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Abstract
We sequenced partial mitochondrial DNA from the cytochrome b gene (1143 bps) for 385 northern grass lizards (Takydromus septentrionalis)
from 14 mainland and 14 island populations covering almost the lizard�s entire range to examine the influence of geographic barriers (mountain
ranges and water bodies) on the diversification of lineages. Phylogenetic analyses revealed a detailed distribution of three evolutionary lineages
(W, E and G). Lineage G included individuals exclusively from Guiyang, in the south-western distributional limit. Lineage W included individuals
from the central and western parts of the lizard�s range on the mainland. Lineage E included individuals from East China, both on the mainland
and on islands in the East China Sea. Haplotypes from lineages W and E were co-distributed in Chuzhou and Chibi. The averaged pairwise
distance of 6.23% between these lineages indicated a Miocene-Pliocene lineage-split. Lineage E was further subdivided to three sublineages: E1
and E2 comprised of haplotypes from the Zhoushan Islands, and E3 included haplotypes from the eastern mainland, the Zhoushan Islands and
two islands south of the Zhoushan Islands. Lineages W and E showed evidence of demographic extensions. The isolation caused by the last
transgression (0.01 Ma) has not yet led to a significant genetic differentiation between mainland and island populations in East China. However,
divergence among some small islands may be driven by the restriction of migration and genetic drift.
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Introduction

Our current understanding of the present genetic structure of
populations and species is mostly derived from the growing

discipline of phylogeography, of which the central goal is to
understand how historical biological events have shaped the
contemporary distribution and diversity of species (Avise

2000). To infer these events, evolutionary relationships among
haplotypes sampled across the geographic distributions of
living species are estimated by molecular phylogenetic recon-

struction. Mitochondrial DNA studies of widespread species
frequently describe levels of intraspecific divergence that
correspond to fragmentation ⁄ colonization events during Pleis-
tocene or Pliocene (Brown et al. 2002). However, the specific

geological and climatic events that have driven phylogeo-
graphic patterns within these periods vary depending on the
focal region (Liggins et al. 2008). Climatic changes, which were

the major environmental changes during Pleistocene glacial–
interglacial cycles, have played a key role in shaping genetic
diversity of species, and the severe climatic oscillations resulted

in great changes in species distributions (Avise 2000; Hewitt
2000, 2004). Southern areas in Europe and North America
allowed for the persistence of many species throughout glacial

periods, promoting divergence between refugia and the accu-
mulation of genetic diversity within refugium. (Hewitt 2000;
Weiss and Ferrand 2007).

In contrast with northern Europe and North America, most

of East Asia was never covered by ice sheets and had a
relatively mild climate during the Pleistocene (Williams et al.
1998; Ju et al. 2007). Despite these differences, genetic diversity

and distribution of species in East Asia have been affected by

environmental changes since the Pleistocene (Lin et al. 2008,
2010; Zhang et al. 2008; Zhao et al. 2011). Moreover, regres-

sions and transgressions of sea level associated with the
glacial–interglacial cycle may have influenced the populations
and species in coastal areas (Lin et al. 2008; Song et al. 2009;

Wei et al. 2010).
The northern grass lizard Takydromus septentrionalis is a

small oviparous lacertid lizard endemic to China, and has a

distributional range covering the central and south-eastern
parts of the country (Liu 1999). Within the lizard�s range, large
mountain ranges and water bodies such as the Luoxiao
Mountains, Wuyi Mountains, Qinling Mountains, Yangtze

River and Ganjiang River can be found. However, whether
these geographic barriers play a role in affecting the diversi-
fication of lineages remains unknown. The lizard is locally

abundant on the Zhoushan Islands (Ji et al. 1998), which
includes some 1300 offshore islands in the East China Sea and
can be also found on islands south of the Zhoushan Islands.

During the late Pleistocene, the sea level rose and dropped
several times in concert with the repeated glacial cycles and,
consequently, the Zhoushan Islands had cycles of connection

and disconnection with the continent (Wang and Wang 1980).
However, whether these processes play a role in influencing
lineage sorting of T. septentrionalis in its eastern part of
distribution remains unknown. In this study, we used the

complete mitochondrial cytochrome (cyt) b gene to investigate
the genetic diversity, population structure and evolutionary
history of this lizard. Our aims were: (1) to assess the level and

partitioning of the genetic variation within T. septentrionalis;
(2) to compare the phylogeographic pattern of this lizard with
that of some other sympatric or co-distributed species such as

the Chinese cobra Naja atra (Lin et al. 2008) and the five-
paced pit-viper Deinagkistrodon acutus (Huang et al. 2007)
with a �west–east division� pattern of phylogeography; and (3)
to examine the influence of rising-and-dropping cycles of the
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sea level during the late Pleistocene on the current distribution
and genetic diversity of the lizard on the Zhoushan Islands.

