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Abstract. The genus Eremias Fitzinger, 1834 (Lacertidae) exhibits high diversity in arid and semi-arid habitats across the Iranian
Plateau, with the E. montanus complex comprising cryptic lineages shaped by topographic barriers and climatic fluctuations. This
study reports a novel population of Eremias from Damghan, Semnan Province, Iran (N 36.4437°, E 54.2075°), on the eastern Alborz
slopes, and evaluates its taxonomic status using mitochondrial DNA markers. Field sampling in April 2025 yielded five non-lethal
tail-tip samples from five individuals, which were released post-collection. Genomic DNA was extracted, and fragments of
cytochrome b (599 bp) and 12S rRNA (360 bp) were amplified and sequenced. Phylogenetic reconstructions based on Bayesian
Inference and Maximum Likelihood, using a concatenated 959-bp dataset comprising 36 GenBank sequences and Ophisops elegans as
the outgroup, positioned the Damghan population as a distinct clade sister to E. papenfussi (posterior probabilities >0.95; bootstrap
support>90%). This clade is nested within a larger assemblage comprising E. suphani, E. kopetdaghica, E. strauchi, and E. lalezharica,
which are distinct from E. montanus, E. velox, E. persica, and E. fahimii. Uncorrected p-distances to E. papenfussi averaged 4.46%
(cytochrome b) and 2.35% (12S rRNA), higher than typical conspecific Cytb variation in lacertids (~1-3%) and suggesting species-level
divergence. Higher distances to other taxa (e.g., 14% and 4% to E. suphani) reinforce its distinctiveness. These findings highlight cryptic
diversity driven by Alborz refugia and advocate integrative taxonomic revision, with implications for conservation in Iran's montane

©NW]Z, Oradea, Romania, 2026
http//biozoojournals.ro/nwjz/index.html

ecosystems.
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The genus Eremias Fitzinger, 1834 (family Lacertidae),
commonly known as racerunners, comprises small to
medium-sized lizards adapted to arid and semi-arid
environments across Eurasia (Ananjeva et al. 2006). These
lizards are remarkably diverse, inhabiting steppes, deserts,
and mountainous regions of the Iranian Plateau (Sindaco &
Jeremcenko 2008). Their evolutionary history is tied to Central
Asian origins, with diversification influenced by the region’s
complex topography and climatic shifts. Tectonic uplift
during the Miocene and Pliocene created diverse habitats,
including deserts, steppes, and mountainous areas such as the
Alborz and Zagros ranges, which served as both barriers and
refugia, thereby promoting allopatric speciation (Poyarkov et
al. 2014). Quaternary climatic oscillations, particularly
aridification events, further fragmented populations, and
driving genetic divergence in lizards such as Eremias (Smid et
al. 2014). The genus, traditionally classified into subgenera
such as Eremias s.s. and Pareremias, is challenged by molecular
studies, which suggest unresolved phylogenetic relationships
(Arnold et al. 2007, Guo et al. 2011, Tian & Guo 2022).

Eremias montanus represents a distinct lineage of lizards
that exhibit morphological and genetic variation and is often
restricted to specific habitats, such as mountainous regions or
isolated sand massifs. Studies using mitochondrial DNA (e.g.,
cytochrome b and 12S rRNA) have uncovered cryptic
diversity, leading to the description of new species and
reclassification of existing populations (Rastegar-Pouyani et
al. 2016). For example, E. fahimii was recently identified as a
sister species to E. persica, highlighting ongoing taxonomic
revisions (Mozaffari et al. 2020).

In this study, we identified a new population of Eremias
from Semnan Province, Iran, in the Alborz Mountains, and
assessed its phylogenetic status wusing mitochondrial
cytochrome b and 125 rRNA gene fragments as molecular
markers.

