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The Stummer’s Racerunner (Eremias stummeri Wettstein, 1940)
does occur in Northwest China

Jinlong Liu1, Tatjana N. Dujsebayeva2, Marina A. Chirikova2, Qi Song1, Xiong Gong1,

Xianguang Guo1,∗

Abstract. The status of Eremias stummeri in China has been a matter of controversy for over two decades, although it is well
acknowledged that this species occurs in Northeast Kyrgyzstan and Southeast Kazakhstan. To date, whether its occurrence
extends to the adjacent Chinese region (possibly in the Ily River Valley) has not been confirmed yet. To overcome constraints
on field surveys imposed by the region’s remoteness and rugged terrain, we targeted areas of further field inventories by
estimating the potential distribution of the species. Ecological niche modeling (ENM) enabled us to predict a continuous
distribution area from Kazakhstan to the Chinese part of the Ily River Valley in Zhaosu county for the species’ occurrence.
We conducted extensive field surveys in the predicted area. In 2017, for the first time, the occurrence of E. stummeri in China
was confirmed with a single find in Zhaosu county. Further morphological and multilocus phylogenetic analyses congruently
supported the taxonomic status of the recently discovered population as E. stummeri. In contrast to its distribution continuity
between Kazakhstan and China, the ENM indicates distribution discontinuity between Kazakhstan and Kyrgyzstan. This
geographic distribution pattern of E. stummeri is supported by morphological and molecular evidence, which highlights that
individuals from China and Kazakhstan are more closely related to each other than to those from Kyrgyzstan. The mismatch
between mitochondrial and nuclear phylogeographic pattern implies that historical mitochondrial introgression occurred from
E. stummeri individuals from Kyrgyzstan to those from Kazakhstan.

Keywords: distribution range, Eremias multiocellata complex, lizard, population discovery, Tianshan Mountains.

Introduction

The Stummer’s Racerunner, Eremias stummeri
Wettstein, 1940, is one of the species in Eremias
multiocellata complex. Its terra typica lies near
Karakol (Issyk-Kul Basin) in Northeast Kyr-
gyzstan, and initially this species was assigned
to an oviparous species, i.e. a subspecies of
Eremias velox (Wettstein, 1940). Szczerbak
(1974) revised its status to the viviparous mul-
tiocellated racerunner, but taxonomically clas-
sified it as a synonymy of Eremias multiocel-
lata yarkandensis. However, based on thorough
morphological studies on E. multiocellata com-
plex in Northeast Kyrgyzstan, the Stummer’s
Racerunner was proposed as a new subspecies
of multiocellated racerunner, i.e. E. m. stum-
meri (Eremchenko et al., 1992). The authors
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suggested for the first time that this subspecies
in Northeast Kyrgyzstan should possess geo-
graphic range connecting to that of “E. multio-
cellata” in the Narinkol River Valley (Paraskiv,
1956) in extreme Southeast Kazakhstan (ESK
in this paper) and further extending eastward
well into the Chinese part of the Ily River Val-
ley (CPIRV in this paper). A few years later,
the subspecies status of Stummer’s Racerun-
ner was elevated as an independent species
through long-term hybridization experiments
(Eremchenko and Panfilov, 1999). The popu-
lation of E. multiocellata complex was redis-
covered in Central Tianshan Mountains in ESK
(Dujsebayeva et al., 2009), but was not allocated
as E. stummeri because of its morphological pe-
culiarities. Orlova et al. (2016) confirmed that
the Kazakhstan records are indeed conspecific
with E. stummeri through comparative morpho-
logical analysis.

In this way, E. stummeri is a typical high
mountain dwelling lizard with elevation no less
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than 1600 m above sea level (a.s.l.) (Erem-
chenko et al., 1992; Orlova et al., 2016). Its
narrow distribution range is restricted in Cen-
tral Tianshan Mountains along the Issyk-Kul
Basin to the Ily River Valley, and its habitats in
these areas are characterized with diverse alpine
meadow with gravel or soil clay (Dujsebayeva
et al., 2009; Orlova et al., 2016). Given the sig-
nificant similarities of the habitats among the ar-
eas in CPIRV and the occurrence localities of
E. stummeri in Kazakhstan and Kyrgyzstan, the
discovery of E. stummeri in ESK has raised the
possibility of occurrence of this species in the
adjacent CPIRV.

The status of E. stummeri in China has been
a matter of controversy for over two decades,
although it is known that this species occurs in
Kyrgyzstan and Kazakhstan. On the one hand,
this species has not been listed in China’s her-
petofauna until recently (Guo et al., 2010; Cai
et al., 2015). Sindaco and Jeremčenko (2008)
reported it from the Ily River Valley in imme-
diately adjacent China. Neither Zhao and Adler
(1993) or Zhao et al. (1999) nor Dujsebayeva et
al. (2009) referred to any records from China.
This is part of a very complex group, and it
is possible that Chinese records refer to a re-
lated species. Guo et al. (2010) reviewed the
systematics of the genus Eremias, and argued
that E. stummeri should occur in China by fol-
lowing the perspective of Eremchenko and Pan-
filov (1999). Subsequently, Cai et al. (2015)
agreed with Guo et al. (2010) regarding the sys-
tematics of Eremias in the updated checklist of
reptiles of China. On the other hand, until re-
cently, the field collection of E. stummeri in
China has been lacking yet. This is in part due
to remoteness and rugged terrain of the geo-
graphic setting in CPIRV. As summarized by
Song et al. (2014), the Ily Basin is a Mesozoic-
Cenozoic fault-bounded depression surrounded
by the Tianshan orogenic belt with an aver-
age elevation exceeding 3500 m a.s.l. The Ily
River originates on the northern slope of Khan
Tengri Peak (6995 m a.s.l.), flows through the

Ily Basin into Kapchagay Reservoir and finally
westwards into Balkhash Lake.

