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The ‘tooth-tailed’ scorpions of the buthid genus Odontobuthus comprises six species with an allopatric or 
parapatric pattern of distribution in the Middle East, but the diversity of Odontobuthus in Iran appears to be 
underestimated, with the limits of several species remaining unclear. In the present contribution, an integrative 
approach to the systematics of Odontobuthus was applied, to determine the taxonomic validity and phylogenetic 
relationships among its species. Statistical analyses of five meristic characters, 38 morphometric characters and 
21 morphometric ratios, combined with molecular phylogenetic analyses of DNA sequences from the mitochondrial 
cytochrome c oxidase subunit I (COI) gene, were conducted. All previously described species of Odontobuthus 
were found to be well supported, and new morphological diagnoses are here presented. Additionally, three new 
species: Odontobuthus baluchicus sp. nov. from the Makkoran Mountains, Odontobuthus chabaharensis 
sp. nov. from the coast of the Gulf of Oman (Sistan and Baluchistan Provinces) and Odontobuthus kermanus 
sp. nov. from Kerman Province, are described, raising the total number of Odontobuthus species to nine, six of 
which are endemic or subendemic to the Iranian Plateau. A distribution map and identification key to the species 
of Odontobuthus are also provided.
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INTRODUCTION

The ‘tooth-tailed’ scorpions of the Asian buthid genus 
Odontobuthus Vachon, 1950 are characterized by the 
presence of prominent tooth-like processes (enlarged 

spiniform granules) on the ventrosubmedian carinae of 
metasomal segments II and III, and the ventrolateral 
carinae of metasomal segment V (Farzanpay, 1987; 
Lowe, 2010; Mirshamsi et al., 2013). These fossorial, 
pelophilous scorpions, which construct burrows in 
consolidated sandy to silty substrates on alluvial 
plains (Farzanpay, 1987; Lowe, 2010), use the tooth-
like projections to loosen the substrate by raking with 
the ventral surface of the metasoma, a behaviour 
referred to as ‘tail-scraping’ (Newlands, 1972; Prendini, 
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2001). Members of this genus are distributed from 
central-eastern Iraq, throughout Iran and Pakistan, 
to north-western India, with one species occurring 
on the Arabian Peninsula in Oman and the United 
Arab Emirates (Lourenço & Pézier, 2002; Lowe, 2010; 
Mirshamsi et al., 2013).

The first species of the genus, Buthus doriae Thorell, 
1876, was described from Tehran, Persia, now central 
Iran (Thorell, 1876). Twenty years later, the second 
species, Buthus odonturus Pocock, 1897, was described 
from the Khelat Frontier, British India, now Pakistan 
(Pocock, 1897). Pocock (1900) subsequently treated 
B. odonturus as a subspecies of B. doriae. Half a 
century later, as part of a revision of the traditional 
buthid genus Buthus Leach, 1815, Vachon (1950) 
reinstated B. odonturus as a distinct species, and 
created the genus Odontobuthus, based on carapacial 
and metasomal carination, to accommodate the two 
species.

After the work of Vachon (1950), another 50 years 
passed before interest in the systematics of 
Odontobuthus renewed. In the past two decades, the 
work of several authors (Lourenço & Pézier, 2002; 
Lowe, 2010; Mirshamsi et al., 2013; Navidpour et al., 
2013; Azghadi et al., 2014) added four species, namely 
Odontobuthus bidentatus Lourenço & Pézier, 2002, 
O. brevidigitus Lowe, 2010, O. tavighiae Navidpour 
et al., 2013 and O. tirgari Mirshamsi et al., 2013.

Lourenço & Pézier (2002) described Odontobuthus 
bidentatus from Iraq and western Iran, confirmed the 
validity of O. doriae (Thorell, 1876) and O. odonturus 
(Pocock, 1897), and concluded that a previous report 
of O. odonturus from Iran was a misidentification. 
Odontobuthus bidentatus was characterized by the 
presence of two pairs of tooth-like processes on the 
ventrosubmedian carinae of metasomal segments II 
and III, two or three prominent lobate granules on 
the ventrolateral carinae and three lobes laterally on 
the anal arch of metasomal segment V. Odontobuthus 
brevidigitus, from northern Oman, was the first 
Odontobuthus to be reported from the Arabian 
Peninsula (Lowe, 2010). Odontobuthus brevidigitus was 
characterized by short pedipalp chela fingers and the 
presence of two or three pairs of tooth-like processes on 
the ventrosubmedian carinae of metasomal segments 
II and III, ten granules along the anteroventral margin 
of segment IV, three lobes laterally and enlarged 
spiniform granules ventrally on the anal arch of 
segment V. Odontobuthus tavighiae, the first species 
to be described from Hormozgan Province in southern 
Iran, was characterized by the presence of two pairs of 
tooth-like processes on the ventrosubmedian carinae 
of metasomal segments II and III and three long, 
conical lobes laterally on the anal arch of segment 
V (Navidpour et al., 2013). In the first contribution 

to apply an integrative approach to the systematics 
of Odontobuthus, Mirshamsi et al. (2013) described 
O. tirgari from north-eastern and eastern Iran using 
qualitative morphological characters, morphometrics 
and mitochrondrial DNA (hereafter, mtDNA) 
sequences from the cytochrome c oxidase subunit 
I gene (hereafter, COI) and confirmed the validity of 
O. bidentatus and O. doriae. Odontobuthus tirgari was 
characterized by the presence of three to five pairs of 
tooth-like processes on the ventrosubmedian carinae 
of metasomal segments II and III and one small and 
two large lobes laterally on the anal arch of segment V.

In the most recent contribution to the systematics 
of Odontobuthus, Azghadi et al. (2014) confirmed 
the validity of all species recorded in Iran based on 
phylogenetic analysis of mtDNA sequences from the 
COI and 16S rDNA (hereafter, 16S) genes. The topology 
obtained from simultaneous phylogenetic analysis 
of the COI and 16S sequences recovered two major 
clades: the first comprising O. bidentatus, O. doriae 
and O. tavighiae, the second comprising O. tirgari 
and an undescribed species from Kerman Province 
in south-eastern Iran. According to Azghadi et al. 
(2014), this undescribed species was characterized by 
the presence of three pairs of rounded processes on 
the ventrosubmedian carinae of metasomal segments 
II and III, four to six rounded processes along the 
anteroventral margin of metasomal segment IV, one 
large and two lobes laterally, and six to eight small, 
equal spiniform granules ventrally on the anal arch of 
segment V. However, Azghadi et al. (2014) concluded 
that a detailed morphological study was required to 
describe this clade as a distinct species.

Few comprehensive systematic studies of Iranian 
scorpion species have been presented to date, and 
few were described based on an integrative approach. 
Despite several studies, the species diversity of 
Odontobuthus in Iran appears to be underestimated, 
and the limits of several species inhabiting the 
country remain unclear. In the present contribution, 
an integrative approach to the systematics of 
Odontobuthus was applied, to determine the taxonomic 
validity and phylogenetic relationships among its 
species. Statistical analyses of five meristic characters, 
38 morphometric characters and 21 ratios calculated 
from the morphometric characters, as well as 
molecular phylogenetic analyses of mtDNA sequences 
from the COI gene, were conducted. All previously 
described species of Odontobuthus were found to be 
well supported and new morphological diagnoses are 
presented to separate them. Additionally, three new 
Iranian species, one from the Makkoran Mountains, 
one from the coast of the Gulf of Oman (both in 
Sistan and Baluchistan Province) and another from 
Kerman Province, are described here, increasing the 
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number of Odontobuthus species to nine, six of which 
are endemic or subendemic to the Iranian Plateau. 
A distribution map and identification key to the 
species of Odontobuthus are also provided.

MATERIAL AND METHODS

Material, mapping, microscopy and imaging

Specimens were collected by excavation of burrows 
during the day and, rarely, by ultraviolet (UV) 
light detection at night. Newly collected material, 
transferred to 75–96% alcohol, is mostly deposited 
in the Zoological Museum of Ferdowsi University of 
Mashhad (ZMFUM), Iran, or the American Museum of 
Natural History (AMNH), New York, USA. Some tissue 
samples are stored in liquid nitrogen at –150 °C in the 
Ambrose Monell Cryocollection (AMCC) at the AMNH. 
Holotypes of the three new species are deposited at the 
Senckenberg Museum, Frankfurt (SMF), Germany.

Other material referred to in the taxonomic 
treatment is deposited in the following collections: 
Natural History Museum (BMNH), London, UK; 
František Kovařík Private Collection (FKCP), Prague, 
Czech Republic; Museo Civico de Storia Naturale 
‘Giacomo Doria’ (MCSN), Genoa, Italy; Museum 
d’Histoire Naturelle (MHNG), Geneva, Switzerland; 
Naturhistorisches Museum Basel (NHMB), Basel, 
Switzerland; Razi Reference Laboratory of Scorpion 
Research (RRLS), Razi Vaccine and Serum Research 
Institute, Ahvaz, Iran; Iziko South African Museum 
(SAM), Cape Town, South Africa; Museum für 
Naturkunde (ZMB), Berlin, Germany; Zoologisches 
Museum, Universität Hamburg (ZMH), Hamburg, 
Germany.

Maps of species distributions were prepared using 
DIVA-GIS 7.5 by superimposing point locality records 
of collection localities on spatial datasets depicting 
political boundaries and topography (elevation) at 2.5 
arc-minutes altitude (Hijmans et al., 2004) (Fig. 1).

Morphological characters of adult Odontobuthus 
specimens, adopted from Lamoral (1979) and Stahnke 
(1970), were recorded with a > 0.02 mm Olympus 
micrometer ocular lens (OSM-4) attached to an 
optical Olympus SZ40 stereomicroscope. Cuticular 
macrosculpture was studied and documented with UV 
fluorescence imaging using a LED excitation source 
(Lowe et al., 2003; Prendini, 2004; Volschenk, 2005) 
and digital images taken by long exposure using a 
Canon EOS 550D digital camera (Lowe et al., 2003). 
Morphological terminology is adopted from Sissom 
(1990). However, the terms ‘internal’ and ‘external’ 
are replaced with ‘prolateral’ and ‘retrolateral’, 
respectively, for referring to the surfaces of the 
pedipalps and legs, following Acosta et al. (2008). 

Character systems assessed to be uninformative at 
the species level in Odontobuthus, e.g. trichobothrial 
patterns and morphology of hemispermatophores, 
were not illustrated.

Statistical analysis of meristic and 
morphometric data

Five meristic (counts) and 38 morphometric characters 
(measurements, in mm) were recorded in 149 adults 
of the nine species, deposited in ZMFUM (Table 1):  
O.  baluchicus (N = 10); O.  bidentatus (N = 16); 
O. brevidigitus (N = 1); O. chabaharensis (N = 5); 
O. doriae (N = 28); O. kermanus (N = 13); O. odonturus 
(N = 1); O. tavighiae (N = 23); O. tirgari (N = 52).

The five meristic characters, 38 morphometric 
characters and 21 ratios calculated from the 
morphometric characters (Table 2), used for 
statistical analysis, are abbreviated as follows. 
Counts: MFDR: number of median denticle subrows 
on pedipalp chela movable finger; PDR: pectinal 
tooth count of male and female; MtIIIVC: number 
of pairs of tooth-like processes on ventrosubmedian 
carinae of metasomal segment III; NLLAA: number 
of lateral lobes of anal arch on metasomal segment V; 
NVDAA: number of spiniform granules ventrally on 
anal arch of metasomal segment V. Measurements: 
PeL: pedipalp length; FL: pedipalp femur length; 
FW: pedipalp femur width; PaL: pedipalp patella 
length; PaW: pedipalp patella width; ChL: pedipalp 
chela length; ML: pedipalp chela manus length; MW: 
pedipalp chela manus width; MD: pedipalp chela 
manus depth; MFL: pedipalp chela movable finger 
length; CAW: carapace anterior width; CPW: carapace 
posterior width; CL: carapace length; CX: distance 
between anterior margin of carapace and anterior 
edge of median ocelli; CY: distance between anterior 
edge of median ocelli and posterior margin of carapace; 
MsL: mesosoma length; TIIIL: mesosomal tergite III 
length; TIIIW: mesosomal tergite III width; MtIL, 
MtIIL, MtIIIL, MtIVL, MtVL: length of metasomal 
segments I–V; MtIW, MtIIW, MtIIIW, MtIVW, MtVW: 
width of metasomal segments I–V; MtID, MtIID, 
MtIIID, MtIVD, MtVD: depth of metasomal segments 
I–V; TL: telson length; TW: telson width; TD: telson 
depth; MtTL: metasoma and telson length; BL: total 
length. Ratios: FL/W: pedipalp femur length to 
width; PaL/W: pedipalp patella length to width; ChL/
ML: pedipalp chela length to chela manus length; 
CAW/PW: carapace anterior width to posterior width; 
CL/AW: carapace length to anterior width; CL/PW: 
carapace length to posterior width; CX/CY: distance 
between anterior margin of carapace and anterior 
edge of median eyes to distance between anterior edge 
of median ocelli and posterior margin of carapace; 
TIIIL/W: mesosomal tergite III length to width; 
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MtIL/W, MtIIL/W, MtIIIL/W, MtIVL/W, MtVL/W: 
metasomal segments I–V length to width; MtIL/D, 
MtIIL/D, MtIIIL/D, MtIVL/D, MtVL/D: metasomal 

segments I–V length to depth; TL/W: telson length 
to width; TL/D: telson length to depth: TW/D: telson 
width to depth.

Figure 1.  Geographical distribution of the buthid scorpion genus Odontobuthus plotted on topography of the Middle East. 
A, known locality records obtained from fieldwork and the literature. Circles with black or white dots indicate type localites 
of each species. B, localities of material used in molecular phylogenetic analysis (see Table 1 for details).
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Univariate and multivariate statistical analyses 
were applied to the meristic and morphometric data to 
evaluate inter- and intraspecific variation in morphology. 

The morphometric measurement data were considered 
in two aspects of body form, i.e. size and shape. For this 
purpose, the overall size of each specimen was calculated 

Table 1.  Specimens, populations and provenance data (country, province or governate and abbreviated locality) of the 
buthid scorpion genus Odontobuthus deposited in the collections of the Zoological Museum of Ferdowsi University of 
Mashhad (ZMFUM), Iran, used for morphometric analysis

Species Population Locality Sex ZMFUM

O. baluchicus Nikshahr IRAN: Sistan and Baluchistan: Nikshahr, Chanf 3♂♂, 2♀♀ 1301–1305
IRAN: Sistan and Baluchistan: Nikshahr, Konari 2♀♀ 1306, 1308

Jask IRAN: Hormozgan: Jask 3♀♀ 1309–1311
O. bidentatus Daylam IRAN: Bushehr: Abdan 1♀ 1314

IRAN: Bushehr: Daylam 1♂, 1♀ 1315–1316
IRAN: Bushehr: Sardasht 1♂, 1♀ 1317–1318

Khuzestan IRAN: Khuzestan: Omidiyeh 2♂♂, 9♀♀ 2061–2064, 2066, 
2067, 2069–2073

O. brevidigitus Oman OMAN: Al Wusta: Wadi Rawnab 1♂ 1348
O. chabaharensis Chabahar IRAN: Sistan and Baluchistan: Chabahar, Parak 

Sheykhan
1♂, 4♀♀ 1321, 1323–1326

O. doriae Semnan IRAN: Semnan: Semnan 2♂♂, 7♀♀ 1328–1329, 2031–2037
Tehran IRAN: Tehran, Tehran 3♂♂, 16♀♀ 2001–2010,  

2012–2019, 2038
O. kermanus Neyriz IRAN: Fars: Ghatrooieh, Neyriz 1♂♂, 3♀♀ 1330–1333

Bardsir IRAN: Kerman: Sirjan 2♂♂, 2♀♀ 1334–1337
IRAN: Kerman: Bardsir–Negar–Baft road 2♂♂, 4♀♀ 1338–1342, 2039

O. odonturus Karachi PAKISTAN: Karachi: Karachi 1♀ 1349
O. tavighiae Parsian IRAN: Hormozgan: Hameyran, Maragh 1♂, 3♀♀ 1345–1348

IRAN: Hormozgan: Parsian, Chahvaz 6♂♂, 2♀♀ 1349–1350, 1354–1359
IRAN: Hormozgan: Parsian, Pishab 1♂, 2♀♀ 1351–1353

Mohr IRAN: Hormozgan: Lavar-e Khasht 2♀♀ 1362–1363
IRAN: Fars: Mohr 1♂, 3♀♀ 1364–1367
IRAN: Hormozgan: Parsian, Behdeh 1♂, 1♀ 2074–2075

O. tirgari Zahedan IRAN: Sistan and Baluchistan: Zahedan, Manzel 
Aab 

2♂♂, 1♀ 1369, 1371–1372

IRAN: Sistan and Baluchistan: Zahedan, 
Cheshmeh Ziarat

1♂, 3♀♀ 1375–1378

Birjand IRAN: South Khorasan: Shosf 1♂, 2♀♀ 1387–1389
IRAN: South Khorasan: Sahl Abad 1♂, 1♀ 1390, 1392

Gonabad IRAN: Razavi Khorasan: Gonabad, Kakhk 6♂♂, 11♀♀ 1393–1398, 2091, 
2093, 2131–2133, 
2135–2140

IRAN: Razavi Khorasan: Ghouzhd 2♂♂ 1385–1386
Iranshahr IRAN: Sistan and Baluchistan: 30 km E of 

Iranshahr
2♂♂ 1416–1417

IRAN: Sistan and Baluchistan: 40 km Iranshahr 
to Rask

2♀ 1418, 1421

IRAN: Sistan and Baluchistan: Iranshahr, Zimdan 1♂, 1♀ 1423–1424
Khash IRAN: Sistan and Baluchistan: Khash, Karvandar 4♂♂ 1374, 1427–1429

IRAN: Sistan and Baluchistan: Khash, Dasht robat 1♂, 3♀♀ 1399–1402
IRAN: Sistan and Baluchistan: Saravan 1♂, 1♀ 1405–1406
IRAN: Sistan and Baluchistan: Mehrestan 4♀♀ 1407, 1410, 1412–1413
IRAN: Sistan and Baluchistan: Khash, Dehpabid 1♀ 1432
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as the square root of the sum of all squared variables 
(Navarro et al., 2004). Shape variables were calculated 
as the log shape ratio of the morphometric variables 
(Eldredge, 1972; Navarro et al., 2004). A type-II two-
way analysis of variance (ANOVA) was performed on 
the overall size, using the factors of sex and species, 
to investigate interspecific size differences. The same 
analysis was conducted on all morphometric and ratio 
variables to reveal characters, which differed among the 
species. When a difference was found to be significant 
with the ANOVA, it was followed by a Tukey’s Post-Hoc 
Honestly Significant Difference (HSD) Test. Because 
sexually dimorphic differences were statistically 
significant for most morphometric characters, and the 
sex ratio varied among the populations studied, the 
effect of sex was removed by regressing the variables on 
the sex discriminant factor and performing subsequent 
analyses on the residuals. A box plot was performed 
on the sex-corrected total length to illustrate the 
size difference among species. Two species for which 
only a single specimen was available at ZMFUM, i.e. 
O. brevidigitus and O. odonturus, were excluded from 
this analysis.

