochrome b gene (1140 bp) was sequenced in
Herzenstein macrocephalus and Gymnocypris namensis and in 13 other species and sub-species (n

22), representing four closely related genera in the subfamily Schizothoracinae. Conflicting
taxonomies of H. macrocephalus and G. namensis have been proposed because of the character
instability among individuals. Parsimony, maximum likelihood and Bayesian methods produced
phylogenetic trees with the same topology and resolved several distinctive clades. Previous
taxonomic treatments, which variously placed these two species of separate genera or as sub-
species, are inconsistent with the mtDNA phylogeny. Both H. macrocephalus and G. namensis
appear in a well-supported clade, which also includes nine species of Sehizopygopsis, and hence
should be translerred to the genus Schizopygopsis. Morphological changes are further illustrated,
and their adaptive evolution in response to the local habitat shifts during the speciation process
appears to be responsible for conflicting views on the systematics of these two species and hence
the contrasting taxonomic treatments. These species are endemic to the Qinghai-Tibetan Plateau,
aregion with a history of geological activity and a rich diversity of habitats that may have result in
the parallel and reversal evolution of some morphological characters used in their taxonomies.
Our results further suggest that speciation and morphological evolution of fishes in this region
may be more complex than those previously expected. © 2007 The Authors

Journal compilation © 2007 The Fisheries Society of the British Isles

Key words: evolution; Gymnocypris namensis, Herzensiein macrocephalus; morphology;
phylogeny; taxonomy.

INTRODUCTION
The Qinghai-Tibetan Plateau (QTP) is the World’s largest high-elevation eco-
system, occupying nearly 2-5 million km?, with an average elevation >4000 m
a.s.l. (Zheng, 1996). This region, along with southeast China, the Himalayan
biodiversity hotspot. has been designated as one of the World’s 34 most important
centres of biodiversity because of it high species richness and abundance of endemic
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