Recently developed ecological niche mod-
eling (ENM) approaches have been success-
fully employed to model the potential geo-
graphic distribution of diverse taxa (e.g. Joyner
et al., 2010; Nazeri et al., 2014; Bobrowski
et al., 2017). Of these, presence-only methods
(e.g. Maxent and GARP) requiring a set of
known occurrence data and correlated environ-
mental variables at those locations make them
in a relatively easy and concise way describe
and delimit geographic ranges of species dis-
tributions. Many studies have employed these
predictions to conduct field surveys to locate
new populations, especially for those species
with restricted distribution and sparse popula-
tions (e.g. Bourg et al., 2005; Siqueira et al.,
2009; Menon et al., 2010). These efforts can
have great contributions to biodiversity conser-
vation management and evaluation (e.g. Zhang
and Zhang, 2014), especially for rare, endan-
gered and poorly known species (Menon et
al., 2010). Moreover, ENMs themselves can be
considered as independent evidence to evaluate
or develop phylogeographic hypotheses about
the processes generating patterns of diversifi-
cation in disparate taxa (Alvarado-Serrano and
Knowles, 2014).

In this study, we utilized ecological niche
modeling to explore the potential distribution
of E. stummeri. Then, we conducted extensive
field surveys in the predicted areas in CPIRV to
verify previous speculation on the occurrence of
E. stummeri in China. Subsequently, morpholo-
gical and molecular data were used to confirm
the lizards collected to be E. stummeri. Finally,
this evidence was used to understand the diver-
sification of this species in its distribution range.

Material and methods

Ecological niche modeling

We conducted ENM analysis using MAXENT v3.4.1
(Phillips et al., 2006; Phillips and Dudík, 2008). Nineteen
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bioclimate variables representing present period at a res-
olution of 30 arc-seconds were retrieved from the World-
Clim database, version 1.4 (http://www.worldclim.org; Hij-
mans et al., 2005). Because strong colinearity between en-
vironmental variables could inflate model accuracy (Synes
and Osborne, 2011), we excluded those variables with Pear-
son correlation coefficients r > 0.85 based on pairwise
comparison of raster files in SDMtoolbox v1.1c (Brown,
2014). Nine variables were retained for subsequent analy-
sis: Bio1 (Annual Mean Temperature), Bio3 (Isothermality),
Bio7 (temperature Annual Range), Bio8 (Mean Tempera-
ture of Wettest Quarter), Bio9 (Mean Temperature of Dri-
est Quarter), Bio12 (Annual Precipitation), Bio15 (Precipi-
tation of Seasonality), Bio17 (Precipitation of Driest Quar-
ter), and Bio18 (Precipitation of Warmest Quarter). Geo-
referenced occurrence records were obtained from our field
surveys in Kazakhstan and Kyrgyzstan as well as recent lit-
erature (Jablonski and Koleska, 2017), and the coordinates
of old records (Eremchenko et al., 1992; Eremchenko and
Panfilov, 1999) were restored using topographic maps of
scale 1:200 000 (http://sasgis.ru/sasplaneta). To ensure that
input occurrence data are spatially independent and to re-
duce sampling bias, all sampling localities were also rar-
efied at a spatial distance of 10 km using SDMtoolbox in
ArcGIS v9.1 (Esri, Redlands, CA, USA). The rarefying pro-
cedure was implemented three times independently. Thus,
35 occurrence points were retained for the following mod-
eling analysis (fig. 1A, supplementary table S1).

To account for sampling bias, we followed the meth-
ods used in Mizsei et al. (2016). We delimited the back-
ground areas for model training according to the known oc-
currences of E. stummeri in three provinces in Kyrgyzstan
(including Chuy, Naryn and Issyk-Kul) and Raiymbekskiy
district in Kazakhstan (fig. 1A). Ecological niche models
were first built in the areas of Central Tianshan Mountains
in Kyrgyzstan and Kazakhstan (i.e. the background areas);
then projected to southwestern CPIRV in China (including
three counties of Zhaosu, Tekes and Gongliu; fig. 1A). We
conducted Maxent analyses using the default settings ex-
cept employing 75% of the species records for training and
25% for testing the model, 100 bootstrap replicates and the
fade by clamping function. We compiled information on
two measures of model performance, including the area un-
der the curve (AUC) of the receiving operator characteris-
tics (ROC) for the test data and the true skill statistic (TSS;
Allouche et al., 2006) for each algorithm. The AUC value
is the probability that the model would rank a randomly
chosen presence observation higher than the randomly cho-
sen absence observation. Swets (1988) classified values of
AUC as follows: those > 0.9 indicated high accuracy (excel-
lent), from 0.7 to 0.9 indicated good accuracy, and those <

0.7 indicated low accuracy. The TSS, a threshold-dependent
statistics, is presented as an improved measure of model ac-
curacy that, unlike the common kappa statistics (Allouche
et al., 2006), is not dependent on species prevalence (i.e.
proportion of occurrence points for which the species is
present). Acceptable models are those with at least a TSS of
0.5, and excellent those with TSS around 0.7. The TSS was
calculated with four possible prediction results of the model:
true positive (TP), false positive (FP); true negative (TN)

and false negative (FN), where TP and TN were related to
the threshold that discriminates presence and absence. The
average of logistic thresholds of ten percent training pres-
ence, which was generated in the Maxent output, was used
to define the minimum probability of suitable habitat.

Sampling and morphological analyses

With extensive fieldwork conducted during 2017 in poten-
tial distribution areas in the Ily River Valley, Xinjiang, China
where suggested by our ENM results, individuals from a
single population in Zhaosu county belonging to E. multi-
ocellata complex have been discovered. Further morpholo-
gical examination indicated that the characters of these indi-
viduals were consistent with the diagnostic descriptions of
E. stummeri.