In the multivariate analyses, pairwise correlation 
among the characters was calculated and, in cases of 
high correlation (R > 0.95), one character removed. 
Interspecific variation in shape was tested via 
multivariate analysis of variance (MANOVA) on 
the sex-corrected shape variables and followed 
by a pairwise MANOVA among species (Table 
3). A  linear discriminant analysis (LDA) was 
conducted on the sex-corrected shape variables 
using population factor, in order to explore the 
morphological similarity among populations and 
species. Populations represented by fewer than five 
specimens (Jask, Karachi, Neyriz and Oman) were 
excluded from the discriminant factors and projected 
onto them a posteriori. A neighbour-joining (NJ) 
tree of Mahalanobis distances among populations 
was estimated using the sex-corrected shape data 
to reveal the magnitude of shape differences among 
populations.

All the morphometric analyses were performed 
using R (R Development Core Team, 2019). The MASS 
package (Venables & Ripley, 2002) was used for LDA, 
the ape package (Paradis et al., 2004) for NJ, the 
ggplot2 package (Wickham, 2016) for plots, the Picante 
package (Kembel et al., 2010) for pairwise correlation 
among characters, and the RVAideMemoire package 
(Hervé, 2020) for pairwise MANOVA.

Molecular laboratory methods and 
phylogenetic analysis

DNA was extracted from muscle tissue using the 
GenNetBio DNA Extraction kit (Seoul, South Korea) 

or the Qiagen DNeasy Blood and Tissue Kit (Hilden, 
Germany). The polymerase chain reaction (PCR) 
employed a variety of optimization protocols (Azghadi 
et al., 2014) for amplifying an approximately 700 
nucleotide base-pair (bp) fragment of the COI gene, 
using LCO1490 and HCO (Folmer et al., 1994) or Nancy 
(Simon et al., 1994) as forward and reverse primers, 
respectively. Each PCR reaction contained 12.5 μL 
Ampliqon ready master mix (Odense, Denmark), 
7.5 μL deionized H2O, 1 μL (= 1 pmol) of each primer 
and 3 μL of DNA template. Sequencing was conducted 
using ABI Big Dye terminator chemistry on an ABI 
Prism 3700 (Applied Biosystems, Foster City, CA, 
USA). Sequences were edited and assembled using 
SEQUENCHER v.4.5.6 (GeneCodes Corporation, Ann 
Arbor, Michigan, USA). Sequence quality was visually 
examined, and any unreliable base-calls excluded 
from the multiple sequence alignment, created using 
MUSCLE (Edgar, 2004).

The 37 newly generated COI sequences were 
deposited in GenBank [http://www.ncbi.nlm.nih.gov] 
with the accession numbers MW655751 to MW655784 
and MW655793 to MW655795 (Table 4). In addition, 
19 Odontobuthus sequences were retrieved from 
GenBank, for an ingroup comprising 51 individuals, 
representing the nine species (Table 4): O. baluchicus 
(N = 4); O.  bidentatus (N = 7); O.  brevidigitus 
(N = 3); O. chabaharensis (N = 2); O. doriae (N = 5); 
O. kermanus (N = 6); O. odonturus (N = 4); O. tavighiae 
(N = 6); O. tirgari (N = 14). Two species of Buthus, a 
genus considered closely related to Odontobuthus, 
were used as outgroups: Buthus occitanus (Amoreux, 
1789) and Buthus paris (C.L. Koch, 1837).

DNASP 5 (Rozas et al., 2003) and MEGA7 (Kumar 
et al., 2016) were used to assess the phylogenetic 
information content of the sequences. Intra- and 
interspecific genetic divergence among Odontobuthus 
populations and the two outgroups (B. paris and 
B.  occitanus) were calculated using ExCaliBAR 
(Aliabadian et al., 2014).

Bayesian Inference (BI) was conducted using 
MrBayes v.3.2 (Ronquist & Huelsenbeck 2003). 
The number of generations was set to 5vx107, and a 
tree sampled every 1000th generation. The average 
standard deviation of split frequencies of the two 
simultaneous and independent runs performed was 
applied to resolve the stationary point of likelihoods 
(Ronquist & Huelsenbeck, 2003). Bayesian tree and 
posterior probabilities were calculated by majority 
rule consensus after burning off all pre-asymptotic 
topologies.

Maximum likelihood (ML) analysis was conducted 
using RAxML v.1.3 (Silvestro & Michalak, 2012) using 
the GTR+G substitution model, determined to be 
the best-fitting model of sequence evolution for COI 
by jMODELTEST v.2.1.10 (Posada, 2008) under the 
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Akaike Information Criterion (AIC) (–lnL = 3370.6533; 
AIC 6967.3065). The rapid bootstrap analysis was run 
for 10 000 replicates.

RESULTS

Morphometric analysis

A statistically significant difference among the 
species is obtained for all variables assessed in the 
type-II two-way ANOVA of sex and species factors, 
except four ratios, i.e. CL/PW, CX/CY, TL/D and TW/D. 
Results of the Tukey’s Post-Hoc HSD Test on metric 
and meristic variables, which differ significantly 
among the species  in  the ANOVA, indicate 
significant differences between O. bidentatus and 
O. kermanus and between O. doriae and O. tirgari in 
all metric characters (Table 2). Differences in metric 
variables are not significant between O. bidentatus 
and O. doriae, or between O. chabaharensis and 
O. kermanus, O. tavighiae or O. tirgari. Statistically 
significant differences between most species are 
observed in the characters of the carapace (CX and 
CY) and pedipalp (MFL, ChL, MW, MD and FW). The 
box-plot of sex-corrected total length (Fig. 2) reveals 
that O. bidentatus and O. doriae are generally larger 
than the other species; O. baluchicus is medium-
sized and the other species are smaller.

Two-way MANOVA of shape variables using sex and 
species factors obtain a significant difference among 
the species studied (F = 4.7727; P < 10–15). The pairwise 
MANOVA reveals that O. baluchicus and O. tavighiae 
are significantly different from other species whereas 
O. chabaharensis and O. doriae are the most similar 
(Table 3).

The linear discriminant analysis (LDA) on population 
factor using sex-corrected shape variables (Fig. 3) 
indicates that all described species of Odontobuthus, 
as well as the three new species, form well-defined 
phenetic groups. The greatest morphological divergence 
is observed between O. baluchicus and O. tavighiae. 
A similar pattern is recovered by NJ analysis of the 
same data (Fig. 4).

Dna sequence data and genetic distances

The aligned COI sequences are 627 bp in length, with 
451 (71.92%) positions conserved, 176 (28.07%) variable 
and 148 (23.60%) parsimony-informative. Nucleotide 
(π) and haplotype diversity among the Odontobuthus 
sequences are 0.090 and 0.93, respectively.

The Kimura 2-parameter (K2P) genetic distances 
between each Odontobuthus species and the two 
outgroup species range from 11.6%, between 
O. bidentatus and B. occitanus, to 15.9%, between 

O. baluchicus and B. occitanus (Table 5). The K2P 
genetic distances among Odontobuthus species range 
from 6.0%, between O. kermanus and O. tirgari, to 
13.5%, between O. bidentatus and O. doriae (Table 5).  
The K2P genetic distances between the three 
new species, O. baluchicus, O. chabaharensis and 
O. kermanus, and other Odontobuthus species range 
from 9% to 12.4%, 8.4% to 13.5% and 6% to 13.4%, 
respectively. The average intraspecific genetic distance 
within the genus Odontobuthus is 1.9% ± 0.4.

Phylogenetic analysis

Tree topologies produced by BI and ML are almost 
entirely congruent. Both recover the monophyly 
of Odontobuthus and the nine species with high 
support values. The species are grouped into two 
major clades (Fig. 5), clade A comprising seven species 
and clade B comprising O. kermanus and O. tirgari. 
Clade A  is further divided into two clades, clade 
A1 comprising O. doriae, placed sister to a clade 
comprising O. baluchicus and O. odonturus, and clade 
A2, comprising O. bidentatus, placed sister to a clade 
comprising O. brevidigitus, O. chabaharensis, and 
O. tavighiae, with O. chabaharensis in turn placed 
sister to a clade comprising the other two species. 
The average genetic distance between the species of 
clade A and the species of clade B ranges from 9.5% to 
13.4%. The average genetic distance among the species 
of clade A1 is 11.3% and among the species of clade 
A2, 9.3%.

Systematics

Family Buthidae C.L.Koch, 1837

Genus Odontobuthus Vachon, 1950

(Figs 1–22, Tables 1–5)

Odontobuthus Vachon, 1950: 153, 154. 
Type species: Buthus doriae Thorell, 1876 [= Odontobuthus 
doriae (Thorell, 1876)]; Vachon, 1952: 325, 326; Pringle, 
1960: 83, fig. 8; Khalaf, 1963: 59; Vachon, 1966: 213; Habibi, 
1971: 44; Stahnke, 1972: 132; Vachon, 1974: 906; Tikader 
& Bastawade, 1983: 247–253, figs 714–726; Francke, 
1985: 10, 16; Kinzelbach, 1985: map I; Farzanpay, 1987: 
154–156; Vachon & Kinzelbach, 1987: 92; Farzanpay, 
1988: 39; Farzanpay, 1990: 7; Sissom, 1990: 92, 98, 101, 
102, fig. 3.17J; Nenilin & Fet, 1992: 17; El-Hennawy, 1992: 
102, 105, 128; Akbari et al., 1997: 112; Kovarik, 1997: 
47, 49, figs 11–13; Dehghani et al., 1998: 126; Kovarik, 
1998: 115; Pooladgar, 1999: 176; Fet & Lowe, 2000: 187; 
Kovařík, 2002: 9; Lourenço & Pézier, 2002: 115–124, 
figs 1–27; Soleglad & Fet, 2003: 26; Fet et al. 2005: 3, 12, 
22; Prendini & Wheeler, 2005: 481; Vignoli & Crucitti, 
2005: 6–7, fig. 2d; Dehghani et al., 2008: 176; Navidpour 
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Table 2.  Statistically significant P values from pairwise comparisons among species of the buthid scorpion genus 
Odontobuthus occurring in Iran, for each metric and ratio character using Tukey’s Post-Hoc HSD Test (N = 149 specimens). 
Asterisks indicate significant P values: * (0.05–0.01); ** (0.01–0.001); *** (< 0.001). bal = O. baluchicus; bid = O. bidentatus; 
cha = O. chabaharensis; dor = O. doriae; ker = O. kermanus; tav = O. tavighiae; tir = O. tirgari. See text for abbreviations of 
metrics and ratios

Species  
Character

bal—bid bal—cha bal—dor bal—ker bal—tav bal—tir bid—cha bid—dor bid—ker bid—tav bid—tir cha—dor cha—ker cha—tav cha—tir dor—ker dor—tav dor—tir ker—tav ker—tir tav—tir

Metric characters
MFL 0.98 ** 0.99 *** *** * * 1.00 *** *** 0.08 ** 1.00 1.00 0.45 *** *** * 1.00 0.06 *
ChL 0.98 ** 0.99 *** *** * * 1.00 *** *** 0.08 ** 1.00 1.00 0.45 *** *** * 1.00 0.06 *
ML 1.00 0.06 0.99 ** * 0.05 * 0.99 ** ** ** ** 1.00 0.99 0.89 *** *** *** 0.99 0.69 0.88
MW *** 0.99 *** 0.99 0.23 0.76 *** 1.00 *** * *** *** 1.00 0.18 0.99 *** ** *** * 0.96 ***
MD *** 1.00 *** 1.00 0.14 0.92 ** 1.00 *** * *** *** 1.00 0.38 0.99 *** ** *** 0.05 0.90 ***
PaL 0.96 * 1.00 ** *** 0.06 0.07 0.97 * ** 0.29 ** 0.99 0.99 0.55 *** *** ** 1.00 0.44 0.16
PaW 0.11 0.59 0.50 0.15 0.76 0.13 ** 0.88 *** *** *** * 1.00 0.98 1.00 *** *** *** 0.77 0.99 0.81
FL 0.96 * 1.00 ** *** 0.07 0.14 0.94 * ** 0.36 * 1.00 1.00 0.71 *** *** ** 1.00 0.38 0.09
FW * 0.82 * 0.56 0.87 0.73 ** 0.99 *** *** *** ** 1.00 0.99 0.99 *** *** *** 0.99 0.99 1.00
PeL 0.99 * 1.00 ** ** 0.05 0.05 0.98 ** ** 0.06 ** 1.00 0.99 0.76 *** *** *** 1.00 0.54 0.45
CAW 0.45 0.82 0.06 0.54 0.95 0.54 0.05 0.97 *** ** *** ** 1.00 0.99 1.00 *** *** *** 0.93 0.99 0.96
CPW 0.64 0.82 0.23 0.28 0.87 0.39 0.09 0.99 *** ** *** * 0.99 0.99 1.00 *** *** *** 0.83 0.99 0.96
CL 0.71 0.64 0.28 0.13 0.85 0.16 * 0.99 *** * *** ** 0.99 0.98 1.00 *** *** *** 0.57 0.99 0.74
CX 0.93 * 1.00 *** * *** 0.11 0.75 *** 0.11 ** ** 0.99 0.95 0.99 *** *** *** 0.37 0.76 0.94
CY *** 0.99 *** 0.99 0.52 0.99 0.05 0.99 *** * *** ** 1.00 0.98 1.00 *** *** *** 0.84 1.00 0.55
MsL 0.99 ** 0.99 ** 0.24 *** * 1.00 * 0.46 *** ** 0.98 0.33 0.99 ** 0.17 *** 0.54 0.99 0.05
TIIIL 0.99 * 0.71 * 0.81 *** *** 0.12 *** 0.22 *** 0.09 0.96 0.07 0.95 0.13 1.00 ** 0.12 1.00 **
TIIIW 0.46 0.88 0.19 0.48 0.93 0.36 0.08 0.99 *** ** *** * 1.00 0.99 1.00 *** *** *** 0.92 1.00 0.87
MtIL 0.99 0.10 1.00 ** * * 0.19 0.99 ** 0.08 * 0.06 0.99 0.99 0.98 *** ** *** 0.72 0.55 1.00
MtIW 0.99 0.10 0.95 * 0.44 0.24 * 0.99 ** * ** ** 0.99 0.75 0.77 *** ** *** 0.73 0.72 1.00
MtID 0.99 0.19 0.67 * 0.72 0.16 * 0.94 *** 0.13 ** ** 1.00 0.74 0.96 *** ** *** 0.38 0.80 0.92
MtIIL 0.99 0.15 1.00 ** * * 0.17 0.99 ** * * * 1.00 0.99 0.99 *** *** *** 0.94 0.79 1.00
MtIIW 0.85 0.29 0.36 0.08 0.73 0.19 * 0.98 *** * *** ** 1.00 0.85 0.98 *** *** *** 0.59 0.94 0.93
MtIID 0.97 0.19 0.64 * 0.66 0.10 * 0.98 *** 0.05 *** ** 1.00 0.75 0.98 *** *** *** 0.42 0.89 0.85
MtIIIL 1.00 0.26 0.99 * * 0.05 0.13 0.99 ** ** ** * 0.99 1.00 0.99 *** *** *** 0.98 0.83 0.99
MtIIIW 0.57 0.47 0.09 0.30 0.99 0.34 * 0.96 *** 0.06 *** *** 1.00 0.65 0.99 *** *** *** 0.43 0.99 0.42
MtIIID 0.95 0.17 0.55 0.06 0.75 0.16 * 0.98 *** * *** ** 0.99 0.67 0.94 *** *** *** 0.48 0.92 0.88
MtIVL 0.99 0.30 0.92 * 0.25 * 0.06 0.99 *** ** *** * 0.99 0.99 0.99 *** *** *** 0.74 0.92 0.99
MtIVW 0.47 0.58 0.19 0.37 1.00 0.25 * 0.99 *** 0.10 *** ** 1.00 0.60 0.99 *** ** *** 0.29 1.00 0.09
MtIVD 0.70 0.38 0.22 0.15 0.99 0.23 * 0.99 *** 0.07 *** ** 1.00 0.62 0.99 *** ** *** 0.27 0.98 0.38
MtVL 0.99 0.37 0.99 * 0.12 0.05 0.12 1.00 *** ** *** 0.09 0.99 1.00 1.00 *** *** *** 0.95 0.94 1.00
MtVW 0.31 0.90 0.08 0.40 0.99 0.22 * 0.99 *** * *** * 0.99 0.96 0.99 *** *** *** 0.46 1.00 0.16
MtVD 0.82 0.37 0.73 0.21 0.87 0.60 * 1.00 ** * ** * 0.99 0.82 0.90 *** ** *** 0.73 0.84 0.99
TL 0.98 0.49 0.92 * 0.06 0.07 0.13 0.99 *** *** *** 0.05 0.99 1.00 1.00 *** *** *** 0.99 0.93 0.99
TW * 0.84 0.23 0.21 0.99 0.26 ** 0.87 *** *** *** * 0.99 0.91 1.00 *** ** *** 0.18 0.99 0.15
TD * 0.94 0.28 0.16 1.00 0.36 * 0.85 *** ** *** 0.06 0.97 0.93 0.99 *** * *** 0.05 0.93 0.09
MtTL 0.99 0.26 0.99 * 0.07 * 0.11 0.99 *** ** ** * 0.99 0.99 0.99 *** *** *** 0.93 0.86 1.00
BL 1.00 0.12 0.99 ** 0.12 ** * 0.99 *** * *** * 1.00 0.97 0.99 *** *** *** 0.79 0.98 0.95
Morphometric ratios
PaL/W *** ** *** * *** 0.99 0.74 ** *** 0.94 *** 0.95 0.75 0.97 *** 0.98 * *** ** ** ***
PeL/ChL * 0.37 0.09 0.71 ** 1.00 0.99 0.90 0.41 0.99 *** 1.00 0.96 0.99 0.14 0.91 0.64 *** 0.17 0.24 ***
FL/W *** *** *** *** *** ** 0.53 * * 0.78 *** 1.00 0.99 0.96 * 0.99 0.50 *** 0.25 ** ***
CAW/PW 0.95 0.99 0.42 0.17 0.71 0.71 0.99 0.94 0.63 0.99 0.99 0.95 0.74 0.99 0.99 0.97 0.99 0.98 0.85 0.65 1.00
CL/AW 0.81 0.56 0.22 ** 0.84 * 0.98 0.95 0.15 1.00 0.36 1.00 0.96 0.96 0.99 0.49 0.84 0.88 0.06 0.92 0.13
CL/PW 0.99 0.83 0.98 0.75 1.00 0.34 0.96 1.00 0.94 0.98 0.58 0.97 1.00 0.72 1.00 0.95 0.92 0.47 0.48 0.99 *
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Table 2.  Statistically significant P values from pairwise comparisons among species of the buthid scorpion genus 
Odontobuthus occurring in Iran, for each metric and ratio character using Tukey’s Post-Hoc HSD Test (N = 149 specimens). 
Asterisks indicate significant P values: * (0.05–0.01); ** (0.01–0.001); *** (< 0.001). bal = O. baluchicus; bid = O. bidentatus; 
cha = O. chabaharensis; dor = O. doriae; ker = O. kermanus; tav = O. tavighiae; tir = O. tirgari. See text for abbreviations of 
metrics and ratios