Materials and Methods

Sampling

We collected 385 individuals from 28 populations covering almost the
entire range of T. septentrionalis. Fourteen populations were on 14
independent islands in the East China Sea, including two islands
(Dongtou and Beiji) south of the Zhoushan Islands. The remaining 14
populations were sampled at different localities on the mainland
(Fig. 1). The number of individuals collected from each population
and detailed locality information for the populations sampled are
given in Table 1.

DNA extraction, amplification and sequencing

Total genomic DNA was extracted from tissue samples that were
homogenized in a digestion buffer and proteinase K dissolution.
Extractions were performed using standard phenol ⁄ chloroform ⁄ iso-
amyl alcohol methods (Sambrook and Russell 2006). The full length of
cyt b gene was selected for analysis using primers L14910 and H16064
(Busack et al. 2005). The polymerase chain reaction (PCR) was
performed as follows in the presence of 3 Mm MgCl2: 35 cycles of
denaturation at 95�C for 30 s, annealing at 54�C for 30 s and extension
at 72�C for 50 s. The PCR products were purified and sequenced on an
ABI Prism 3700 automated sequencer (Applied Biosystem, Foster
City, CA, USA) by Shanghai Sangon Biological Engineering Tech-
nology and Service Co. Ltd., with the same primers used for
amplification.

Alignment and genetic divergence

The alignment of the concatenated cyt b sequences was performed with
Clustal_X (Thompson et al. 1997) and corrected by eye. Four lacertid
lizards, Takydromus sexlineatus, T. amurensis, Eremias brenchleyi and
Lacerta agilis (Accession Number GQ142142, GQ142143, EF490071
and GQ142118, respectively), were used as outgroups. The number of
haplotypes in each sample site and the values of haplotype diversity
and nucleotide diversity were calculated using DnaSP 4.0 (University
of Barcelona, Barcelona, Spain; Rozas et al. 2003).

Phylogenetic and phylogeographic analyses

Analyses for phylogenetic inference were conducted using two meth-
ods: maximum likelihood (ML) and Bayesian inference (BI). Modeltest

3.7 (Posada and Crandall 1998) and MrModeltest 2.3 (Nylander 2004)
were run to determine the appropriate model of molecular evolution
based on the Akaike Information Criterion for the ML and BI method,
respectively. The BI method was performed with the software
Mrbayes (Huelsenbeck and Ronquist 2001) using the GTR + I + G
model of substitution. Two independent runs were conducted. Both
searches were run with four chains for 107 generations, and the current
tree was saved to file every 100 generations. The first 1000 trees
sampled were discarded as �burn-in�, as determined by stationarity of
lnL assessed using Tracer v. 1.4 (Institute of Evolutionary Biology,
University of Edinburgh, Edinburgh, UK; Rambaut and Drummond
2007), and a majority-rule consensus tree generated and posterior
probability values calculated from the remaining trees. ML analyses
were performed using phyml 3.0 (Guindon and Gascuel 2003), using a
BIONJ tree as starting tree. Branch support was evaluated with non-
parametric bootstrap analysis (100 replicates).

Hierarchical analysis of molecular variance (AMOVA) was used to
examine the amount of genetic variation partitioned within and among
populations using the software Arlequin 3.1 (Zoological Institute,
University of Bern, Bern, Switzerland) with significance assessed by
1000 permutations (Excoffier et al. 2005). Various groupings on those
populations suggested by the analysis of DNA sequence and geo-
graphic distribution were performed. The grouping that reveals
maximal value of FCT and significantly differs from random organi-
zation of similar grouping is assumed to be the most probable
geographic subdivisions (Stanley et al. 1996).

To assess the impact of geographic distance on the amount of
genetic differentiation between the mainland samples, a Mantel test
was carried out using Arlequin 3.1. Genetic distances were based on
Slatin�s linearized Fst values. Geographic distances between popula-
tions were calculated based on the latitude and longitude data for each
sample site using the Geographic Distance Matrix Generator 1.2.3
(Ersts 2011).

