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Abstract

Although new empirical evidence shows that sympatric speciation has occurred in some
species, there are few indisputable model organisms for this process of speciation. The
two subspecies (Gymnocypris eckloni eckloni and G. e. scoliostomus) of the schizotho-
racine Gymmnocypris fish species complex from a small glacier lake in the Tibetan Plateau,
Lake Sunmcuo, fit several of the key characteristics of the sympatric speciation model.
We used combined mitochondrial control region sequences and the cytochrome b gene
(1894 bp) to address the phylogenetics and population genetics of 232 specimens of G. e.
eckloni and G. e. scoliostomus, as well as all of its closely related sister species. We found
that: (i) a total of four old lineages were uncovered in the widespread G. e. eckloni, of
which only one was shown to be shared with all G. e. scoliostomus individuals and (ii)
the new subspecies (G. e, scoliostomus) evolved in Lake Sunmcuo from the ancestral G. e.
eckloni population within approximately 0.057 Ma. These two taxa of the species complex
are morphologically distinct, and reproductive isolation is further suggested. Ecological
disruptive selection based on morphological traits (e.g. mouth cleft characters) and food
utilization may be a mechanism of incipient speciation of two sympatric populations
within Lake Sunmcuo. This study provides the first genetic evidence for sympatric
speciation in the schizothoracine fish.

Keywords: mitochondrial control region and cytochrome b, phylogeography, Pleistocene glacia-
tions, schizothoracine fish, Tibetan Plateau
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Introduction

The geography and mechanisms of speciation in ancient
lakes have been topics of much discussion (Duftner
et al. 2006; Finston et al. 2007; Barluenga & Meyer 2008;
Crispo & Chapman 2008; Elderkin et al. 2008; Ruzzante

Correspondence: Xin Quan Zhao, Fax: +86 971 6143282,
E-mail: xqzhao@nwipb.ac.cn; Shun Ping He, Fax: +86 27
68780071; E-mail: clad@ihb.accn

§Present address: School of Biology, Georgia Institute of
Technology, Atlanta 30332, GA, USA.

Kai Zhao and Ziyuan Duan made equal contributions to this
study.

et al. 2008). The theory of allopatric speciation has been
widely supported by studies of genetic variation con-
ducted across a myriad of taxa, while speciation among
sympatric populations is also supported by an increas-
ing number of studies (Schliewen ef al. 1994, 2001;
Gislason et al. 1999; Johannesson 2001; Seehausen et al.
2003; Verheyen et al. 2003; Barluenga & Meyer 2004;
Behrmann-Godel et al. 2004; Schliewen & Klee 2004;
Barluenga et al. 2006; Gavrilets et al. 2007; Herder et al.
2008). It is now generally accepted that sympatric speci-
ation has occurred in at least a few instances, but the
relative frequency of sympatric speciation will be diffi-
cult to resolve because biogeographic changes have
obscured geographical patterns underlying many past

© 2009 Blackwell Publishing Ltd
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Abstract

How Quaternary climatic oscillations affected range distributions and intraspecific divergence
of alpine plants on the Qinghai-Tibetan Plateau (QTP) remains largely unknown. Here, we
report a survey of chloroplast DNA (cpDNA) and nuclear ribosomal internal transcribed
spacer (ITS) DNA variation aimed at exploring the phylogeographical history of the QTP
alpine endemic Aconitum gymnandrim. We sequenced three cpDNA fragments (rpl20-rps12
intergenic spacer, the trnV intron and psbA-trirH spacer) and also the nuclear (ITS) region
in 245individuals from 23 populations sampled throughout the species’ range. Two distinct
lineages, with eastern and western geographical distributions respectively, were identified
from a phylogenetic analysis of ITS sequence variation. Based on a fast substitution rate,
these were estimated to have diverged from each other in the early Pleistocene approximately
1.45 Ma. The analysis of cpDNA variation identified nine chlorotypes that clustered into
two major clades that were broadly congruent in geographical distribution with the two
ITS lineages. The east-west split of cpDNA divergence was supported by an amova which
partitioned approximately half of the total variance between these two groups of populations.
Analysis of the spatial distribution of chlorotypes showed that each clade was subdivided
into two groups of populations such that a total of four population groups existed in the
species. It is suggested that these different groups derive from four independent glacial refugia
that existed during the Last Glacial Maximum (LGM), and that three of these refugia were
located at high altitude on the QTP platform itself at that time. Coalescent simulation of
chlorotype genealogies supported both an early Pleistocene origin of the two main cpDNA
clades and also the ‘four-refugia’ hypothesis during the LGM. Two previous phylogeo-
graphical studies of QTP alpine plants indicated that such plants retreated to refugia at the
eastern/south-eastern plateau edge during the LGM and/or previous glacial maxima. However,
the results for A. gymnandrum suggest that at least some of these cold-tolerant species may
have also survived centrally on the QTP platform throughout the Quaternary.

