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Abstract

This contribution attempts to bring some general information on the evolution and, in particular, on the geographic
distribution of scorpion species noxious to humans. Since 95% of the scorpions incidents are generated by specimens of
the family Buthidae C. L. Koch, the analysis will be limited to this familial group. As in previous similar contributions, the
content of this work is mostly addressed to non-specialists whose research embraces scorpions in several fields such as
venom toxins and public health. Only in recent years, efforts have been made to create better links between ‘academic
scorpion experts’ and other academic non-specialists who use scorpions in their research. Even if a larger progress can yet
be expected from such exchanges, crossed information proved to be useful in most fields of scorpion studies. Since the
taxonomy of scorpions is complex, misidentifications and even more serious errors concerning scorpion classification/
identification are often present in the general literature. Consequently, a precise knowledge of the distribution patterns
presented by many scorpion groups and, in particular, those of infamous species, proves to be a key point in the
interpretation of final results, leading to a better treatment of the problems caused by infamous scorpion species.
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Background
For many years now, there is a general consensus about
the fact that scorpions can be classified among the most
ancient and conservative arthropods both in origin and
body morphology. They first appeared as aquatic organ-
isms during the Silurian (approximately 450 million
years ago — MYA) and apparently experienced few
morphological changes since that period [1-3]. Because
of their apparent conservative form some authors
attempted to define the group as ‘living fossils’ (Fig. 1).
However, this assumption is incorrect since scorpions
most certainly underwent major biochemical, physio-
logical, behavioral and ecological adaptations that have
combined to ensure their continued success over the
past 450 million years [2].

Another widespread opinion is that scorpions are a
rather depauperate group within the class Arachnida
with approximately 2200 known species up to the
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present. It is obvious that the order can be considered
modest when compared to that of other arthropods. The
known number of species is much less impressive than
those known for groups such as insects with over one
million species or spiders with near 40,000 species.
Nevertheless, the number of known scorpion species
until the end of the nineteenth century (years 1899—
1900) was approximately of 250. By 1975, this number
reached 700 species. In present the days, only 40 years
later, this number was multiplied by three. The increased
number of described species is mainly due to the new
techniques used in the prospection of scorpion in the
field, but also to a better resolution in the definition of
several populations [4-7]. The use of new techniques is
often coupled with the exploration of new distinct habi-
tats and microhabitats such as caves and organic soils.
This leads to the discovery of completely unexpected
elements (Fig. 2) [4, 8, 9]. In account of the progress
achieved in the knowledge of different scorpion fauna
such as those of tropical America, tropical Asia, Africa,
Madagascar and Nearctic and Palearctic regions, one
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Fig. 1 Protobuthus elegans Lourenco & Gall. Fossil scorpion from Early
Triassic, France. The specimen, an adult male, clearly presents a telson

Fig. 2 Vietbocap thienduongensis Lourenco & Pham (Pseudochactidae). A
cave scorpion from Vietnam, the specimen is an adult male (copyright
by D--S. Pham, reproduced with permission)
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can expect that the total number of species may reach to
5000 or even more in the coming decades.

If the total of species surpasses now 2200, only a
minority of these can be perceived by people in general.
This is directly associated with the fact that most scor-
pion populations in nature are represented by very
inconspicuous numbers of individuals, sometimes only a
few thousands to a few hundreds. In other words, most
scorpions are extremely rare.

Contrarily to scorpion experts who may consider these
as fascinating animals for research, the attraction shown
by humans in general is mainly connected with their
negative reputation of ‘man killers’. Naturally, the spe-
cies that represent a cause for fear and threat to humans
are among those presenting dense populations repre-
sented by millions of individuals. The association be-
tween their noxious condition and massive populations,
that can be found in pre-urban and even urban habitats,
contribute to their infamous reputation [10, 11]. Never-
theless, only a limited number of species, probably less
than 50, are actually responsible for serious or lethal
incidents. From the beginning of the twentieth century
on [12], it was obvious that the interest on scorpion
research in many distinct biological fields was generated
by the fact that a few species possess venoms with
potent toxins, capable of killing humans [10, 11].

Two questions are often addressed concerning the
noxious species of scorpions: (i) why a relatively small
number of species possess venoms with potent toxins
capable of killing humans? and (ii) why infamous species
of scorpions have their distribution limited to certain
regions of the world such as North and South America,
North Africa, Middle East and certain regions of Asia?
In other terms, why so many other regions of the world
are spared from this phenomenon?

Scorpion venoms have been studied for more than a
century, and some interesting results were revealed since
then [13, 14]. Nevertheless, the evolutionary significance
of mammal-specific toxins remains largely unsolved even
if some attempts have been made to explain some
possible evolutionary paths.

The deadliest species of scorpions belong to the family
Buthidae C. L. Koch, with a few exceptions constituted
by species of two other families, Hemiscorpiidae Pocock
and Scorpionidae Latreille. In a didactical purpose, how-
ever, I will restrict my present analysis to elements of
the family Buthidae. The conclusions I present in this
work should be considered tentative, since our global
knowledge of scorpion evolution presents yet numerous
gaps. The main purpose is to bring some clarification,
even if partially, to the previously noted questions, and
to address possible explanations to non-specialists whose
research embraces scorpions in several fields such as
venom toxins and public health.
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The evolution of toxins
Although toxins may be one of the most important
aspects to be considered in this analysis, I am only a
zoologist; therefore, the subject is quite far from my
domain of expertise. Consequently, I will limit myself to
some general aspects.