We applied the Bayesian skyline plot (BSP) model by using the
software beast v1.5.2 (Drummond and Rambaut 2007) to date major
demographic changes (such as declines or expansions) and to estimate
the magnitude and severity of such events (Heller et al. 2008) in
T. septentrionalis. As a change-point model, BSP allows us to examine
a number of different population sizes through time and use a
smoothing procedure to visualize historical population size changes.
Using this model, it is possible to plot a population size as far back in
time as the most recent common ancestor (MRCA) of a set of
sequence samples. The MCMC chain was run with 5 · 107 iterations,
and trees were sampled every 1000 iterations. The first 10% of the
iterations were discarded as burn-in. Calibration of the molecular
clock based on fossils is not possible for T. septentrionalis because of
the lack of such records. A molecular clock ranging from 0.005 to
0.0125 substitutions per site per million years (corresponding to a

Fig. 1. Sampling sites of Takydromus septentrionalis in this study. The numbers in the figure indicate individual populations (see Table 1 for
details). The mitochondrial lineages have been labelled by for lineage G, for lineage W, and for lineage E, respectively. Sympatric sites of
lineages W and E were labelled by
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pairwise genetic distance of 1.0–2.5% per Myr) was used, based on the
evolutionary rates of cyt b estimated in several lizards studied (Gubitz
et al. 2000; Crochet et al. 2004; Poulakakis et al. 2005; Yan et al.
2010).

Divergence time estimation

To estimate the divergence time between the major lineages (except G,
see below for details), we used a Bayesian coalescent approach as
implemented in the program beast v1.5.2. For these analyses, we used
the model of evolution identified by MrModeltest and a constant
coalescent model for the prior estimate of population growth. The
MCMC chain was run with 107 iterations, and trees were sampled
every 1000 iterations. The first 10% of the iterations were discarded as
burn-in. Under these conditions, the MCMC process performed well,
achieving good stationarity and yielding large effective sample size
(>200) for estimates of the MRCA and all other parameters. We used
a range of sequence divergence rates (1–2.5% per Myr) and conducted
runs to compute the average MRCA and credibility intervals as
described in the Peking gecko Gekko swinhonis (Yan et al. 2010).

Results

Sequence divergence and phylogenetic and phylogeographic

analyses

We obtained the full length of 1143 base pairs (bp) of the
mitochondrial cyt b gene from all 385 specimens studied. The
cyt b sequences contained no indels. Of the 225 variable sites

(19.7% of the total nucleotide positions), 164 were parsimony
informative. A total of 110 unique haplotypes were identified
(GenBank Accession Numbers: JF693494- JF693603) among
the ingroup sequences. The number of observed haplotypes

within populations ranged from two (six populations) to seven
(four populations). Estimates of haplotype (h) and nucleotide
diversity (p) for each population are given in Table 1. The

highest values of haplotype and nucleotide diversity occurred
in the Hangzhou and Chibi populations, respectively. Rela-
tively high values of nucleotide diversity also occurred in the

Dachangtu, Miaozihu and Chuzhou populations. The Yantai,
Yudu and Guiyang populations showed a complete lack of
genetic diversity.

The 110 haplotypes were clustered in three major lineages
with relatively moderate to high support (Fig. 2), named
lineage W (0.92 ⁄ 91 = BI posterior probabilities and ML
bootstrap values, respectively), E (0.88 ⁄ 69) and G (0.98 ⁄ 87).
Lineage W, consisting of sublineages W1 and W2, included all
haplotypes from populations in the central and western parts
of the lizard�s range on the mainland. Lineage E included

haplotypes of eastern mainland and island populations.
Haplotypes from both lineages were co-distributed in Chuzhou
and Chibi. Lineage E could be broken down into three

sublineages: E1 (0.96 ⁄ 89) and E2 (0.79 ⁄ 88) comprising hapl-
otypes all from the Zhoushan Islands, and E3 (0.59 ⁄ 54)
including haplotypes from the eastern mainland, the Zhoushan

Table 1. Collection data for Takydromus septentrionalis specimens used in this study. For each population sampled (alphanumeric locality codes
refer to those in Fig. 1), we list collection localities (county, province and exact coordinates), sample sizes subjected to mtDNA examination, the
unique mtDNA haplotype numbers and the lineage (W, G, E1, E2 or E3) represented