Keywords: alpine plants, coalescent tests, glacial refugia, hybridization, Pleistocene divergence,
Qinghai-Tibetan Plateau
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Introduction

The pattern and extent of glaciation on the Qinghai-Tibetan
Plateau (QTP, mean altitude > 4000 m above sea level)
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during Quaternary glaciations and their effects on altering
species’ distributions and population genetic structure is
the subject of continuing debate. While some authors have
argued that most organisms retreated from the platform to
lower altitudes during glaciations (Wulff 1943; Grubov
1963), this idea is rejected by others (Wu & Wu 1996).
Several recent phylogeographical studies of trees and birds
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1. Introduction

The biotic consequences of Quaternary environmental change
have been an intensely studied topic during the last few decades.
The fact that the Pleistocene climate upheaval resulted in profound
shifts in the ranges of habitat has led to the development of well-
supported hypotheses for the Quaternary biogeography in Europe
and America by studies of genetic variation across a myriad of taxa.
The uplift of the Tibetan Plateau, which began in the Pliocene and
continued through the Quaternary glaciations, considerably influ-
enced the evolution and distribution of many species. Through
the application of phylogeography and modern molecular tech-
niques, studies have begun to reveal the genetic patterns of some
species endemic to the Tibetan Plateau (Peng et al., 2006; Yang
et al,, 2006; Jin et al., 2008). The detailed phylogeographic study
of more species from this region is critical for the collective under-
standing of the genetic consequences of Quaternary topographic
and climate changes in the Tibetan Plateau.

The schizothoracine fishes are the largest and most diverse
taxon of the Tibetan Plateau ichthyofauna (Cao et al., 1981;
Wu and Wu, 1992). The three stages of uplift of the Tibetan Pla-
teau have been hypothesized to account for speciation of these
fishes (Cao et al., 1981). The biogeography of the schizothora-
cines emphasizes the role of the drastic environmental perturba-
tions on the Tibetan Plateau, which forced the species that
persisted in this area to contend with repeated isolation and

* Corresponding authors. Fax: +86 27 68780071 (5. He), fax: +86 971 6143282 (X.
Zhao).
E-mail addresses: xgzhao@nwipb.ac.cn (X. Zhao), clad@ihb.ac.cn (S. He).
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coalescence (Cao et al,, 1981). These demographic processes have
left genetic 'footprints’ in modern descendent biotas. Neverthe-
less, this process is poorly understood below the species level
since there have been few intraspecific phylogeographic studies
on the species due to the inaccessibility of samples. Here, we
present a comparative biogeographical study of the species en-
demic to the Tibetan Plateau in a large water system, the Yellow
River, and focus on all species of schizothoracine fishes across
their entire distribution range. These data were used to make
inferences regarding the impact of the Quaternary period on
their genetic ‘footprint’,

The schizothoracines in the Yellow River are restricted within
the limits of the head-water area in the northeast Tibetan Plateau.
The history and diversity of the Yellow River schizothoracines have
attracted scientific interest at least for two reasons. First, the head-
water area of the Yellow River was dramatically affected by the
geological and climatic upheaval during the Pleistocene (Chen,
1988; Zhang et al,, 2003). Second, it is the most dominant group
of Yellow River ichthyofauna and is currently characterized by a
high species endemism, with two of its five genera and four of
six species endemic (Wu and Wu, 1992), suggesting an unusual
evolutionary history.

