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ABSTRACT

To date, Vachon's study (1952) remains the only synthetic work that has addressed scorpion species and their
distribution in North Africa. However, in spite of this important contribution to the description of the Moroccan
scorpions, a great biodiversity of this fauna continues to be revealed, especially since revisions of the classical
scorpion groups have allowed the description of new species as well as new genera. Thus, the aim of this study
is to update the inventory and analyze the distributional pattern of the Moroccan scorpion fauna. A previous list
of scorpions from Morocco, is updated, based on a survey conducted during several separate expeditions, and
completed by published data. More than 1200 specimens, representing more than 400 point-locality records,
were examined for the study. Notes on the ecology and distribution of the scorpions in Morocco are provided.
61 scorpion species in twelve genera of two families (Buthidae and Scorpionidae) are recorded from the area,
which presently has the richest scorpion fauna in Northern Africa, if not the Mediterranean basin, and ranks
among those with the richest scorpion faunas in the world. The high diversity of scorpions in Morocco is
attributed to the heterogeneity of landforms, substrata and habitats in the area. The analysis of species richness
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points "Hotspots" indicates that most central regions of Morocco contain at least one species of scorpion. The
greatest diversity of genera and species occurs central areas. A high endemism characterizes Moroccan
scorpion-fauna, with 73% of the species is restricted to Morocco.
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1. INTRODUCTION

Predictable, non-random patterns are typical of the
spatial distribution of most taxa [1,2], and with
scorpions being no exception. Scorpion distribution
has interested bio-geographers for over a century [3-
12]. Scorpions provide unique opportunities for
ecological and biogeographic studies compared to
other arthropods. Indeed, one of the reasons for
considering scorpions as a model taxon for
biogeographic studies is their long history. Indeed,
fossil studies show that scorpions have existed since
the mid-Silurian, more than 400 M.A., and have
remained almost unchanged morphologically to the
present [7,13,14]. Morphological similarity between
fossil and actual scorpions may imply similarity in
ecological requirements [15]. Several ecological
factors influence the spatial distribution of scorpions,
including temperature, precipitation, soil
characteristics, topography and vegetation [16]. Some
of these factors, such as substrate, are a
determining factor in their evolution and may affect
trends in their geographic distribution [16-19].
The importance of knowing the distribution of
dangerous scorpions from a medical perspective is yet
another reason to study their distribution [20,21].
To  date, Vachon's study [22] remains
the only synthetic work that has addressed scorpion
species and their distribution in North Africa.
However, in spite of this important contribution to the
description of the Moroccan scorpions, a great
biodiversity of this fauna continues to be revealed,
especially since revisions of the classical scorpion
groups have allowed the description of new species as
well as new genera. From these, it is evident that the
knowledge of this fauna and consequently its
distribution has changed with respect to those
described in the works of Vachon
[22]. The present study constitutes an
analysis of the knowledge acquired on the inventory
of the Moroccan scorpion fauna through surveys
conducted during several separate expeditions, and
completed

2. MATERIAL AND METHODS

2.1 Study Area

Morocco is located in northwestern Africa at latitude
28°57'36.00" North and longitude 9°07'48.00"” West.
It is bounded on the north by the Mediterranean Sea,

on the south by Mauritania, on the east by Algeria and
on the west by the Atlantic Ocean.

2.2 Distribution Data

The location points of each species were collected
from published data. The monograph of Vachon
(1952), was used for all the first location data. The
remaining records were obtained from the following
works: [11,23-51]. The location data from the
literature were supplemented by our observations
during our field surveys.

2.3 Field Work and Scorpion Collection

Specimens collected during the expeditions were
mostly found at night using UV light detection.
Additional specimens were collected during the day
by turning stones and excavating burrows. A portable
GPS device was used for recording the geographical
coordinates of collection localities in the field

2.4 Georeferencing

All the geographical localization data, with enough
precision, were gathered to create a dataset of
geographical location to map the distribution areas of
the scorpion fauna. Locations defined in degrees and
minutes of latitude and longitude were used
preferentially, whenever possible, because of their
high level of spatial resolution. All these locations
were converted to decimal degree format for GIS data
entry. Uncertain localities, controversial in the
literature, which could not be verified, are not
considered. The presence data set for 455 points was
subjected to GIS mapping and spatial analysis.

2.5 Spatial Analysis of Scorpion Fauna
Distribution in Morocco

The digital distribution maps were made for each
species by overlaying the location points on a set of
shape files representing the administrative boundaries
of Morocco, using ArcView GIS Version 10.2. A
spatial assembly was then conducted by overlaying
the scorpion distribution maps onto a shape file
representing the QDS grid of Morocco, in order to
determine distribution hotspots, i.e. areas of species
richness and endemism [52], at the scale of a QDS.
Hotspot determination is based on measures of
species richness (the 61 species inventoried so far in



Morocco) and endemism at the Moroccan level,
which may reflect centers of endemism, or regions of
speciation, since all scorpion species are sedentary
[16,53].

