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Abstract. In this research, the MaxEnt modeling approach was used to distinguish the potential
niche and distribution pattern of Odontobuthus doriae, a scorpion mainly endemic to central Iran.
In aggregate, 47 occurrence records and five environmental variables were applied in the modeling
of current and future periods. Central Iran was confirmed as the most suitable habitat for O. doriae,
which approximately corresponds to its known distribution. Among the environmental variables,
temperature seasonality and mean temperature of the coldest quarter were the most important driving
factors. Interestingly, the current distribution of O. doriae completely corresponds to geographical
limitations in the north and the west presented by the Alborz and Zagros Mountains, respectively.
Future projection showed a distributional shift towards northern part of Iran. In the context of its
medical importance, more studies on biology and ecology of O. doriae could help scientists to better

inform, health care management activities.

INTRODUCTION

Scorpions are predatory animals belonging to the Arach-
nida (Phylum Arthropoda, Subphylum Chelicerata)
with 2200 species (Lourenco 2015, 2018). They are
distributed globally with the exception of Antarctica,
and are especially prevalent in tropical and subtropical
regions (Lourengo 2015, 2018).

So far, 18 scorpion families have been reported in the
world (Soleglad and Fet 2003; Prendini and Wheeler
2005). Out of these, four families have reported from
Iran, including Buthidae, Scorpionidae, Hemiscorpiidae
and Diplocentridae (Lourenco 2015). These families
comprise 20 genera encompassing 77 species (Mir-
shamsi etal. 2011, 2013; Navidpour et al. 2013; Azghadi
et al. 2014; Kazemi and Sabatier 2019; Kovarik 2019;
Kovatik and Navidpour 2020).

The genus Odontobuthus Vachon, 1950, a member of
family Buthidae, is found in the Rajasthan desert of
western India, and the Indus River drainage of eastern
Pakistan to the Tigris-Euphrates River drainage in Iraq
(Lourengo and Pézier 2002; Lowe 2010; Mirshamsi et
al. 2013). The genus contains six species: O. biden-
tatus (Lourenco and Pézier 2002), O. brevidigitus
Lowe 2010, O. doriae (Thorell 1876), O. odonturus
(Pocock 1897), O. tavighiae Navidpour, Soleglad, Fet
and Kovarik 2013, and O. tirgari Mirshamsi, Azghadi,
Navidpour, Aliabadian and Kovarik 2013 (Farzanpay
1987; Lowe 2010; Mirshamsi et al. 2011; Navidpour

et al. 2013; Mirshamsi et al. 2013; Azghadi et al. 2014;
Kazemi and Sabatier 2019). All of these species occur
in Iran with the exception of O. brevidigitus which is
distributed along the Batinah coast and foothills of the
Al Hajar Mountains of northern Oman (Lowe 2010).
According to some authors, Odontobuthus odonturus is
present in Iran but Lowe (2010) disputes its occurrence
in Iran (Vachon 1966; Farzanpay 1988; Mirshamsi et al.
2011; Nejati et al. 2014). Among the Iranian species of
Odontobuthus, O. doriae is particularly important due
to its medical application and widespread distribution
(Jalali and Rahim 2014). Based on Hauke and Herzig
(2017) and Ward et al. (2018), the genus of Odonto-
buthus in Iran comprises species with potent biotoxic
and bioactive molecular compounds. Odontobuthus
doriae distributed in western, southeastern, and central
parts of Iran (Pocock 1900; Birula 1905; Farzanpay
1987; Lourengo and Pézier 2002; Lowe 2010; Navid-
pour et al. 2011). Toxicity of this scorpion’s venom
is high with a lethal dose (LD50) of 0.19 mg/kg for
extracted neurotoxins injected into mice (Jalali and Ra-
him 2014; Fatani 2015; Motevalli Haghi and Dehghani
2017). Despite a high rate of scorpion stings in Iran only
a few studies have been conducted on the most venom-
ous scorpions in Iran (Jalali and Rahim 2014).