Species  
Character

bal—bid bal—cha bal—dor bal—ker bal—tav bal—tir bid—cha bid—dor bid—ker bid—tav bid—tir cha—dor cha—ker cha—tav cha—tir dor—ker dor—tav dor—tir ker—tav ker—tir tav—tir

Metric characters
MFL 0.98 ** 0.99 *** *** * * 1.00 *** *** 0.08 ** 1.00 1.00 0.45 *** *** * 1.00 0.06 *
ChL 0.98 ** 0.99 *** *** * * 1.00 *** *** 0.08 ** 1.00 1.00 0.45 *** *** * 1.00 0.06 *
ML 1.00 0.06 0.99 ** * 0.05 * 0.99 ** ** ** ** 1.00 0.99 0.89 *** *** *** 0.99 0.69 0.88
MW *** 0.99 *** 0.99 0.23 0.76 *** 1.00 *** * *** *** 1.00 0.18 0.99 *** ** *** * 0.96 ***
MD *** 1.00 *** 1.00 0.14 0.92 ** 1.00 *** * *** *** 1.00 0.38 0.99 *** ** *** 0.05 0.90 ***
PaL 0.96 * 1.00 ** *** 0.06 0.07 0.97 * ** 0.29 ** 0.99 0.99 0.55 *** *** ** 1.00 0.44 0.16
PaW 0.11 0.59 0.50 0.15 0.76 0.13 ** 0.88 *** *** *** * 1.00 0.98 1.00 *** *** *** 0.77 0.99 0.81
FL 0.96 * 1.00 ** *** 0.07 0.14 0.94 * ** 0.36 * 1.00 1.00 0.71 *** *** ** 1.00 0.38 0.09
FW * 0.82 * 0.56 0.87 0.73 ** 0.99 *** *** *** ** 1.00 0.99 0.99 *** *** *** 0.99 0.99 1.00
PeL 0.99 * 1.00 ** ** 0.05 0.05 0.98 ** ** 0.06 ** 1.00 0.99 0.76 *** *** *** 1.00 0.54 0.45
CAW 0.45 0.82 0.06 0.54 0.95 0.54 0.05 0.97 *** ** *** ** 1.00 0.99 1.00 *** *** *** 0.93 0.99 0.96
CPW 0.64 0.82 0.23 0.28 0.87 0.39 0.09 0.99 *** ** *** * 0.99 0.99 1.00 *** *** *** 0.83 0.99 0.96
CL 0.71 0.64 0.28 0.13 0.85 0.16 * 0.99 *** * *** ** 0.99 0.98 1.00 *** *** *** 0.57 0.99 0.74
CX 0.93 * 1.00 *** * *** 0.11 0.75 *** 0.11 ** ** 0.99 0.95 0.99 *** *** *** 0.37 0.76 0.94
CY *** 0.99 *** 0.99 0.52 0.99 0.05 0.99 *** * *** ** 1.00 0.98 1.00 *** *** *** 0.84 1.00 0.55
MsL 0.99 ** 0.99 ** 0.24 *** * 1.00 * 0.46 *** ** 0.98 0.33 0.99 ** 0.17 *** 0.54 0.99 0.05
TIIIL 0.99 * 0.71 * 0.81 *** *** 0.12 *** 0.22 *** 0.09 0.96 0.07 0.95 0.13 1.00 ** 0.12 1.00 **
TIIIW 0.46 0.88 0.19 0.48 0.93 0.36 0.08 0.99 *** ** *** * 1.00 0.99 1.00 *** *** *** 0.92 1.00 0.87
MtIL 0.99 0.10 1.00 ** * * 0.19 0.99 ** 0.08 * 0.06 0.99 0.99 0.98 *** ** *** 0.72 0.55 1.00
MtIW 0.99 0.10 0.95 * 0.44 0.24 * 0.99 ** * ** ** 0.99 0.75 0.77 *** ** *** 0.73 0.72 1.00
MtID 0.99 0.19 0.67 * 0.72 0.16 * 0.94 *** 0.13 ** ** 1.00 0.74 0.96 *** ** *** 0.38 0.80 0.92
MtIIL 0.99 0.15 1.00 ** * * 0.17 0.99 ** * * * 1.00 0.99 0.99 *** *** *** 0.94 0.79 1.00
MtIIW 0.85 0.29 0.36 0.08 0.73 0.19 * 0.98 *** * *** ** 1.00 0.85 0.98 *** *** *** 0.59 0.94 0.93
MtIID 0.97 0.19 0.64 * 0.66 0.10 * 0.98 *** 0.05 *** ** 1.00 0.75 0.98 *** *** *** 0.42 0.89 0.85
MtIIIL 1.00 0.26 0.99 * * 0.05 0.13 0.99 ** ** ** * 0.99 1.00 0.99 *** *** *** 0.98 0.83 0.99
MtIIIW 0.57 0.47 0.09 0.30 0.99 0.34 * 0.96 *** 0.06 *** *** 1.00 0.65 0.99 *** *** *** 0.43 0.99 0.42
MtIIID 0.95 0.17 0.55 0.06 0.75 0.16 * 0.98 *** * *** ** 0.99 0.67 0.94 *** *** *** 0.48 0.92 0.88
MtIVL 0.99 0.30 0.92 * 0.25 * 0.06 0.99 *** ** *** * 0.99 0.99 0.99 *** *** *** 0.74 0.92 0.99
MtIVW 0.47 0.58 0.19 0.37 1.00 0.25 * 0.99 *** 0.10 *** ** 1.00 0.60 0.99 *** ** *** 0.29 1.00 0.09
MtIVD 0.70 0.38 0.22 0.15 0.99 0.23 * 0.99 *** 0.07 *** ** 1.00 0.62 0.99 *** ** *** 0.27 0.98 0.38
MtVL 0.99 0.37 0.99 * 0.12 0.05 0.12 1.00 *** ** *** 0.09 0.99 1.00 1.00 *** *** *** 0.95 0.94 1.00
MtVW 0.31 0.90 0.08 0.40 0.99 0.22 * 0.99 *** * *** * 0.99 0.96 0.99 *** *** *** 0.46 1.00 0.16
MtVD 0.82 0.37 0.73 0.21 0.87 0.60 * 1.00 ** * ** * 0.99 0.82 0.90 *** ** *** 0.73 0.84 0.99
TL 0.98 0.49 0.92 * 0.06 0.07 0.13 0.99 *** *** *** 0.05 0.99 1.00 1.00 *** *** *** 0.99 0.93 0.99
TW * 0.84 0.23 0.21 0.99 0.26 ** 0.87 *** *** *** * 0.99 0.91 1.00 *** ** *** 0.18 0.99 0.15
TD * 0.94 0.28 0.16 1.00 0.36 * 0.85 *** ** *** 0.06 0.97 0.93 0.99 *** * *** 0.05 0.93 0.09
MtTL 0.99 0.26 0.99 * 0.07 * 0.11 0.99 *** ** ** * 0.99 0.99 0.99 *** *** *** 0.93 0.86 1.00
BL 1.00 0.12 0.99 ** 0.12 ** * 0.99 *** * *** * 1.00 0.97 0.99 *** *** *** 0.79 0.98 0.95
Morphometric ratios
PaL/W *** ** *** * *** 0.99 0.74 ** *** 0.94 *** 0.95 0.75 0.97 *** 0.98 * *** ** ** ***
PeL/ChL * 0.37 0.09 0.71 ** 1.00 0.99 0.90 0.41 0.99 *** 1.00 0.96 0.99 0.14 0.91 0.64 *** 0.17 0.24 ***
FL/W *** *** *** *** *** ** 0.53 * * 0.78 *** 1.00 0.99 0.96 * 0.99 0.50 *** 0.25 ** ***
CAW/PW 0.95 0.99 0.42 0.17 0.71 0.71 0.99 0.94 0.63 0.99 0.99 0.95 0.74 0.99 0.99 0.97 0.99 0.98 0.85 0.65 1.00
CL/AW 0.81 0.56 0.22 ** 0.84 * 0.98 0.95 0.15 1.00 0.36 1.00 0.96 0.96 0.99 0.49 0.84 0.88 0.06 0.92 0.13
CL/PW 0.99 0.83 0.98 0.75 1.00 0.34 0.96 1.00 0.94 0.98 0.58 0.97 1.00 0.72 1.00 0.95 0.92 0.47 0.48 0.99 *
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Species  
Character

bal—bid bal—cha bal—dor bal—ker bal—tav bal—tir bid—cha bid—dor bid—ker bid—tav bid—tir cha—dor cha—ker cha—tav cha—tir dor—ker dor—tav dor—tir ker—tav ker—tir tav—tir

CX/CY *** *** *** *** *** *** 1.00 0.82 0.92 0.89 0.21 0.97 0.98 0.98 0.74 0.15 1.00 0.92 0.22 ** 0.90
TIIIL/W 0.52 * *** 0.67 0.99 0.19 0.30 * 1.00 0.48 0.99 1.00 0.25 ** 0.29 * *** *** 0.68 0.99 0.07
MtIL/W *** 0.99 *** *** *** ** ** 0.98 1.00 0.99 0.58 ** ** ** * 0.98 1.00 0.94 0.99 0.65 0.84
MtIL/D ** 0.91 *** ** *** 0.11 0.65 0.91 1.00 0.88 0.48 0.17 0.63 0.16 0.99 0.95 1.00 ** 0.93 0.47 **
MtIIL/W *** 0.92 *** ** *** 0.13 * 0.99 0.18 1.00 *** ** 0.63 ** 0.99 * 1.00 *** 0.06 0.43 ***
MtIIL/D * 0.99 ** 0.22 *** 0.46 0.40 1.00 0.90 0.56 0.14 0.34 0.90 * 0.99 0.85 0.38 * 0.05 0.94 ***
MtIIIL/W *** 0.96 *** *** *** 0.09 0.10 0.98 1.00 ** * * 0.12 *** 0.97 0.98 ** *** ** * ***
MtIIIL/D 0.48 0.99 0.23 0.38 *** 0.70 0.34 0.99 1.00 * 0.99 0.18 0.27 *** 0.51 1.00 * 0.81 0.08 0.95 ***
MtIVL/W ** 0.69 ** *** *** 0.19 0.90 0.99 0.92 * 0.30 0.95 0.45 * 1.00 0.67 ** 0.31 0.56 * ***
MtIVL/D 0.41 0.99 0.11 0.13 *** 0.31 0.91 0.99 0.99 0.21 1.00 0.71 0.67 0.09 0.92 1.00 0.32 0.96 0.73 0.94 *
MtVL/W ** 0.32 *** * *** 0.73 0.99 0.96 0.99 0.58 * 0.91 1.00 0.62 0.79 0.84 0.96 *** 0.38 0.12 ***
MtVL/D 0.36 1.00 0.19 0.48 * 0.05 0.49 1.00 1.00 0.83 0.99 0.36 0.58 0.07 0.19 0.99 0.82 0.99 0.78 0.99 0.95
TL/W *** 0.85 * 0.81 *** 0.99 * ** *** 0.99 *** 0.97 1.00 * 0.96 0.59 *** ** *** 0.94 ***
TL/D *** 0.38 0.14 0.93 *** 0.88 0.47 ** *** 0.76 *** 0.99 0.85 0.05 0.74 0.72 *** 0.28 *** 1.00 ***
TW/D 1.00 0.58 0.99 0.99 0.53 0.91 0.40 0.99 1.00 0.22 0.65 0.18 0.33 0.99 0.89 1.00 * 0.11 0.17 0.53 0.90
Meristic characters
MFDR 0.99 *** 0.90 0.15 0.45 0.16 *** 0.99 0.36 0.82 0.40 *** *** *** *** 0.47 0.93 0.49 0.96 0.99 0.99
PDN *** *** 0.99 0.39 *** 0.35 *** *** *** 0.83 *** *** * *** *** 0.39 *** ** *** *** ***
NLLAA *** ** *** *** *** ** 1.00 *** *** 1.00 0.13 *** *** 1.00 0.69 1.00 *** *** *** *** 0.05
MtIIIVC *** *** ** 0.05 *** 0.99 0.99 ** ** * *** 0.37 0.36 0.13 *** 1.00 *** *** *** *** ***
NVDAA ** *** 0.16 0.74 * 1.00 *** 0.43 0.15 0.99 *** *** *** *** *** 0.96 0.85 ** 0.42 0.43 ***

Table 2.  Continued

et al., 2008a: 3, 5, 13–14, 28, figs 18, 22, 52–55; 2008b: 1, 3, 
15, 21, figs 33–36; 2008c: 3, 11–12, 17, figs 21–24; 2008d: 
3, 7–8, 14, figs 27–30; Shahi et al., 2008: 207, 210–212; 
Kovařík, 2009: 24; Lourenço & Duhem, 2009: 38, 44, 45, 48; 
Navidpour & Lowe, 2009: 49, 58; Pirali-Kheirabadi et al., 
2009: 1, 3, 9–10, 13, figs 10, 24–24; Vatani & Khoobdel, 
2009: 7–8, 10; Lowe, 2010: 1–22, figs 1–65; Ramezani 
et al., 2010: 55–56, 58–59, figs 2, 3, 5; Navidpour et al., 
2011: 3, 13, 22, figs 5, 8, 16, 21–24; Fekri et al., 2012: 137, 
138, 140; Karataş et al., 2012: 116; Navidpour et al., 2012: 
3, 14, 23, figs 2, 4, 5, 11, 25, 26; Mirshamsi et al., 2013: 
153–170, figs 4–41; Mozaffari et al., 2013: 5414, fig. 7; 
Navidpour et al., 2013: 3, 11–14, 21, figs 3, 7, 10, 13–23, 
38, 39; Pirali-Kheirabadi et al., 2013: 48; Azghadi et al., 
2014: 169–179, figs 2, 6; Moradi et al., 2014: 8; Navidpour 
& Mirshamsi, 2014: 112; Nejati et al., 2014: 219–220; 
Ghassemi et al., 2015: 264, 265, fig. 3; Kassiri et al., 2015: 
101–103, fig. 1; Moradi et al., 2015: 13; Nazari et al., 2015: 
257, 259; Ahmadi et al., 2016:1568; Ahmadimarzale et al., 
2017: 337–339; Dehghani & Kassiri, 2017: 433–438, figs 2, 
3; Dehghani et al., 2017:113–116, figs 1, 3; Sharifinia 
et al., 2017: 243, 245, 246; Nejati et al., 2018: 7141, 7142; 
Navidpour et al., 2019: 2, 5, figs 45, 46, 49, 57; Barahoei 
et al., 2020: 399–402, figs 18–20; Motevalli Haghi et al., 
2020: 69–72.

Odonbuthus: Pérez Minnocci, 1974: 28.

Diagnosis:   The triangular sternum and absence of 
trichobothria on the ventral part of the pedipalp patella 
place Odontobuthus in the family Buthidae. The presence 
of prominent tooth-like processes (spiniform granules) 
on the ventrosubmedian carinae of metasomal segments 
II and III separate Odontobuthus from most other 
Iranian Buthidae, except Buthacus tadmorensis (Simon, 
1892) and Kraepelinia palpator Vachon, 1974. Species of 
Odontobuthus are easily distinguished from B. tadmorensis 
by the lyriform configuration of the carapacial carinae, 
and from Kraepelinia by their larger size (˃ 35 mm) and 
relatively longer fingers of the pedipalp chela. Kraepelinia 
is also easily distinguished from Odontobuthus by the 
extremely thickened base of the aculeus, the height of 
which is about half the height of the telson vesicle in 
lateral aspect, much greater than in Odontobuthus.

