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The genus Blanus Wagler, 1830 is known to be a part of fauna within the territory of modern Iraq since 1966, when A. 
Alexander published a record from “Salahussin-shaklauva, near Arbil,” with the voucher number HM (Zoologisches 
Museum, Hamburg) 1216 (Alexander 1966). Another record from “Ashawa village, 5 km SW of Sarsang” in the Dohuok 
Governorate (voucher number of the Baghdad Museum of Natural History, University of Baghdad, IMN 426) was 
published by Al-Jumaily (1971). Al-Jumaily considered this record to be the first for Iraq due to missing information 
from Alexander (1966). These initial records of the genus in Iraqi territory represent data from two governorates of Iraqi 
Kurdistan, Dohuk, and Erbil, with a geographic distance between them of approximately 100 km. This suggests that the 
genus Blanus can be found, although rarely, in a wide area of northern Iraqi Kurdistan, where its range probably follows 
the Anatolian distribution of the genus.
	 Until 2014, all populations from Anatolia and surrounding regions were attributed to B. strauchi (Bedriaga, 1884) 
with a well-developed subspecific taxonomy. However, after the description of B. alexandri Sindaco, Kornilios, Sacchi, 
Lymberakis, 2014, three species of the genus Blanus were recognized in the region. This brings an interesting and new 
perspective on the evolution and biogeography of these morphologically uniform reptiles and raises questions about the 
genetic diversity in unstudied areas or at the edges of their ranges. By combining morphology and genetics, the distribution 
range of B. alexandri was identified in the region from south-central to south-eastern Turkey, with the easternmost 
genetically investigated population found in Karalar, Mardin province (Sindaco et al. 2014). Subsequently, Jablonski 
and Sadek (2019) genetically and morphologically identified the species in Lebanon, thus significantly extending its 
distribution to the south to the Levant region.
	 Both studies demonstrated that the species contains at least seven distinct mitochondrial lineages (in the analysed 
NADH dehydrogenase subunit 4 [ND4] marker) with significant genetic distances of up to 11% (uncorrected p-distances; 
Jablonski and Sadek 2019). Such mitochondrial divergence in reptiles of the region is very high (e.g., Kornilios et al. 
2020) and may imply past speciation events that might require further taxonomic changes. On the other hand, B. alexandri 
shows a very low level of nuclear divergence (the nuclear protein-coding gene of the prolactin receptor [PRLR]; Sindaco 
et al. 2014). However, to date, a study focusing on the genetic affiliation of populations from the western foothills of the 
Zagros Mountains, which likely represent the easternmost limit for the distribution of the genus and the family Blanidae 
worldwide, has not been conducted.
	 The genetically investigated adult individual of the genus Blanus was found by the first author on 24 March 2019 
near the Banoka village (36.6356°N, 44.3217°E, 863 m a. s. l.) under a stone. The site featured soft, damp soil (following 
rainfall at around 1 pm) accompanied by rocky slopes. The vegetation consisted of small oaks or bushes. Notably, the 
soil beneath the rock where the individual was discovered was dry. Morphometric (mm) and meristic measurements 
(according to Albert and Fernández 2009) of the specimen are: snout-to-vent length (SVL): 160.5; head length (HL): 7.68; 
head width (HW): 5.34; pre-frontal length (PFL): 2.97; pre-frontal width (PFW): 2.98; number of dorsal segments (DS): 
17; number of ventral segments (VS): 18; number of body annuli (BA): 125; pores: 3+3.
	 We collected a blood sample that was used as a DNA source stored in 96% ethanol and frozen at -25°C. The specimen 
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is deposited in the collection of Department of Zoology, Comenius University in Bratislava under voucher number CUHC 
8606. For DNA extraction, we used a commercial DNA extraction kit (Qiagen DNeasy® Blood and Tissue Kit) and 
followed the manufacturer’s protocol. A fragment of the mitochondrial ND4 gene and the nuclear the nuclear PRLR gene 
were PCR-amplified with primers ND4 and LEU (Arévalo et al. 1994) and PRLR_f1 and PRLR_r3 (Townsend et al. 
2008), respectively. The laboratory procedure followed Albert et al. (2007), Albert & Fernández (2009) and Sindaco et al. 
(2014). The sequencing was performed by Macrogen Europe Inc. (Amsterdam, The Netherlands). Both final fragments 
(868 bp for ND4 and 549 bp for PRLR) were aligned using Clustal W algorithm (Thompson et al. 1994) as implemented 
in BioEdit (Hall 1999). The GenBank accession numbers for the newly generated sequences of ND4 and PRLR are 