Moreover, in order to investigate the potential differen-
tiations among the populations of E. stummeri from three
different countries (i.e. China, Kazakhstan, Kyrgyzstan), the
morphological measurement has been conducted on 15 indi-
viduals (11 ♂♂, 4 ♀♀) from the population in China, which
were preserved as voucher specimens and deposited in the
herpetological collection of the Chengdu Institute of Bi-
ology. Through international collaborations, we also con-
ducted morphological measurement on 4 (1 ♂, 3 ♀♀) and 8
(4 ♂♂, 4 ♀♀) individuals of E. stummeri from Kyrgyzstan
and Kazakhstan, respectively (see table 1).

Animals were euthanized with an overdose of sodium
pentobarbital via intraperitoneal injection, and liver tissues
were extracted and preserved in 95% ethanol following ani-
mal use protocols approved by Chengdu Institute of Biol-
ogy, Chinese Academy of Sciences. Morphological analy-
ses were conducted on 11 metric and 15 meristic characters
(supplementary table S2). One female specimen from the
population in China was considered as juvenile because of
its snout-vent length (SVL) less than 40 mm. Metric mea-
surements were conducted using digital caliper, and record-
ed to two decimal places. All one side measurements were
performed on the left side body of individuals.

Multivariate morphometric methods were employed us-
ing correlation based principal component analysis (PCA)
on our data matrices. Metric and meristic traits were an-
alyzed in separate PCA due to the lack of correlation be-
tween these two trait types. Sexual dimorphism was tested
separately for individuals from populations in China and
Kazakhstan, except Kyrgyzstan due to only a single male
individual. An analysis of variance (ANOVA) was con-
ducted on both the metric and meristic dataset to test sex-
ual dimorphism. Only two metric and one meristic traits
(p < 0.05; supplementary table S2) in individuals from
Kazakhstan exhibited sexual dimorphism, which is consis-
tent with the results in Dujsebayeva et al. (2009) and Orlova
et al. (2016). However, most metric and only three meris-
tic traits (p < 0.05; supplementary table S2) in individuals
from China were observed with sexual dimorphism. As a re-
sult, metric data collected from juvenile specimens and the
single male from Kyrgyzstan were not included in the PCA,
and data collected from male and female specimens were
analyzed in separate PCA. Moreover, all individuals includ-
ing one juvenile were included into a single PCA analysis
in the meristic dataset. All morphometric analyses were per-
formed with SPSS 19 (SPSS Inc., Chicago, USA).
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Figure 1. The map inserted in the upper left corner indicates our studying area with goldish color; the magnified areas
and the presence points in Kyrgyzstan and Kazakhstan were used for model training and the magnified area in China for
model projection; green and blue circles represent presence points in Kyrgyzstan and Kazakhstan, respectively (A). Modeled
geographic distribution of E. stummeri in Kyrgyzstan, Kazakhstan and China; red regions indicate higher environmental
suitability; the average value of ten percentile training presence logistic threshold is 0.2722; red circle indicates our field
record of E. stummeri in Zhaosu county, Xinjiang, China; sites in this study are numbered as in table 1 (B).

Molecular data collection and phylogenetic analyses

Genomic DNA was extracted from liver tissues stored in
95% ethanol using the popular high-salt protocols (Aljan-
abi and Martinez, 1997). We amplified one mitochondrial
gene (cytochrome c oxidase 1 [COI]) and one nuclear gene
(microtubule associated protein 1A [MAP1A]) fragments.
The primers were designed according to Ward et al. (2005)
and Portik et al. (2012) with minor modifications (supple-
mentary table S3). Each of our 25 μl PCR reactions con-
tained 12.5 μl of 2 × EasyTaq SuperMix (Tsingke Biol-
Tech, Chengdu, China), 0.2 μM of each primer, and 1-2 μl
genomic DNA. The PCR protocol involved initial denatura-
tion at 94°C for 4 min followed by 35 cycles of 94°C for

30 s, 52°C for 30 s (55°C for MAP1A), and elongation at
72°C for 50 s (105 s for MAP1A); and final extension at
72°C for 10 min. All PCR products were commercially puri-
fied and sequenced for double strands with the primers used
for amplification. All novel sequences are deposited in Gen-
Bank with accession numbers MN524184-MN524221 (see
table 1).

Fifteen individuals from China, eight from Kazakhstan
and four from Kyrgyzstan were sequenced for COI gene
segments. To verify and complement the mitochondrial
data, at least one individual from each population was
sequenced for MAP1A gene (table 1). Both protein-coding
genes were translated to amino acids using MEGA v7.0.26
(Kumar et al., 2016) and no stop codons were observed.
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Table 1. List of analyzed specimens, sex, geographic origin and GenBank accession number.