Odontobuthus may be separated from other genera 
of Buthidae by the following combination of characters 
(Stahnke, 1972; Farzanpay, 1987; Lourenço & Pézier, 
2002; Lowe, 2010; Mirshamsi et al., 2013; Navidpour 
et al., 2013): cheliceral movable finger with two ventral 
denticles; carapace dorsal surface entirely horizontal 
in lateral aspect; carapacial carinae distinct, with 
lyriform configuration; pedipalp trichobothriotaxy type 
A-β; trichobothrium eb situated at distal end of chela 
manus or on fixed finger; patella trichobothrium d3 
situated prolateral to dorsomedian carina; proximal 
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Species  
Character

bal—bid bal—cha bal—dor bal—ker bal—tav bal—tir bid—cha bid—dor bid—ker bid—tav bid—tir cha—dor cha—ker cha—tav cha—tir dor—ker dor—tav dor—tir ker—tav ker—tir tav—tir

CX/CY *** *** *** *** *** *** 1.00 0.82 0.92 0.89 0.21 0.97 0.98 0.98 0.74 0.15 1.00 0.92 0.22 ** 0.90
TIIIL/W 0.52 * *** 0.67 0.99 0.19 0.30 * 1.00 0.48 0.99 1.00 0.25 ** 0.29 * *** *** 0.68 0.99 0.07
MtIL/W *** 0.99 *** *** *** ** ** 0.98 1.00 0.99 0.58 ** ** ** * 0.98 1.00 0.94 0.99 0.65 0.84
MtIL/D ** 0.91 *** ** *** 0.11 0.65 0.91 1.00 0.88 0.48 0.17 0.63 0.16 0.99 0.95 1.00 ** 0.93 0.47 **
MtIIL/W *** 0.92 *** ** *** 0.13 * 0.99 0.18 1.00 *** ** 0.63 ** 0.99 * 1.00 *** 0.06 0.43 ***
MtIIL/D * 0.99 ** 0.22 *** 0.46 0.40 1.00 0.90 0.56 0.14 0.34 0.90 * 0.99 0.85 0.38 * 0.05 0.94 ***
MtIIIL/W *** 0.96 *** *** *** 0.09 0.10 0.98 1.00 ** * * 0.12 *** 0.97 0.98 ** *** ** * ***
MtIIIL/D 0.48 0.99 0.23 0.38 *** 0.70 0.34 0.99 1.00 * 0.99 0.18 0.27 *** 0.51 1.00 * 0.81 0.08 0.95 ***
MtIVL/W ** 0.69 ** *** *** 0.19 0.90 0.99 0.92 * 0.30 0.95 0.45 * 1.00 0.67 ** 0.31 0.56 * ***
MtIVL/D 0.41 0.99 0.11 0.13 *** 0.31 0.91 0.99 0.99 0.21 1.00 0.71 0.67 0.09 0.92 1.00 0.32 0.96 0.73 0.94 *
MtVL/W ** 0.32 *** * *** 0.73 0.99 0.96 0.99 0.58 * 0.91 1.00 0.62 0.79 0.84 0.96 *** 0.38 0.12 ***
MtVL/D 0.36 1.00 0.19 0.48 * 0.05 0.49 1.00 1.00 0.83 0.99 0.36 0.58 0.07 0.19 0.99 0.82 0.99 0.78 0.99 0.95
TL/W *** 0.85 * 0.81 *** 0.99 * ** *** 0.99 *** 0.97 1.00 * 0.96 0.59 *** ** *** 0.94 ***
TL/D *** 0.38 0.14 0.93 *** 0.88 0.47 ** *** 0.76 *** 0.99 0.85 0.05 0.74 0.72 *** 0.28 *** 1.00 ***
TW/D 1.00 0.58 0.99 0.99 0.53 0.91 0.40 0.99 1.00 0.22 0.65 0.18 0.33 0.99 0.89 1.00 * 0.11 0.17 0.53 0.90
Meristic characters
MFDR 0.99 *** 0.90 0.15 0.45 0.16 *** 0.99 0.36 0.82 0.40 *** *** *** *** 0.47 0.93 0.49 0.96 0.99 0.99
PDN *** *** 0.99 0.39 *** 0.35 *** *** *** 0.83 *** *** * *** *** 0.39 *** ** *** *** ***
NLLAA *** ** *** *** *** ** 1.00 *** *** 1.00 0.13 *** *** 1.00 0.69 1.00 *** *** *** *** 0.05
MtIIIVC *** *** ** 0.05 *** 0.99 0.99 ** ** * *** 0.37 0.36 0.13 *** 1.00 *** *** *** *** ***
NVDAA ** *** 0.16 0.74 * 1.00 *** 0.43 0.15 0.99 *** *** *** *** *** 0.96 0.85 ** 0.42 0.43 ***

dentate margins of chela fixed and movable fingers not 
sexually dimorphic in adult male, i.e. without notch 
and lobe, respectively, in lateral aspect; median denticle 
row of chela fixed and movable fingers each comprising 
10–14 oblique, non-imbricate subrows of denticles, 
each flanked by single prolateral and retrolateral 
accessory denticles; tibial spurs present on legs III and 
IV; pectines with fulcra; ventrosubmedian carinae of 
metasomal segments II and III comprising prominent 
tooth-like processes (spiniform granules); anteroventral 
carina of metasomal segment IV comprising prominent 
granules; ventrolateral carinae of metasomal segment 
V with prominent lobate processes; anal arch 
with prominent lobes laterally and reduced lobes 
posteroventrally; telson globose, without subaculear 
tubercle; hemispermatophore capsule with hook-like 
basal lobe and sperm hemiduct of three lobes.

Odontobuthus baluchicus sp. nov.
(Figs 1–8, Tables 1–5)

Zoobank registration: urn:lsid:zoobank.
org:act:BA97ECB6-A884-4088-922A-
FFAD47EA0C84
Odontobuthus doriae: Shahi et  al., 2008: 211 
(misidentification); Fekri et al., 2012: 137 (misidentifi
cation); Navidpour et al., 2013: 12 (misidentification).

Type material:  Holotype ♀ (SMF), three ♂♂, two ♀♀ 
paratypes (ZMFUM), IRAN: Sistan and Baluchistan 
Province: Nikshahr, Chanf, Goank village, 26°38′N 
60°27′E, 1199 m, 3.viii.2017, H. Barahoei, daytime 
excavation, sandy soil.

Etymology:  The specific epithet is an adjective, derived 
from Baluchistan, the Iranian province where the type 
locality is located.

Diagnosis:   Odontobuthus baluchicus  may be 
separated from other species of the genus by the 
following combination of characters. Scorpions 
of medium to large size, adults 66–68  mm (♂) 
and 56–82 mm (♀) (Fig. 6A–D). Colour yellow to 
brownish-green. Median ocular tubercle situated 
in anterior half of carapace, distance from anterior 
carapace margin, 0 .35–0.39. Pedipalp chela 
movable finger long relative to manus (MFL/ML, 
2.44–2.57). Median denticle rows of pedipalp chela 
fixed and movable fingers each comprising 13 or 
14 oblique subrows of denticles. Pectinal tooth 
count, 29–31 (♂) and 20–24 (♀). Ventrosubmedian 
carinae of metasomal segments II and III each 
with two to four pairs of prominent tooth-like 
processes (Fig. 7C, D, G, H). Metasomal segment 
length to width (L/W), 1.83–2.11. Ventrolateral 
carinae of metasomal segment V with three or four 
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prominent lobate processes; anal arch with two 
prominent lobes laterally; posteroventral margin 
of metasomal segment V with six reduced lobes. 
Telson small, narrow, length to width (TL/W), 2.22–
2.63 and length to height (TL/H), 2.42–2.63 (Fig. 
7A, B, E, F).

Affinities:   Odontobuthus baluchicus is closely related 
to O. doriae, with which it shares the presence of two 
prominent lateral lobes on the anal arch of metasomal 
segment V, and differs from all other species of the 
genus, which possess three lateral lobes. It differs 
from O. doriae in its coloration, longer than wide 
metasomal segment I and three pairs of prominent 
tooth-like processes on the ventrosubmedian carinae 
of metasomal segment II, and from O. kermanus in 
its larger body size and longer than wide metasomal 
segment I.

Description:   Based on holotype ♀ (SMF) (Figs 
6A, B, 7A–D, 8A, C, E) and paratype ♂ (ZMFUM 
1302) (Figs 6C, D, 7E–H, 8B, D, F). Measurements: 

♀: BL: 71.0; CL: 8.0; CWP: 9.3; CWA: 5.6; CX: 3.2; 
CY: 8.1; CHL: 15.4; ML: 4.3; MFL: 11.1; MtIL: 
5.5; MtIH: 4.1; MtIW: 5.4; MtIIL: 6.0; MtIIH: 3.9; 
MtIIW: 4.7; MtIIIL: 6.2; MtIIIH: 3.8; MtIIIW: 4.2; 
MtIVL: 7.2; MtIVH: 3.6; MtIVW: 4.1; MtVL: 8.5; 
MtVH: 3.3; MtVW: 3.4; TL: 8.1; TW: 3.5; TH: 3.2. 
♂: BL: 67.8; CL: 7.2; CWP: 7.6; CWA: 4.7; CX: 2.7; 
CY: 7.0; CHL: 14.7; ML: 4.2; MFL: 10.5; MtIL: 5.8; 
MtIH: 5.2; MtIW: 4.3; MtIIL: 6.5; MtIIH: 3.8; MtIIW: 
4.6; MtIIIL: 6.7; MtIIIH: 3.5; MtIIIW: 4.0; MtIVL: 
7.8; MtIVH: 3.2; MtIVW: 3.8; MtVL: 9.0; MtVH: 
3.0; MtVW: 3.0; TL: 7.3; TW: 3.0; TH: 3.0. Colour: 
Carapace and mesosoma brownish-green, slightly 
paler ventrally; dark pigmentation around median 
and lateral ocelli. Pedipalps and legs lighter, distal 
part of femur and proximal part of patella darker 
especially on legs III and IV. Pectines light yellow 
to cream. Metasoma brown to yellow, segments 
darker dorsally, segment V darker than preceding 
segments. Telson vesicle yellowish-brown; aculeus 
brown anteriorly, becoming dark brown to black 
posteriorly. Chelicerae:  Fixed finger ventral 

Key to identification of the species of Odontobuthus

	1.	 Metasomal segment V, anal arch with two lobes laterally������������������������������������������������������������������������������� 2
-    Metasomal segment V, anal arch with three lobes laterally���������������������������������������������������������������������������� 4
	2.	 Metasomal segment II, ventrosubmedian carinae with three pairs of tooth-like processes������������� O. doriae
-    Metasomal segment II, ventrosubmedian carinae with four or five pairs of tooth-like processes���������������� 3
	3.	 Adult length, 66–68 mm (♂), 56–82 mm (♀); metasomal segment I longer than wide���������������O. baluchicus
-    Adult length, 43–55 mm (♂), 48–68 mm (♀); metasomal segment I equal to or wider than long��� O. kermanus
	4.	 Colour greenish brown; metasomal segment III, ventrosubmedian carinae with four or five pairs of tooth-

like processes; segment V, anal arch with two large and one small lobes laterally�������������������������� O. tirgari
-		 Colour light brown to yellow; metasomal segment III, ventrosubmedian carinae with two or three pairs of 

tooth-like processes; segment V, anal arch with three large lobes laterally��������������������������������������������������� 5
	5.	 Colour light brown; pedipalp chela movable finger, median denticle row comprising 13 or 14 subrows; 

metasomal segment I equal to or wider than long; segments II and III, ventrosubmedian carinae with two 
pairs of tooth-like processes������������������������������������������������������������������������������������������������������������������������������� 6

-		 Colour yellow; pedipalp chela movable finger, median denticle row comprising 10–12 subrows; metasomal 
segment I longer than wide; segments II and III, ventrosubmedian carinae with three or more pairs of 
tooth-like processes�������������������������������������������������������������������������������������������������������������������������������������������� 7

	6.	 Metasomal segment V, anal arch with four reduced lobes posteroventrally�������������������������������O. bidentatus
-		 Metasomal segment V, anal arch with six reduced lobes posteroventrally����������������������������������� O. tavighiae
	7.	 Metasomal segment V, anal arch with six lobes posteroventrally; adult length < 50 mm; occurs in India and 

Pakistan�������������������������������������������������������������������������������������������������������������������������������������������O. odonturus
-		 Metasomal segment V, anal arch with two distinct lobes posteroventrally; adult length > 50 mm; does not 

occur in India or Pakistan���������������������������������������������������������������������������������������������������������������������������������� 8
	8.	 Pedipalp chela movable finger short relative to chela manus (MFL/ML = 1.40–1.75); pectinal tooth count 

(♀), 20–25; occurs in the Arabian Peninsula (Oman and United Arab Emirates������������������O. brevidigitus
-		 Pedipalp chela movable finger long relative to chela manus (MFL/ML = 2.00–2.30); pectinal tooth count 

(♀), 18–20; occurs in Iran���������������������������������������������������������������������������������������������������������O. chabaharensis
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Figure 2.  Boxplots of sex-corrected total length for species of Odontobuthus occurring in Iran. 

surface with two basal denticles. Movable finger 
prolateral and retrolateral distal denticles equal 
in size. Carapace: Trapezoid, wider than long, 
CWA/CL, 0.70 (♀) or 0.65 (♂), CWP/CL, 1.16 (♀) or 
1.05 (♂); anterior margin moderately emarginate; 
median ocular tubercle situated in anterior half of 
carapace, CX/CL, 0.40 (♀) or 0.37 (♂), CX/CY, 0.39 
(♀) or 0.38 (♂), distance between median ocelli 
twice ocular diameter; five pairs of lateral ocelli 
(Fig. 6A, C); anteromedian and posteromedian 
sulci deep (♂) or shallow (♀); posterolateral sulci 

wide, curved; carinae distinct, central lateral 
and posteromedian carinae completely aligned; 
anteromedian carinae granular; central median, 
posteromedian and central lateral carinae granular 
(♀) or serratocrenulate (♂); intercarinal surfaces 
of prosoma finely granular. Pedipalps: Pedipalp 
segments relatively long. Femur 3.8 (♀) or 3.9 (♂) 
times longer than wide; four complete, granular 
carinae; retrodorsal, prodorsal and proventral 
carinae granular (♀)  or serratocrenulate (♂) ; 
prolateral carinae comprising isolated spiniform 

Table 3.  Pairwise MANOVA test among species of the buthid scorpion genus Odontobuthus occurring in Iran, using 38 
sex-corrected shape variables (N = 149 specimens). Significant P values indicated in boldface

O. baluchicus O. bidentatus O. chabaharensis O. doriae O. kermanus O. tavighiae

O. bidentatus 0.0003 – – – – –
O. chabaharensis 0.0034 0.1276 – – – –
O. doriae 0.0035 0.1901 0.1716 – – –
O. kermanus 0.0035 0.0050 0.0680 0.0081 – –
O. tavighiae 0.0035 0.0029 0.0038 0.0010 0.0038 –
O. tirgari 0.0090 0.0016 0.1276 0.0003 0.0048 0.0003
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granules; intercarinal surfaces smooth (Fig. 8A, B). 
Patella 2.96 (♀) or 3.5 (♂) times longer than wide; 
eight complete carinae; prodorsal carinae distinct, 
granular; dorsomedian, retrodorsal, retrolateral, 
retroventral and ventromedian carinae obsolete 
to moderate, smooth (Fig. 8C); proventral and 
prolateral carinae comprising several spiniform 
granules (♂) (Fig. 8D). Chela 3.6 (♀) or 3.5 (♂) times 
longer than manus; manus narrower (♀) or wider (♂) 
than patella; fingers 2.6 (♀) or 2.5 (♂) times longer 
than manus; median denticle subrows, including 
proximal subrow (left/right) of fixed finger, 13/13 and 
movable finger, 14/14; all subrows except proximal 
flanked by prolateral and retrolateral accessory 
denticles; movable finger with five (♂) or six (♀) 
subdistal denticles, two prolateral and three (♂) or 
four (♀) retrolateral. Orthobothriotaxic type A-β, 
with following segment totals: femur, 11 (five dorsal, 
four internal, two external) (Fig. 8A, B), patella, 13 
(five dorsal, one internal, seven external) (Fig. 8C, 
D) and chela, 15 (eight manus, seven fixed finger) 
(Fig. 8E, F), totalling 39 trichobothria per pedipalp; 
trichobothria esb (fixed finger), Esb, Eb3 (manus), 
d2 (patella) and d2 (femur) petite; trichobothrium 
et adjacent to proximal (♀) or distal (♂) end of 

median denticle subrow 7; est adjacent to midpoint 
(♀) or distal end (♂) of subrow 9 (Fig. 8E, F). Legs: 
Legs III and IV each with tibial spurs; I–IV each 
with bifurcate prolateral pedal spurs; telotarsi, 
ventral surfaces with two rows of fine setae. 
Sternum: Type I, triangular; slightly wider than 
long (♀) or longer than wide (♂); with deep median 
depression. Genital operculum:  Completely 
divided longitudinally with fine, short bristles (Fig. 
6B, D). Pectines: Distal margin extending to (♀) 
or beyond (♂) coxa-trochanter joint of leg IV; three 
marginal and eight (♀) or nine (♂) median lamellae; 
fulcra present; teeth present along entire posterior 
margin of pecten, count (left/right), 29/30 (♂) and 
21/21 (♀). Mesosoma: Tergites I–VI tricarinate; 
VII pentacarinate, lateral carinae granular (♀) or 
serratocrenulate (♂), median carinae incomplete, 
restricted to anterior half of segment and weakly 
granular; intercarinal surfaces finely (♀) or coarsely 
(♂) granular. Sternites III–VI acarinate; VII with 
four moderate, granular carinae, lateral carinae 
restricted to anterior half of segment. Metasoma: 
Metasomal  segment  I   decacar inate ; I I– IV 
octocarinate; V pentacarinate; all complete carinae 
moderately to markedly granular on segments 

Figure 3.  Linear discriminant analysis (LDA) of 38 metric and five meristic variables among 18 populations of Odontobuthus. 
Conspecific populations in same colour.
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Figure 4.  Neighbour-joining phenogram generated 
from morphometric Mahalanobis distance matrix of 18 
populations of Odontobuthus. Conspecific populations in 
same colour.