The Yellow River endemic genera Platypharodon and Chuanchia
are both monotypic, and Platypharodon extremus is only found in
the reaches upstream from Maqu (MQ) (Fig. 1) (Wu and Wu,
1992). Schizopygopsis pylzovi and Gymnocypris scoliostomus also
are endemic, but the latter is confined to Lake Sunmcuo (Fig. 1)
(Wu and Wu, 1984). Only Gymnocypris eckloni and Gymnodipty-
chus pachycheilus are shared between the Yellow River and other
river drainages (Wu and Wu, 1992). However, prior to this study,
no genefic surveys have been conducted to determine the popu-
lation genetics of Pl extremus, Chuanchia labiosa, and Gd.
pachycheilus.
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Little information is available about the effects of global warming and land management on dissolved
organic carbon (DOC) concentration in soil solution in the field. Here, for the first time, we used a free-air
temperature enhancement (FATE) system in a controlled warming-grazing experiment in 2006 and 2007
to test the hypothesis that grazing modifies the response of soil solution DOC concentration to experi-
mental warming. Warming with no-grazing (WNG) significantly increased the average soil solution DOC
concentration to 40 cm soil depth by 14.1 and 17.2% compared with no-warming with no-grazing
(NWNG) in 2006 and 2007 respectively based on 1.3-1.4 °C soil temperature increase. However, the lack
of significant differences among warming with grazing (WG), no-warming with grazing (NWG) and
NWNG indicate that moderate grazing modified the effect of warming on DOC concentration in the soil
solution. The effect of grazing on DOC concentration in the soil solution varied with sampling date and
soil depth. Generally, the direct contribution of soil temperature and soil moisture to variation of DOC
concentration in the soil solution was small. Positive correlations were observed between soil solution
DOC concentration in the surface soil and standing death quality and belowground biomass, The Lignin:N
ratio in the standing death and belowground biomass at 10 cm soil depth explained 60% of the variation
of mean DOC concentration at 10 cm soil depth. Soil moisture and belowground biomass explained 79%
of the variation of the mean soil solution DOC concentration to 40 cm soil depth in 2007.

@ 2009 Elsevier Ltd. All rights reserved.

1. Introduction

Predictions from climatic models have indicated an increase in
global mean surface air temperature of between 1.4 and 5.8 °C by

Dissolved organic carbon (DOC) in soils plays an important role
in the biogeochemical cycling of C, N, P and S (Kalbitz et al., 2000;
Freeman et al., 2004; Laudon et al, 2004; Bellamy et al., 2005;
Evans et al,, 2005, 2006; Monteith et al., 2007; Eimers et al., 2008).
Recent evidence suggests that climate warming is influencing DOC
dynamics in northern ecosystems (Kalbitz et al., 2000; Freeman
et al., 2001; Worrall et al, 2003; Wickland et al., 2007; Harrison
et al, 2008). The greatest effects are considered likely to occur in
upland and arctic environments, where there are considerable
accumulations of organic carbon (C) in the soils (Pastor et al,
2003; Harrison et al., 2008). DOC cycling, espedially in areas
affected by permafrost, is of particular interest in the light of
changing climate in northern latitudes (Wickland et al., 2007),

* Corresponding author. Tel.: +86 971 6106617; fax: +86 971 6143282,
E-mail address: wangship2008@yahoo.cn (S. Wang),

0038-0717$ - see front matter © 2009 Elsevier Ltd. All rights reserved.
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the year 2100 (IPCC, 2007), Debate continues on the effects of such
increases in global temperatures on the carbon cycle, particularly
on the fate of the large stores of carbon held in soils, and the
potential feedback effect that carbon release from soils may have
on climate (Kirschbaum, 1995; Freeman et al., 2001; Worrall et al.,
2003; Harrison et al., 2008).