Voucher No. Sex Site No. Locality Longitude Latitude Accession number

COI MAP1A

Guo6384 ♀ 1 Zhaosu, Xinjiang, China 80.84 42.84 MN524196 -
Guo6503 ♂ 1 Zhaosu, Xinjiang, China 80.84 42.84 MN524197 -
Guo6504 ♂ 1 Zhaosu, Xinjiang, China 80.84 42.84 MN524198 -
Guo6505 ♂ 1 Zhaosu, Xinjiang, China 80.84 42.84 MN524199 -
Guo6506 ♂ 1 Zhaosu, Xinjiang, China 80.84 42.84 MN524200 -
Guo6507 ♂ 1 Zhaosu, Xinjiang, China 80.84 42.84 MN524201 -
Guo6508 ♂ 1 Zhaosu, Xinjiang, China 80.84 42.84 MN524202 -
Guo6509 ♂ 1 Zhaosu, Xinjiang, China 80.84 42.84 MN524203 -
Guo6510 ♂ 1 Zhaosu, Xinjiang, China 80.84 42.84 MN524204 -
Guo6511 ♂ 1 Zhaosu, Xinjiang, China 80.84 42.84 MN524205 -
Guo7251 ♀ 1 Zhaosu, Xinjiang, China 80.84 42.84 MN524206 -
Guo7477 ♀ 1 Zhaosu, Xinjiang, China 80.84 42.84 MN524207 MN524215
Guo7478 ♂ 1 Zhaosu, Xinjiang, China 80.84 42.84 MN524208 -
Guo7481 ♂ 1 Zhaosu, Xinjiang, China 80.84 42.84 MN524209 MN524216
Guo7484 ♀ 1 Zhaosu, Xinjiang, China 80.84 42.84 MN524210
KZG080 ♂ 2 Tekes River Valley, Kazakhstan 80.09 42.93 MN524195 MN524221
KZ5 ♂ 3 Kegen River Valley, Kazakhstan 79.28 42.96 MN524188 MN524217
KZ6 ♀ 3 Kegen River Valley, Kazakhstan 79.28 42.96 MN524189 MN524220
KZ51 ♂ 3 Kegen River Valley, Kazakhstan 79.28 42.96 MN524190 MN524218
KZ52 ♂ 3 Kegen River Valley, Kazakhstan 79.28 42.96 MN524191 MN524219
KZ53 ♀ 3 Kegen River Valley, Kazakhstan 79.28 42.96 MN524192 -
KZ54 ♀ 3 Kegen River Valley, Kazakhstan 79.28 42.96 MN524193 -
KZ55 ♀ 3 Kegen River Valley, Kazakhstan 79.28 42.96 MN524194 -
Guo4721 ♂ 4 Kaji-Say, Kyrgyzstan 77.17 42.16 MN524184 MN524211
Guo4723 ♀ 5 Kok-Dzhar, Kyrgyzstan 75.66 42.08 MN524185 MN524212
Guo4724 ♀ 5 Kok-Dzhar, Kyrgyzstan 75.66 42.08 MN524186 MN524213
Guo4725 ♀ 5 Kok-Dzhar, Kyrgyzstan 75.66 42.08 MN524187 MN524214

All sequences of COI gene fragment used in Orlova et al.
(2017) were retrieved from GenBank. Two loci were aligned
separately using Clustal X v2.0 (Larkin et al., 2007). No
indel was found in both gene matrices. The final dataset
contained 651 bp COI and 1428 bp MAP1A gene fragments.
For MAP1A, we phased it using the PHASE algorithm
(Stephens et al., 2001) in DnaSP v5.0 (Librado and Rozas,
2009), and retained haplotypes with posterior probabilities
greater than 0.9. Identical sequences for COI were collapsed
into a single haplotype using DnaSP.

PartitionFinder v1.1.1 (Lanfear et al., 2012) was em-
ployed to select the best partitioning strategy and the opti-
mal nucleotide substitution model for mitochondrial dataset
which first was separated into three codon positions using
the Bayesian information criterion (BIC) (Schwarz, 1978).
Three partitions and their respective model of DNA evolu-
tion have been proposed: 1st codon with K80 + G + I, 2nd
with F81, 3rd with GTR + G. Bayesian inference analy-
sis was conducted with MrBayes v3.2.2 (Ronquist et al.,
2012). Two independent runs were carried out with four
Monte Carlo Markov chains (MCMCs) for two million gen-
erations with parameters and topologies sampled every 200
generations. Each run consisted of three heated chains and
one cold chain, with an incremental heating temperature of
0.01. Convergence of the runs was assessed by average split
frequency standard deviation lower than 0.01 and the effec-
tive sample size (ESS) � 200 evaluated with Tracer v1.7.1

(Rambaut et al., 2018). A 50% majority-rule consensus tree
and posterior probability (PP) of clades were assessed by
combining the sampled trees from the two independent runs
after a 25% burn-in phase.

The median-joining network (MJN) reconstruction meth-
od (Bandelt et al., 1999) was conducted in Network v5.0.1.1
(Fluxus Technology, www.fluxus-engineering.com) with all
the COI and MAP1A sequences of E. stummeri to evalu-
ate the genealogies of the haplotypes and their relatedness
with their geographic origin, respectively. Geographic sub-
areas were defined according to the three different countries
where individuals inhabited.

Results

Ecological niche modeling

Our distribution model indicated a better than
random prediction with high AUC and TSS val-
ues, 0.95 and 0.81 respectively. The predicted
distribution of E. stummeri covered the most
part of the areas near the shores around the Is-
syk lake in Kyrgyzstan and ESK in the Ily River
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Valley (fig. 1B), which fits well with the known
occurrences. However, the predicted areas in
Kyrgyzstan and Kazakhstan were separated at
Kungey and Terskey intermountain depression
crossed by two larger rivers – Tyup and Karkara
near the border of these two countries. More
importantly, our models suggested the continu-
ous distribution from Kazakhstan into the large
part of the areas of Zhaosu county and the sep-
arate distribution around the edge of the Tian-
shan Mountains in Tekes and Gongliu counties
in CPIRV (fig. 1B).

Morphological description

The preliminary qualitative present/absent traits
and certain stable meristic traits including the
scalations and dorsal patterns (see fig. 2A) have
been used as diagnostic traits to identify the in-
dividuals from the population in Zhaosu county
as E. stummeri. Furthermore, these traits exhib-
ited no sexual dimorphism. As a result, we gave
a general description of these traits irrespective
of sex in supplementary table S4.