I–III and weakly to moderately granular on IV 
(♀) or weakly to moderately granular on I–IV (♂). 
Lateral inframedian carinae incomplete, restricted 
to posterior half of segment II; vestigial, reduced to 
few granules posteriorly, on III. Ventrosubmedian 
carinae on segments II and III each with four 
pairs of rounded (♀) or subtriangular (♂) tooth-
like processes. Anteroventral margins of segment 
III with six large, rounded granules, IV with four 
(♂) to six (♀) large, rounded granules. Ventrolateral 
carinae on segment V markedly dentate with large, 
rounded (♀) or subtriangular (♂) lobate processes 
posteriorly; anal arch with two large (♀) or one 
small and two large (♂) lobes laterally and six 
distinct lobes posteroventrally (Fig. 7A–H). Telson: 
Oblong-ovoid, TH/TL, 0.39 (♀) or 0.41 (♂), TW/TL, 
0.43 (♀) or 0.41 (♂); slightly wider than (TW/MtVW, 
1.02) (♀) (Fig. 7A, B) or similar to (TW/MtVW, 1.00) 
(♂) (Fig. 7E, F) width of metasomal segment V; 
dorsal surface flat, ventral surface curved, smooth 
(♀) or sparsely granular (♂).

Distribution:   Odontobuthus baluchicus is endemic to 
Iran and recorded in only two provinces: Hormozgan; 
Sistan and Baluchistan. The distributions of 

O. baluchicus, in south-eastern Iran, and O. kermanus, 
in central Iran, are allopatric.

Additional material:  IRAN: Hormozgan Province: 
Jask–Beshagard road, 25°50′N 57°50′E, 149 m, 
6.iv.2018, H. Barahoei, daytime excavation, four ♀♀ 
(ZMFUM). Sistan and Baluchistan Province: Nikshahr, 
Konari village, 26°20′N 60°06′E, 660 m, 3.iv.2018, 
H. Barahoei, daytime excavation, sandy soil, two ♀♀, 
one subad. ♀ (ZMFUM).

Odontobuthus bidentatus  
Lourenço & Pézier, 2002

(Figs 1–5, 15A–D, 20A, 21A, 22A, Tables 1–5)

Odontobuthus doriae: Habibi, 1971: 44; Farzanpay, 
1987: 154–156; Farzanpay, 1990: 7; Akbari et al., 
1997:112; Kovařík, 1997:47, 49, figs 11–13; Pooladgar, 
1999: 176.

Odontobuthus bidentatus Lourenço & Pézier, 
2002: 118–122, figs 1–27; Navidpour et al., 2008a: 3, 
5, 13–14, 28, figs 18, 22, 52–55; 2008b: 1, 3, 15, 21, 
figs 33–36; 2008c: 3, 11–12, 17, figs 21–24; 2008d: 3, 
7–8, 14, figs 27–30; Pirali-Kheirabadi et al., 2009: 1, 
3, 9–10, 13, fig. 10; Lowe, 2010: 1, 5, 15, 16, 17, figs 31, 
32, 43, 44, 45–48, 51–55, 58, 59, 60–63; Navidpour 
et al., 2011: 3, 13, 22, figs 5, 8, 16, 21–24; Karataş 
et al., 2012: 116; Navidpour et al., 2012: 3, 14, 23, 
figs 2, 4, 5, 11, 25, 26; Mirshamsi et al., 2013: 153–160, 
168, figs 1–3; Azghadi et al., 2014: 169–170, 172–173, 
176–178, figs 1, 2g–i; Kassiri et al., 2015: 101; Ahmadi 
et al., 2016: 1568; Sharifinia et al., 2017: 243, 245, 
246; Nejati et al., 2018: 7141, 7142; Barahoei et al., 
2020: 399, 400, figs 18, 20.

Type material:  Holotype ♂ (MHNG), IRAQ: Khanagin-
Dyala, 180 km N of Baghdad, ii.1964, G. Pringle.

Diagnosis:  Odontobuthus bidentatus may be separated 
from other species of the genus by the following 
combination of characters. Scorpions of medium to 
large size, adults 51–76 mm (♂) and 56–83 mm (♀) (Fig. 
15). Colour yellow. Median ocular tubercle situated 
in anterior half of carapace, distance from anterior 
carapace margin, 0.32–0.37. Pedipalp chela movable 
finger long relative to manus (MFL/ML, 1.93–2.51). 
Median denticle rows of pedipalp chela fixed and movable 
fingers each comprising 13 or 14 oblique subrows of 
denticles. Pectinal tooth count, 33–35 (♂) and 24–29 
(♀). Ventrosubmedian carinae of metasomal segments 
II and III each with two to three pairs of prominent 
tooth-like processes (Fig. 22A). Metasomal segment IV 
length to width (L/W), 1.67–2.09. Ventrolateral carinae 
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Table 4.  Provenance data (country, province or governate and abbreviated locality) for tissue samples from which DNA 
was extracted, deposited in the collections of the Zoological Museum of Ferdowsi University of Mashhad (ZMFUM), 
Iran, and the Ambrose Monell Cryocollection (AMCC) at the American Museum of Natural History, New York, USA, and 
Genbank accession codes of DNA sequences from the COI gene among species of Odontobuthus and two outgroup species 
of Buthus used for molecular phylogenetic analysis. 

Species Collection Locality Genbank

B. occitanus – SPAIN GQ168524.1
B. paris – MOROCCO KF548111.1 
O. baluchicus ZMFUM 1303 IRAN: Sistan and Baluchistan: Nikshahr MW655753

ZMFUM 1306 IRAN: Sistan and Baluchistan: Nikshahr MW655754
ZMFUM 1307 IRAN: Sistan and Baluchistan: Nikshahr MW655755
ZMFUM 1309 IRAN: Hormozgan: Jask MW655756

O. bidentatus ZMFUM 1314 IRAN: Bushehr: Daylam MW655752
ZMFUM 1316 IRAN: Bushehr: Daylam MW655751
AMCC [LP 9702] IRAN: Khuzestan: Baghmalek MW655776
ZMFUM 2061 IRAN: Khuzestan: Omidiyeh KF701314
ZMFUM 2062 IRAN: Khuzestan: Omidiyeh KF701315
ZMFUM 2063 IRAN: Khuzestan: Omidiyeh KF701316
ZMFUM 2076 IRAN: Fars: Kazerun KF701317

O. brevidigitus ZMFUM 1438 OMAN: Al Wusta: Wadi Rawnab MW655773
AMCC [LP 14256] OMAN: Al Dakhiliyah: Bahla MW655777
AMCC [LP 15780] OMAN: Muscat: Bimma MW655778

O. chabaharensis ZMFUM 1323 IRAN: Sistan and Baluchistan: Chabahar MW655757
ZMFUM 1326 IRAN: Sistan and Baluchistan: Chabahar MW655758

O. doriae ZMFUM 1328 IRAN: Semnan: Semnan MW655795
AMCC [LP 2908] IRAN: Yazd: Ardakan MW655779
AMCC [LP 4350] IRAN: Tehran: Tehran MW655780
ZMFUM 2001 IRAN: Tehran: Tehran KF701309
ZMFUM 2004 IRAN: Tehran: Tehran KF701311

O. kermanus ZMFUM 1330 IRAN: Fars: Neyriz MW655793
ZMFUM 1338 IRAN: Kerman: Bardsir MW655760
ZMFUM 1339 IRAN: Kerman: Bardsir MW655759
AMCC [LP 11067] IRAN: Kerman: Bardsir MW655775
ZMFUM 2151 IRAN: Kerman: Bardsir KF701325
ZMFUM 2152 IRAN: Kerman: Bardsir KF701326

O. odonturus AMCC [LP 7008] PAKISTAN MW655784
AMCC [LP 11333] PAKISTAN: Punjab: Bhakar MW655781
AMCC [LP 11421] PAKISTAN: Punjab: Kalar Kahar MW655782
AMCC [LP 11487] PAKISTAN: Punjab: Aliabad MW655783

O. tavighiae ZMFUM 1346 IRAN: Hormozgan: Parsian MW655761
ZMFUM 1351 IRAN: Hormozgan: Parsian MW655762
ZMFUM 1365 IRAN: Fars: Mohr MW655763
ZMFUM 1366 IRAN: Fars: Mohr MW655764
ZMFUM 2074 IRAN: Hormozgan: Behdeh KF701323
ZMFUM 2075 IRAN: Hormozgan: Behdeh KF701324
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of metasomal segment V with three or four prominent 
lobate processes; anal arch with three prominent lobes 
laterally; posteroventral margin of metasomal segment 
V with four reduced lobes. Telson small, narrow, length 
to width (TL/W), 1.94–2.27 and length to height (TL/H), 
2.00–2.43 (Figs 20A, 21A).

Distribution:  Odontobuthus bidentatus has been 
recorded in Iraq (Lourenço & Pézier, 2002) and five 
provinces of Iran: Bushehr; Fars; Ilam; Khuzestan; 
Kohgilouyeh and Boyer Ahmad (Habibi, 1971; 
Farzanpay, 1987, 1990; Akbari et al., 1997; Kovařík, 
1997; Pooladgar, 1999; Lourenço & Pézier, 2002; 
Navidpour et al., 2008a, 2008b, 2008c, 2008d, 2012; 
Lowe, 2010; Karataş et al., 2012; Azghadi et al., 2014; 
Kassiri et al., 2015; Ahmadi et al., 2016; Sharifinia 
et al., 2017; Nejati et al., 2018).

Material examined:  IRAN: Bushehr Province: Abdan, 
28°09′N 51°39′E, 108 m, 14.iv.2018, H. Barahoei, 
daytime excavation, loam, one ♀ (ZMFUM); Bushehr to 
Dayer road, Jeirani village, 27°51′N 51°46′E, xi.2007, 
B. Masihipour, H. Bahrani & A. Habibzadeh, Bu-22, 
one ♀ (AMCC [LP 11083]); Park Jangali-e Ameri, 20 km 
N of Deylam Port, 30°12′N 50°10′E, 44 m, 15.iv.2018, 
H. Barahoei, daytime excavation, silty soil, one ♂, one ♀ 
(ZMFUM); Tangestan, Farshanbeh, 28°53′N 51°19′E, 95 
m, xi.2007, B. Masihipour, H. Bahrani & A. Habibzadeh, 
Bu-35.1, 1 ♀ [AMCC (LP 11084)]. Khuzestan Province: 
Baghmalek, 31°55′N 49°22′E, 185 m, i.2007, M. Kazemi, 
BA839/1, one ♀ [AMCC (LP 9702)]; Omidiyeh, 30°57′N 
49°31′E, 23.iii.2007, H. Barahoei, two ♂♂, ten ♀♀ 

(ZMFUM); Sardasht, Tal-e Chega Oliya, 30°17′N 
50°11′E, 44 m, 15.iv.2018, H.  Barahoei, daytime 
excavation, two ♂♂, one ♀, one subad. ♀ (ZMFUM).

Odontobuthus brevidigitus Lowe, 2010

(Figs 1, 3–5,16A, B, 20B, 21B, 22B, Tables 1, 4, 5)

Odontobuthus brevidigitus Lowe, 2010: 2–15, figs 1–30, 
37–38, 49–57, 60–65; Mirshamsi et al., 2013: 153, 169; 
Azghadi et al., 2014: 169, 175, 178.

Type material:  Holotype ♂ (NHMB), OMAN: Batinah 
Plain, c. 4 km E of Seeb, 23°41.39′N 58°06.93′E, 0 m, 
22.x.1993, G. Lowe & A. S. Gardner.

Diagnosis:  Odontobuthus brevidigitus may be 
separated from other species of the genus by the 
following combination of characters. Scorpions of 
medium size, adults 50–65 mm (Fig. 16A, B). Colour 
golden yellow. Median ocular tubercle situated in 
anterior half of carapace, distance from anterior 
carapace margin, 0.34. Pedipalp chela movable finger 
short relative to manus (MFL/ML, 1.40–1.75). Median 
denticle rows of pedipalp chela fixed and movable 
fingers each comprising 10–12 oblique subrows of 
denticles. Pectinal tooth count, 29–36 (♂) and 20–25 
(♀). Ventrosubmedian carinae of metasomal segments 
II and III each with two or three pairs of prominent 
tooth-like processes (Fig. 22B). Metasomal segment IV 
length to width (L/W), 1.67–1.96. Ventrolateral carinae 
of metasomal segment V with several prominent 
spiniform processes; anal arch with three lateral lobes; 

Species Collection Locality Genbank

O. tirgari ZMFUM 1369 IRAN: Sistan and Baluchistan: Zahedan MW655771
ZMFUM 1372 IRAN: Sistan and Baluchistan: Zahedan MW655794
ZMFUM 1374 IRAN: Sistan and Baluchistan: Khash MW655772
ZMFUM 1379 IRAN: Sistan and Baluchistan: Zahedan MW655765
ZMFUM 1387 IRAN: South Khorasan: Birjand MW655766
ZMFUM 1401 IRAN: Sistan and Baluchistan: Khash MW655767
ZMFUM 1406 IRAN: Sistan and Baluchistan: Khash MW655768
ZMFUM 1425 IRAN: Sistan and Baluchistan: Iranshahr MW655769
ZMFUM 1433 IRAN: Sistan and Baluchistan: Khash MW655770
AMCC [LP 15795] IRAN: Sistan and Baluchistan: Khash MW655774
ZMFUM 2099 IRAN: Razavi Khorasan: Gonabad KF701318
ZMFUM 2100 IRAN: Razavi Khorasan: Gonabad KF701319
ZMFUM 2133 IRAN: Razavi Khorasan: Gonabad KF701320
ZMFUM 2136 IRAN: Razavi Khorasan: Gonabad KF701322

Table 4.  Continued
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posteroventral margin of metasomal segment V with 
two large lobes. Telson small, narrow, length to width 
(TL/W), 1.86–2.40 and length to height (TL/H), 2.09–
2.40) (Figs 20B, 21B).

Distribution:  Odontobuthus brevidigitus is endemic 
to the Arabian Peninsula and has only been recorded 
from Oman and the United Arab Emirates (Lowe, 
2010).

Material examined:  OMAN: Al Dakhiliyah Governate: 
Bahla Public Picnic Site, c. 3.5 km SW Bahla, 22°56′N 
57°16′E, 533 m, 19–20.v.2017, L. Prendini & M. Roppo, 
arid savanna on alluvial floodplain near rocky hills, 
many large and smaller Acacia trees and spiny bushes 
on compact greyish alluvial silt, powdery with crust, 
somewhat degraded, specimens very common, mostly 
excavated during daytime from burrows, c. 30–50 cm 
deep in open ground and near bushes, others collected 
with UV light detection on warm, still, moonless night, 
many doorkeeping at burrow entrances, few collected 
sitting on ground surface, eight ♂♂, seven ♀♀ (AMNH), 
one juv. ♀ [AMCC (LP 14256)]. Al Wusta Governate: 
Wadi Rawnab, 18°49′N 56°24′E, 111 m, 15.v.2019, 
M. Stockmann, daytime excavation, one ♂ (ZMFUM). 
Muscat Governate: Bimma, 22°58′N 59°10′E, 7 m, 
iii.2017, M. Seiter & A. Ullrich, one juv. ♀ [AMCC (LP 
15780)].

Odontobuthus chabaharensis sp. nov.
(Figs 1–5, 9–11, Tables 1–5)

Zoobank registration: urn:lsid:zoobank.
org:act:9D7EDE35-D7A4-4212-98C1-
62875DE1B881

Type material:  Holotype ♀ (SMF), one ♂, two ♀♀ 
paratypes (ZMFUM), IRAN: Sistan and Baluchistan 
Province: Chabahar, Parak-e Sheykhan village, 
25°30′N 60°35′E, 19 m, 13.vi.2019, H.  Barahoei, 
daytime excavation, silty clay.

Etymology:  The specific epithet is an adjective derived 
from Chabahar, the type locality.

Diagnosis:  Odontobuthus chabaharensis may be 
separated from other species of the genus by the 
following combination of characters. Scorpions of 
small to medium size, adults 36 mm (♂) and 53–63 mm 
(♀) (Fig. 9A–D). Colour golden yellow. Median ocular 
tubercle situated in anterior half of carapace, distance 
from anterior carapace margin, 0.33–0.36. Pedipalp 
chela movable finger long relative to manus (MFL/
ML, 2.00–2.30). Median denticle rows of pedipalp 
chela fixed and movable fingers each comprising 12 
oblique subrows of denticles. Pectinal tooth count, T
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Figure 5.  Fifty per cent majority rule consensus obtained by analysis of partial DNA sequences of mitochondrial COI gene 
from Odontobuthus with Bayesian inference (BI). Nodal support values above branches represent posterior probability 
values from BI and bootstrap values from maximum likelihood analyses, respectively. Letters A and B refer to clades also 
recovered by Azghadi et al. (2014).

31 (♂) and 18–20 (♀). Ventrosubmedian carinae of 
metasomal segments II and III each with two or three 
pairs of large spiniform processes (Fig. 10C, D, G, H). 
Metasomal segment IV length to width (L/W), 1.82–
1.93. Ventrolateral carinae of metasomal segment V 
with two or three prominent lobate processes; anal 
arch with three prominent spiniform lobes laterally; 
posteroventral margin of segment V with two 

prominent lobes. Telson small, wide, length to width 
(TL/W), 2.26–2.50 and length to height (TL/H), 2.26–
2.57 (Fig. 10A, B, E, F).

Affinities:  Odontobuthus chabaharensis is closely 
related to O. odonturus, with which it shares the 
presence of three prominent lateral lobes on the 
anal arch of metasomal segment V. It differs from 
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all other species of the genus, except O. brevidigitus, 
in the presence of two large conical lobes on the 
posteroventral margin of metasomal segment V, and 
from O. brevidigitus in possessing longer pedipalp chela 
fingers, e.g. the movable finger length to manus length 
(MFL/ML) is 2.00–2.30 in O. chabaharensis compared 
with 1.40–1.75 in O. brevidigitus, and a lower pectinal 
tooth count in the female, 18–20 in O. chabaharensis 
compared with 20–25 in O. brevidigitus.