Ecological approaches to studying these scorpions
provide more knowledge about their spatial distribution
and help facilitate identification of suitable habitats,
influential environmental factors and effective conserva-
tion programs, especially for endangered and endemic
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species (Guisan and Zimmermann 2000; Graham et al.
2004; Guisan and Thuiller 2005). One useful algorithm
is ecological niche modeling (ENM), which estimates
the relationship between characteristics such as environ-
ment, topography, distribution, and species occurrence
and then identifies variables which limit the distribution
of a particular species (Guisan and Zimmermann 2000;
Graham et al. 2004; Guisan and Thuiller 2005; Jiménez-
Valverde et al. 2008). The popularity of ENMs is related
to a need for useful information to manage conservation
activities (Bulluck et al. 2006). Predictive models of
potential geographic distributions are extensively used
for a variety of applications in ecology, conservation and
biogeography (Graham et al. 2004; Guisan and Thuiller
2005). Here, I am to estimate a potential distribution pat-
tern, and to identify suitable habitat and limiting factors
of'the yellow scorpion distribution for future predictions
so as to eventually provide more information about the
ecology of the species to enable avoidance of encounters
resulting in envenomation from stings.

MATERIALS AND METHODS

In this study, 47 occurrences of O. doriae were identified
from field work and the literature (Vignoli and Crucitti
2005; Navidpour et al. 2011, 2019; Mirshamsi et al.
2013; Moradi et al. 2015; Jafari et al. 2015; Table 1).
To avoid spatial auto-correlation, localities less than
10-kilometer in distance from each other were omitted
(Merckx et al. 2011).

In total, 19 variables related to bioclimatic seasonality
and annual trends of temperature and precipitation were
downloaded from the WorldClim database (http://www.
worldclim.org, Hijmans et al. 2005) for the present pe-
riod. For future periods, predicted environmental factors
were downloaded for i) the year 2070, ii) the average
for 2061-2080, and iii) the representative concentration
pathway (RCP) emission scenarios (8.5) available for
GCMs (general circulation models). For future projec-
tions, CCSM4, MIROCS5 and GISSE2-R were used
(Hijmans et al. 2005). I chose the RCP 8.5 because
it has shown that distribution pattern of species cor-
responds to intensive scenario with rising temperature
approximately to 2.37-4.4 °C (Newth and Gunasekera
2018). All environmental layers have been extracted at
a spatial resolution of 30 arc seconds (grid cells of ~
0.0083° — approximately 1 km). The mentioned layers
have been clipped for Iran territory by ARCMAP 10.4.1.
To achieve final map for RCP 8.5, I overlaid a prediction
map from the Three GCM using DIVA-GIS.

Initially, correlations between all 19 environmental
variables were estimated using Pearson’s correlation
coefficient in SPSS 16. Variables with correlation coef-

ficients > 0.7 were omitted from modeling. Then, five
out of 19 environmental variables were chosen and used
in this study including 1) precipitation of the warmest
quarter (Biol8), ii) annual precipitation (Bio12), iii)
mean diurnal temperature range (Bio2), iv) temperature
seasonality (bio4), and v) mean temperature of the cold-
est quarter (Bio 11).

Table 1. List of occurrence points of Odontobuthus doriae
used in the study.