Code Locality, Province n Lineage Haplotype no. Coordinates h p [102]

1 Yantai, Shandong 14 E3 1–3 37�28¢N; 121�74¢E 0.385 (0.149) 0.044 (0.019)
2 Chang�an, Shaanxi 14 W1 4–9 34�02¢N; 108�97¢E 0.791 (0.089) 0.141 (0.028)
3 Chuzhou, Anhui 14 W2, E3 10–14 32�18¢N; 118�18¢E 0.769 (0.083) 2.567 (0.624)
4 Nanjing, Jiangsu 14 E3 15–19 32�06¢N; 118�78¢E 0.659 (0.123) 1.000 (0.189)
5 Lu�an, Anhui 14 W1 4, 20–24 31�44¢N; 116�28¢E 0.681 (0.132) 0.403 (0.078)
6 Hangzhou, Zhejiang 14 E3 25–31 30�27¢N; 120�16¢E 0.901 (0.046) 0.660 (0.169)
7 Chibi, Hubei 14 W1, W2, E3 32–38 29�69¢N; 113�90¢E 0.890 (0.050) 3.671 (0.351)
8 Quzhou, Zhejiang 14 E3 31, 39–40 28�93¢N; 118�87¢E 0.560 (0.125) 0.986 (0.192)
9 Lishui, Zhejiang 14 E3 31, 41–46 28�43¢N; 119�92¢E 0.813 (0.094) 1.081 (0.206)
10 Dongtou, Zhejiang 14 E3 47–53 27�83¢N; 121�15¢E 0.758 (0.116) 0.778 (0.216)
11 Beiji, Zhejiang 13 E3 54–55 27�62¢N; 121�21¢E 0.385 (0.132) 0.673 (0.231)
12 Ningde, Fujian 13 E3 56–59 26.68¢N; 119�55¢E 0.756 (0.070) 0.087 (0.014)
13 Guiyang, Guizhou 13 G 60–61 26�35¢N; 106�42¢E 0.385 (0.132) 0.034 (0.012)
14 Yudu, Jiangxi 14 W2 62–63 25�96¢N; 115�44¢E 0.143 (0.119) 0.187 (0.156)
15 Chenzhou, Hunan 14 W2 64–68 25�74¢N; 112�73¢E 0.593 (0.144) 0.314 (0.099)
16 Shengshan, Zhejiang 14 E1, E3 69–70 30�72¢N; 122�82¢E 0.143 (0.119) 1.000 (0.832)
17 Shengsi, Zhejiang 14 E1, E3 51, 71–75 30�71¢N; 122�45¢E 0.681 (0.132) 1.730 (0.717)
18 Dayangshan, Zhejiang 14 E2, E3 76–81 30�58¢N; 122�08¢E 0.791 (0.089) 0.419 (0.143)
19 Qushan, Zhejiang 14 E1, E3 82–84 30�44¢N; 122�35¢E 0.604 (0.076) 1.078 (0.779)
20 Daishan, Zhejiang 14 E3 51, 55, 85–88 30�29¢N; 122�18¢E 0.681 (0.132) 0.856 (0.208)
21 Dachangtu, Zhejiang 14 E1, E3 55, 84–85, 89–90 30�25¢N; 122�33¢E 0.802 (0.069) 3.669 (0.433)
22 Miaozihu, Zhejiang 13 E1, E2, E3 50, 89, 91–92 30�19¢N; 122�68¢E 0.423 (0.164) 2.667 (0.948)
23 Xiushan, Zhejiang 14 E1 93–95 30�17¢N; 122�17¢E 0.538 (0.115) 0.142 (0.028)
24 Dinghai, Zhejiang 12 E1, E3 96–100 30�04¢N; 122�16¢E 0.727 (0.113) 1.214 (0.900)
25 Jintang, Zhejiang 14 E2, E3 76, 101, 30�03¢N; 121�88¢E 0.264 (0.136) 0.392 (0.202)
26 Ningbo, Zhejiang 14 E1, E3 102–103 29�83¢N; 121�87¢E 0.143 (0.119) 1.012 (0.842)
27 Taohua, Zhejiang 13 E1, E3 90, 104–106, 29�81¢N; 122�28¢E 0.526 (0.153) 1.947 (0.962)
28 Liuheng, Zhejiang 14 E1, E2 90, 107–110 29�72¢N; 122�14¢E 0.670 (0.126) 2.200 (0.789)