OR487416 and OR664391, respectively.
	 Tree analyses followed the methodology described by Jablonski and Sadek (2019). For basic species affiliation 
we firstly checked the new sequences via BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi) and downloaded available 
sequences of the genus Blanus from the published studies of Sindaco et al. (2014) and Jablonski and Sadek (2019). 
Then we used PartitionFinder 2 (Lanfear et al. 2017), Bayesian Inference (BI; MrBayes 3.2.6; Ronquist et al. 2012) 
and Maximum Likelihood (ML; RAxML 8.0.0; Stamatakis 2014) phylogenetic approaches to find the best-fit model of 
sequence evolution and reconstruct tree hypotheses. Final nodes of the tree with posterior probability values 0.95 were 
considered as strongly supported. The ML tree supports (significant when values reached 70 or higher) was assessed by 
1,000 bootstrap pseudoreplicates. Using the 95% limit of parsimony (TCS algorithm; Clement et al. 2000) and the PopArt 
software (Leigh and Bryant 2015) we also created a haplotype network for the ND4 gene, focusing on the length of 
available sequences (657 bp) within the lineage to which the specimen from Iraq belongs. Except for the records presented 
by Alexander (1966) and Al-Jumaily (1971), the additional data presented here represents an extension of the species’ 
distribution in the Iraqi part of Kurdistan (Fig. 1A). By combining our own field efforts and citizen science data from 
www.inaturalist.org, we have gathered a total of only eight localities of the species in Iraq since the first evidence (Table 
1), with most of them located in the Erbil governorate. Despite numerous existing research gaps in the herpetologically 
understudied region of Iraqi Kurdistan (Al-Barazengy et al. 2015; Jablonski et al. 2020), our data suggest that this area 
likely represents the edge of the distribution for the genus Blanus (Sindaco and Jeremčenko 2008; Sindaco et al. 2014) 
and possibly indicates its rarity in the region. This distribution pattern resembles that of several other species such as 
Ommatotriton vittatus (Gray in Jenyns, 1835), Salamandra infraimmaculata (Martens, 1885), Pseudopus apodus (Pallas, 
1775), or Dolichophis jugularis (Linnaeus, 1758), whose distribution is influenced by the Zagros Mountains barrier in 
this part of their distribution ranges (Sindaco and Jeremčenko 2008; Sindaco et al. 2013; Dufresnes 2019). This could be 
affected by the specific bioclimatic and environmental conditions in the region (Şahin et al. 2021; Vaissi 2021) such as 
annual precipitation or elevation (Blanus individuals were recorded between ~500 and 1900 m a. s. l.). Unlike some other 
species as for example S. infraimmaculata, we speculate that the range of B. alexandri does not extend into the Iranian 
territory, and its eastern distribution is strictly confined to the steppe and forest-steppe regions of northern and north-
eastern Iraq. However, it remains uncertain where the south-eastern border in Iraqi Kurdistan lies, as similar habitats can 
be found along the foothills of the Zagros Mountains, extending up to the Sulaymaniyah and Halabja governorates, where 
the species has never been recorded so far. The presence in the Nineveh Governorate is also highly probable (Fig. 1A).
	 The genetically investigated specimen from Banoka village corresponds with populations of B. alexandri from 
south-eastern Turkey (Sindaco et al. 2014), particularly with the population from 4–5 km NE of Derik, Mardin province 
(KJ584069), the type locality of the species, and from the population from E of Karalar, Mardin province (KJ584070) 
(Fig. 1B, D). All of them form a well-supported so-called lineage II sensu Jablonski and Sadek (2019) within which the 
sequence from Iraq forms an unique sublineage. According to the haplotype network, the population is separated by 29 
and 27 mutation steps from the sequence KJ584069 and KJ584070, respectively (Fig. 1C). This genetic confirmation 
newly shifts the distribution of the lineage II approximately 250 km to the east (Fig. 1D). The lineage II is sister to 
lineage I (Fig. 1B), both with the distribution east of Nur Mountains that are considered as a geographic division between 
different but closely related evolutionary lineages of reptiles in the Middle East (Jablonski and Sadek 2019; Kornilios et 
al. 2020; Šmíd et al. 2021). The nuclear PRLR sequence fully matches the sequence KJ584093, which is found within 
the mitochondrial lineage I (KJ584071) originating from south-central populations in Turkey. There are no heterozygotes 
present in this sequence.
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Table 1. Records of Blanus alexandri in Iraq. The numbers correspond with the map presented in Figure 1.
No. Locality N E elevation (m) date observer Voucher 

