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Demographic history of the Tibetan antelope Pantholops hodgsoni
(chiru)
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Abstract The Tibetan antelope (chiru, Pantholops hodgsoni), a heavily poached species and symbol of the Qinghai-
Tibetan Plateau (QTP), is noted worldwide for its special calving migration. This species originated in the early
Quaternary and it is interesting to know how the following climatic oscillations affected its demographic dynamics in
the climate-sensitive QTP. In this study, we analyzed the mitochondrial D-loop region from 312 individuals sampled
in all of the six major populations. We found high rates of gene flow and little genetic differentiation between
populations, suggesting that the calving migration may have homogenized the genetic pool of this species. Both
mismatch distribution analyses and coalescent simulations suggested that this species experienced a demographic
expansion approximately 600–200 Kyr following the retreat of the large glaciers developed in the QTP at 800–
600 Kyr, rather than at the end of the last glacial age, as previously suggested, based on a limited sample size. In
addition, we found evidence of a chiru population decrease probably related to the human settings at the QTP during
the middle Holocene.
Key words chiru, calving migration, demographic expansion, mitochondrial D-loop, Quaternary.

The Tibetan antelope (chiru, Pantholops hodgsoni)
is a symbol of the Qinghai-Tibetan Plateau (QTP) and
was one of the mascots for the Beijing 2008 Olympic
Games (Fig. 1: A). It is also a highly poached species
for the illegal wool trade (Schaller, 1998). This animal
looks like an antelope, but it occurs far away from the
African antelope species. Its skull characters are more
similar to saiga than other antelope species. Recent mor-
phological and molecular studies indicated that chiru is
sister to the Caprinae (Gatesy et al., 1997; Lalueza-Fox
et al., 2005). Available fossil data indicated that chiru
had originated in the QTP during the early Pleistocene
(approximately 2 Myr) (Gentry, 1992). Because the QTP
is more sensitive to climatic changes than other regions
in the world (Zheng, 1996), it is interesting to investigate
how this ungulate animal responded to the Quaternary
climatic oscillations. A growing body of studies from
other temperate regions suggested that animal popula-
tions shrank and expanded in response to such climatic
changes (Hewitt, 2000). In recent years, coalescence-
based techniques have been developed to statistically
examine such demographic histories of animal species
(e.g. Drummond & Rambaut, 2007).
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The calving migration of chirus has also received
worldwide attention because a newly constructed rail-
way intersected the migration routes between popula-
tions (Yang & Lin, 2008). Such migrations may have
benefited migrants by providing access to more nutri-
tious forage (Fryxell, 1987; McNaughton, 1988), avoid-
ance of starvation by deep snow (Fryxell et al., 1988),
reduction of the predation risk (Heptner et al., 1966),
and dispersal of individuals when population growth is
too fast (Child & Riche, 1969). This calving migration
might promote genetic exchanges between populations
and maintain all populations as a metapopulation. Chiru
is currently listed as an endangered species and its con-
tinued survival is highly dependent on effective conser-
vation measures (IUCN, 1996). Diverse measures have
been adopted to protect this animal, including the pro-
hibition of killing and smuggling, and the construction
of calving migration corridors during the construction
of the railway (Mallon & Kingswood, 2001; Yang &
Lin, 2008; Mallon, 2009). A good knowledge of the ge-
netic variation within and between populations of this
species is crucial for its effective management. Ruan et
al. (2005) studied the genetic diversity of this species
and found low between-population differentiation based
on the mitochondrial D-loop sequences of 57 individ-
uals sampled from three sites. They suggested that this
species experienced a rapid demographic expansion at
the end of the Last Glacial Maximum (LGM, between
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Fig. 1. Morphology and distribution of chirus and the mtDNA haplotype network. A, An adult male chiru. B, Distribution of chirus. C, Major
distributions of chirus in winter, showing the five sampling sites (solid circles) and the calving migration routes (double lines with arrows) in summer
according to our field observations and previous records. D, A median-joining network depicting the genetic relationship among haplotypes of the chirus.
The sizes of the circles and colored segments are proportional to the haplotype frequencies in the datasets. Black, population Xj; blue, population Xzb;
green, population Qhc; purple, population Xza; red, population Qhb; white, undetected intermediate haplotype states separated by one mutation step;
yellow, population Qha.