During the field survey in April 2025, a new population
of the genus Eremias was found at the northern edge of
Semnan province, in the Damghan county, on the road from
Damghan to Galougah, a steppe with small shrubs
(36°26'24"N, 54°12'00" E) (Figure 1). Five tissue samples were
collected from the tail tips, and the specimens were
immediately released into the same microhabitat. Samples
were put in 96% ETOH and moved to the laboratory of
zoology at Damghan University and tagged with the museum
number, as shown in Table 1.

Genomic DNA was extracted using a standard salt-
extraction protocol (Aljanabi & Martinez 1997). DNA quality
was assessed by 1% agarose gel electrophoresis, and
concentration was quantified using a NanoDrop 1000
spectrophotometer. A 599 bp fragment of the mitochondrial
cytochrome b gene was amplified using the primers 114724
(5-GACCTGCGGTCCGAAAAACCA-3") and Ei700r (5-
GGGGTGAAAGGGGATTTTRTC-3') (Rastegar-Pouyani et
al. 2010) and 360 bp fragment of 125 rRNA was amplified
using the primers 12SL (5- AAACTGGGATTAGATA
CCCCACTAT-3") and 12SH (5'- GAGGGTGACGGGCGGTG
TGT-3") (Kocher et al. 1989 and modified by Rastegar-Pouyani
et al. 2010). Polymerase chain reaction (PCR) conditions
consisted of an initial denaturation at 94°C for 4 min, followed
by 35 cycles of denaturation at 94°C for 40 s, annealing at 51°C
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for cytochrome b and 49°C for 12S rRNA for 45 s, and
extension at 72°C for 1 min, with a final extension at 72°C for
8 min. PCR products were purified and sequenced in the
forward direction using Sanger sequencing by Momgene
Company (Tehran, Iran).

Caspian Sea

Figure 1. Map of Iran and the location of new population of Eremias
(Red star symbol) in Semnan province.

Thirty-six sequences belonging to different species of
Eremias (E. fahimii, E. kopetdaghica, E. lalezharica, E. strauchi, E.
montanus, E. papenfussi, E. persica, E. suphani, and E. velox) were
obtained from GenBank (Table 1). One Ophisops elegans
sequence was downloaded as an outgroup and added to the
sequences of the new population of the genus Eremias. Four
cytochrome b sequences were generated from individuals of
the newly recorded Eremias population at Damghan. To
investigate the evolutionary relationships of the new
population, phylogenetic analyses were conducted using
Bayesian Inference (BI) and Maximum Likelihood (ML)
methods. Sequences were aligned using the Clustal W
algorithm, which was implemented in BioEdit v7.0.5 (Hall
1999). To exclude the amplification of nuclear mitochondrial
pseudogenes (NUMTs), all cytochrome b sequences were
translated in MEGA X (Kumar et al. 2018) using the vertebrate
mitochondrial genetic code; no premature stop codons or
ambiguous codons were observed. The best-fitting nucleotide
substitution model was determined using the Akaike
Information Criterion (AIC) in ModelTest v3.7 (Posada &
Crandall 1998), identifying the GTR+I+G model as optimal
for the concatenated database. Bayesian inference was
performed in MrBayes v3.2.7 (Ronquist et al. 2012) with two
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independent runs, each comprising four Markov Chain
Monte Carlo (MCMC) chains, with 10 million generations
sampled every 1,000 generations. Convergence
stationarity of the MCMC chains were assessed in Tracer
v1.7.1; stationarity was confirmed using the Augmented
Dickey-Fuller (ADF) and KPSS tests (p < 0.05 for ADF and
non-rejection of the null hypothesis for KPSS). The first 25%
of generations were discarded as burn-in after verifying that
effective sample sizes (ESS) for all parameters exceeded 200.
The first 25% of trees were discarded as burn-in to ensure
convergence. Maximum Likelihood analysis was conducted
using RAXxML v7.4.2 (Stamatakis 2006) via RAXMLGUI v1.3
(Silvestro & Michalak 2012), applying the GTR+I+G model
with nodal support evaluated through 1,000 bootstrap
replicates  (Felsenstein 1985).
(uncorrected p-distances) among populations and species
were calculated in MEGA X (Kumar et al. 2018) to quantify
genetic divergence using the pair-wise deletion option.
Phylogenetic trees were visualized and edited using FigTree
v1.4.4 (Rambaut 2018).