Species | Longitude | Latitude Source
O. doriae 57.190 30.123 | Navidpour et al. 2011
O. doriae 56.588 30.795 | Navidpour et al. 2011
O. doriae 56.217 30.520 | Navidpour et al. 2011
O. doriae 55.094 30.028 | Navidpour et al. 2011
O. doriae 55.094 30.028 | Navidpour et al. 2011
O. doriae 55.093 30.47 | Navidpour et al. 2011
O. doriae 52.477 31.181 | This study
O. doriae 54.104 29.094 | This study
O. doriae 50.876 32.454 | This study
O. doriae 53.446 35.590 | This study
O. doriae 49.166 36.139 | Moradi et al. 2014
O. doriae | 48.796 36.457 |Moradi et al. 2014
O. doriae | 48.383 36.693 | Moradi et al. 2014
O. doriae 51.435 33.974 | This study
O. doriae 51.316 34.283 | This study
O.doriae 51.416 34.083 | This study
O. doriae 51.883 33.916 | This study
O. doriae 55.504 31.711 | Vignoli and Crucitti 2005
O. doriae 54.252 32.310 | Vignoli and Crucitti 2005
O. doriae 50.767 35.751 | Jafarietal. 2015
O. doriae 48.215 37.389 |Jafari et al. 2015
O. doriae 50.342 35.493 |Jafari et al. 2015
O. doriae 49.511 36.447 | Jafari et al. 2015
O. doriae 50.972 35.910 | Navidpour et al. 2019
O. doriae 50.784 | 35.957 |Navidpour et al. 2019
O. doriae 50.395 35.780 | Navidpour et al. 2019
O. doriae 50.597 35.816 | Navidpour et al. 2019
O. doriae 50.444 | 35.713 |Navidpour et al. 2019
O. doriae 50.679 36.151 |Navidpour et al. 2019
O. doriae 50.467 33.869 | Navidpour et al. 2019
O. doriae 50.240 33.734 | Navidpour et al. 2019
O. doriae | 49.868 33.979 |Navidpour et al. 2019
O. doriae 49.991 33.836 | Navidpour et al. 2019
O. doriae 49.667 34.433 | Navidpour et al. 2019
O. doriae 50.191 34.284 |Navidpour et al. 2019
O. doriae 50.060 34.203 | Navidpour et al. 2019
O. doriae 49.615 33.982 | Navidpour et al. 2019
O. doriae 50.631 35.583 | Navidpour et al. 2019
O. doriae 50.718 35.642 | Navidpour et al. 2019
O. doriae 50.968 35.486 | Navidpour et al. 2019
0. doriae 51.079 35.423 | Navidpour et al. 2019
O. doriae 51.712 35.565 | Navidpour et al. 2019
O. doriae 51.421 35.288 | Navidpour et al. 2019
O. doriae 51.423 35.696 | Mirshamsi et al. 2013
O. doriae 51.65 35.321 |Mirshamsi et al. 2013
O. doriae 56.552 29.946 |Mirshamsi et al. 2013
O. doriae 55.094 30.028 | Mirshamsi et al. 2013
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Maximum Entropy modeling (MaxEnt) involves algo-
rithms that can be used for the prediction of a species’
potential distribution. It is a machine-learning approach
that estimates the likelihood of presence in a given cell
on the basis of environmental features in that cell (Fran-
klin 1995; Guisan and Thuiller 2005; Elith et al. 2006,
2010,2011; Wisz et al. 2008). MaxEnt version 3.4.1 was
applied with its default settings (0.00001, 500 and 1 for
Convergence threshold and maximum number of itera-
tions, regularization multiplier respectively) (Phillips
and Dudik 2008). The ‘area under the receiver-operating

characteristic curve’ (AUC) was used for model evalua-
tion, which surveys the ability of a model to distinguish
between sites where a species is ‘present’ versus ‘absent’
(Phillips et al. 2006; Elith et al. 2006).

RESULTS

Current model performance was high with an average AUC
0f0.817+0.129 (Figure 1). The present model distribution
map showed northern and central Iran as possessing highly
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Figure 1. The graph of the area under the receiver operating characteristic (ROC) curve for Odontobuthus doriae’s habitat
suitability model. The red (training) line shows the “fit” of the model to the training data. The blue (testing) line indicates
the fit of the model to the testing data and is the real test of the model’s predictive power.
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Figure 2. Potential distribution of Odontobuthus doriae resulting from the best-fitting MaxEnt model.
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Figure 3. Future potential distribution of Odontobuthus doriae under scenario RCP 8.5.

suitable habitat for O. doriae (Figure 2). The southern part
in which the species is distributed showed although there
was available habitat for yellow scorpion it was not opti-
mal. Future prediction revealed a more limited distribution
of habitat would be available than the present projection. It
indicated a clear trend of the O. doriae distribution retreat-
ing towards the northern part of Iran (Figure 3).

Among the environmental variables, temperature sea-
sonality was the most important determinant with a
32.1% contribution, followed by precipitation during
the warmest quarter of the year (Bio18) with a 24.4%
contribution to the modelled distribution (Table 2).

Table 2. Percentages of contributions of variables included in
the best-fitting distribution model for Odontobuthus doriae.