20 and 10 Kyr), as did many other animal species in
Europe and North America (Hewitt, 2000). However,
recent studies suggested that the LGM had no effect on
population dynamics of the QTP animals and popula-
tion expansions of these alpine species started earlier
(e.g. Qu et al., 2010; Tang et al., 2010). In this study,
we analyzed the highly variable D-loop region of 312
individuals collected from the six main distribution re-
gions of chirus (Qha, Qhb, Qhc, Xza, Xzb, and Xj)
(Fig. 1: B, C). The main aims of the study were to: (i)
examine in more detail the genetic variations within and
between populations; and (ii) apply coalescent methods
to simulate and reappraise the demographic history of
this species.

1 Material and methods

1.1 Sample collection
Chirus reproduce from late June to early July. We

followed the calving migrations of chirus during this
period in 2003 and 2005. In general, most calving

chirus migrate to two lakes in northwest QTP in summer
(Fig. 1: C, Qha and Qhb) and some then return to their
respective winter regions. The remaining chirus always
stay in these two sites in winter. A total of 277 indi-
viduals were collected from six regions where chirus
were killed by poachers in winter (Table 1, Fig. 1: B,
C). The skins of these chirus were obtained through the
local park guards. In addition, 35 sequences (GenBank
accession numbers AY744081–AY744115) reported for
Xzb and Xj (see Ruan et al., 2005) were added for the
final analyses.

1.2 DNA extraction, amplification, and sequencing
Because most skins were not well preserved af-

ter being confiscated by park guards, we used two
different methods to extract total genomic DNA:
SDS–phenol/chloroform (Sambrook et al., 1989), and
the QIAamp DNA Stool Mini Kit (Qiagen, Hilden, Ger-
many). The decomposed DNA is unsuitable for am-
plifying long sequences by PCR. We synthesized two
primers to amplify the highly variable region of the
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Table 1 Details of populations, sampled numbers (N), haplotype numbers (Nh), and values of nucleotide divergence (d), nucleotide diversity (π ), and
haplotype diversity (h) in regional populations of chirus

Population N (downloaded Nh Pairwise Nucleotide Haplotype
sequences from GenBank) differences (d) diversity (π ) diversity (h)

Qha 134 102 10.363 ± 4.757 0.0270 ± 0.0137 0.995 ± 0.002
Qhb 54 48 10.078 ± 4.678 0.0262 ± 0.0135 0.994 ± 0.006
Qhc 39 28 8.232 ± 3.900 0.0215 ± 0.0113 0.969 ± 0.017
Xza 31 24 8.727 ± 4.140 0.0228 ± 0.0120 0.983 ± 0.013
Xzb 28 (18) 26 11.025 ± 5.165 0.0288 ± 0.0151 0.995 ± 0.011
Xj 26 (17) 26 11.225 ± 5.266 0.0293 ± 0.0153 1.000 ± 0.011
Total 312 (35) 232 10.214 ± 4.676 0.0265 ± 0.0134 0.997 ± 0.001

D-loop for chirus: L-15960 5′-GGT AAT GTA CAT
AAC ATT AAT G-3′ and H-16334 5′-CGA GAT GTC
TTA TTT AAG AGG-3′. Amplifying and sequencing
protocols followed Guo et al. (2006). No nuclear mi-
tochondrial DNA was involved. The aligned sequences
of 383–385 bp were used in the analyses, and all newly
obtained sequences were submitted to GenBank (acces-
sion numbers DQ151533–DQ151799).

