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Abstract

Scorpions are among the most medically important arthropods in Iran, particularly northwestern areas. To date,
five scorpion species, i.e. Mesobuthus eupeus, Mesobuthus caucasicus, Androctonus crassicauda, Hottentotta
saulcyi, and scorpio maurus, have been identified. The family Buthidae is responsible for most cases of
scorpionism in Iran. The Mesobuthus eupeus species belong to this family and is commonly distributed from
Turkey to China, including Iran. Among these species, Mesobuthus eupeus is regarded as the most medically
important species and responsible for most cases of envenomation in this area. Morphological differences
between some species collected in the study area have been reported. The present study, thus, aimed to identify
the subspecies of Mesobuthus eupeus in northwestern Iran. Scorpions were captured in the summer months from
37 localities in three northwestern provinces in Iran: West Azerbaijan, East Azerbaijan, and Ardabil. Scorpion
collection was carried out using rock rolling and ultraviolet methods. A total of 376 specimens of Mesobutus
eupeus (177males and 199 females) were collected and identified as Mesobuthus eupeus (98.4%) and
Mesobuthus eupeus philippovitschi (1.6%). Owing to the findings of our study, M.e.philippovitschi has been
added to the scorpion fauna of northwestern parts of Iran for the first time. Unlike M.e. eupeus which is widely
distributed from plains to mountainous regions, M.e.philippovitschi has limited distribution and is found mostly
along the borders with neighboring countries. This subspecies is the most medically important and most
prevalent one in the region. The findings of the present study also provide the basis for future consideration of
regional antivenom production for this medically important species.
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Nouvelles Données sur Deux Sous-Especes de Mesobuthus eupeus, I'Espéce de Scorpion la Plus
Importante sur le Plan Médical Dans le Nord-Ouest de I'lran

Résumeé: Les scorpions sont parmi les arthropodes les plus importants sur le plan médical en Iran, en particulier
dans les régions du nord-ouest. A ce jour, cing espéces de scorpions, & savoir Mesobuthus eupeus, Mesobuthus
caucasicus, Androctonus crassicauda, Hottentotta saulcyi et scorpio maurus, ont été identifiées. La famille des
Buthidae est responsable de la plupart des cas de scorpionisme en Iran. L'espéce Mesobuthus eupeus appartient a
cette famille et est couramment distribuée de la Turquie a la Chine, en passant par I'lran. Parmi ces especes,
Mesobuthus eupeus est considérée comme I'espéce la plus médicalement importante et responsable de la plupart
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des cas d'envenimation dans cette zone. Des différences morphologiques entre certaines espéces collectées dans la
zone d'étude ont été signalées. La présente étude visait donc a identifier la sous-espéce de Mesobuthus eupeus dans
le nord-ouest de I'lran. Des scorpions ont été capturés pendant les mois d'été dans 37 localités de trois provinces du
nord-ouest de I'lran : I'Azerbaidjan occidental, I'Azerbaidjan oriental et Ardabil. La collecte de scorpions a été
réalisée a l'aide de méthodes de roulement de roche et d'ultraviolets. Un total de 376 spécimens de Mesobutus
eupeus (177males et 199 femelles) a été collecté et identifié comme Mesobuthus eupeus (98.4%) et Mesobuthus
eupeus philippovitschi (1.6%). Grace aux résultats de notre étude, M.e.philippovitschi a été ajouté pour la premiére
fois a la faune de scorpions du nord-ouest de I'lran. Contrairement & M.e. eupeus qui est largement distribué des
plaines aux régions montagneuses, M.e.philippovitschi a une distribution limitée et se trouve principalement le long
des frontieres avec les pays voisins. Cette sous-espece est la plus importante sur le plan médical et la plus répandue
dans la région. Les résultats de la présente étude fournissent également la base d'un examen futur de la production

régionale d'antivenin pour cette espece médicalement importante.
Mots-clés: nord-ouest de I'lran, Mesobuthus eupeus, sous-espece

1. Introduction

Several studies have investigated the scorpion fauna
of Iran, but the presence of some species and
subspecies is still not clear. Comprehensive faunistic
studies on scorpion species in Iran is thus necessary (1-
11).

According to the current data on the scorpion fauna of
Iran, three scorpion families (Buthidae,
Hemiscorpiidae, and Scorpionidae) comprising 66
species have been identified in Iran (2, 12).