DOC concentration in soil solution may be mainly biotically
controlled, with temperature-dependent seasonal fluctuations and
increased concentrations caused by an enhanced mineralization
after changes in environmental conditions (Kalbitz et al,, 2000),
although some studies suggest that it could be mainly controlled by
abiotic processes (Dai etal., 1996; Guggenberger et al, 1998). Effects
of warming and grazing on DOC concentration in soil solution may
occur in four way: 1) by altering rates of litter mass loss directly at
very short time-scales through changes in soil temperature and soil
moisture (Kalbitz et al., 2000; Aerts, 2006); 2) by decreasing litter
mass with the increase in grazing intensity at short time-scales
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To assess the impacts of yak excreta patches on greenhouse gas (GHG) fluxes in the alpine meadow of the
Qinghai-Tibetan plateau, methane (CHz), carbon dioxide (CO4), and nitrous oxide (N,0) fluxes were
measured for the first time from experimental excreta patches placed on the meadow during the summer
grazing seasons in 2005 and 2006. Dung patches were CHy sources (average 586 ug m 2h'in2005 and
199 ug m2h~ in 2006) during the investigation period of two years, while urine patches (average
~31ugm~2h~'in 2005 and 33 ygm~2h~" in2006) and control plots (average —28 pg m~2h~"in 2005
and ~30 pgm~? b~ in 2006) consumed CH4. The cumulative CO; emission for dung patches was about
36-50% higher than control plots during the experimental period in 2005 and 2006. The cumulative N,O
emissions for both urine and dung patches were 2.1-3.7 and 18-3.5 times greater than control plots in
2005 and 2006, respectively. Soil water-filled pore space (WFPS) explained 35% and 36% of CHy flux
variation for urine patches and control plots, respectively. Soil temperature explained 40-75% of temporal
variation of CO, emissions for all treatments. Temporal N0 flux variation in urine patches (34%), dung
patches (48%), and control (56%) plots was mainly driven by the simultaneous effect of soil temperature
and WFPS, Althoughyak excreta patches significanty affected GHG fluxes, their contributions to the whole
grazing alpine meadow in terms of CO; equivalents are limited under the moderate grazing intensity
(1.45 yak ha~"). However, the contributions of excreta patches to N0 emissions are not negligible when
estimating N0 emissions in the grazing meadow. In this study, the N;O emission factor of yak excreta
patches varied with year (about 0.9-1.0%, and 0.1-0.2% in 2005 and 2006, respectively), which was lower
than IPCC default value of 2%.

© 2009 Elsevier Ltd. Al rights reserved.

1. Introduction

represent high local additions of nitrogen (N) and readily available
carbon (C) that can stimulate surface emissions of C0,, CHy, and

Global increases in atmospheric CO; concentration are primarily
due to fossil fuel use and land-use changes, while the increases in
CHy and N0 are primarily derived from agriculture, especially from
animal production systems (Saggar et al, 2004; van Groenigen
et al, 2005; IPCC, 2007). In most grazed grassland ecosystems,
nutrient cycles are strongly influenced by grazing animals, and
about 80% of the consumed N is directly returned in the form of
dung and urine (Jarvis et al., 1989; Wang and Li, 1997). Grazing
animals can give rise to “hot-spots” by voiding excreta, which
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Nz0 (Clemens and Ahlgrimm, 2001; Roland et al, 2004; Saggar
et al,, 2004; Cardenas et al., 2007). While most of the COz and CHy
from animals is released directly from animals, a smaller level of
both gases results from the degradation of organic matter in excreta
patches, (Clemens and Ahlgrimm, 2001; Saggar et al, 2004).
Excreta deposited on grasslands/pastures from grazing animals is
an important source of atmospheric N;0 and urine patches rank as
the greatest source of N;O (Yamulki et al., 1998; van Groenigen
et al., 2005). Excreta patches promote Nz0 emissions from nitrifi-
cation or denitrification in soil by increasing inorganic N and
promoting microbial activity (Saggar et al.,, 2004; Maljanen et al,,
2007).
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Article history: Plants have evolved diverse adaptive mechanisms that enable them to tolerate abiotic stresses, to varying
Received 29 February 2008 degrees, and such stresses may have strongly influenced evolutionary changes at levels ranging from
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molecular to morphological. Previous studies on these phenomena have focused on the adaptive evolution of
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stress-related orthologous genes in specific lineages. However, heterogenetic evolution of the paralogous
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genes following duplication has only been examined in a very limited number of stress-response gene
Received by Masato Nikaido families. The COR15 gene encodes a low molecular weight protein that plays an important role in protecting

plants from cold stresses. Although twa different copies of this gene have been found in the model species,
Keywords: Arabidopsis thaliana, evolutionary patterns of this small gene family in plants have not been previously
Gene duplication explored. In this study, we doned COR15-like sequences and performed evolutionary analyses of these
COR15, Draba sequences (induding those previously reported) in the highly cold-tolerant Draba lineage and related
Adaptive evolution lineages of Brassicaceae. Our phylogenetic analyses indicate that all COR15-like sequences clustered into four
Functional divergence clades that corresponded well to the morphological lineages. Gene conversions were found to have probably