Description:  Based on holotype ♀ (SMF) (Figs 9A, B, 
10A–D, 11A, C, E) and paratype ♂ (ZMFUM 1324) (Figs 
9C, D, 10E–H, 11B, D, F). As for O. baluchicus except 
where noted. Measurements: ♀: BL: 62.1; CL: 7.6; 
CWP: 8.8; CWA: 5.2; CX: 2.5; CY: 7.2; CHL: 13.5; ML: 

4.5; MFL: 9.0; MtIL: 4.6; MtIH: 3.7; MtIW: 4.2; MtIIL: 
5.2; MtIIH: 3.5; MtIIW: 3.9; MtIIIL: 5.6; MtIIIH: 3.3; 
MtIIIW: 3.6; MtIVL: 6.6; MtIVH: 3.2; MtIVW: 3.5; 
MtVL: 8; MtVH: 2.8; MtVW: 3.3; TL: 8.5; TW: 3.4; TH: 
3.3. ♂: BL: 35.8; CL: 4.5; CWP: 5.0; CWA: 3.4; CX: 
1.6; CY: 4.4; CHL: 8.6; ML: 2.6; MFL: 6.0; MtIL: 2.7; 
MtIH: 2.2; MtIW: 2.5; MtIIL: 3.0; MtIIH: 2.0; MtIIW: 
2.3; MtIIIL: 3.2; MtIIIH: 1.9; MtIIIW: 2.1; MtIVL: 4.0; 
MtIVH: 1.8; MtIVW: 2.1; MtVL: 4.9; MtVH: 1.5; MtVW: 
1.8; TL: 4.5; TW: 1.9; TH: 1.9. Colour: Carapace and 
mesosoma light brown, slightly paler ventrally; dark 
pigmentation around median and lateral ocelli. Legs 
lighter. Pectines light yellow to cream. Metasoma 
yellowish-brown. Telson vesicle yellow to yellowish-
brown; aculeus light brown anteriorly, becoming dark 
brown to black posteriorly. Carapace: Trapezoid, wider 

Figure 6.  Odontobuthus baluchicus. Habitus, dorsal aspect (A, C), ventral aspect (B, D). A, B, holotype ♀ (SMF). C, D, 
paratype ♂ (ZMFUM 1302). Scale bars = 10 mm.
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than long, CWA/CL, 0.68 (♀) or 0.75 (♂), CWP/CL, 1.15 
(♀) or 1.11 (♂); anterior margin moderately emarginate; 
median ocular tubercle situated in anterior half of 
carapace, CX/CL, 0.32 (♀) or 0.35 (♂), CX/CY, 0.34 
(♀) or 0.36 (♂), distance between median ocelli twice 
ocular diameter; five pairs of lateral ocelli (Fig. 9A, 
C); anteromedian and posteromedian sulci shallow; 
posterolateral sulci wide, curved; carinae distinct, 
central lateral and posteromedian carinae completely 
aligned; anteromedian carinae granular; central 
median, posteromedian and central lateral carinae 
granular (♀) or serratocrenulate (♂); intercarinal 
surfaces of prosoma finely granular. Pedipalps: 
Pedipalp segments relatively short. Femur 3.1 (♀) or 
3.4 (♂) times longer than wide; four complete, granular 

carinae; retrodorsal, prodorsal and proventral carinae 
granular (♀) or serratocrenulate (♂); prolateral carinae 
comprising isolated spiniform granules; intercarinal 
surfaces smooth (Fig. 11A, B). Patella 2.53 (♀) or 3.06 
(♂) times longer than wide; eight complete carinae; 
prodorsal carinae distinct (♀) or moderate (♂), granular; 
dorsomedian, retrodorsal, retrolateral, retroventral 
and ventromedian carinae obsolete to moderate, 
smooth (Fig. 11C, D); proventral and prolateral carinae 
comprising several spiniform granules (♂) (Fig. 11C, 
D). Chela 3.0 (♀) or 3.3 (♂) times longer than manus; 
manus as wide as (♂) or wider than (♀) patella; fingers 
2 (♀) or 3.3 (♂) times longer than manus; median 
denticle subrows, including proximal subrow (left/
right) of fixed finger, 11/11 and movable finger, 12/12; 

Figure 7.  Odontobuthus baluchicus. Metasomal segment V and telson, lateral aspect (A, E), ventral aspect (B, F), metasomal 
segments II and III, lateral aspect (C, G), ventral aspect (D, H). A–D, holotype ♀ (SMF). E–H, paratype ♂ (ZMFUM 1302). 
Scale bars = 3 mm (A–D), 2.5 mm (E–H).
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all subrows except proximal flanked by prolateral and 
retrolateral accessory denticles; movable finger with 
five (♂) or six (♀) subdistal denticles, one (♀) or two 
(♂) prolateral and four retrolateral. Trichobothrium 
et adjacent to midpoint of denticle subrow 7; est 
adjacent to midpoint (♂) (Fig. 11F) or proximal end 
(♀) (Fig. 11E) of denticle subrow 9. Sternum: Type 
I, triangular; longer than wide; with deep median 
depression. Genital operculum: Completely divided 
longitudinally with fine, short bristles (Fig. 9B, D). 
Pectines: Distal margin extending to (♀) or beyond 
(♂) coxa-trochanter joint of leg IV; three marginal and 
seven median lamellae; fulcra present; teeth present 
along entire posterior margin of pecten, count (left/
right), 31/31 (♂) and 19/19 (♀). Mesosoma: Tergites 
I–VI tricarinate; VII pentacarinate, lateral carinae 
granular (♀) or serratocrenulate (♂), median carinae 
incomplete, restricted to anterior half of segment and 
weakly granular; intercarinal surfaces finely granular 
(♀) or smooth (♂). Sternites III–VI acarinate; VII with 

four moderate (♀) or obsolete (♂), granular carinae, 
lateral carinae complete (♂) or restricted to anterior 
half of segment (♀). Metasoma: Metasomal segment 
I decacarinate; II–IV octocarinate; V pentacarinate; 
all complete carinae moderately to markedly granular 
on segments I–III and weakly to moderately granular 
on IV (♀) or weakly to moderately granular on I–IV 
(♂). Lateral inframedian carinae almost complete (♀) 
or incomplete, restricted to posterior two-thirds (♂), on 
segment II, incomplete, restricted to posterior half (♀) 
or vestigial, reduced to few granules posteriorly (♂) on 
III. Ventrosubmedian carinae on segments II and III 
each with three pairs of prominent conical, tooth-like 
processes. Anteroventral margins of segments III and 
IV each with six large, conical granules. Ventrolateral 
carinae on segment V dentate with (♂) or without (♀) 
large, subtriangular lobate processes posteriorly; anal 
arch with three large, conical lobes laterally and two 
large, conical lobes posteroventrally (Fig. 10A–H). 
Telson: Oblong-ovoid, TH/TL, 0.38 (♀) or 0.42 (♂), TW/

Figure 8.  Odontobuthus baluchicus. Pedipalp femur, dorsal aspect (A, B), patella, dorsal aspect (C, D) and chela, lateral 
aspect (E, F). A, C, E, holotype ♀ (SMF). B, D, F, paratype ♂ (ZMFUM 1302). Scale bars = 2.5 mm.
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TL, 0.40 (♀) or 0.42 (♂); wider than metasomal segment 
V, TW/MtVW, 1.03 (♀) or 1.05 (♂) (Fig. 10A, B, E, F); 
dorsal surface flat, ventral surface curved, smooth (♀) 
or sparsely granular (♂).

Distribution:  Odontobuthus chabaharensis is endemic 
to Iran and recorded only from Sistan and Baluchistan 
Province.

Additional material:  IRAN: Sistan and Baluchistan 
Province: Parak-e Hootan road, 20 km NW of Chabahar, 
25°28′N 60°33′E, 1 m, 3.iv.2018, H. Barahoei, daytime 

excavation, silty clay, one ♀, one juv. (ZMFUM); 
Chabahar, N of Parak-e Sheykhan village, 25°30′N 
60°35′E, 19 m, 16.xi.2018, H.  Barahoei, daytime 
excavation, silty clay, one ♀ (ZMFUM); Mekran, 
vii.1913, Kei, one ♂ (ZMH).

Odontobuthus doriae (Thorell, 1876)

(Figs 1–5, 17A–D, 20C, 21C, 22C, Tables 1–5)

Buthus doriae Thorell, 1876: 107–110; Simon, 1880: 
29; Kraepelin, 1891: 57, 58, pl. I, figs 6, 10; Kraepelin, 
1899: 27; Birula, 1900a: 10, 11; Pocock, 1900: 16–18, 

Figure 9.  Odontobuthus chabaharensis. Habitus, dorsal aspect (A, C), ventral aspect (B, D). A, B, holotype ♀ (SMF). C, D, 
paratype ♂ (ZMFUM 1325). Scale bars = 10 mm (A, B), 5 mm (C, D).
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fig. 8B; Kraepelin, 1901: 267; Birula, 1905: 121, 122; 
Birula, 1910: 119, 120; Kraepelin, 1913: 124, 125; 
Werner, 1929: 243, 244; Werner, 1936: 204; Whittick, 
1955: (unpaginated).

Buthus (Buthus) doriae:  Birula, 1917: 23, 214; Roewer, 
1943: 206.
Buthus (Buthus) doriae doriae:  Birula, 1917: 239.
Odontobuthus doriae:  Vachon, 1950: 153, 154; Vachon, 
1952: 326; Pringle, 1960: 83, fig. 8; Khalaf, 1963: 59; 
Vachon, 1966: 213; Habibi, 1971: 44; Kinzelbach, 1985: 
map I; Farzanpay, 1987: 154, 155; Farzanpay, 1988: 
39; Farzanpay, 1990: 7; Sissom, 1990: 92, fig. 3.17J; 
El-Hennawy, 1992: 102, 128; Kovarik, 1997: 47, 49, 
fig. 11; Dehghani et al., 1998: 126; Kovarik, 1998: 115; 
Fet & Lowe, 2000: 187; Kovařík, 2002: 9; Lourenço & 
Pézier, 2002: 115, 116, 122, figs 1–4; Vignoli & Crucitti, 
2005: 6–7; Pirali-Kheirabadi et al., 2009: 1, 3, 9, 13, 

figs 24–27; Lowe, 2010: 1, 2, 6, 15–17; Karataş et al., 
2012: 116; Navidpour et al., 2012: 3, 14, 23, fig. 15; 
Mirshamsi et al., 2013: 160, 170; Mozaffari et al., 2013: 
5414, fig.7; Navidpour et al., 2013: 12, 13, figs 7, 10, 38; 
Pirali-Kheirabadi et al., 2013: 48; Azghadi et al., 2014: 
169–178, fig. 2d–f; Moradi et al., 2014: 8; Moradi et al., 
2015: 13; Nazari et al., 2015: 257, 259; Ahmadimarzale 
et al., 2017: 337–339; Dehghani & Kassiri, 2017: 433–
438; Dehghani et al., 2017: 113–116; Navidpour et al., 
2019: 2, 5; Barahoei et al., 2020: 400, 401, figs 19, 20.
Odonbuthus doriae: Pérez Minnocci, 1974: 28.

Type material:  Two syntypes (MCSN), IRAN: Tehran 
Province: Tehran.

Diagnosis:  Odontobuthus doriae may be separated 
from other species of the genus by the following 

Figure 10.  Odontobuthus chabaharensis. Metasomal segment V and telson, lateral aspect (A, E), ventral aspect (B, F), 
metasomal segments II and III, lateral aspect (C, G), ventral aspect (D, H). A, C, E, holotype ♀ (SMF). B, D, F, paratype ♂ 
(ZMFUM 1325). Scale bars = 2.5 mm.
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combination of characters. Scorpions of medium to 
large size, adults 48–72 mm (♂) and 64–84 mm (♀) (Fig. 
17A–D). Colour yellow to pale yellow. Median ocular 
tubercle situated in anterior half of carapace, distance 
from anterior carapace margin, 0.32–0.37. Pedipalp 
chela movable finger long relative to manus (MFL/
ML, 1.81–2.25). Median denticle rows of pedipalp 
chela fixed and movable fingers each comprising 13 or 
14 oblique subrows of denticles. Pectinal tooth count, 
30–32 (♂) and 21–25 (♀). Ventrosubmedian carinae 
of metasomal segments II and III each with three or 
four pairs of prominent tooth-like processes (Fig. 22C). 
Metasomal segment IV length to width (L/W), 1.70–
2.00. Ventrolateral carinae of metasomal segment V 

with four or five prominent lobate processes; anal arch 
with two large lobes laterally; posteroventral margin 
of segment V with six reduced lobes. Telson small, 
narrow, length to width (TL/W), 2.05–2.60 and length 
to height (TL/H), 2.14–2.71 (Figs 20C, 21C).

Distribution:  Odontobuthus doriae is endemic to Iran 
and recorded in 14 provinces: Alborz; Chahar mahal 
and Bakhtiyari; East Azerbaijan; Esfahan; Hamadan; 
Ilam; Kermanshah; Lorestan; Qazvin; Qom; Semnan; 
Tehran; Yazd; Zanjan (Kraepelin, 1899; Pocock, 1900; 
Vachon, 1966; Habibi, 1971; Farzanpay, 1987, 1990; 
Kovařík, 1997, 2002; Dehghani et al., 1998, 2017; 
Lourenço & Pézier, 2002; Vignoli & Crucitti, 2005; 

Figure 11.  Odontobuthus chabaharensis. Pedipalp femur, dorsal aspect (A, B), patella, dorsal aspect (C, D) and chela, 
lateral aspect (E, F). A, C, E, holotype ♀ (SMF). B, D, F, paratype ♂ (ZMFUM 1325). Scale bars = 2.5 mm (A–D), 2 mm (E, F).
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Pirali-Kheirabadi et  al., 2009, 2013; Lowe, 2010; 
Karataş et al., 2012; Navidpour et al., 2012, 2019; 
Mozaffari et al., 2013; Azghadi et al., 2014; Moradi 
et al., 2014, 2015; Nazari et al., 2015; Ahmadimarzale 
et al., 2017).

Records of O.  doriae from Kerman Province 
(Dehghani et al., 2008: 176; Navidpour et al., 2011: 
13) are misidentifications of O. kermanus. Records 
from Hormozgan Province (Shahi et al., 2008: 211; 
Fekri et al., 2012: 137; Navidpour et al., 2013: 12) are 
probably misidentifications of O. baluchicus. Material 
originating from Fars, Kermanshah, Ilam, Lorestan 
and Yazd provinces require further investigation. 
Material from Kermanshah, Ilam and Lorestan 
provinces, to the east of the Zagros Mountains, may 
be referable to O. bidentatus; from the north, east, 

and southwest of Fars, to O. doriae, O. kermanus 
and O. bidentatus, respectively; and from Yazd, to 
O. kermanus.

Material examined:   IRAN: Semnan Province: 
Mehdishahr, Darjazin, 35°37′N 53°21′E, 4388 m, 
5.viii.2018, M. Amiri, night with UV light, two ♀♀ 
(ZMFUM); Semnan, T. Habibi, one ♂, two ♀♀, one 
subad. ♂, one subad. ♀ (ZMFUM); Semnan, Desert 
Research Center, 35°35′N 53°26′E; 1182 m, 1.viii.2004, 
Mohammadi, two ♀♀ (ZMFUM). Tehran Province: 
Teheran, Von Brandis, seven ♀♀, one subad. ♀ (ZMB 
7500); Teheran, 1903, one ♂, one ♀ (SAM 6511 ex 
Museo Torino); Tehran, 15 km SE, 30°41′N 51°25′E, 
30.v.2011, O. Mirshamsi, two ♂♂, 28 ♀♀ (ZMFUM); 
Varamin, v.2005, S. Tehrani, one ♀ [AMCC (LP 4350)]; 

Figure 12.  Odontobuthus kermanus. Habitus, dorsal aspect (A, C), ventral aspect (B, D). A, B, holotype ♀ (SMF). C, D, 
paratype ♂ (ZMFUM 1340). Scale bars = 10 mm (A, B), 5 mm (C, D).
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Varamin, Pishva, Ghale boland village; 39°19′N 
51°39′E, 27.x.2008, Mohammadi, one ♂ (ZMFUM). 
Yazd Province: Ardakan, 10 km E, 32°19′N 54°15′E, 
1235 m, 11.iv.2004, V. Vignoli & P. Crucitti, VVZC 
Y165, one ♀ [AMCC (LP 2908)].

Odontobuthus kermanus sp. nov.
(Figs 1–5, 12–14, Tables 1–5)

Zoobank registration: urn:lsid:zoobank.
org:act:98D4CF43-580A-43E0-890D-
50C5ED84BFD9
Odontobuthus doriae: Dehghani et  al. 2008: 176 
(misidentification); Navidpour et  al. 2011: 13 
(misidentification).

Type material:  Holotype ♀ (SMF), two ♂♂, four ♀♀, one 
subad. ♂ paratypes (ZMFUM), IRAN: Kerman Province: 
Bardsir–Negar–Baft road, 29°58′N 56°42′E, 2238 m, 
16.iv.2018, H. Barahoei, daytime excavation, sand.

Etymology:  The specific epithet is an adjective, derived 
from the Iranian province of Kerman, where the type 
was collected.

Diagnosis :   Odontobuthus kermanus  may be 
separated from other species of the genus by the 
following combination of characters. Scorpions 
of small to medium size, adults 43–55  mm (♂) 
and 48–68 mm (♀) (Fig. 12A–D). Colour yellow to 
yellowish green. Median ocular tubercle situated 
in anterior half of carapace, distance from anterior 
carapace margin, 0.31–0.39. Pedipalp chela movable 

Figure 13.  Odontobuthus kermanus. Metasomal segment V and telson, lateral aspect (A, E), ventral aspect (B, F), 
metasomal segments II and III, lateral aspect (C, G), ventral aspect (D, H). A, C, E, holotype ♀ (SMF). B, D, F, paratype ♂ 
(ZMFUM 1340). Scale bars = 3 mm (A–D), 2.5 mm (E–H).
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finger long relative to manus (MFL/ML, 1.91–2.25). 
Median denticle rows of pedipalp chela fixed and 
movable fingers each comprising 13 or 14 oblique 
subrows of denticles. Pectinal tooth count, 28–30 
(♂) and 19–21 (♀). Ventrosubmedian carinae of 
metasomal segments II and III each with three or 
four pairs of tooth-like processes (Fig. 13C, D, G, H). 
Metasomal segment IV length to width (L/W), 1.67–
1.88. Ventrolateral carinae of metasomal segment V 
with three or four prominent lobate processes; anal 
arch with two large lobes laterally; posteroventral 
margin of segment V with six reduced lobes. Telson 
small, narrow, length to width (TL/W), 2.22–2.50 and 
length to height (TL/H), 2.26–2.68 (Fig. 1A, B, E, F).