Outgroup
Takydromus sexlineatus 1 GQ142142
Takydromus amurensis 1 GQ142143
Eremias brenchleyi 1 EF490071
Lacerta agilis 1 GQ142118
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Fig. 2. Genealogical relationships based on cytochrome b haplotypes of Takydromus septentrionalis. Numbers above the tree branches are the
posterior probabilities and bootstrap values for Bayesian inference and maximum likelihood, respectively
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Islands and two islands (Dongtou and Beiji) farther south.
Sublineages E2 and E3 were clustered as sister groups. Lineage
G, composed of the haplotypes from the Guiyang population

exclusively, was positioned on the base of the genealogy.
The ML tree was estimated with the best-fit model

GTR + G + I (proportion of invariant sites = 0.50; shape

parameter a = 0.9841; four rate categories). The log-likeli-
hood (-LnL) of the best ML tree obtained was -
LnL = 6560.2275. The topologies of the ML and BI trees
were similar (dividing into three main clades: W, G and E);

therefore, we only present the mean consensus Bayesian tree
with posterior probabilities and ML bootstrap values indicat-
ing branch support (Fig. 2). The only difference between ML

and BI trees was the location of haplotypes from the Guiyang
population. In ML tree, Lineage G did not lie at the base of the
genealogy and clustered as the sister group to lineage E.

Because of the variable positions of lineage G, the BI support
for the divergence of lineage W and lineage E was low (Fig. 2).

The sequence divergence (Kimura 2-parameter) among

ingroup haplotypes ranged from 0.09 to 8.13%. The mean
K2P distance was 6.23% between lineages W and E, 4.24%
between lineages W and G, and 5.43% between lineages E and
G. The within-group mean K2P distances for lineages W, E

and G were 1.43%, 2.75% and 0.09%, respectively.
Table 2 shows results of the AMOVA. The overall differ-

entiation among populations was high and statistically signif-

icant (FST = 0.72, p < 0.0001). AMOVA revealed that
differences among populations accounted for 71.69% of the
overall genetic variance observed and that differences within

population accounted for 28.31%. The partitions of two
groups (lineage G + B versus lineage E) did not get high FCT

values as expected. When the Chuzhou and Chibi populations

were partitioned into the group of lineage E, a slightly higher
FCT value occurred. The grouping of Chuzhou and Chibi was
concordant with the lineage belongings of most of their
haplotypes. When populations were clustered into three

groups (G, W and E), AMOVA gave a FCT value higher than
0.50 (p < 0.001); however, this value was still lower. Subdi-
vision of the lineage E made the FCT value increase (0.650,

p < 0.001). This grouping pattern was nearly concordant with
the partition of the haplotype lineages (lineage G, W, E2 + E3
and E1) in the mtDNA gene tree. The highest FCT value

(0.662, p < 0.001) emerged when populations were clustered
into five groups. In this pattern, populations from the middle

and western mainland were divided into two groups: one for
Chang�an and Lu�an, and the other for Chenzhou and Yudu.
To test the underlying cause of association between genetic

and geographic variation, we performed Mantel tests for the
14 mainland populations, and a significant correlation between
mtDNA and geography (r = 0.528, p < 0.01) was found.

The Bayesian Skyline Plot analysis showed the demographic
histories for lineages W and E (Fig. 3). Both lineages had
experienced population expansion. For lineage E, a slight
decline and a sharp increase occurred at about 0.25 and

0.10 Ma, respectively. For lineage W, the demographic change
was relatively stable until an increase occurred at about
0.15 Ma. ESSs were generally high (>300) for all parameters,

indicating stable MCMC inference.

Divergence time

With a mutation rate of 1–2.5% per Myr, the average estimate
of the TMRCA was 6.273 Ma (credibility interval between

4.493 and 7.224 Ma), indicating a Miocene-Pliocene split
between lineages W and E. The most recent common ancestor
(TMRCA) of lineage W was estimated at 1.607 Ma (credibility
interval between 1.220 and 1.641 Ma). The average estimate of

the TMRCA was 5.847 Ma (credibility interval between 4.165
and 6.689 Ma) between lineages E1 and E2 + E3 and was
1.472 Ma (credibility interval between 1.119 and 1.529 Ma)

between lineages E2 and E3. Considering that the position of
lineage G in the genealogy was unstable, we did not compute
its divergence time.