Our dataset included mitochondrial gene fragments of
12S rRNA (360 bp; V =117; Pi = 85) and Cytb (599 bp; V = 280;
Pi = 249) totaling 959 bp. Uncorrected p-distances calculated
from the cytochrome b and 125rRNA sequences, separately
(Table 2), between species and groups revealed that the
distance between the Damghan clade and E. papenfussi
averaged 4.46% and 2.35%, respectively. Distances to other
closely related taxa, such as E. suphani (4% for 125 and 14% for
cytb) and E. kopetdaghica (6% for 125 and 15% for cytb), are
high, reinforcing the distinctiveness of the Damghan lineage.

The Bayesian inference (BI) and Maximum Likelihood
(ML) analyses produced congruent topologies, revealing the
evolutionary relationships within the species
sampled (Figure 2). The consensus Bl tree depicts Ophisops
elegans (ERP276) as the outgroup, confirming its basal
position outside the Eremias clade. Within the Eremias, major
clades correspond to recognized species, with the E. papenfussi
forming a distinct monophyletic assemblage. The newly
discovered population from Damghan, eastern Alborz slopes,
forms a distinct clade sister to E. papenfussi from the type
locality. The sister lineages of the Damghan population and
E. papenfussi are embedded within a broader clade that
includes E. suphani, E. kopetdaghica, and other lineages such as
E. strauchi, E. lalezharica, and E. montanus. Different species,
including E. velox, E. persica, and E. fahimii, occupy more basal
positions on the tree, consistent with prior studies. Nodal
support values in the BI tree were generally high (posterior
probabilities >0.95) for key clades, including the monophyly
of the Damghan population and its sister relationship to E.
papenfussi. The ML analysis corroborated this topology, with
bootstrap support exceeding 90% for the same nodes.

The biogeographic context of the eastern Alborz slopes, a
region marked by Miocene-Pliocene tectonic uplifts and
subsequent Quaternary aridification (Kafash et al. 2020),
likely facilitated allopatric speciation within Eremias
papenfussi. This new population of mountain Eremias was
found 270 km east of the type locality of Eremias papenfussi in
Tehran Province. The Damghan population’s isolation is
consistent with the hypothesis that montane refugia and
habitat fragmentation have driven lineage diversification
within the genus. Genetic divergence, with uncorrected p-
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distances of 4.46% (cytochrome b) and 2.35% (125 rRNA)
between the Damghan population and E. papenfussi, exceeds
typical intraspecific thresholds for Lacertidae (1-2%) and
approaches interspecific levels (3-5%) observed in related
taxa such as E. persica and E. fahimii (Guo et al. 2011,
Kartavtsev 2011, Rastegar-Pouyani et al. 2016). However,

Table 1. Sample of one unknown population and 9 species of Eremias and outgroup (Ophisops) were examined in this study including

reliance on mitochondrial markers alone limits the ability to
delimit species definitively, as mtDNA may reflect historical
population structure rather than current reproductive
isolation. Morphological data are essential for identifying
appropriate taxonomic characters among populations when it

is assumed to be a new taxon.

museum number, locality, coordinates and GenBank accession numbers for 12S and Cytb gene fragments.