Affinities:   Odontobuthus kermanus is closely related 
to O. baluchicus and O. doriae, with which it shares 
the presence of two prominent lateral lobes on the 
anal arch of metasomal segment V, and differs from all 
other species of the genus, which possess three lateral 
lobes. It differs from O. doriae in possessing four or five 
pairs of tooth-like processes on the ventrosubmedian 
carinae of metasomal segments II and III, and from 
O. baluchicus in metasomal segment I being equal to 
or wider than long.

Description:   Based on holotype ♀ (SMF) (Figs 12A, B, 
13A–D, 14A, C, E) and paratype ♂ (ZMFUM 1340) (Figs 
12C, D, 13E–H, 14B, D, F). As for O. baluchicus except 

Figure 14.  Odontobuthus kermanus. Pedipalp femur, dorsal aspect (A, B), patella, dorsal aspect (C, D) and chela, lateral 
aspect (E, F). A, C, E, holotype ♀ (SMF). B, D, F, paratype ♂ (ZMFUM 1340). Scale bars = 2.5 mm (A, C, E), 1.5 mm (B, D), 
2 mm (F).
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where noted. Measurements: ♀: BL: 68.5; CL: 8.0; 
CWP: 9.5; CWA: 5.7; CX: 2.8; CY: 8.0; CHL: 14.8; ML: 
5.0; MFL: 9.8; MtIL: 5.0; MtIH: 3.9; MtIW: 5.0; MtIIL: 
6.0; MtIIH: 3.6; MtIIW: 4.4; MtIIIL: 6.0; MtIIIH: 3.4; 
MtIIIW: 4.2; MtIVL: 7.0; MtIVH: 3.3; MtIVW: 3.9; MtVL: 
8.3; MtVH: 2.8; MtVW: 3.3; TL: 8.0; TW: 3.2; TH: 3.6. ♂: 
BL: 54.8; CL: 6.3; CWP: 7.2; CWA: 5.4; CX: 2.2; CY: 6.3; 
CHL: 11.7; ML: 4.0; MFL: 7.7; MtIL: 3.9; MtIH: 3.0; 
MtIW: 3.7; MtIIL: 4.5; MtIIH: 2.8; MtIIW: 3.5; MtIIIL: 
4.7; MtIIIH: 2.8; MtIIIW: 3.1; MtIVL: 5.6; MtIVH: 2.6; 
MtIVW: 3.1; MtVL: 6.9; MtVH: 2.2; MtVW: 2.7; TL: 6.7; 
TW: 2.7; TH: 2.50. Colour: Carapace brownish-green; 
dark pigmentation around median and lateral ocelli. 
Mesosoma dark brown dorsally, paler brown ventrally. 

Pedipalps and legs lighter brown, distal part of femur 
and proximal part of patella darker especially on legs 
III and IV. Pectines light yellow to cream. Metasoma 
brown, segments darker dorsally, segment V darker 
than preceding segments. Telson vesicle light brown 
to yellow; aculeus light brown anteriorly, becoming 
dark brown to black posteriorly. Carapace: Trapezoid, 
wider than long, CWA/CL, 0.71 (♀) or 0.85 (♂), CWP/
CL, 1.18 (♀) or 1.14 (♂); anterior margin moderately 
emarginate; median ocular tubercle situated in anterior 
half of carapace, CX/CL, 0.35 (♀) or 0.34 (♂), CX/CY, 
0.35 (♀) or 0.34 (♂), distance between median ocelli 
twice ocular diameter; five pairs of lateral ocelli (Fig. 
12A, C); anteromedian and posteromedian sulci deep 

Figure 15.  Odontobuthus bidentatus. Habitus, dorsal aspect (A, C), ventral aspect (B, D). A, B, ♀ (ZMFUM 2067). C, D, ♂ 
(ZMFUM 1317). Scale bars = 10 mm.
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(♂) or shallow (♀); posterolateral sulci wide, curved; 
carinae distinct, central lateral and posteromedian 
carinae completely aligned; anteromedian carinae 
granular; central median, posteromedian and central 
lateral carinae granular (♀) or serratocrenulate (♂); 
intercarinal surfaces of prosoma finely granular. 
Pedipalps: Pedipalp segments relatively short. 

Femur 3.5 (♀) or 3.24 (♂) times longer than wide; four 
complete, granular carinae; retrodorsal, prodorsal and 
proventral carinae granular (♀) or serratocrenulate 
(♂); prolateral carinae comprising isolated spiniform 
granules; intercarinal surfaces smooth (Fig. 14A, B). 
Patella 2.89 (♀) or 2.91 (♂) times longer than wide; 
eight complete carinae; prodorsal carinae distinct (♀) 

Figure 16.  Odontobuthus. Habitus, dorsal aspect (A, C, E), ventral aspect (B, D). A, B, Odontobuthus brevidigitus, ♂ 
(ZMFUM 1438). C–E, Odontobuthus odonturus, ♀ (ZMFUM 1439). Scale bars = 10 mm (A, B), 5 mm (C–E).
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or moderate (♂), granular; dorsomedian, retrodorsal, 
retrolateral, retroventral and ventromedian carinae 
obsolete to moderate, smooth (Fig. 14C); proventral 
and prolateral carinae comprising several spiniform 
granules (♂) (Fig. 14D). Chela 2.96 (♀) or 2.92 (♂) times 
longer than manus; manus wider than patella; fingers 
1.96 (♀) or 1.92 (♂) times longer than manus; median 
denticle subrows, including proximal subrow (left/
right) of fixed finger, 12/12 and movable finger, 13/13; 
all subrows except proximal flanked by prolateral 
and retrolateral accessory denticles; movable finger 
with six (♂, ♀) or seven ♀) subdistal denticles, two 

prolateral and four (♂, ♀) or five (♀) retrolateral. 
Trichobothrium et adjacent to midpoint of denticle 
subrow 7; est adjacent to distal end of denticle subrow 
8 (♂) (Fig. 14F) or midpoint of denticle subrow 9 (♀) 
(Fig. 14E). Sternum: Type I, triangular; slightly 
wider than long (♀) or longer than wide (♂); with deep 
median depression. Genital operculum: Completely 
divided longitudinally with fine, short bristles (Figs 
12B, 13D). Pectines: Distal margin extending to (♀) 
or beyond (♂) coxa-trochanter joint of leg IV; three 
marginal and six median lamellae; fulcra present; 
teeth present along entire posterior margin of pecten, 

Figure 17.  Odontobuthus doriae. Habitus, dorsal aspect (A, C), ventral aspect (B, D). A, B, ♀ (ZMFUM 2045). C, D, ♂ 
(ZMFUM 2016). Scale bars = 10 mm.
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count (left/right), 28/38 (♂) and 20/20 (♀). Mesosoma: 
Tergites I–VI tricarinate; VII pentacarinate, lateral 
carinae granular (♀) or serratocrenulate (♂), median 
carinae incomplete, restricted to anterior half of 
segment and weakly granular; intercarinal surfaces 
finely (♀) or coarsely (♂) granular. Sternites III–VI 

acarinate; VII with four moderate (♀) or obsolete (♂), 
granular carinae, lateral carinae restricted to anterior 
half of segment. Metasoma: Metasomal segment 
I decacarinate; II–IV octocarinate; V pentacarinate; 
all complete carinae moderately to markedly granular 
on segments I–III and weakly to moderately granular 

Figure 18.  Odontobuthus tavighiae. Habitus, dorsal aspect (A, C), ventral aspect (B, D). A, B, ♀ (ZMFUM 1362). C, D, ♂ 
(ZMFUM 1364). Scale bars = 10 mm.
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on IV (♀) or weakly to moderately granular on I–IV 
(♂). Lateral inframedian carinae incomplete, restricted 
to posterior half of segment II; vestigial, reduced to 
few granules posteriorly, on III. Ventrosubmedian 
carinae on segments II and III each with three pairs 
of rounded (♀) or rounded to subtriangular (♂) tooth-
like processes. Anteroventral margins of segments 
III and IV each with four large, rounded granules. 
Ventrolateral carinae on segment V markedly dentate 
with large, rounded lobate processes posteriorly; anal 
arch with two large lobes laterally and four distinct 
lobes, sometimes laterally bidentate, posteroventrally 
(Fig. 13A–H). Telson: Oblong-ovoid, TH/TL, 0.40 (♀) or 
0.37 (♂), TW/TL, 0.45 (♀) or ♂ (0.40); wider than (TW/

MtVW, 1.09) (♀) (Fig. 14A, B) or similar to (TW/MtVW, 
1.00) (♂) (Fig. 14E, F) width of metasomal segment V; 
dorsal surface flat, ventral surface curved, smooth (♀) 
or sparsely granular (♂).

Distribution:   Odontobuthus kermanus is endemic to Iran 
and recorded in only two provinces: Fars and Kerman.

Additional material:  IRAN: Fars Province: Neyriz, 
20 km E of Qatruyeh, 29°10′N 54°51′E, 1657 m, 
16.iv.2018, H. Barahoei, daytime excavation, loamy 
sand, one ♂, three ♀♀ (ZMFUM). Kerman Province: 
Bardsir-Sirjan road, 29°57′N 56°33′E, 2036 m, v.2009, 
A. Koohpaye, H. Jamalizadeh & A. Ebrahimi, Ke-104, 

Figure 19.  Odontobuthus tirgari. Habitus, dorsal aspect (A, C), ventral aspect (B, D). A, B, ♀ (ZMFUM 2091). C, D, ♂ 
(ZMFUM 2092). Scale bars = 10 mm.
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one juv. ♀ [AMCC (LP 11067)]. Sirjan, 60 km SW, 
29°09′N 55°18′E, 1724 m, 16.iv.2018, H. Barahoei, 
daytime excavation, loamy sand, two ♀♀, two subad. 
♂♂ (ZMFUM).

Odontobuthus odonturus (Pocock, 1897)

(Figs 1, 3–5, 16C–E, 20D, 21D, 22D, Tables 1, 4, 5)

Buthus odonturus Pocock, 1897: 104; Kraepelin, 
1899: 27; Birula, 1900b: 357, 358; Birula, 1905: 122; 
Kraepelin, 1913: 124, 125; Werner, 1936: 204.

Buthus doriae odonturus: Pocock, 1900: 16–18, 
fig. 8B; Takashima, 1945: 75.
Buthus (Buthus) doriae odonturus: Birula, 
1917: 239.

Odontobuthus odonturus: Vachon, 1950: 154; Vachon, 
1952: 326; Vachon, 1966: 213; Habibi, 1971: 44; 
Farzanpay, 1988: 39; Kovarik, 1997: 47, 49, figs 12, 13; 
Kovarik, 1998: 115; Fet & Lowe, 2000: 187; Lourenço & 
Pézier, 2002: 118; Lowe, 2010: 1, 2, 7, 15, 16, 17, figs 33, 
34, 41, 42, 60–63.

Figure 20.  Odontobuthus. Metasomal segment V, lateral aspect. A, Odontobuthus bidentatus ♀ (ZMFUM 2061) B, 
Odontobuthus brevidigitus ♂ (ZMFUM–1438). C, Odontobuthus doriae ♀ (ZMFUM 2014). D, Odontobuthus odonturus 
♀ (ZMFUM 1439). E, Odontobuthus tavighiae ♀ (ZMFUM–2074). F, Odontobuthus tirgari ♂ (ZMFUM 1398). Scale 
bars = 2.5 mm.

D
ow

nloaded from
 https://academ

ic.oup.com
/zoolinnean/advance-article/doi/10.1093/zoolinnean/zlab030/6309335 by guest on 25 June 2021



SYSTEMATICS OF ODONTOBUTHUS SCORPIONS  35

© 2021 The Linnean Society of London, Zoological Journal of the Linnean Society, 2021, XX, 1–44

Figure 21.  Odontobuthus. Metasomal segment V, ventral aspect. A, Odontobuthus bidentatus ♀ (ZMFUM 2061) B, 
Odontobuthus brevidigitus ♂ (ZMFUM 1438). C, Odontobuthus doriae ♀ (ZMFUM 2014). D, Odontobuthus odonturus 
♀ (ZMFUM–1439). E, Odontobuthus tavighiae ♀ (ZMFUM 2074). F, Odontobuthus tirgari ♂ (ZMFUM 1398). Scale 
bars = 2.5 mm.
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Odontobuthus doriae odonturus: Tikader & 
Bastawade, 1983: 248–253, figs 714–726.
Odonbuthus odonturus: Pérez Minnocci, 
1974: 28.

Type material:  Holotype ♂ (BMNH 1896.10.20.33), 
PAKISTAN: Kelat Frontier, Upper Sind, A.V. Kemball.

Diagnosis:   Odontobuthus odonturus  may be 
separated from other species of the genus by the 

Figure 22.  Odontobuthus. Metasomal segments II and III, lateral aspect. A, Odontobuthus bidentatus ♀ (ZMFUM 2061). 
B, Odontobuthus brevidigitus ♂ (ZMFUM 1438). C, Odontobuthus doriae ♀ (ZMFUM 2014). D, Odontobuthus odonturus ♀ 
(ZMFUM 1439). E, Odontobuthus tavighiae ♀ (ZMFUM 2074). F, Odontobuthus tirgari ♂ (ZMFUM 1398). Scale bars = 2.5 mm.
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following combination of characters. Scorpions of 
small to medium size, adults 40–51 mm (Fig. 16C–E).  
Colour yellow. Median ocular tubercle situated in 
anterior half of carapace, distance from anterior 
carapace margin, 0.33. Pedipalp chela movable finger 
long relative to manus (MFL/ML, 2.21). Median 
denticle rows of pedipalp chela fixed and movable 
fingers each comprising ten or 11 oblique subrows of 
denticles. Pectinal tooth count, 26–29 (♂) and 16–21 
(♀). Ventrosubmedian carinae of metasomal segments 
II and III each with three pairs of very prominent 
tooth-like processes (Fig. 22D). Metasomal segment 
IV length to width (L/W), 1.86. Ventrolateral carinae 
of metasomal segment V with three prominent lobate 
processes; anal arch with three large lobes laterally, 
first two lobes partially fused; posteroventral margin 
of segment V with four relatively large lobes. Telson 
small, narrow, length to width (TL/W), 2.38 and length 
to height (TL/H), 2.58 (Figs 20D, 21D).

Distribution:   Odontobuthus odonturus is recorded 
from Pakistan (Pocock, 1897; Fet & Lowe, 2000; 
Lourenço & Pézier, 2002) and India (Tikader & 
Bastawade, 1983: 253). Records of this species from 
Iran, cited by Birula (1900: 357), Farzanpay (1987: 156, 
1990: 7), Akbari et al. (1997: 112) and Kovařík (1997: 
47) are misidentifications of other species (Lourenço 
and Pézier, 2002: 122; Navidpour et al., 2008a: 13). 
Moreover, reports of Nejati et al. (2014: 219) and 
Kassiri et al. (2015: 101) are doubtful.

Material examined:  x.1912, 1 ♂ (ZMH). PAKISTAN: 
vii.2007, ex pet trade, one ♀ [AMCC (LP 7008)]. 
Karachi Province: 25°02′N 66°58′E, 30 m, 2007, 
Z. Ahmed, one ♀ (ZMFUM 1439). Punjab Province: 
Bhakar (Thal) District, Bhakar Tehsil: Bhakar city, 25 
km NW, 31°38′N 71°06′E, 537 ft, 19.v.2012, M. Tahir, 
S. Y. Khan, H. Khan, M. Hussain & T. Ahmed, sand 
dunes with little grass, night collection with UV light 
(9–12 pm), one ♂, two juv. ♂♂ (AMNH), one juv. ♂ 
[AMCC (LP 11333)]. Chakwal District, Kalar Kahar 
Tehsil: Kalar Kahar, 45 km S on Motorway, 5 km W 
of Motorway, 32°35′N 72°48′E, 732 ft, 25.vi.2012, 
M. Tahir, S. Y. Khan, H. Khan, M. Hussain & T. Abbas, 
semi-sandy area with vegetation, night collection with 
UV lamps, three ♂♂, two ♀♀, one juv. ♂ (AMNH), three 
juv. ♂♂ [AMCC (LP 11421)], 26.v.2012, M. Tahir, S. Y. 
Khan, H. Khan, M. Hussain & T. Khan, semi-sandy 
with vegetation, UV light collection, 11 pm–1 am, one 
subad. ♂, four juv. ♂♂, five juv. ♀♀ (AMNH), one juv. ♂, 
two juv. ♀♀ [AMCC (LP 11346)]. Jhang District, Jhang 
Tehsil: Aliabad, 1.5 km W on main road near Flood 
Relief Bank, 31°41′N 72°44′E, 436 ft, 22.vii.2012, 
M. Jafar & M. Babar, sandy area with short vegetation, 
night collecting with UV lamp, 9–11 pm, one subad. ♂, 

two subad. ♀♀ (AMNH), one juv. ♂ [AMCC (LP 11487)]; 
Aliabad, 2 km E of old bypass, 31°39′N 72°44′E, 432 
ft, 23.vii.2012, M. Jafar & M. Babar, sandy area with 
short vegetation, night collecting with UV lamp, 
12 pm, two ♀♀ (AMNH), one ♀ [AMCC (LP 11488)]. 
Shorkot Tehsil: Cha Fateh wala, 5 km N of Shorkot 
on S side of road, 1.5 km W of Fateh wala on W side 
of Multan road, 30°50′N 72°04′E, 431 ft, 23.v.2012, 
M. Tahir, M. Irfan, S. Y. Khan, N. Ahmed & T. Abbas, 
sand dunes with grass in patches, UV light detection, 
9–11 pm, one ♂, one subad. ♀ (AMNH); Kashmir Sugar 
Mills, 5 km from Shorkot, Bhudh 2 km from Kashmir 
Sugar Mills on N side of road, 30°46′N 72°41′E, 438 ft, 
23.v.2012, M. Irfan & T. Abbas, natural habitat with 
sand dunes, long grass and Calotropis plants, night 
collection with UV light, 11 pm–2 am, one ♂ (AMNH). 
Khushab District, Jhourabad Tesil: Noor Pur Thal, 
20 km NW on road to Rooda, E side of road near 
canal, 32°03′N 72°05′E, 14.v.2012, M. K. Mukhtar, 
M. Irfan, M. M. Hussain & H. Khan, remnant patch of 
habitat surrounded by cultivated lands, sand dunes, 
UV detection at night, one ♂ [AMCC (LP 11315)]; 
Noor Pur Thal, 21 km NW on road to Rooda, W side 
of road, 32°06′N 72°06′E, 14.v.2012, M. K. Mukhtar, 
M. Irfan, M. M. Hussain & H. Khan, remnant patch 
of habitat surrounded by cultivated lands, sandy 
soil, UV detection at night, one juv. ♂ [AMCC (LP 
11312)]. Sargodha District, Noshara Tehsil: Nory 
Wala, 6 km NW of Khaliq Abad towards Noshra, near 
Police Station, 32°26′N 72°32′E, 819 ft, 19.vi.2012, 
M. Tahir, S. Y. Khan, M. Ahsan & M. Jafer, rocky area 
with sand, night collecting with UV lamps, 11–12 pm, 
two ♂♂, one ♀ (AMNH); Sargodha Tehsil: Samavani, 
5 km N of motorway towards Sargodha, 1 km S on 
side road, 32°03′N 73°36′E, 619 ft, 20.v.2012, M. Tahir, 
S. Y. Khan, H. Khan & T. Ahmed, plain, sandy areas 
with grass and Calotropis procera UV light collection, 
9 pm, three ♂♂, two ♀♀, one subad. ♀, four juv. ♂♂, 
three juv. ♀♀ (AMNH), one juv. ♂ [AMCC (LP 11336)]; 
Sargodha, 36 km E on Lahore road, 500 m from 
Doodha stop, on S side of road, 32°03′N 73°36′E, 623 
ft, 21.v.2012, M. Tahir, M. Irfan, M. Hussain & M. J. 
Khan, natural sandy habitat with vegetation, long 
grass and Calotropis plants, pitfall method, 11–12 pm, 
one ♂, one ♀ (AMNH).