In the northwestern parts of the country, five scorpion
species have been identified, namely Mesobuthus
eupeus,  Mesobuthus  caucasicus,  Androctonus
crassicauda, Hottentotta saulcyi, and scorpio maurus
(13). The Mesobuthus species belong to the family
Buthidae (14, 15). It is commonly distributed from
Turkey to China, including Iran where it is present in
almost all provinces of the country. To date, 14
subspecies of the Mesobuthus species have been
identified  worldwide. = The  subspecies  are
morphologically slightly different in pattern and color.
Five morphologically distinct subspecies of this species
have been identified in Iran: Mesobuthus eupeus
eupeus (distributed in the north, west, central, and east
of Iran), Mesobuthus eupeus philippovitschi (in the
northwest and north), Mesobuthus eupeus thersites and
Mesobuthus eupeus afghanus (in northeastern areas),

and Mesobuthus eupeus kermanesis (in the southeast).
Mirshamsi reported that M.e.eupeus is the only
subspecies in the northwestern part of the country, but
his study did not cover all areas in the region. Bavani,
in a study conducted in the northwest of Iran, reported
some morphological differences between the northern
and southern Mesobuthus eupeus species. (13, 16, 17).

Scorpions are among the most medically important
arthropods in Iran, particularly in the northwestern
regions (13). A polyvalent antivenom is used to treat
scorpion stings in the country. It provides coverage
against the six medically important scorpion species:
Odontobuthus doriae, Mesobuthus eupeus,
Androctonus  crassicauda, Hottentotta ~ Saulcyi,
Hottentotta zagrosensis, and Hemiscorpius lepturus (2,
18). However, cases have been reported where the
antivenom failed to cure patients. The antivenom used
has been prepared against six medically important
scorpion species from lIran, and as mentioned above,
most cases of scorpion envenomation in northwestern
Iran are caused by the subspecies M.e.eupeus (13, 18).
To ameliorate this situation, the preparation of regional
anti-venom is recommended. Among the most
medically important species, M. eupeus is widely
distributed in almost all provinces in Iran (11, 13, 19,
20).

The current study, therefore, aimed to identify the
subspecies of this scorpion in the region and to provide
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basic information about this species needed for regional
antivenom production.

2. Material and Methods

2.1. Study Area

Scorpions were captured in the summer months from
37 localities of three northwestern provinces in Iran:
West Azerbaijan, East Azerbaijan, and Ardabil (Figure
1). These provinces share borders with neighboring
countries such as Iraq, Turkey, Armenia, and the
Republic of Azerbaijan as well as other Iranian,
including Kurdistan, Zanjan, and Gilan.
2.2. Scorpion Collection

Scorpions were collected using the rock rolling and

ultra-violet methods. The specimens were identified to
the subspecies level using valid identification keys
.

2.3. GIS Analysis

Altitude, longitude, latitude, temperature (min. and
max.), and mean relative humidity were recorded for
each sampling site or gathered from nearby
meteorological centers.

Spatial analysis of the climatic data was performed
using ArcGIS 10.3, and the IDW (inverse distance
weighted) model was used for data interpolation.
Climatic data regarding the collection sites was
extracted using the spatial analysis tools in ArcGIS
10.3.
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Figure 1. The collection sites of Mesobuthus eupeus eupeus and Mesobuthus eupeus philippovitschi in northwestern Iran
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3. Results

A total of 376 specimens of Mesobutus eupeus (177
males and 199 females) were collected and identified as
Mesobuthus eupeus eupeus (98.4%, 370 specimens)
and Mesobuthus eupeus philippovitschi (1.6%, 6
specimens) (Figure 2).

M.e.philippovitschi had limited distribution and was
found only in the northern parts of the country,
including the borderlands between the neighboring
countries of Turkey, Armenia, and Azerbaijan.
M.e.eupeus was collected in all studied counties (Figure
1).

3.1. Morphological Characteristics
3.1.1. Mesobuthus eupeus philippovitschi

The average number of pectinal teeth was 16. Pectinal
tooth count was higher in females than in males (18-21
for females and 25-26 for males). The number of
accessory granules on the movable finger of the
pedipalp chela was 12 for both sexes, and there were 4
rows of denticles on the movable finger of the pedipalp
chela for both females and males.

3.1.2. Mesobuthus eupeus eupeus

Pectinal teeth were 21-32 and 16-25 for males and
females, respectively. For most specimens, the number
of accessory granules on the movable finger of the
pedipalp chela was 4 for both males and females; some
specimens, however, had no granules, and others had 2,
3, or 5 granules, but equal in both sexes. The humber of
rows of denticles on the movable finger of the chela

Mesobutus eupeus philippovitschi

was 12 to 14 in both males and females.
3.2. Weather Coordinates

Weather conditions of the sampling sites were
categorized into six different climatic zones: highly-
wet, semi-wet, wet, Mediterranean, arid, and semi-arid
zones. M.e.eupeus was collected from all six climate
zones, and M.e. philippovitschi was collected from all
zones except the arid zone.