Morphometric analyses

Our original morphometric data were given in
supplementary table S5. The results of PCA of
the metric dataset showed that both of the first
two principal components account for 95.27%
and 87.13% of the observed variation in re-
spective males and females (supplementary ta-
ble S6). Based on the factor loadings, PC1 rep-
resented a measure of body size (all metric traits
positively correlated with high loads) for both
males and females, whereas PC2 represented a
measure of body length (positively correlated
with moderate loads) and tail length (negatively
correlated with moderate loads) and distance
between femoral pore rows (Dist.P.fm.; posi-
tively correlated with extremely high loads) for
female and male, respectively. The plots of PC1
and PC2 scores for male and female individuals
revealed quite different scenarios (fig. 3A, B). In
males, individuals from China and Kazakhstan
showed apparent morphological differentiation

along the PC2 scores, which indicated that the
differentiation between individuals from China
and Kazakhstan is most relevant to the char-
acter of Dist.P.fm (distance between femoral
pore rows), as individuals from Kazakhstan pos-
sessed wider distance between femoral pore
rows. However, in females, individuals from
China and Kazakhstan appeared little differ-
entiation, whereas individuals from Kyrgyzs-
tan showed significant differentiation from in-
dividuals from China and Kazakhstan along the
PC1 scores, which indicated that the individu-
als from Kyrgyzstan usually have smaller body
size.

Five principal components explained 70.35%
of the total variation in the PCA of meristic
dataset (supplementary table S7). The plots of
first three principal components showed a simi-
lar geographic pattern that the overlaps in mor-
phology decreased in individuals from China to
Kazakhstan, then to Kyrgyzstan. Most appar-
ent differentiation among the individuals from
the three different countries was exhibited along
the PC2 scores, which was positively associated
with higher loads for number of scales between
femoral pore rows (Sc.p.fm.) and modest loads
for number of infralabials (Infralab.) and neg-
atively associated for modest loads for number
of collar scales (Coll.) (fig. 3C, supplementary
fig. S1).

Phylogenetic relationships

Our Bayesian phylogenetic tree is highly con-
gruent with that in Orlova et al. (2017) regard-
ing the relationships in E. multiocellata-E. prze-
walskii species complex. As shown in fig. 4,
three major clades (I-III) were recovered. In
accord with Orlova et al. (2017), the relation-
ships among the three clades were still unre-
solved. E. stummeri was recovered as the sis-
ter species to E. szczerbaki albeit with moder-
ate support (PP = 0.81). More importantly, the
specimens examined in this study were nested
within E. stummeri, which further supported
their taxonomic status identified by morpholo-
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Figure 2. Specimen of E. stummeri in life (A) and biotope (B) of our field record in Zhaosu county, Xinjiang, China.

gical characters. However, there was apparent

differentiation associated with the formation of

three subclades within E. stummeri (fig. 4). Sub-

clade A included all individuals from China,

and subclade B represented most individuals

from populations in Kazakhstan, whereas sub-

clade C consisted of individuals from Kyrgyzs-

tan and some from Kazakhstan. The relation-

ships among the three subclades were unre-

solved with low support (PP = 0.65).

Moreover, MJN analysis showed that all of

the COI sequences from specimens in Zhaosu
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Figure 3. Morphometric analyses of the 11 metric (A and B) and 15 meristic (C) traits. Colored circles correspond to
individuals from Kyrgyzstan (green), Kazakhstan (blue) and China (red). Projection of PC1 and PC2 scores from PCA
analysis. A: all male specimens; B: all female specimens; C: all specimens.

county, China shared one unique haplotype
(subclade A), which was closely related to sub-
clade B. The group comprising individuals from
China and most from Kazakhstan was at least
ten substitutions from subclade C (fig. 5A).

Consistent with the mtDNA results, the MJN
based on nuclear dataset indicated that individ-
uals from China shared a haplotype with some
individuals from Kazakhstan. All the geno-
types from Kyrgyzstan formed a separate clus-
ter, which was at least seven substitutions from
the group comprising the genotypes from China
and Kazakhstan (fig. 5B).

Discussion

Eremias stummeri has been classified by IUCN
as “Least Concern” (Orlova et al., 2017) on the
basis that this species is found in a moderately
wide area of desert where no major threats ex-
ist; and at least in part of its range, available
data suggests that the population has been stable
for more than 50 years. Recent taxonomic work
has led to a range extension into Kazakhstan
(Orlova et al., 2016), suggesting that this species
might be more widespread than presently recog-
nized. Indeed, E. stummeri has been expected a
possible distribution in CPIRV for nearly two
decades (Eremchenko et al., 1992; Sindaco and

Jeremčenko, 2008). This speculation was con-
firmed by a sophisticated treatment that incor-
porated ecological niche modeling with mor-
phological and molecular data under the rubric
of integrative taxonomy in this study.

The results of our ENM guided us to survey
the predicted area in Zhaosu county, and led to
the discovery of a new population of E. stum-
meri. While this work was being prepared for
publication, Dujsebayeva et al. (2019) reported
ENM of E. stummeri using ArcGIS with ex-
panded set of the relief and climatic variables.
Their niche-based GIS modeling pointed to the
Tekes Valley in China as still relatively suit-
able habitats for E. stummeri but located in its
easternmost ecological limits. As mentioned in
Dujsebayeva et al. (2019), their suggestion was
verified by the recent find of E. stummeri in
the rangelands with pasture and Achnatherum
splenderns in Zhaosu county. Overall, the po-
tential distribution range of E. stummeri sug-
gested by Dujsebayeva et al. (2019) was con-
sistent with that in our ENM developed by
MAXENT with key bioclimatic variables.

Only a single population of E. stummeri has
been discovered in Zhaosu county in CPIRV
up to present, although our ENM analysis sug-
gested a relatively wider potential distribution
range of this species in Zhaosu county in this re-
gion. The habitat of this population is character-
ized by soft clay soils with dense vegetation of
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Figure 4. The 50% majority-rule consensus tree of E. multiocellata-E. przewalskii complex resulting from partitioned
Bayesian analyses based on mitochondrial COI haplotypes. Numbers on branches indicate posterior probabilities (PP). Three
major clades (I-III) in the tree correspond to those in Orlova et al. (2017). Colored branches within E. stummeri correspond
to individuals from Kyrgyzstan (green), Kazakhstan (blue), China (red) and Kyrgyzstan and Kazakhstan (orange).
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Figure 5. Median-joining network of E. stummeri based on mitochondrial (A) and nuclear (B) haplotypes. Short bars crossing
network branches indicate mutation steps; small dark circles indicate median vectors inferred by NETWORK software.
Circle size corresponds to relative numbers of individuals sharing a particular haplotype. Different filled colors represent the
corresponding geographic origin, as given below the network.