1.3 Data analysis
Haplotype relationships were obtained using me-

dian networks (Bandelt et al., 1995, 1999). Geographi-
cal association of haplotypes was tested by treating each
population sample as a categorical variable (Hudson et
al., 1992). The program MIGRATE v.2.1.3 (Beerli &
Felsenstein, 2001; Beerli, 2004) was used to infer max-
imum likelihood migration rates among the six pop-
ulations studied. Effective population sizes and gene
flow estimates were obtained from FST values and were
set as initial values. Arlequin v.3.0 (Excoffier et al.,
2005) was used to estimate nucleotide diversity (π),
haplotype diversity (h), hierarchical analysis of molec-
ular variance, to calculate parameters, mismatch dis-
tributions, and to compute Fu’s Fs test of selective
neutrality (Fu, 1997). Values of Tajima’s D (Tajima,
1989) were calculated from the total number of segre-
gating sites and used to assess evidence for population
expansion, under which negative values are expected
(Aris-Brosou & Excoffier, 1996). We inferred the time
to the most recent common ancestor (tMRCA) of
all chirus by Bayesian coalescent analysis in BEAST
v.1.5.2 (Drummond & Rambaut, 2007) under the re-
laxed uncorrelated clock model, calibrated using the
time of divergence between sheep and goat of ca 5–
7 Myr within the Caprinae (Savage & Russell, 1983;
Carroll, 1988; Lalueza-Fox et al., 2005). The substi-

tution model HKY+I+G was selected for Bayesian
analyses by the ModelTest 3.7 (Posada & Crandall,
1998). Based on the estimated mutation rate and the
observed generation time of 2 years, population expan-
sions were further calculated on the basis of the equation
T = τ /2u (Rogers & Harpending, 1992). Furthermore,
we used the Bayesian Skyline Plot (BSP) approach
to estimate the demographic history of chirus under
tMRCA (Drummond & Rambaut, 2007). Piecewise-
constant Skyline Model was selected. The number of
groups (m) was set to 20. Bayesian MCMC was run for
300 million generations, and the initial 10% was dis-
carded as “burn-in”. The mutation rate in unit of substi-
tution per site per year was coestimated along with the
parameters of the BSP.

2 Results and discussion

Combining both our data and the published se-
quences, a total of 110 variable nucleotide sites and 232
haplotypes were identified in the samples investigated.
Within each of the six populations, haplotype diversity
values were nearly maximal (ranging from 0.9690 to
1.0000), whereas nucleotide diversity values were low
(ranging from 0.02149 to 0.02931) (Table 1). No dis-
tinct haplotype group was identified by both network
analyses and statistical parsimony techniques (Crandall
& Templeton, 1996). A permutation categorical contin-
gency analysis indicated no association with geograph-
ical location (population) (P > 0.5) of the identified
haplotypes. Therefore, the identified haplotypes were
randomly distributed within the sampled populations
(Fig. 1).

Analysis of molecular variance analyses revealed
that the total genetic variance was mainly located within
populations (98.52% of the total variance) (Table 2),

Table 2 Hierarchical analysis of molecular variance in chirus

Source of variation df Sum of squares Variance components Percentage of variation P

Among populations 5 32.453 0.075 1.48 0.003
Within populations 306 1528.905 4.996 98.52 0.000
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Table 3 Estimates of gene flow (Nem) and theta among populations of
chirus

Source Theta Values of Nem for each recipient population
population (Neμ) Qha Qhb Qhc Xza Xzb Xj

Qha 1.74 — 25.75 7.53 34.77 15.50 13.05
Qhb 1.44 8.19 — 6.24 10.12 9.33 6.64
Qhc 0.93 2.14 1.80 — 4.47 2.01 4.02
Xza 0.59 4.31 2.43 2.94 — 1.91 1.36
Xzb 1.87 11.41 7.70 1.87 20.76 — 14.23
Xj 2.29 11.47 5.56 10.67 0.85 20.40 —

—, not applicable; μ, mutation rate; m, migration rate; Ne, effective
population size of females.

suggesting high gene flow and little genetic differen-
tiation between populations. Similarly, the maximum
likelihood analyses indicated frequent exchanges of
individuals per generation among 19 of 20 source-
recipient comparisons (Table 3). At equilibrium, this
gene flow through exchanging a few individuals per
generation is sufficient to prevent genetic divergence
between populations (Hartl & Clark, 1989) and must
have repeatedly homogenized the genetic pool of this
species. This genetic diversity pattern is totally different
from the distinct phylogeographical structure revealed
for other ungulate species (for example, roan antelope,
Alpers et al., 2004).