number
source

1 Salahussin-shaklauva, 
Erbil Governorate

36.4180 44.2690 ~900 ? C. Kosswig HM 1216 Alexander (1966)

2 Ashawa village, 5 
km SW of Sarsang, 
Dohuok Governorate

37.0400 43.3430 ~1000 13 August 
1971

? IMN 426 Al-Jumaily (1971)

3 Banok village, Peran, 
Erbil Governorate

36.9021 44.3728 866 28 March 
2017

S. A. Sleman KMN 302a, b This study

4 Shaqlawa, Erbil 
Governorate

36.3920 44.3340 ~1000 ? H. Ibrahim KMN 280a, b This study

5 Banoka village, Erbil 
Governorate

36.6356 44.3217 863 24 March 
2019

D. Jablonski CUHC 8606 This study

6 Shaqlawa, Erbil 
Governorate

36.3564 44.3577 1937 15 May 2022 C. Langer - https://www.inaturalist.org/
observations/126929875

7 Alana Valley, Erbil 
Governorate

36.54561 44.45967 989 18 May 2022 C. Langer - https://www.inaturalist.org/
observations/131854826

8 Hamdla, Dohuok 
Governorate

36.9452 43.9870 534 22 May 2022 N. Barzani CUHC 12669, 
12670

This study

Abbreviations: CUHC = Comenius University Herpetological Collection; HM = Zoologisches Museum, Hamburg; IMN = Baghdad 
Museum of Natural History University of Baghdad; KMH = Kurdistan Museum of Natural History, Erbil. 

Figure 1. The distribution (A) and genetic affiliation (B, D) of Blanus alexandri from Iraq (Kurdistan). The Bayesian tree (B) 
represents the mitochondrial relationships of the species with numbers above branches showing posterior probabilities/maximum 
likelihood bootstrap support values. Each terminal branch represents GenBank accession number. (C) 95% parsimony haplotype 
network of the lineage II. Numbers of distribution points correspond with Table 1. Geographic distribution of sequences with 
colours corresponding to the lineages sensu Jablonski and Sadek (2019). The approximate distribution range (modified after 
Sindaco and Jeremčenko 2008; Sindaco et al. 2014; Jablonski and Sadek 2019) of the species is highlighted in brown (D). The 
photography of B. alexandri from Iraq was taken by D. Jablonski. 
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	 Comparing genetic diversity of B. alexandri (Fig. 1B), populations of the eastern part are significantly less variable 
than the Levant and the Anatolian ones. Such result supports the hypothesis about the fast spreading of Anatolian lineage 
and its populations to the east due to suitable environmental corridors without significant geographic barriers limiting 
spreading or increasing the evolutionary divergence (Fritz et al. 2007; Jablonski et al. 2021). However, these conclusions 
based on mitochondrial lineages should be considered preliminary. It is essential to conduct wide genomic studies to 
examine the overall genetic diversity in B. alexandri. Furthermore, investigating other species in this region would help 
identify similarities that could lead to broader conclusions about the comparative biogeography of the biota in the Middle 
East.

Acknowledgments
The work of DJ was supported by the Slovak Research and Development Agency under contract No. APVV-19-0076. 
We extend our gratitude to Michal Benovics, Jiří Vorel, and the students of Salahaddin University in Erbil for their field 
support. Additionally, we would like to acknowledge the valuable assistance provided by Jana Poláková and Martin 
Lawson in the laboratory. We are also thankful to our two reviewers, Roberto Sindaco and Lukáš Pola, for their insightful 
suggestions regarding the text.