3. RESULTS AND DISCUSSION

3.1 Analysis of Moroccan Scorpion Species
Composition

According to the Vachon's works [22], the inventory
of the Moroccan scorpiofauna counted 27 species,
subspecies and varieties. Today it counts 61 species
and subspecies, distributed on two families Buthidae
and Scorpionidea. However, the majority of species
(88%) belong to the family Buthidae while the family
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Scorpionidea represents only 12%. In other words, the
family Buthidae is represented by 11 genera
(Androctonus,  Buthacus, Butheoloides, Buthus,
Compsobuthus, Cicileiurus, Hottentota, Microbuthus,
Orthochirus, Lissothus and Saharobuthus) that is 90%
of the total number of genera while the family
Scorpionidae is represented only by the genus Scorpio
(Fig. 1). The genus Buthus currently contains 35% of
scorpion species and subspecies in Morocco, followed
by Androctonus (13%), Buthacus and Scorpio (11%),
Butheoloides (9%). The other genera are represented
by a number of species less than or equal to 3%. (Fig.
1) A high rate of endemism characterizes the
scorpiofauna of Morocco, so 73% of species is strictly
reserved for Morocco, including 92% of species of
Buthidae and 8% of scorpionidae.

(1)

Szharobuthus

Compsobuthus

Cicileiurus
3%

(2)

Fig. 1. (1) Species and subspecies proportions of scorpion in Morocco according to genus. (2) Proportions
of species and subspecies endemic to Morocco according to genus



3.2 Species Richness Analyses

Analysis of the high species richness points indicates
that most of the central regions of Morocco contain at
least one scorpion species (Fig. 2a). The apparent
absence of scorpions in large parts of the south and
north is probably due to sampling artifact. Despite the
bias caused by under-sampling in these areas, the
inventory of scorpion species in Morocco can be
considered fairly complete for one group of
arthropods. Seven primary hotspots (each containing
4-6 species) are located in the central region of
Morocco. Three are located in the eastern region on
the line between Ouarzazat and M'hamid elghizlane.
Two hotspots are located in the Agadir region. The
other two hotspots are isolated and located
respectively in the region of Marrakech and Tata.
Twenty-eight secondary hotspots (with 3 species) are
concentrated in the region of Marrakech- Tensift-
Alhaouz as well as the region of Souss-Massa-Draa.
Other secondary hotspots are found in the provinces
of Tata, Zagora, Tarfaya, Rabat and Oujda (Fig. 2a).
The endemic species hotspots show a similar trend to
that of the total species distribution (Fig. 2b). Two
primary hotspots (3-5 endemic species) are located in
the vicinity of Marrakech and only one in the Agadir
region. The secondary hotspots (3 endemic species)
are concentrated in the region of Marrakech- Tensif-
Alhaouz and Souss-Massa-Draa in addition to other
isolated hotspots in the provinces of Tata, Tarfaya,
Tan-Tan and Boumalne (Fig. 2b). Two trends will be
considered from the hotspot analysis. First, most of
the high species richness hotspots are located in the
arid or semi-arid half of central Morocco, or in the
arid regions of the western half, suggesting a climate
effect. Also, the majority of hotspots are found in
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heterogeneous environments with rugged topography.
Hotspots are generally less represented in regions
with homogeneous environments such as the Saharan
regions of Morocco. As already stated by Vachon at
his time, the distribution of scorpions in northern
Africa can be explained by paleogeography and
paleoclimatology [22].

The climatic changes experienced by North Africa
during recent geological periods (Quaternary), and in
particular the expansion of the Sahara Desert zone
[54] have acted on scorpion populations as speciation
factors. The reactions of populations to abiotic
pressures must have depended on their biogeographic
characteristics, adaptive and reproductive strategies
[39]. The consequences of these changes have
certainly been variable, regressions or even
disappearance of populations, and ruptures of
formerly continuous distributions. The
transformations of the environment often lead to the
reduction of the distribution of certain species.
Indeed, some organisms that are attached to particular
biotopes, because of the reduction of these
ecologically viable geographical areas, see their
distribution areas diminish very strongly. Populations
are thus isolated and evolve independently. Climatic
pressures can therefore be at the origin of allopatric
speciation [17]. This last hypothesis seems to be
appropriate for certain species such as the different
new species of Buthus described in the central and
southern regions of Morocco. All these mainly
mountainous regions and the water points in the arid
zones would have played the role of refuges allowing
the survival of certain populations, which, isolated on
these "ecological islands" would have diverged
morphologically and formed new species [17].
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Fig. 2. Distribution maps of high species richness points of scorpion species in Morocco. (a) total species
richness, (b) species richness of endemic species



4. CONCLUSION

Overall, our work suggests that in the studied region,
scorpion diversity and richness is focused in central
regions marked by heterogeneous environments with
rugged topography. Hotspots are generally less
represented  in  regions with  homogeneous
environments such as the Saharan regions of
Morocco. Moreover, our study had shown a high
endemism characterizes Moroccan scorpion-fauna,
with 73% of the species is restricted to Morocco.
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