Discussion

Divergence between major lineages and phylogeographic

patterns

The analysis of mtDNA genealogies across the entire range of
T. septentrionalis revealed a relatively moderate structured
pattern of geographic differentiation with the occurrence of

three main evolutionary lineages; lineage G restricted to
the Guiyang population exclusively, lineage W widespread in
the central and western mainland, and lineage E distributed in

the eastern mainland and islands in the East China Sea. The
average K2P distance between lineage G and W was 4.24%,
and 5.43% between lineage G and E. However, lineage G was

composed of only two haplotypes detected in 13 individuals

Table 2. Results of analysis of molecular variance for groupings of Takydromus septentrionalis estimated using F-statistics based on cytochrome
b sequences

Group compositions#

Among
groups

Among
populations

Within
populations

Percentage
of variation (%)

FCT FSC FST

Among
groups

Among
populations

Within
populations

Two groups (G + W versus E)
[2, 3, 5, 7, 13–15] [1, 4, 6, 8–12, 16–28] 0.378*** 0.650*** 0.782*** 37.78 40.42 21.80
[2, 5, 7, 13–15] [1, 3–4, 6, 8–12, 16–28] 0.432*** 0.641*** 0.796*** 43.24 36.39 20.37
[2, 5, 13–15] [1, 3–4, 6–12, 16–28] 0.482*** 0.636*** 0.812*** 48.19 32.97 18.83
Three groups (G, W, E)
[13] [2, 5, 14–15] [1, 3–4, 6–12, 16–28] 0.520*** 0.620*** 0.818*** 52.03 29.74 18.23
Four groups (G, W, E2 + E3, E1)
[13] [2, 5, 14–15] [1, 3–4, 6–12, 16–20, 24–25, 28][21–23, 26–27] 0.650*** 0.427*** 0.799*** 64.97 14.97 20.06
Five groups (G, W1, W2, E2 + E3, E1)
[13] [2, 5] [14–15] [1, 3–4, 6–12, 16–20, 24–25, 28][21–23, 26–27] 0.662*** 0.406*** 0.799*** 66.15 13.73 20.12

#Locality numbers as in Table 1 are enclosed by square brackets; ***p < 0.001. Bold value represents the highest value of FCT.
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sampled from the Guiyang population, which was too small
relative to the haplotypes of lineage E (84) and lineage W (24).
This may be responsible for the inconsistent position of lineage
G in the BI and ML trees, and more haplotypes of lineage G

should improve the phylogenetic resolution. The significant
positive correlation between the genetic and geographic
distance among mainland populations indicated that isolation

by distance was the mainly cause of genetic differentiation in
the mainland. For the Guiyang population, the westernmost
population, the mountainous area and long distance to other

samples can explain the high divergence to both lineage W and
lineage E. Lineage W and E were deeply differentiated with a
K2P distance of 6.23%, which indicated a Miocene-Pliocene

(4.493–7.224 Ma) split between lineages.
The distributions of lineage W and E adjoined in Anhui,

Hubei and Jiangxi provinces, in the central-east part of
mainland China, indicating a �west–east division� pattern in

this species. Well differentiated evolutionary lineages and
similar �west–east division� have also been reported for N. atra
(Lin et al. 2008) and D. acutus (Huang et al. 2007) based on

mtDNA sequence data. However, the presumed physical
barriers such as Luoxiao Mts (Lin et al. 2008) and the
Ganjiang River (Huang et al. 2007) within the area may not

act as barriers to the migration of T. septentrionalis. In this
study, all the haplotypes from the Yudu population, which is
located east to the Luoxiao Mountains and the Ganjiang
River, clustered in lineage W.

The mitochondrial DNA data from G. swinhonis provided a
detailed distribution of two highly divergent evolutionary
lineages that coincided with a plate boundary consisting of the

Qinling Mountains (Yan et al. 2010). Interestingly, our data
showed that the Qinling Mountains may not always act as

barriers to migration. For example, the haplotypes of Chang�an
(north of the Qinling Mountains) and Lu�an (south of the
Qinling Mountains) were all clustered within lineage W.

Furthermore, the two populations shared haplotype 4 (Ta-
ble 1). The K2P distance and AMOVA results also revealed the
same conclusion. It could be possible that the difference in

phylogeographic pattern between the two species resulted from
their differences in habitat preference and dispersal ability.