References
Al-Barazengy, A.N., Salman, A.O. & Abdul Hameed, F.T. (2015) Updated list of amphibians and reptiles in Iraq 2014. Bulletin 

of the Iraq Natural History Museum, 13, 29–40.
Albert, E.M. & Fernández, A. (2009) Evidence of cryptic speciation in a fossorial reptile: description of a new species of Blanus 

(Squamata: Amphisbaenia: Blanidae) from the Iberian Peninsula. Zootaxa, 2234 (1), 56–68.
	 https://doi.org/10.11646/zootaxa.2234.1.4
Albert, E.M., Zardoya, R. & García-París, M. (2007) Phylogeographical and speciation patterns in subterranean worm lizards of 

the genus Blanus (Amphisbaenia: Blanidae). Molecular Ecology, 16, 1519–1531.
	 https://doi.org/10.1111/j.1365-294X.2007.03248.x
Alexander, A.A. (1966) Taxonomy and variation of Blanus strauchi (Amphisbaenia, Reptilia). Copeia, 1966, 205–224.
	 https://doi.org/10.2307/1441127
Al-Jumaily, M.M. (1971) A new record of the Amphisbaenian Blanus bedraigai Boulenger in Iraq. Bulletin of the Biological 

Research Centre, Baghdad, 5, 83–84.
Arévalo, E., Davis, S.K. & Sites, J.W. Jr. (1994) Mitochondrial DNA sequence and phylogenetic relationships among eight 

chromosome races of the Sceloporus grammicus complex (Phrynosomatidae) in central México. Systematic Biology, 43, 
387–418.

	 https://doi.org/10.1093/sysbio/43.3.387
Clement, M., Posada, D. & Crandall, K.A. (2000) TCS: a computer program to estimate gene genealogies. Molecular Ecology, 

9, 1657–1659.
	 https://doi.org/10.1046/j.1365-294x.2000.01020.x
Dufresnes, C. (2019) Amphibians of Europe, North Africa & the Middle East. A Photographic Guide. Bloomsbury Wild Life, 

London, 224 pp. 
Fritz, U., Hundsdörfer, A.K., Široký, P., Auer, M., Kami, H., Lehmann, J., Mazanaeva, L.F., Türkozan, O. & Wink, M. (2007) 

Phenotypic plasticity leads to incongruence between morphology-based taxonomy and genetic differentiation in western 
Palaearctic tortoises (Testudo graeca complex; Testudines, Testudinidae). Amphibia—Reptilia, 28, 97–121.

	 https://doi.org/10.1163/156853807779799135
Hall, T.A. (1999) BioEdit: a user-friendly biological sequence alignment editor and analysis program for Windows 95/98/NT. 

Nucleic Acids Symposium Series, 41, 95–98. 
Jablonski, D. & Sadek, R.A. (2019) The species identity and biogeography of Blanus (Amphisbaenia: Blanidae) in Lebanon. 

Zoology in the Middle East, 65, 208–214.
	 https://doi.org/10.1080/09397140.2019.1604471
Jablonski, D., Benovics, M., Vorel, J., Mohammed, S.I. & Afrasiab, S.R. (2020) The first record of the genus Microgecko 

Nikolskii, 1907 for Iraq. Herpetozoa, 33, 149–155.
	 https://doi.org/10.3897/herpetozoa.33.e52736
Jablonski, D., Ribeiro-Júnior, M.A., Meiri, S., Maza, E., Kukushkin, O.V., Chirikova, M., Pirosová, A., Jelić, D., Mikulíček, 

P. & Jandzík, D. (2021) Morphological and genetic differentiation in the anguid lizard Pseudopus apodus supports the 
existence of an endemic subspecies in the Levant. Vertebrate Zoology, 71, 175–200.

	 https://doi.org/10.3897/vz.71.e60800
Kornilios, P., Jablonski, D., Sadek, R.A., Kumlutaþ, Y., Olgun, K., Avcý, A. & Ilgaz, Ҫ. (2020) Multilocus species-delimitation 

in the Xerotyphlops vermicularis (Reptilia: Typhlopidae) species complex. Molecular Phylogenetics and Evolution, 152, 