3.3. GIS Analysis Results

Results of GIS analysis of geographical coordinates
and ecological factors showed that the subspecies M.e.
eupeus was captured at heights between 690 and 2189
meters above sea level. The minimum and maximum
lowest temperatures of the habitat of M.e.eupeus were
11 °C and 14 °C, respectively. The minimum and
maximum extreme temperature of the habitat were 35
°C and 44 °C, respectively, and the minimum and
maximum mean temperatures were 25 °C and 29 °C,
respectively. M.e. philippovitschi was captured at
heights of 231, 883, and 1270 meters above sea level.
The minimum and maximum mean temperatures were
32 °C and 55 °C, respectively.

The minimum and maximum extreme temperatures
for M.e. philippovitschi were 34 °C, and the minimum
and maximum lowest temperatures were 11 °C and 13
°C, respectively. The minimum and maximum mean
temperatures were 21 °C and 25 °C, respectively. Mean
minimum and maximum relative humidity were 46%
and 55%, respectively.
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Figure 2. Two subspecies of Mesobuthus eupeus from northwestern Iran
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4. Discussion

This study aimed to identify the subspecies of
Mesobutus eupeus in the northwestern parts of Iran.

The presence of Mesobuthus eupeus has been
reported in Ardabil, East and West Azerbaijan,
Kurdistan, Zanjan, Hamadan, Tehran, Mazandaran,
Kerman, Isfahan, Markazi, Alborz, Sistan and
Baluchistan, Yazd, Kohgiluyeh and Boyer-Ahmad,
Semnan, Fars, Khuzestan, Hormozgan, Golestan,
Tehran, Kermanshah, llam, North Khorasan, Razavi,
and Jonoobi Provinces in Iran

(8, 21, 22).

Due to its wide geographical distribution, this species
is the most common cause of scorpion envenomation in
Iran (18). It is responsible for 45% of scorpionism in
Iran (23), and remains a major public health concern
(24).

In the present study, two subspecies of this scorpion
were identified in the study area: Mesobuthus eupeus
and Mesobuthus eupeus philippovitschi. M.e
philippovitschi was collected only in the borderlands
between the provinces and neighboring countries
(Turkey, Armenia, and Azerbaijan). Mesobuthus
eupeus had a wide area of distribution and was
collected in all study areas. Bavani et al. reported the
presence of five scorpion species in the northwest of
Iran, among which Mesobuthus eupeus is regarded as
the most medically important and most prevalent in the
region. (13). Annually, about 1186 scorpion
envenomation cases are recorded in this area. Owing to
its high prevalence in the region, M.e. eupeus may be
responsible for most cases of scorpion envenomation in
this region.

An antivenom produced by Razi Vaccine and Serum
Research Institute (RVSRI) is used to treat scorpion
sting and provides coverage for all the medically
important scorpion species in the country. However,
cases have been reported where patients failed to
respond to treatment. In order to ameliorate this
situation, the RVSRI plans to produce monovalent or
regional antivenom. The current results can thus

provide the basis for antivenom production in the
region.

Mirshamsi (17) previously studied the subspecies of
Mesobuthus eupeus in Iran and reported that
M.e.eupeus is the only subspecies of Mesobuthus
eupeus in our study area. The present study, however,
identified two subspecies of M. eupeus. Owing to the
findings of the present study, M.e. philippovitschi has
been added to the scorpion fauna of the northwestern
area of the country for the first time.

The subspecies M.e.philippovitschi has a clear darker-
colored pattern in the carapace and mesosoma than
M.e. eupeus, which constitutes a distinguishing
morphological characteristic between these two
subspecies (Figure 2).

These two subspecies of M. eupeus differ not only
morphologically, but also in terms of spatial
distribution, such that the subspecies M.e.
philippovitschi was limited to only the northern parts
and was not identified in the central and southern
counties. However, they shared some similar
morphological characteristics, including the presence of
three anal lobes and external and internal accessory
granules on the moveable finger of the chela.

M.e. philippovitschi prefers low altitude areas, but
M.e. eupeus lives in both high and low altitude areas.
M.e. eupeus has higher adaptability to variable
ecological conditions such as temperature and relative
humidity than M.e. philippovitschi. In order to produce
efficient monovalent or regional antivenom, additional
studies on the venom structure of the different
subspecies of Mesobuthus eupeus are necessary.

5. Conclusion

This study identified two subspecies of Mesobuthus
eupeus (M.e. eupeus and M.e. philippovitschi) in the
northwestern region of Iran. Unlike M.e. eupeus, which
is widely distributed in the region from plains to
mountainous areas, M.e.philippovitschi has limited
distribution and is found mostly in the borders with
neighboring countries. M.e. eupeus is the most
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medically important and most prevalent subspecies of
Mesobuthus eupeus in the region. This study provides
the basis for antivenom production in the region.
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