Festuca-Achnatherum steppes (fig. 2B), which

is different from those records from stony and

gravel desert with sparse bushes in Kazakhstan

and Kyrgyzstan (Dujsebayeva et al., 2009). Dur-

ing our field investigation around these areas,

we found that most of the areas had been trans-

formed to farmland and pastureland. These sit-

uations have led us to presume that habitat frag-

mentation and losses may have caused the ex-

tensive decline of populations of E. stummeri

in these areas. It is necessary to further evalu-

ate the genetic diversity and demography of this

species, with particular attention to the popu-

lation in CPIRV. Whatever the result of future

research, our data suggests that it is urgent for

our relevant Chinese authorities to pay attention

to and protect the existence of this species in

China.

The predicted distribution range of E. stum-

meri indicated a continuous distribution from

Kazakhstan to China, whereas a discontin-

uous distribution from Kyrgyzstan to Kaza-

khstan. Dujsebayeva et al. (2009) once sug-
gested that the connection between the popu-
lations from Kazakhstan and Issyk-Kul area in
Kyrgyzstan was impossible, because the unsuit-
able marshy habitats in the Kungey-Terskey in-
termountain depression separated the two ar-
eas. As expected, the distribution separation
between Kazakhstan and Kyrgyzstan was also
supported by our morphological and molecular
data, so was the continuity between China and
Kazakhstan. Our morphological analyses sug-
gested that the individuals from Kazakhstan and
China had little differentiation, but were more
differentiated from individuals from Kyrgyzs-
tan. On the one hand, the results of PCA of
metric traits may be biased, as all of females
from Kyrgyzstan are apparently smaller (SVL
less than 50 mm) than those from Kazakhstan
and China, which may lead values of metric
traits correlated with SVL to be relatively low
either. Eremchenko et al. (1992) documented
larger and wider values of SVL in females from
Kyrgyzstan (47 specimens, mean SVL ± SE,
53.1 ± 0.54 mm). On the other hand, Orlova et
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al. (2016) noted the statistically significant dif-
ferences between populations from Kazakhstan
and Kyrgyzstan by signs of body length and the
number of femoral pores (P.fm.). Accordingly,
this evidence points out that the differentiation
between individuals from Kyrgyzstan and China
and Kazakhstan may be related to the size of the
body. Although the sample size of populations
from Kyrgyzstan is quite small (totally four in-
dividuals), the results of PCA of meristic traits
still indicated that individuals from Kyrgyzs-
tan apparently diverged from individuals from
China and Kazakhstan. Most of apparent dif-
ferentiations are associated with loading scores
on PC2, which indicated the differentiation of
individuals from Kyrgyzstan may be related to
larger number of scales between femoral pore
rows and number of infralabials and lesser num-
ber of collar scales.

In mtDNA dataset, the results from MJN of E.
stummeri suggested that individuals from China
were more differentiated from individuals from
Kyrgyzstan. This evidence coincided well with
the results from the uncorrected pairwise dis-
tance (p-distance) among the populations from
our three focused countries, with the lowest dif-
ferentiation (p-distance of 1.3%) between the
populations from China and Kazakhstan, mod-
erate differentiation (p-distance of 1.5%) be-
tween those from Kazakhstan and Kyrgyzstan,
and the highest differentiation (p-distance of
2.0%) between those from China and Kyrgyzs-
tan. Moreover, in the nuclear dataset, the rela-
tionships among the genotypes from the three
different countries explicitly indicated that in-
dividuals from Kyrgyzstan were differentiated
from those from China and Kazakhstan (see
fig. 5B). On the one hand, the fact that the mito-
chondrial haplotypes in some individuals from
Kazakhstan are clustered and even shared with
those individuals from Kyrgyzstan to form sub-
clade C (see figs 4 and 5A) seems to contradict
above morphological and molecular sugges-
tions. On the other hand, the mismatch between
mitochondrial and nuclear phylogeographic pat-
tern prompts us to speculate that the haplotypes

from Kazakhstan more closely related to those
from Kyrgyzstan may be possessed by histori-
cal mitochondrial introgression from individu-
als from Kyrgyzstan to those from Kazakhstan.
However, incomplete lineage sorting may ex-
plain the retained polymorphisms in the di-
verged populations; this is probably not valid
in our case in consideration of the apparent di-
vergence between individuals from Kazakhstan
and Kyrgyzstan in nuclear data and the more
rapidly evolving mitochondrial gene that did
not coalescence at the level of divergence be-
tween them. Future work for E. stummeri may
require more extensive sampling, especially in
Kyrgyzstan, and obtain more refined molecular
data, such as microsatellite or population ge-
nomic data to address the questions related to
introgression, speciation, and other topics.

Acknowledgements. We are grateful to Prof. Dali Chen
and Mr. Tianhe Zhou who participated in the fieldwork.
This study was supported by the Strategic Priority Re-
search Program of the Chinese Academy of Sciences
(XDA20050201), the National Natural Science Founda-
tion of China (31672270, 31272281), the Ministry of Sci-
ence and Technology of the People’s Republic of China
(2015DFR30790), and the Bureau of International Co-
operation of the Chinese Academy of Sciences. This arti-
cle benefited greatly from insightful comments by the Co-
Editor (Dr. Salvador Carranza) and two anonymous review-
ers.