Phylogeographic patterns in the Zhoushan Islands

Our phylogenetic results showed that all haplotypes from the
Zhoushan area including the Zhoushan Islands and the most

adjacent mainland locality, Ningbo, were clustered into three
sublineages (E1, E2 and E3). Sublineage E1 included all
haplotypes from Xiushan, most haplotypes from Dachangtu,

Miaozihu, Ningbo and Taohua, and partial haplotypes from
Dinghai and Liuheng. These localities are all situated in the
southern part of the Zhoushan Islands. Sublineage E2

consisted of partial haplotypes from Dayangshan, Miaozihu,
Jintang and Liuheng, and the remaining haplotypes were
intermixed with those from eastern mainland populations in
Sublineage E3. The Zhoushan Islands have experienced three

transgressions and two regressions since the late Pleistocene,
which may have impacted the genetic structure of T. septen-
trionalis distributed in this area. During the second regression,

the sea line extended to the edge of the continental shelf, and
until 0.02 Ma, the Zhoushan Islands were completely con-
nected with the eastern mainland (Wang and Wang 1980). In

the following 5000 years before the third transgression (Wang
and Wang 1980), T. septentrionalis could easily disperse to any
present-day island and gene flow between populations of

eastern mainland and present-day islands were allowed.
Present-day islands were stabilized approximately 2500 years
ago (Wang and Wang 1980), and dispersal barriers (water
bodies) between individual islands have formed since that time.

The time isolating island and nearby mainland populations is
not long for accumulating enough variance to differentiate
individual island populations, which is consistent with the

topology of Sublineage E3.
Some distinct haplotypes have been detected in the area of

the Zhoushan Islands. All these haplotypes were clustered in

Sublineage E1 (basal to other eastern haplotypes) and E2
(Fig. 2). Given that most of the islands in Zhoushan are very
small and separated from each other, restriction of migration
and random genetic drift cannot be precluded as the factors

resulting in the differences in haplotype frequency among
island populations. The impacts were especially obvious in
Xiushan and Daishan. Despite the relatively small geographic

distance between Xiushan and Daishan, haplotypes from the
two islands were clustered within Sublineages E1 and E3,
respectively. It seems likely that, although the disconnection

between the Zhoushan Islands and mainland caused by the last
transgression (0.01 Ma) has not yet led to significant genetic
divergence between mainland and island populations in East

China, genetic drift is increasing the divergence among some
small island populations.
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Resumen

Filogeografı́a en base a ADN mitochondrial revela una division oeste-este
de la lagartija de la hierba del norte (Takydromus septentrionalis)
endémica de China

En este trabajo se secuenció ADN de una región parcial del gen
mitocondrial citocromo b (1143 bps) de 385 lagartijas de la hierba del
norte (Takydromus septentrionalis) provenientes de 14 poblaciones del
continente y 14 poblaciones de las islas, cubriendo casi la totalidad de
su rango de distribución, a fin de examinar la influencia de las barreras
geográficas (distribución de las montañas y cuerpos de agua) en la
diversificación de los linajes. Los análisis filogenéticos revelaron una
detallada distribución de tres linajes evolutivos (W, E y G). El linaje G
incluyó individuos exclusivamente del lı́mite de la distribución sur de
Guiyang. El linaje W incluyó individuos del centro y zona oeste de la
distribución en el continente. El linaje E incluyó individuos del este de
China, tanto del continente como de las islas en el mar Oriental de
China. Los haplotipos de los linajes W y E se encontraron co-
distribuidos en Chuzhou y Chibi. La distancia media entre pares
resultó de 6.23% entre los linajes indicando una separación de los
mismos ocurrida entre el Mioceno-Plioceno. El linaje E se subdividió
posteriormente en tres sub-linajes. E1 y E2 comprendido por haplot-
ipos del este del continente, las islas Zhoushan y dos islas del sur de las
islas Zhoushan. Los linajes W y E mostraron evidencias de extensiones
demográficas. El aislamiento causado por la última transgresión
(0.01 Ma) no muestra aun una diferenciación genética significativa
entre las poblaciones del continente y de las islas del Este de China. No
obstante, la divergencia entre algunas islas pequeñas podrı́an deberse a
la restricción en la migración y la deriva genética.
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