Museum ) . ) GenBank accession number
number Taxon Latitude Longitude Locality 125 oo
ZFMK102757  Eremias fahimii 35° 40" 08” 50° 42" 24” Eshtehard, around Jaroo Mountain ~ MT233383 MT249277
ZFMK102758  Eremias fahimii 35° 40" 08” 50° 42" 24” Eshtehard, around Jaroo Mountain ~ MT233382 MT249278
ERP 351 Eremias kopetdaghica ~ 36° 46" 10.2”  57°31’ 0.2” Neyshaboor, Yengeje KJ468088 KJ468076
ERP 352 Eremias kopetdaghica ~ 36° 46’ 10.2”  57°31' 0.2 Neyshaboor, Yengeje KJ468087 KJ468075
ERP 354 Eremias kopetdaghica ~ 36° 46’ 10.2”  57°31'0.2” Neyshaboor, Yengeje KJ468086 KJ468074
ERP 353 Eremias kopetdaghica ~ 36° 46 10.2”  57°31’ 0.2” Neyshaboor, Yengeje KJ468085 KJ468073
ERP 159 Eremias lalezharica 29°29°27.9”  56°48 58.3”  Kerman, Lalezar Mountain KJ468092 KJ468080
ERP 158 Eremias lalezharica 29°29°27.9”  56°48 58.3”  Kerman, Lalezar Mountain KJ468091 KJ468079
ERP 153 Eremias lalezharica 29°2927.9”  56°48 58.3”  Kerman, Lalezar Mountain KJ468090 KJ468078
ERP 151 Eremias lalezharica 29°29°27.9” 56°48 58.3”  Kerman, Lalezar Mountain KJ468089 KJ468077
ERP 221 Eremias montanus 34°30°08.5” 47°21'12.3” Kermanshah, NE of Kermanshah FJ445371 FJ416298
ERP 220 Eremias montanus 34°30°08.5” 47°21'12.3” Kermanshah, NE of Kermanshah FJ445370 FJ416297
ERP 219 Eremias montanus 34°30°08.5” 47°21'123”  Kermanshah, NE of Kermanshah FJ445369 FJ416296
ERP 218 Eremias montanus 34°30°08.5” 47°21'12.3”  Kermanshah, NE of Kermanshah FJ445368 FJ416295
ERP 217 Eremias montanus 34°30°08.5” 47°21'12.3”  Kermanshah, NE of Kermanshah FJ445367 FJ416294
ERP 216 Eremias montanus 34°30°08.5” 47°21’12.3” Kermanshah, NE of Kermanshah FJ445366 FJ416293
ERP 222 Eremias montanus 34°30° 08.5” 47°21'12.3”  Kermanshah, NE of Kermanshah FJ445372 FJ416299
ERP 9112 Eremias papenfussi 35°47°44.9” 51°14’20.2”  North of Tehran PX619892 PX628358
ERP 1127 Eremias papenfussi 35°4744.9” 51°14’20.2”  North of Tehran PX619893 PX628359
ERP 174 Eremias persica 30°56" 37.7”  52°55'58.2”  Near Abadeh, North of Shiraz FJ445326 FJ416252
ERP 173 Eremias persica 30°56" 37.7”  52°55'58.2”  Near Abadeh, North of Shiraz FJ445325 FJ416250
ERP 172 Eremias persica 30°56" 37.7”  52°55'58.2”  Near Abadeh, North of Shiraz FJ445324 FJ416246
ERP 197 Eremias persica 36°06"15.6”  59°03"45.1”  South of Neyshabour FJ445321 FJ416245
ERP 196 Eremias persica 36°06"15.6”  59°03"45.1”  South of Neyshabour FJ445320 FJ416243
ERP 317 Eremias strauchi 38°33'59.3” 45°18'37.2” 44 Km NW of Marand JQ690168 JQ690099
ERP 316 Eremias strauchi 38°3359.3” 45°18' 372" 44 Km NW of Marand KP317978 KF797811
ERP 315 Eremias strauchi 38°3359.3” 45°18'372” 44 Km NW of Marand KJ468082 KF797810
ERP 318 Eremias strauchi 38°3359.3” 45°18'372” 44 Km NW of Marand KJ468084 KJ468072
ERP 301 Eremias suphani 38°42'58.2”  44°37'55.6”  Chaldoran, North of Khoy KP317977 KP317965
ERP 302 Eremias suphani 38°42'58.2”  44°37'55.6”  Chaldoran, North of Khoy KP317976 KP317964
ERP 311 Eremias suphani 38°42'58.2”  44°37'55.6”  Chaldoran, North of Khoy KP317968 KF797807
ERP 310 Eremias suphani 38°42'58.2”  44°37'55.6”  Chaldoran, North of Khoy KP317967 KF797806
IRHC 261 Eremias cf. papenfussi ~ 36° 26" 24” 54°12' 07 Damghan, On the road to Galougah ~ PX619887 -