occurred before /during the divergence of Brassica and Draba lineage. However, repeated, independent
duplications of this gene have occurred in different lineages of Brassicaceae, Further comparisons of all
sequences suggest that there have been significant inter-lineage differences in evolutionary rates between
the duplicated and original genes, We assessed the likelihood that the differences between two well-
supported gene subfamilies that appear to have originated from a single duplication, COR15a and COR15b,
within the Draba lineage have been driven by adaptive evolution. Comparisons of their non-synonymous/
synonymous substitution ratios and rates of predicted amino acid changes indicate that these two gene
groups are evolving under different selective pressures and may be functionally divergent. This functional
divergence was confirmed by comparing site-spedific shifts in evolution indexes of the two groups of
predicted proteins. The evidence of differential selection and possible functional divergence suggests that the
duplication may be of adaptive significance, with possible implications for the explosive diversification of the
Draba lineage during the cooling Quaternary stages and the following worldwide colonization of arid alpine
and artic regions.

© 2008 Elsevier B.V. All rights reserved.

1. Introduction
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Increasing evidence suggests that geological or climatic events in the past triggered the radiative diversification
of both animals and plants on islands as well as continents. The Qinghai-Tibetan Plateau (QTP) has been
extensively uplifted since the Miocene, but there is little information on possible links between these events and
biological diversification in this and adjacent regions. Partly to explore such links, we have examined the
diversification of Saussurea (Asteraceae: Cardueae), a species-rich genus that is mostly endemic to QTP, but also
occurs in arid highlands elsewhere in the Northern Hemisphere. The phylogenetic analyses were conducted on the
basis of the nuclear (internal transcribed spacer, ITS) and plastid (¢nL-F and psbA-trnH) sequences from 55
species, representing 19 sections from all six subgenera of Saussurea, and species from 15 genera of the Cardueae.
The results suggest that the currently circumscribed genus Saussurea (s.l.) is a polyphyletic group and that five
sections should be excluded from the genus. Samples from the other 14 sections (representing five subgenera)
clustered as a monophyletic group (here designated the Saussurea s.s. lineage, SSSL) with high statistical support.
However, none of the analyses (nuclear, plastid or combined) resolved SSSL's infrageneric phylogeny, and the
parallel clades of the lineage indicate that island-like adaptive radiation occurred. Furthermore, this radiation
appears to have occurred 14-7 Mya, during the period of the major uplift events of QTP. Thus, our results support
the hypothesis that geological events may play important roles in driving biological diversification through
continental radiation. © 2009 The Linnean Society of London, Biological Journal of the Linnean Society, 2009, 97,
893-903.

ADDITIONAL KEYWORDS: diversification — phylogeny — polyphyly — taxonomy.

INTRODUCTION cesses in these regions (Pennington, Cronk & Rich-
ardson, 2004; Moore & Donoghue, 2007). Evidence
from these studies increasingly suggests that past
geological and/or climatic events have triggered the
radiative diversification of both animals and plants
within islands as well as continents. Hence, plants
distributed in such regions may have experienced
island-like adaptive radiation within relatively short
#Corresponding author. E-mail: liujq@nwipb.ac.cn periods (Richardson ef al., 2001; Hughes & Eastwood,

Globally, biodiversity is highly heterogeneous, and
some regions host far greater numbers of species than
others (Myers ef al., 2000). Furthermore, investiga-
tions into the causes of high local biodiversity have
provided important insights into the evolutionary pro-

© 2009 The Linnean Society of London, Biological Journal of the Linnean Society, 2009, 97, 893-903 893
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Abstract  Pinus densata is a homoploid hybrid species,
originating from P. tabuliformis x P. yunnanensis. The
physiological fitness of this natural hybrid compared to its
two parental species remains unknown. In this study, we
investigated physiological responses of the three species by
exposing artificially breed seedlings of each to drought
stress lasting 28 days. Our results suggest that, in all three
species, drought affected the contents of the plants’
chlorophyll, stomatal conductance, TBARS, hydrogen
peroxide, and free proline and increased the activities of
antioxidant enzymes, including superoxide dismutase
(SOD; EC 1.15.1.1), catalase (CAT; EC 1.11.1.6), and
peroxidase (POD; EC 1.11.1.7). The drought stress also
induced significant changes in the activity of ascorbate
peroxidase (APX; EC 1.11.1.11), monodehydroascorbate
reductase (MDHAR; EC 1.6.54), dehydroascorbate
reductase (DHAR; EC 1.8.5.1), glutathione reductase (GR;
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EC 1.64.2), and levels of ascorbate and glutathione in the
ascorbate—glutathione cycle. The hybrid species P. densata
appeared to achieve greater drought tolerance and exhibit
hybrid superiority in antioxidant processes and other related
physiological traits compared to the two parental species,
although a few of the hybrid’s measured variables were
similar to those of P. tabuliformis. However, P. yunnanen-
sis was more sensitive to drought and appeared to have the
lowest resistance to such stress. These physiological
differences are largely consistent with the species” habitat
preferences, which may reflect their early genetic diver-
gences and niche differentiation. These findings provide
important information for management and forest restora-
tion efforts of these species in the future.