Odontobuthus Tavighiae Navidpour et al., 2013

(Figs 1–5, 18, 20E, 21E, 22E, Tables 1–5)

Odontobuthus odonturus: Nejati et al., 2014: 19–220 
(misidentification).

Odontobuthus tavighiae Navidpour et al., 2013: 3, 
13, 14, 21, figs 3, 10, 13–23; Azghadi et al., 2014: 169, 
170, 172, 173, 175, 176, 177, 178, figs 1, 2j–l; Barahoei 
et al., 2020: 402, fig. 20.
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Type material:  Holotype ♂ (FKCP), paratype ♀ (RRLS), 
IRAN: Hormozgan Province: Lengeh Port, 27°08′06”N 
55°49′17.5′′, 12 m, v.2009, Masihipour, Hayader & 
Habibzadeh.

Diagnosis:  Odontobuthus tavighiae can be separated 
from other species of the genus by the following 
combination of characters. Scorpions of medium 
to large size, adults 52–67 mm (♂) and 45–79 mm 
(♀) (Fig. 18). Colour yellow. Median ocular tubercle 
situated in anterior half of carapace, distance from 
anterior carapace margin, 0.34–0.38. Pedipalp chela 
movable finger long relative to manus (MFL/ML, 
1.69–2.06). Median denticle rows of pedipalp chela 
fixed and movable fingers each comprising 13 or 14 
oblique subrows of denticles. Pectinal tooth count, 
30–34 (♂) and 22–27 (♀). Ventrosubmedian carinae of 
metasomal segments II and III each with two pairs of 
tooth-like processes (Fig. 22E). Metasomal segment IV 
length to width (L/W), 1.60–1.95. Ventrolateral carinae 
of metasomal segment V with three or four prominent 
lobate processes; anal arch with three large lobes 
laterally; posteroventral margin of segment V with six 
reduced lobes. Telson small, narrow, length to width 
(TL/W), 1.89–2.28 and length to height (TL/H), 1.96–
2.35 (Figs 20E, 21E).

Distribution:   Odontobuthus tavighiae is endemic 
to Iran and recorded from only two provinces: Fars; 
Hormozgan (Navidpour et al., 2013; Azghadi et al., 
2014; Navidpour & Mirshamsi, 2014).

Material examined:  IRAN: Fars Province: Mohr, 
27°31′N 52°54′E, 445 m, 13.iv.2018, H. Barahoei, 
daytime excavation, clay loam, one ♂, three ♀♀  
(ZMFUM). Hormozgan Province: Hameyran, 27°01′N 
53°43′E, 224 m, 12.iv.2018, H. Barahoei, daytime 
excavation, loam, one ♂, three ♀♀ (ZMFUM); Lavar-e 
Khasht village, 10 km N, Hameyran–Parsian road, 
27°09′N 53°26′E, 519 m, 13.iv.2018; H. Barahoei, daytime 
excavation, two ♀♀ (ZMFUM); Parsian, Behdeh village, 
27°04′N 53°29′E, 11.xii.2007, 1 ♂ (ZMFUM); Parsian, 
SE of Bando village, 27°19′N 52°52′E, 11.xii.2007, one 
♀ (ZMFUM); Parsian, Chahvaz, 27°05′N 53°28′E, 231 
m, 12.iv.2018, H. Barahoei, daytime excavation, loam, 
six ♂♂, two ♀♀, two subad. ♂♂ (ZMFUM); Parsian, 
Pishab village, 27°10′N 53°07′E, 106 m, 13.iv.2018, 
H. Barahoei, daytime excavation, loam, one ♂, two ♀♀ 
(ZMFUM).

Odontobuthus tirgari Mirshamsi et al., 2013

(Figs 1–5, 19, 20F, 21F, 22F, Tables 1–5)

Odontobuthus doriae: Vatani & Khoobdel, 2009: 10 
(misidentification); Ramezani et al., 2010: 55, 56, 58, 

59, 60, figs 2, 3, 5 (misidentification); Karataş et al., 
2012: 116 (misidentification); Motevalli Haghi et al., 
2020: 69–72 (misidentification).

Odontobuthus tirgari Mirshamsi et al., 2013: 153–
168, figs 1–41; Azghadi et al., 2014: 171; Navidpour 
& Mirshamsi, 2014: 112; Barahoei et al., 2020: 402, 
fig. 20.

Type material:  Holotype ♀ (AMNH), one ♂, one ♀ 
paratypes (AMNH), IRAN: Razavi Khorasan Province: 
Gonabad, Borjook village, 1.ix.2012, O. Mirshamsi.

Diagnosis:  Odontobuthus tirgari may be separated 
from other species of the genus by the following 
combination of characters. Scorpions of medium to 
large size, adults 44–75 mm (♂) and 50–77 mm (♀) 
(Fig. 19). General coloration yellow to yellowish-
green. Median ocular tubercle situated in anterior 
half of carapace, distance from anterior carapace 
margin, 0.30–0.40. Pedipalp chela movable finger 
long relative to manus (MFL/ML, 2.20–2.75). Median 
denticle rows of pedipalp chela fixed and movable 
fingers each comprising 13 or 14 oblique subrows of 
denticles. Pectinal tooth count, 28–33 (♂) and 19–24 
(♀). Ventrosubmedian carinae of metasomal segments 
II and III each with three to five pairs of tooth-like 
processes (Fig. 20F). Metasomal segment IV length 
to width (L/W), 1.63–2.33. Ventrolateral carinae of 
metasomal segment V with three or four prominent 
lobate processes; anal arch with one small and two 
large lobes, sometimes presenting as two lobes, 
laterally; posteroventral margin of segment V with six 
reduced lobes. Telson small, narrow, length to width 
(TL/W), 2.22–2.81 and length to height (TL/H), 2.22–
2.71 (Figs 20F, 21F).

Distribution:  Odontobuthus tirgari is endemic to 
Iran and recorded in four provinces: North Khorasan; 
Razavi Khorasan; Sistan and Baluchistan; South 
Khorasan (Vatani & Khoobdel, 2009; Ramezani et al., 
2010; Karataş et al., 2012; Mirshamsi et al., 2013; 
Azghadi et al., 2014; Mir et al., 2014; Navidpour & 
Mirshamsi, 2014).

Additional material:   IRAN: Razavi Khorasan 
Province:  Gonabad, Ghozhd Jungle, 34°25 ′N 
58°44′E, 1035 m, 30.vi.2018, UV light at night, 
silty soil, H. Barahoei, two ♂♂ (ZMFUM); Gonabad, 
Kakhk–Ostad road, 34°07′N 58°46′E, 6.viii.2011, 
O. Mirshamsi, two ♂♂, six subad. ♀♀ (ZMFUM); 
Gonabad, Kakhk village road, 34°09′N 58°45′E, 1391 
m, 15.vii.2018, H. Barahoei, daytime excavation, 
loamy sand, two ♂♂, two ♀♀, two subad. ♀♀ (ZMFUM); 
Gonabad, Marghesh village, 3 km NE of Kakhk, 
34°08′N 58°38′E, 15.vii.2011, O. Mirshamsi, two ♂♂, 
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seven ♀♀ (ZMFUM). Sistan and Baluchistan Province: 
Dasht-e Robat village, 30 km S of Khash, 28°04′N 
61°19′E, 1382 m, 13.xi.2018, H. Barahoei, daytime 
excavation, loamy sand, one ♂, two ♀♀, one subad. 
♀ (ZMFUM); Iranshahr, 30 km E, 27°13′N 61°03′E, 
1605 m, 13. 2018; H. Barahoei, daytime excavation, 
loam, two ♂♂, one ♀, one subad. ♀ (ZMFUM); 40 km 
on Iranshahr–Rask road, 26°58′N 60°53′E, 975 m, 
14.xi.2018, H. Barahoei, daytime excavation, sand; 
one ♂, three ♀♀, one subad. ♀ (ZMFUM); Iranshahr, 
Zimdan village, 26°49′N 60°58′E, 1390 m, 14.xi.2018, 
H. Barahoei, daytime excavation, loam, one ♂, one 
♀, one subad. ♀ (ZMFUM); Khash, Dehpabid village, 
28°25′N 60°54′E, 1643 m, 16.xi.2018, H. Barahoei, 
daytime excavation, loamy sand, one ♀, two subad. 
♀♀ (ZMFUM); Khash, Karvandar village, 27°43′N 
60°45′E, 1045 m, 2.iv.2018, H. Barahoei, daytime 
excavation, one ♂ (ZMFUM); Khash, Karvandar 
village, 27°51 ′N 60°45 ′E, 1230 m, 16.xi.2018, 
H. Barahoei, daytime excavation, sand, three ♂♂, 
two subad. ♂♂ (ZMFUM); Khash, Nouk Abad, 
Gowhar Kouh, 28°27′N 60°39′E, 1501 m, 4.iv.2019, 
H. Barahoei, daytime excavation, clay loam, one 
♂, one ♀ (ZMFUM); Mehrestan, 5 km E, 27°10′N 
61°41′E, 1285 m, 13.xi.2018, H. Barahoei, daytime 
excavation, clay loam, one ♂, four ♀♀, two subad. ♀♀ 
(ZMFUM); Saravan, 5 km N, 27°25′N 62°17′E, 1206 
m, 13.xi.2018, H. Barahoei, daytime excavation, 
loam, two ♂♂, two ♀♀ (ZMFUM); Taftan Mountain, 
surroundings, iii.2018, A. Zamani, one subad. ♀ 
[AMCC (LP 15795)]; Zabol, Sefidabeh, Palang Kouh, 
30°49′N 60°34′E, 1175 m, 3.iv.2019, H. Barahoei, 
daytime excavation, clay loam, two ♂♂ (ZMFUM); 
Zahedan, Cheshmeh Ziarat, Polki village, 29°31′N 
60°29′E, 1714 m, 2.iv.2018, H. Barahoei, daytime 
excavation, sand, one ♂, six ♀♀, three subad. ♀♀ 
(ZMFUM); Zahedan, Manzel Aab village, 29°18′N 
60°47′E, 1605 m, 24.vii.2017, H. Barahoei, UV light 
at night, clay loam, three ♂♂, one ♀, one subad. ♀ 
(ZMFUM). South Khorasan Province: Nehbandan, 
Chah-e Zard village, 31°32′N 60°02′E, 28.vii.2008, 
O. Mirshamsi, one ♂, one ♀ (ZMFUM); Nehbandan, 
Sahl Abad, 32°19′N 59°49′E, 1618 m, 14.vii.2018, 
H.  Barahoei, daytime excavation, one ♂ , two 
♀♀ (ZMFUM); Shosf, 31°45′N 60°04′E, 1501 m, 
14.vii.2018, H. Barahoei, daytime excavation, one ♂, 
two ♀♀ (ZMFUM).

DISCUSSION

Previous authors justified or confirmed the taxonomic 
validity of O. bidentatus, O. brevidigitus, O. doriae, 
O. odonturus, O. tavighiae and O. tirgari based on 
morphological and, in a few cases, molecular data 
(Lourenço & Pézier, 2002; Mirshamsi et al., 2013; 

Navidpour et  al., 2013; Azghadi et  al., 2014). In 
the present contribution, statistical analysis of 
morphological data confirmed the taxonomic validity 
of the six previously described species of Odontobuthus 
and demonstrated that characters of the carapace (CX 
and CY) and pedipalps (MFL, ChL, MW, MD and FW) 
are diagnostic at the species level (Table 2).

The results of molecular phylogenetic analyses of 
COI sequences from 21 Odontobuthus populations 
(Figs 3, 5) were congruent with the morphological 
analyses. Maximum likelihood and Bayesian inference 
supported the monophyly of the six previously 
described species, and provided additional support 
for recognizing three new species, from the central 
and south-eastern parts of the Iranian Plateau: 
O. kermanus, from Kerman Province (Bardsir and 
Neyriz populations; Fig. 1; Table 1) and two species 
from Sistan and Baluchistan Province in south-eastern 
Iran, O. baluchicus from the Makkoran Mountains 
(Nikshahr and Jask populations, Fig. 1, Table 1) and 
O. chabaharensis from the coast of the Gulf of Oman 
(Chabahar population; Fig. 1; Table 1). Azghadi et al. 
(2014) previously suggested that the population from 
Kerman Province might be a new species. The new 
discoveries raise the number of Odontobuthus species 
to nine, six of which are endemic or subendemic to the 
Iranian Plateau (67% endemism).

Consistent with the tree topology based on COI and 
16S presented by Azghadi et al. (2014), the species 
of Odontobuthus are grouped into two major clades: 
clade A, comprising O. baluchicus, O. bidentatus, 
O.  brevidigitus, O.  chabaharensis , O.  doriae , 
O. odonturus and O.  tavighiae, sister to clade B, 
comprising the remaining two species (Fig. 5). The 
genetic distance between O. kermanus and O. tirgari 
was 6% ± 0.01 (Table 5), consistent with the distance 
calculated by Azghadi et al. (2014). The two species 
are readily distinguished by the presence of two 
lateral lobes on the anal arch of metasomal segment 
V in O. kermanus, compared with two large and one 
smaller lateral lobes in O. tirgari.

Clade A was further divided into two subclades: 
clade A1, comprising O. baluchicus, O. doriae and 
O. odonturus, and clade A2, comprising O. bidentatus, 
O. brevidigitus, O. chabaharensis and O. tavighiae. 
The average genetic distance among the species 
of clade A1 was 11.3%, supporting the recognition 
of O.  baluchicus as distinct from O.  doriae and 
O.  odonturus. Odontobuthus baluchicus may be 
distinguished from O. doriae by metasomal segment 
I being longer than wide, and from O. odonturus by 
the presence of two rather than three lateral lobes 
on the anal arch of metasomal segment V. Similarly, 
genetic distances between O. chabaharensis and the 
other species of clade A2, O. bidentatus, O. brevidigitus 
and O. tavighiae, ranged from 8.4% to 10.1% (Table 5). 
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Odontobuthus chabaharensis may be distinguished 
from these species by the presence of three prominent 
spiniform lobes laterally and two prominent lobes 
posteroventrally on the anal arch of metasomal 
segment V.

The minimum interspecific genetic distance (6.0%) 
was observed between O. kermanus and O. tirgari, 
distributed in the central and eastern parts of Iran, 
respectively, their distributional ranges separated by 
mountains in the eastern part of Iran. The maximum 
interspecific genetic distance (13.5%), between 
O. bidentatus and O. doriae, may be explained by 
the geographical barrier represented by the Zagros 
orogeny (Mirshamsi et al., 2013). Whereas Azghadi 
et al. (2014) observed the maximum interspecific 
divergence (13.2%) between O. doriae and O. tavighiae, 
the lower distance between these species observed 
in the present study (11.4%) may be attributed to 
the inclusion of more samples of O. tavighiae from 
intervening geographical localities.

Geographical barriers to dispersal, associated with 
interactions between the Arabian, Eurasian and 
Indian tectonic plates, e.g. the orogeny of the Zagros 
and Alborz mountain ranges, which occurred in the late 
Tertiary approximately (5–10 Mya) and the formation 
of low basins, e.g. the Lut Desert to the south-east of 
the Iranian Plateau, probably played an important 
role in the speciation process within Odontobuthus 
(Lowe, 2010; Mirshamsi et al., 2013; Azghadi et al., 
2014). However, the hypothesis of east to west 
expansion in the evolutionary history of Odontobuthus 
advanced by Lowe (2010) is falsified by the COI-based 
phylogeny, as clade A is distributed in central, south-
western, southern and south-eastern parts of Iran, 
Iraq, Pakistan and India, and clade B is distributed 
within eastern and north-eastern Iran. Additional 
markers from the nuclear and mitochondrial genomes 
may further illuminate the biogeographical history of 
Odontobuthus.
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