Jablonski et al. 296  ·  Zootaxa 5369 (2) © 2023 Magnolia Press

106922.
	 https://doi.org/10.1016/j.ympev.2020.106922
Lanfear, R., Frandsen, P.B., Wright, A.M., Senfeld, T. & Calcott, B. (2017) Partitionfinder 2: new methods for selecting 

partitioned models of evolution for molecular and morphological phylogenetic analyses. Molecular Biology and Evolution, 
34, 772–773. 

	 https://doi.org/10.1093/molbev/msw260
Leigh, J.W. & Bryant, D. (2015) Popart: full-feature software for haplotype network construction. Methods in Ecology and 

Evolution, 6, 1110–1116.
	 https://doi.org/10.1111/2041-210X.12410
Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D.L., Darling, A., Höhna, S., Larget, B., Liu, L., Suchard, M.A. & 

Huelsenbeck, J.P. (2012) MrBayes 3.2: Efficient Bayesian phylogenetic inference and model choice across a large model 
space. Systematic Biology, 61, 539–542.

	 https://doi.org/10.1093/sysbio/sys029
Sindaco, R. & Jeremčenko, V.K. (2008) The reptiles of the Western Palearctic. Vol. 1. Edizioni Belvedere, Latina, 579 pp. 
Sindaco, R., Venchi, A., Grieco, C. (2013) The Reptiles of the Western Palearctic 2. Annotated checklist and distributional 

atlas of the snakes of Europe, North Africa, the Middle East and Central Asia, with an update to the vol. 1. Societas 
Herpetologica Italica, Via Adige, Latina, 543 pp.

Sindaco, R., Kornilios, P., Sacchi, R. & Lymberakis, P. (2014) Taxonomic reassessment of Blanus strauchi (Bedriaga, 1884) 
(Squamata: Amphisbaenia: Blanidae), with the description of a new species from south-east Anatolia (Turkey). Zootaxa, 
3795 (3), 311–326.

	 https://doi.org/10.11646/zootaxa.3795.3.6
Šmíd, J., Aghová, T., Velenská, D., Moravec, J., Balej, P., Naumov, B., Popgeorgiev, G., Üzum, N., Avcý, A. & Jablonski, D. 

(2021) Quaternary range dynamics and taxonomy of the Mediterranean collared dwarf racer, Platyceps collaris (Squamata: 
Colubridae). Zoological Journal of the Linnean Society, 193, 655–672.

	 https://doi.org/10.1093/zoolinnean/zlaa151
Şahin, M.K., Candan, K., Caynak, E.Y., Kumlutaş, Y. & Ilgaz, Ç. (2021) Ecological niche divergence contributes species 

differentiation in worm lizards (Blanus sp.) (Squamata: Amphisbaenia: Blanidae) in Mediterranean part of Anatolian 
peninsula and the Levantine region. Biologia, 76, 525–532.

	 https://doi.org/10.2478/s11756-020-00548-1
Stamatakis, A. (2014) RaxML version 8: a tool for phylogenetic analysis and post analysis of large phylogenies. Bioinformatics, 

30, 1312–1313.
	 https://doi.org/10.1093/bioinformatics/btu033
Thompson, J.D., Higgins, D.G. & Gibson, T.J. (1994) Clustal W: improving the sensitivity of progressive multiple sequence 

alignment through sequence weighting, position-specific gap penalties and weight matrix choice. Nucleic Acids Research, 
22, 4673–4680. 

	 https://doi.org/10.1093/nar/22.22.4673
Townsend, T.M., Alegre, R.E., Kelley, S.T., Wiens, J.J. & Reeder, T.W. (2008) Rapid development of multiple nuclear loci 

for phylogenetic analysis using genomic resources: an example from squamate reptiles. Molecular Phylogenetics and 
Evolution, 47, 129–142.

	 https://doi.org/10.1016/j.ympev.2008.01.008
Vaissi, S. (2021) Potential changes in the distributions of Near Eastern fire salamander (Salamandra infraimmaculata) in 

response to historical, recent and future climate change in the Near and Middle East: Implication for conservation and 
management. Global Ecology and Conservation, 29, e01730.

	 https://doi.org/10.1016/j.gecco.2021.e01730