IRHC 260 Eremias cf. papenfussi ~ 36° 26" 24” 54°12' 07 Damghan, On the road to Galougah ~ PX619888 -

IRHC 262 Eremias cf. papenfussi ~ 36° 26" 24” 54°12' 07 Damghan, On the road to Galougah ~ PX619889 PX628355
IRHC 263 Eremias cf. papenfussi ~ 36° 26" 24” 54°12'0” Damghan, On the road to Galougah ~ PX619890 PX628356
IRHC 264 Eremias cf. papenfussi ~ 36° 26" 24” 54°12'0” Damghan, On the road to Galougah ~ PX619891 PX628357
ERP 269 Eremias velox 35° 40" 08” 50° 42" 24" South of Tehran JQ690128 JQ690196
ERP 268 Eremias velox 35° 40" 08” 50° 42" 24” South of Tehran JQ690127 JQ690195
ERP 359 Eremias velox 35° 40" 08” 50° 42" 24” around Gorgan JQ690126 JQ690194
ERP 276 Ophisops elegans - - - FJ445250 FJ416172
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Table 2. Uncorrected p-distances among molecular phylogenetic clades corresponding to Figure 2.
Values above the diagonal represent distances for the 125 rRNA gene, while those below the diagonal
represent distances for the cytochrome b gene. Row and column indices correspond to taxa as defined
below the ‘table. (1: Eremias fahimii; 2: Eremias kopetdaghica; 3: Eremias lalezharica;
4: Eremias montanus; 5: Eremias persica; 6: Eremias strauchi; 7: Eremias suphani; 8: Eremias
papenfussi_Damghan; 9: Eremias papenfussii_type locality; 10: Eremias velox).

1 2 3 4 5 6 7 8 9 10

1 5.73 8.31 9.71 497 5.66 6.02 5.57 5.71 7.35
2 16.54 8.36 7.24 8.08 5.92 6.15 6.55 6.13 7.82
3 17.42 14.98 8.64 10.08 8.15 8.38 7.68 7.24 9.12
4 15.12 17.06 14.01 9.72 7.39 7.52 6.82 6.39 9.56
5 9.43 15.63 16.19 15.99 7.18 7.97 7.32 7.78 8.77
6 14.07 15.43 13.69 13.29 14.56 7.20 6.21 6.62 7.87
7 15.65 14.42 13.56 14.41 13.89 14.52 4.02 4.46 7.73
8 15.88 15.60 16.36 15.25 16.58 15.27 14.42 2.35 6.65
9 14.78 13.73 14.66 14.71 14.92 14.89 12.62 4.46 7.52
10 | 17.49 17.47 17.97 16.77 16.81 16.18 17.46 18.51 17.38

Eremias_lalezharica_ERP159
Eremias_lalezharica ERP158
Eremias_lalezharica ERP153
Eremias_lalezharica_ERP151
94/0.92 Eremias_montanus_ERP221
Eremias_montanus_ERP218
Eremias_montanus_ERP217
Eremias_montanus_ERP216
95/0.83 Eremias_montanus_ERP219
LI. Eremias_montanus_ERP220
Eremias_montanus_ERP222
Eremias_strauchi_ERP317
72/0.66 Eremias_strauchi_ERP318
[ Eremias_strauchi_ERP316
Eremias_strauchi_ERP315
Eremias_kopetdaghica_ERP351
Eremias_kopetdaghica_ERP354
Eremias_kopetdaghica_ERP352