Author contributions. Xianguang Guo designed the re-
search and contributed to drafting, revising and editing the
paper. Jinlong Liu analyzed the data and wrote the paper.
Tatjana N. Dujsebayeva and Marina A. Chirikova partici-
pated in interpreting results and writing the paper. Jinlong
Liu, Xiong Gong and Qi Song participated in laboratory
experiments. Jinlong Liu, Xiong Gong and Qi Song con-
tributed to sampling procedure. All authors read and ap-
proved the final paper.

Ethics statement. This study is conducted with appropri-
ate permissions (letter voucher: CIBCAS [2017] 005) for
field survey and specimens’ collecting, and guidelines from
the responsible authority, the Forest Department, Ministry
of Forest and Environment, the People’s Republic of China.
Collections of tissue samples were carried out in strict ac-
cordance with “Regulation for the Collection of Genetic Re-
sources (HJ 628–2011)”, and all practical efforts were made
to ameliorate specimens suffering throughout this study.
This study was approved by the Animal Ethics Commit-
tee of Chengdu Institute of Biology (Chinese Academy of

Heruntergeladen von Brill.com12/16/2020 09:19:37AM
via free access



104 J. Liu et al.

Sciences) and Institute of Zoology (Committee of Scientific
Ministry of Education and Science, Kazakhstan), and ani-
mal experiments were carried out in line with the institu-
tional guidelines.

Supplementary material. Supplementary material is avail-
able online at:
https://doi.org/10.6084/m9.figshare.13050116

References

Aljanabi, S.M., Martinez, I. (1997): Universal and rapid
salt-extraction of high quality genomic DNA for PCR-
based techniques. Nucl. Acids Res. 25: 4692-4693.

Allouche, O., Tsoar, A., Kadmon, R. (2006): Assessing
the accuracy of species distribution models: prevalence,
kappa and the true skill statistic (TSS). J. Appl. Ecol. 43:
1223-1232.

Alvarado-Serrano, D.F., Knowles, L.L. (2014): Ecological
niche models in phylogeographic studies: applications,
advances and precautions. Mol. Ecol. Resour. 14: 233-
248.

Bandelt, H.J., Forster, P., Röhl, A. (1999): Median-joining
networks for inferring intraspecific phylogenies. Mol.
Biol. Evol. 16: 37-48.

Bobrowski, M., Gerlitz, L., Schickhoff, U. (2017): Mod-
elling the potential distribution of Betula utilis in the Hi-
malaya. Glob. Ecol. Conserv. 11: 69-83.

Bourg, N., McShea, W., Gill, D. (2005): Putting a cart
before the search: successful habitat prediction for a rare
forest herb. Ecology 86: 2793-2804.

Brown, J.L. (2014): SDMtoolbox: a python-based GIS
toolkit for landscape genetic, biogeographic and species
distribution model analyses. Methods Ecol. Evol. 5: 694-
700.

Cai, B., Wang, Y.Z., Chen, Y.Y., Li, J.T. (2015): A revised
taxonomy for Chinese reptiles. Biodivers. Sci. 23: 365-
382 (in Chinese with English abstract).

Dujsebayeva, T.N., Chirikova, M.A., Belyalov, O.V. (2009):
New finds of the racerunner of Eremias multiocellata
complex in Kazakhstan. Russ. J. Herpetol. 16: 51-56.

Dujsebayeva, T.N., Malakhov, D.V., Berezovikov, N.N.,
Guo, X., Liu, J., Cherednichenko, A.V. (2019): Com-
parative analysis of the distribution and habitats of two
Eremias species (Reptilia, Lacertidae) using niche-based
GIS modeling. Russ. J. Herpetol. 26: 281-304.

Eremchenko, V.K., Panfilov, A.M., Tzarinenko, E.I. (1992):
Eremias multiocellata complex: solution of some prob-
lems in systematics of the multiocellated racerunners of
Kyrgyzstan (Sauria, Lacertidae, Eremias). In: Conspec-
tus of the Researches on Cytogenetics and Systematics
of Some Asiatic Species of Scincidae and Lacertidae,
p. 65-80. Ilim, Bishkek (in Russian).

Eremchenko, V.K., Panfilov, A.M. (1999): Taxonomic sit-
uation of multiocellated racerunner of the “multiocel-
lata”-complex of Kyrghyzstan and neighbour China
(Sauria: Lacertidae: Eremias). Sci. New. Tech. 4: 112-
124 (in Russian with English abstract).

Guo, X.G., Chen, D.L., Wan, H.F., Wang, Y.Z. (2010): Re-
view of systematics on the racerunner lizard (Lacertidae:
Eremias). Sichuan J. Zool. 29: 665-672 (in Chinese with
English abstract).

Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones, P.G.,
Jarvis, A. (2005): Very high resolution interpolated cli-
mate surfaces for global land areas. Int. J. Climatol. 25:
1965-1978.

Jablonski, D., Koleska, D. (2017): Molecular identification
of Eremias stummeri (Squamata: Lacertidae) as a prey
for Gloydius halys complex (Serpentes: Viperidae) from
Kyrgyzstan. Phyllomedusa 16: 121-124.

Joyner, T.A., Lukhnova, L., Pazilov, Y., Temiralyeva, G.,
Hugh-Jones, M.E., Aikimbayev, A., Blackburn, J.K.
(2010): Modeling the potential distribution of Bacillus
anthracis under multiple climate change scenarios for
Kazakhstan. PLoS One 5: e9596.

Kumar, S., Stecher, G., Tamura, K. (2016): MEGA7: molec-
ular evolutionary genetics analysis version 7.0 for bigger
datasets. Mol. Biol. Evol. 33: 1870-1874.

Lanfear, R., Calcott, B., Ho, S.Y., Guindon, S. (2012): Par-
titionfinder: combined selection of partitioning schemes
and substitution models for phylogenetic analyses. Mol.
Biol. Evol. 29: 1695-1701.