Keywords Drought - Physiological fimess -
Antioxidant respond - Hybrid superionity - Pinus densata

Abbreviations

APX Ascorbate peroxidase

ASC Reduced ascorbate

Ase, Total ascorbate (reduced plus oxidized)
CAT Catalase

DCIP 2,6-dichlorophenolindophenol

DHA Dehydroascorbate

DHAR  Dehydroascorbate reductase

GR Glutathione reductase

GSH Reduced glutathione

GSSG Oxidized glutathione

H.0, Hydrogen peroxide

MDHAR  Monodehydroascorbate reductase

POD Peroxidase

ROS Reactive oxygen species

S0D Superoxide dismutase

TBARS  Thiobarbituric acid reactive substances
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EIMERIA SPP. (APICOMPLEXA: EIMERIIDAE) FROM THE PLATEAU PIKA,
OCHOTONA CURZONIAE, FROM HAIBEI AREA, QINGHAI PROVINCE, CHINA,
WITH THE DESCRIPTION OF TWO NEW SPECIES

Cao Yi-Fan, Ye Run-Roung, Wu Jian-Hua*, Bian Jiang-Huif, and Donald W. Duszynskit
Key Laboratory of Adaptation and Evolution of Plateau Biota, Northwest Institute of Plateau Biology, Chinese Academy of Sciences, Xining 81000,

China. e-mail: bjh@nwipb.ac.cn

ABSTRACT:  Fifty-two fecal samples from the Plateau pika, Ochotona curzoniae, collected in the Haibei Area, Qinghai Provinee, China,
were examined for the presence of coccidia (Apicomplexa: Eimeriidae). Five distinct morphotypes, all Eimeria species, were
distinguished based on the structure of their sporulated oocysts. Three of these included Eimeria banffensis, Eimeria calentinei, and
Eimerta eryptobarretti, all of which have been described previously from other Ochotona species. We also studied 2 morphotypes that
we feel have sufficient qualitative and quantitative characters Lo distinguish them from all previously described species; herein, we
identify them as putative new species. Eimeria ginghatensisn.sp. was found in 18/52 (35%) O. curzoniae. 1t has ovoidal oocysts witha 3-
layered wall, with a rough outermost layer and a micropyle, ~9 pm wide. Sporulated ooeysts are 37.2 X 27.2 (3441 X 24-32) um; |
polar granule is present, but an oocyst residuum is absent. Sporocysts are ovoidal, 16.6 X 9.8 (14-19 X 9-11) pm with a Stieda body;
sporocyst residuum and sporozoites have 2 refractile bodies. Eimeria haibeiensis n. sp. was found in 21/52 (40%) pikas. It has ellipsoidal
to ovaidal oocysts, with a 2-layered smooth wall and a micropyle, 3.9 um wide. Oocysts are 22.2 % 16.2 (20-24 X 15-18) pm; polar
granule and oocyst residuum are both absent. Sporocysts are ovoidal, 11.6 X 6.6 (10-13 X 5-7) um, with a Stieda body; sporocyst
residuum and sporozoites each have 2 refractile bodies, 1 at each end. The 5 eimerian species we discovered in 0. cwrzonige in China all

represent new host and locality records.