97/0.96

ol Eremias_kopetdaghica_ERP353
Eremias_suphani_ERP301
Eremias_suphani_ERP302
Eremias_suphani_ERP311
Eremias_suphani_ERP310
95/0.98 Eremias_sp_261
75/0.66 Eremias_sp_260

Eremias_sp_262
Eremias_sp_263
Eremias_sp_264

l Eremias_papenfussii_9112
Eremias_papenfussii_1127

Eremias_velox_ERP269
4: Eremias_velox_ERP268
Eremias_velox_ERP359
Eremias_persica_ERP174
AE Eremias_persica_ERP173
Eremias_persica_ERP172
98/1.00 r Eremias_persica_ERP197
Eremias_persica_ERP196

[ Eremias_fahimii_ZFMK102757
Eremias_fahimii_ZFMK102758

Ophisops_elegans_ERP276

100/1.00

0.2

Figure 2. Bayesian and Maximum Likelihood phylogenetic tree of selected species of the genus Eremias in
Iran based on the two mitochondrial gene fragments (125rRNA, Cytb). Node labels show
bootstrap/posterior probability. Damghan clade highlighted in red.
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The Damghan population's position in the phylogenetic
tree clearly indicates its relationship with Eremias papenfussi
and Eremias suphani. Comparative analyses with E. suphani
and E. kopetdaghica, which exhibit greater divergence (14%
and 15% for cytochrome b, respectively), potentially warrant
species or subspecies status pending morphological and
ecological validation. Ecologically, the semi-arid montane
habitat Damghan likely
adaptations, probably explaining the lineage’s genetic
diversity, as it has been hypothesized for the Eremias species
(Mozaffari et al. 2011). employing
morphological assessments (e.g., scalation patterns, body
size) could elucidate adaptive divergence and perhaps
identify a new taxon (at the species or subspecies level) for the
population. Eremias papenfussi, described initially from
Tehran Province,
environments typically characterized by rocky outcrops,
sparse vegetation, and elevations ranging from 1,500 to 2,200
(m), and is 270 km from the Damghan population, making
gene flow between them very unlikely. This species is
adapted to gravelly plains and foothills with limited shrub
cover, such as those found in the central Alborz range, where
annual precipitation averages 250-350 mm, and temperatures
fluctuate between -5°C in winter and 30°C in summer
(Mozaffari et al. 2011). The habitat supports a xeric-adapted
fauna, with E.  papenfussi  exhibiting
thermoregulation and a diet likely dominated by small
invertebrates suited to these conditions. In contrast, the
southern Alborz slopes, encompassing the Damghan
sampling site (N 36.4437°, E 54.2075°), present a more
heterogeneous landscape. Situated at
approximately 1,950 m asl, this region features a mix of semi-
arid montane steppe and rocky slopes with occasional
Juniperus and Artemisia shrubs, reflecting a transitional zone
between the arid central plateau and the more mesic northern
Alborz foothills (Mozaffari et al. 2020). Annual precipitation
in Damghan averages 150-200 mm, with a pronounced
seasonal pattern, and temperature extremes range from -10°C
to 35°C, owing to its eastern exposure and proximity to the
Dasht-e Kavir desert. The habitat supports sparser vegetation
cover and a higher incidence of loose scree, suggesting
adaptations to more xeric and thermally variable conditions
than those in the E. papenfussi range.

In summary, the Damghan population represents a
significant addition to the Eremias montanus-papenfussii
complex, reflecting the dynamic evolutionary history of the
Iranian Plateau. Its taxonomic status remains unclear,
necessitating integrative  approach  combining
morphological and ecological data to refine species
boundaries and enhance conservation prioritization within
the Alborz Mountains biodiversity hotspot.

of imposes habitat-specific
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