Mismatch distribution analyses showed a unimodal
frequency distribution of pair-wise differences in five of
six populations and at the level of the whole metapop-
ulation (Table 4, Fig. 2). Both Tajima’s D and Fu’s Fs
values were negative and the tests for the latter values
are highly significant (Table 4), suggesting demographic
expansion (Fu, 1997). The tMRCA of all chirus was
dated to 1.97 Myr before present (95% of the highest
posterior density [HPD]: 3.41 to 0.83 Myr). This esti-
mation is highly consistent with the early fossil record
of chirus around 2 Myr in the early Quaternary (Gen-
try, 1992). The estimated mutation rate (6.88 × 10−8

substitutions per site per year (95% HPD: 3.44 × 10−8–
11.08 × 10−8 substitutions per site per year) is sim-
ilar to that estimated for the roan antelope (Alpers et
al., 2004). The estimated expansion dates of individual
populations and the whole metapopulation were concor-
dant, between 175 and 447 Kyr (Table 4). Even using the
fastest mutation rate (32% per site per Myr) reported for
steppe bison (Shapiro et al., 2004), all estimated expan-
sions occurred before 50 Kyr, far earlier than the end
of the LGM. This thus rejects the postglacial expan-
sion hypothesis suggested elsewhere based on a limited
sample size (Ruan et al., 2005). We further used BSP to
simulate the demographic dynamics of chirus as their
origin is estimated or recorded by fossil at 2 Myr be-
fore present. We found evidence of constant population
size during the early-mid Quaternary, but after the end T
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Fig. 2. Results of coalescent analysis using BEAST and mismatch distribution analysis. A, Bayesian skyline plot (m = 20) derived from all sequences
of the chirus. The X-axis is in units of million years in the past and the Y axis is Ne × μ (effective population size × mutation rate per generation).
Smoothed curves show mean and 95% of the highest posterior density (blue-shaded region) values for effective population size over time. Dashed
vertical line represents the transition time, which is estimated at approximately 5 Kyr (4–6 Kyr). B, Mismatch distribution analyses of all samples. The
histograms represent the observed frequencies of pairwise differences among haplotypes and the line shows the curve expected for a population that
has expanded. C, Mismatch distribution analyses of six populations. The histograms represent the observed frequencies of pairwise differences among
haplotypes and the line shows the curve expected for a population that has expanded.
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of the largest glaciers (800–600 Kyr) developed in the
QTP (Shi, 1998), a demographic expansion occurred
until the mid Holocene. However, the population size
began to decrease rapidly (negative growth) (Fig. 2),
with a transition around 5 Kyr. These estimates and
simulations together suggest that LGM had little effect
on the demographic dynamics of chirus, as found for
other QTP animals (e.g. Qu et al., 2010; Tang et al.,
2010). It seems clear that the chiru populations began
to expand earlier, probably when the largest glaciers in
the QTP ended (Shi, 1998), then maintained in size un-
til the early Holocene (Fig. 2). However, humans began
to settle on the QTP at approximately 20 Kyr, and the
number of immigrants from Northeast Asia increased
rapidly at the end of the LGM (Zhao et al., 2009). The
estimated Holocene transition time confirms that these
human activities might have accounted for the decline
of the chiru population size probably due to the follow-
ing two facts. Chirus might have been killed for foods
after the large-scale human colonization on the QTP.
Increasing livestock grazing activities on the QTP (e.g.
yak domestication during the early Holocene, Guo et al.,
2006) should have intensified the resource competition
between livestock animals and chirus (Cao et al., 2008,
2009).
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