Variable Var.1 abl?
contribution
Temperature seasonality (bio4) 32.1
Precipitation of the warmest quarter (Biol8) 24.4
Mean temperature of coldest quarter (bio 11) 21.6
Annual precipitation (Bio12) 15.3
Mean diurnal temperature range (Bio2) 6.6

DISCUSSION

The distribution of O. doriae is limited to northern, cen-
tral and some southern regions of Iran. Geographically,
there are two high mountain ranges in Iran; the Alborz,
from northwest to northeast and the Zagros which
traverse from northwest to southeast, thereby creating
an amphitheater around the plateau (Fisher 1968). The
Zagros Mountains form a geographic barrier which sepa-

rates central from western Iran and gives rise to different
climates on either side of the highland, and in so doing
plays an important role in speciation, isolation, diversi-
fication and endemism (Fisher 1968; Rastegar-Pouyani
et al. 2010). Interestingly, the distribution of the yellow
scorpion precisely corresponds to the geographical limi-
tations imposed in the north and the west by the Alborz
and Zagros Mountains, respectively. In addition, some
regions of the known distribution pattern of the species
have suboptimal habitat most likely delineating the
marginal extremes of the distribution compared with the
highly suitable habitat in the northern and central parts
of Iran. The results suggest that population density of
the species in the southern parts might be lower than in
highly suitable habitat in northern parts of distribution
and as, the species is fossorial, differences in soil and
substrate type among the regions might be affecting
habitat suitability. Formerly, the range distribution of the
species was larger than today because recent studies have
shown that some isolated populations of Odontobuthus
that were previously attributed to O. doriae, actually
belong to other species. The isolated populations from
Khuzestan Province in western Iran, belong to O. biden-
tatus which is separated from central Iran by the Zagros
Mountains (Lourengo and Pézier 2002). In addition,
populations in southern and coastal regions bordering the
Persian gulf comprise O. tavighiae which is separated
from O. doriae by the southeastern slope of the Zagros
Mountains. Finally a population in eastern Iran recently
identified as O. tirgari is isolated from O. doriae by the
severe and hot Iranian desert area named Dasht-e-Kavir
(Navidpour et al. 2013; Mirshamsi et al. 2013). Based
on Lowe (2010), these disjointed geographical distri-
butions of the Odontobuthus populations related to the
Miocene/Pliocene paleoclimatic and vicariance events
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which might have affected the distributions in the Iranian
Plateau (Lowe 2010).

Medically, the risks associated with a scorpion sting can
be critical in terms of community health in many Middle-
east countries because of the severity and wide range of
clinical effects from envenomation. Biodiversity among
Iranian scorpions is very high (Mirshamsi etal. 2011; Ka-
zemi and Sabatier 2019) placing Iran among the world’s
hotspots for instances of humans being stung (Ward et
al. 2018). The majority of stings result in cardiotoxicity,
neurotoxicity and respiratory dysfunction (Isbister et al.
2003; Bawaskar and Bawaskar 2012). Since O. doriae is
a potentially dangerous scorpion due to the potency of its
venom and has a wide spatial distribution that increases
the likelihood of human encounters, it is vitally important
that Iran’s medical health system can provide antivenom
and the other treatment medications.

The finding that temperature was the most important
factor of distribution modeling is consistent with Mir-
shamsi et al. (2013), who concluded that temperature
and precipitation are effective variables for species
modelling of Mesobuthus eupeus and M. phillipsii. An-
other study showed that mean temperature of the wettest
quarter (Bio8) and precipitation during the coldest quarter
(Bio19) affected the desirability of habitat for Odonto-
buthus doriae and Scorpio maurus, receptively (Haghani
et al. 2020). In addition, MaxEnt modeling showed that
the most important environmental factor influencing the
distribution of Hemiscorpius lepturus was the maximum
temperature of the warmest month (Bio5) (Hanafi-Bojd
etal. 2020). According to Chowell et al. (2005), climatic
conditions, dryness and heat are factors that increase
the threat of being stung by a scorpion. The risk of a
scorpion sting from O. doriae was significantly higher
than from being stung by other species among urban and
rural envenomation patients. Moreover, Ebrahimi et al.
(2017) suggested that the activity of scorpions increased
from January to the end of May. Basically, scorpions
are poikilothermic (cold-blooded) arthropods and so are
more active during warmer months most likely encom-
passing their reproduction period (Molaee et al. 2014).
Biologically, climatic factors and geographic locations
affect scorpion sting intensity (Ozkan et al. 2008). Based
on Ebrahimi et al. (2017), temperature is positively asso-
ciated with the prevalence of scorpion sting cases. Finally,
more studies on the biology and ecology of O. doriae
should help scientists to better inform the management
of medical heath and conservation activities.
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