Larkin, M.A., Blackshields, G., Brown, N.P., Chenna, R.,
McGettigan, P.A., McWilliam, H., Valentin, F., Wallace,
I.M., Wilm, A., Lopez, R., Thompson, J.D., Gibson, T.J.,
Higgins, D.G. (2007): Clustal W and Clustal X version
2.0. Bioinformatics 23: 2947-2948.

Librado, P., Rozas, J. (2009): DnaSP v5: a software for
comprehensive analysis of DNA polymorphism data.
Bioinformatics 25: 1451-1452.

Menon, S., Choudhury, B.I., Khan, M.L., Peterson, A.T.
(2010): Ecological niche modeling and local knowledge
predict new populations of Gymnocladus assamicus, a
critically endangered tree species. Endanger. Species
Res. 11: 175-181.

Mizsei, E., Üveges, B., Vági, B., Szabolcs, M., Lengyel,
S., Pfliegler, W.P., Nagy, Z.T., Tóth, J.P. (2016): Species
distribution modelling leads to the discovery of new
populations of one of the least known European snakes,
Vipera ursinii graeca, in Albania. Amphib. Reptil. 37:
55-68.

Nazeri, M., Kumar, L., Jusoff, K., Bahaman, A.R. (2014):
Modeling the potential distribution of sun bear in Krau
wildlife reserve, Malaysia. Ecol. Inform. 20: 27-32.

Orlova, V., Nazarov, R., Chirikova, M. (2017):
Eremias stummeri. The IUCN Red List of Threat-
ened Species 2017: e.T47755944A47755951.
http://dx.doi.org/10.2305/IUCN.UK.2017-2.RLTS.
T47755944A47755951.en. Downloaded on 28 Septem-
ber 2019.

Orlova, V.F., Chirikova, M.A., Nazarov, R.A., Poyarkov,
N.A. (2016): Racerunners of Kyrgyzstan and southeast-
ern part of Kazakhstan (Sauria, Lacertidae, Eremias mul-
tiocellata-complex). Vest. St. Petersburg Univ., Series 3
(Biol.) 3: 113-119 (in Russian with English abstract).

Orlova, V.F., Poyarkov, N.A., Chirikova, M.A., Nazarov,
R.A., Munkhbaatar, M., Munkhbayar, K., Terbish, K.
(2017): MtDNA differentiation and taxonomy of Central

Heruntergeladen von Brill.com12/16/2020 09:19:37AM
via free access

https://doi.org/10.6084/m9.figshare.13050116
http://dx.doi.org/10.2305/IUCN.UK.2017-2.RLTS.T47755944A47755951.en
http://dx.doi.org/10.2305/IUCN.UK.2017-2.RLTS.T47755944A47755951.en


The Stummer’s Racerunner occurs in China 105

Asian racerunners of Eremias multiocellata-E. przewal-
skii species complex (Squamata, Lacertidae). Zootaxa
4282: 1-42.

Paraskiv, K.P. (1956): Reptiles of Kazakhstan. Izd-vo
Akademii nauk Kazakhskoĭ SSR, Alma-Ata (in Rus-
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Sindaco, R., Jeremcěnko, V.K. (2008): The Reptiles of the
Western Palearctic. 1. Annotated Checklist and Distribu-
tional Atlas of the Turtles, Crocodiles, Amphisbaenians
and Lizards of Europe, North Africa, Middle East and
Central Asia. Latina, Edizioni Belvedere, Italy.

Siqueira, M.F.D., Durigan, G., Júnior, P.D.M., Peterson,
A.T. (2009): Something from nothing: using landscape
similarity and ecological niche modeling to find rare
plant species. J. Nat. Conserv. 17: 25-32.

Song, Y.G., Chen, X.L., Qian, L.B., Li, C.X., Li, Y., Li,
X.X., Chang, H., An, Z.S. (2014): Distribution and
composition of loess sediments in the Ili Basin, Central
Asia. Quatern. Int. 334-335: 61-73.

Stephens, M., Smith, N.J., Donnelly, P. (2001): A new sta-
tistical method for haplotype reconstruction from popu-
lation data. Am. J. Hum. Genet. 68: 978-989.

Swets, J.A. (1988): Measuring the accuracy of diagnostic
systems. Science 240: 1285-1293.

Synes, N.W., Osborne, P.E. (2011): Choice of predictor
variables as a source of uncertainty in continental-scale
species distribution modelling under climate change.
Global Ecol. Biogeogr. 20: 904-914.

Szczerbak, N.N. (1974): Yashchurki Palearktiki (The
Palearctic Racerunners). Naukova Dumka Press, Kiev
(in Russian).

Ward, R.D., Zemlak, T.S., Innes, B.H., Last, P.R., Hebert,
P.D. (2005): DNA barcoding Australia’s fish species.
Philos. Trans. R. Soc. B: Biol. Sci. 360: 1847-1857.

Wettstein, O. (1940): Eidechsen aus dem Tien-Shan-Gebiet.
Zool. Anz. 130: 79-89.

Zhang, H.X., Zhang, M.L. (2014): Insight into distribution
patterns and conservation planning in relation to woody
species diversity in Xinjiang, arid northwestern China.
Biol. Conserv. 177: 165-173.

Zhao, E.M., Adler, K. (1993): Herpetology of China. Soci-
ety for the Study of Amphibians and Reptiles, Oxford,
Ohio.

Zhao, E.M., Zhao, K.T., Zhou, K.Y. (1999): Fauna Sinica,
Reptilia (Squamata: Lacertilia), vol. 2. Science Press,
Beijing (in Chinese).

Submitted: December 7, 2019. Final revision received:
August 25, 2020. Accepted: October 3, 2020.
Associate Editor: Jiri Smid.

Heruntergeladen von Brill.com12/16/2020 09:19:37AM
via free access