Pikas are Holarctic lagomorphs composed of a single genus,
Ochotona, with about 25 species (Wilson and Reeder, 2005). The
majority of species are found m Asia, mainly in the Qinghai-
Tibetan Plateau (West China) region, but also in Afghanistan,
Burma, India, Iran, Japan, Kazakhstan, Korea, Nepal, Pakistan,
and Russia, whereas only 2 species are found in North America
(Chapman and Flux, 1990; Yu et al., 2000; Wilson and Reeder,
2005). Currently, 18 coccidia species (16 Eimeria, 2 Isospora) are
described from 6 Ochorona species (Lynch et al., 2007). Plateau
pika, Ochotona curzonige Hudgson, are a key species on the
Qinghai-Tibetan Plateau, where it plays an important role in
biodiversity of the ecosystem (Smith and Foggin, 1999). Several
studies have examined ectoparasite and parasitic helminth
infections of the Plateau pika (Zhang, 1991; Cao and Ye, 1998;
Ding et al., 1999; Wang et al., 2003; Ci et al., 2008), but, to our
knowledge, there are no studies on the intestinal coccidian
parasite infections from 0. curzoniae.

MATERIALS AND METHODS

From 15 to 18 September 2008, 52 Plaweau pikas, 0. cwrzonioe
Hodgson, 1858, were collected from the Haibei Alpine Meadow
Ecosystem Research Station (Fig. 1), Chinese Academy of Scences
(37°36'N, 101°18'E; alt. 3,205 m), approximately 155 km north of Xining,
the capital of Qinghai Province, People’s Republic of China (PRC). This
habitat is an alpine meadow dominated by Kobrsia pyemaea.

All hosts were live-trapped and killed within a few hours of capture. The
intestinal tract was removed, and feces from the colon and cecum were
placed in a 20-ml plastic container with a screw cap and mixed/diluted 1:3
with 2.5% (w/v) aqueous potassium dichromate (K,Cr,05) solution. Fecal
samples were then spread out in Petri dishes and covered for 6 days at
25 Cto allow time for oocyst sporulation, after which they were examined
by coverslip flotation using a saturated salt solution. Following the
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guidelines of Duszynski and Wilber (1997), oocysts were measured and
photographed using an oil immersion lens on a Digtal Bio-microscope
DMBS-223IPL-5. All measurements are in pm, with the ranges in
parentheses following the means, Standardized abbreviations for struc-
tural characteristics of both oocysts and sporocysts follow Wilber et al.
(1998): oocyst wall (OW), oocyst length (L) and width (W) and their
ranges and ratios (L/W), micropyle (M), micropyle cap (MC), oocyst
residuum (OR), polar granule (PG), sporocyst residuum (SR), Stieda body
(SB), substieda body (SSB), parastieda body (PSB), refractile body (RB),
sporozoite (SZ), and nucleus (N). Skins and skulls of symbiotype hosts
(Frey et al,, 1992) are preserved in the Qinghai-Tibet Plateau Biological
Specimen Museum (QPBSM), and photosyntypes (Duszynski, 1999) of
sporulated oocysts are deposited in the Key Laboratory of Adaptation
and Evolution of Plateau Biota (KLAEPB).

RESULTS

Qocysts of 5 species of Eimeria, including 2 new species and 3
species previously reported (rom other Ochotona species, were
found in the feces of 0. curzoniae, as described below.

DESCRIPTIONS

Eimeria ginghaiensis n. sp.
(Figs. 2-4,12)

Diagnosis: Sporulated oocysts ovoidal. OW with 3 layers; outer layer
rough, with prominent, sunken M (Fig. 2); inner walls smooth with M
barely visible (Fig. 3), intact walls ~2 thick. L X W (N = 70): 37.2 x 27.2
(3441 ¥ 24-32); L/W: 1.4 (1.1-1.6). M and PG present, 9 (7.5-12.1) and
2.6(2.4-3.2) wide, respectively (Fig. 4). OR absent. Sporocysts ovoidal, L
X W (N =50); 166 X 9.8 (14-19 x 9-11). L/W: 1.7 (1.4-1.9). SB present
at pointed end of sporocyst. SSB and PSB both absent. SR present, a
compact spheroidal mass of tiny granules, 6.8 X 5.7 (5-9 X 5-7). SZ with
an anterior RB, 2 % 3 (24 X 2-3) and a posterior RB, 6 X 4 (4-6 X 3-4).
N visible between RB.

Taxonomic summary

Type host: Ochotona curzonioe Hudgson, 1858, Plateau pika.

Other hosts: None to date.

Type locality: Asia: People’s Republic of China: Qinghai Province,
Haibei Alpine Meadow Ecosystem Research Station, Chinese Academy of
Sciences, 37°36'N, 101°18'E; altitude 3,205 m.

Prevalence: 18152 (35%) O. curzonige in China.
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