For many decades, there have been an impressive
amount of contributions to the domain of toxins -
impossible to cite them all here — and quite many were
synthesized in books [15]. Complementarily, some most
interesting comparative analysis have also been produced
more recently [13]. Nevertheless, in the majority of these
studies, the basic questions were addressed on sow these
toxins act, and how they interact with a given organism
once inoculated. Studies addressing the question on why
a given toxin evolved to be active on a given organism
are much less frequent. Only a few years ago a more
precise hypothesis was formulated attempting to explain
the causes of the evolution of some scorpion toxins,
noticeable in relation to mammals [16].

The origin of mammal-specific toxins was suggested
as an important issue in scorpion evolution. Old World
lineages of Buthidae with very potent neurotoxic venom,
such as the genera Androctonus Ehrenberg and Leiurus
Ehrenberg, share separate mammal- and insect-
specialized neurotoxins that are specific for Na + chan-
nels [17]. Inversely, New World genera such as Centrur-
oides Marx and Tityus C. L. Koch have potent toxins
acting on both mammals and insects. It was suggested
as quite possible that the separate mammal-specific Na
+ toxins could have evolved during the aridification of
the Palearctic region during the Tertiary period, when
one of the most important selective factors was rapid
radiation of small burrowing mammals (mostly rodents)
in arid landscapes. Such newcomers to the scorpion
environment, including rodents, would be a direct com-
petitor for space (burrows) and in addition important
nocturnal predators, as many of them are today [18].
This pressure could tentatively explain the emergence of
specific mammal-targeting toxins, used mainly for
defense, but not for foraging [17].

This hypothesis, although interesting, does not address
all possible questions, since it cannot clearly justify the
evolution of mammal-targeting toxins in New-World
lineages and, in particular, in those present in regions
where intensive aridification did not take place, such as
in South America. Possibly the absence of more up to
date explanations leads some recent authors to recon-
firm this hypothesis [19].

Back to the more basic functions of scorpion venom
and toxins, it is currently accepted that their primary
function is associated with predation rather than defense
[13]. Among modern (extant) scorpions, only a few
species prey and feed on mammals (Fig. 3) and they do
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Fig. 3 Grosphus flavopiceus Kraepelin from Madagascar. An adult
female feeding respectively on (a) an insect (Orthoptera) and on (b)
a gecko (Reptilia)

not belong to the family Buthidae. Only large scorpions
generally can prey on small rodents, and most belong to
the family Scorpionidae, genera Pandinus Thorell and
Heterometrus Ehrenberg, for example. These large scor-
pions, some of which can reach almost 25 cm in length,
possess very strong pedipalps (Fig. 4) and predation can

Fig. 4 The very strong pedipalp-chela of a Pandinus imperator from
Africa (copyright by E. Ythier, reproduced with permission)
.
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be performed only mechanically, without the use of
venom. In other words, they do not sting the prey.

Among Buthidae species, predation is largely concen-
trated on arthropods, mainly insects and spiders, and
only isolated cases of predation on small vertebrates
have been recorded [20]. Consequently, the evolution of
very active mammal-specific toxins in several groups of
the Buthidae family remains controversial.

What fossils can tell us about the evolution of venoms?
As it was recently summarized, scorpions first appeared
as aquatic organisms [2, 3]. In their evolutionary history,
they almost certainly evolved from the Eurypterida
(‘water scorpions’) since both groups share several
common morphological features. Marine and amphibi-
ous scorpions most certainly persisted well into the
Carboniferous (359-299 MYA) and some species prob-
ably reached the Permian (299-251 MYA) and Triassic
(251-200 MYA) periods [21, 22]. The first unequivocally
terrestrial (air-breathing) scorpion most certainly ap-
peared on land during the late Devonian (416-359
MYA) or early Carboniferous [1, 23].

These early scorpions, almost all aquatic or amphibi-
ous, diversified rapidly into an impressive number of
superfamilies and families. All these non-terrestrial fossil
scorpions have been placed in one suborder the Bran-
chioscorpionina Kjellesvig-Waering. Fossil scorpions,
clearly accepted as terrestrial forms, are classified into a
distinct suborder Neoscorpionina Thorell & Lindstrom,
together with extant families. The suborder Branchios-
corpionina includes 18 to 21 superfamilies and 41 to 47
families according to different authors [24, 25]. These
numerous lineages are a clear indication of their early
and great success. Moreover, because the fossil record is
rather fragmentary, these more than 20 superfamilies are
probably only a fraction of the total number that actually
existed [1, 24]. It is clear, however, that only a few — pos-
sibly only one of these lineages — survived and evolved
into present day species. Naturally, all extant scorpions
live now in land.

The important number of fossil scorpion families
accepted by strict paleontologists creates a divergence of
opinion with neontologists. This divergence of opinion
clearly indicates a taxonomic problem, and the difficul-
ties of this type are often the result of different
approaches in the studies performed by paleontologists
and neontologists. The first working from the higher
categories down and the second from lower categories
up [24].

One important question concerns the age of extant
scorpion lineages. Until recently, modern scorpion line-
ages were estimated to have been present since the very
early Cenozoic [24]. This estimation was based on a few
fossil records available for the Cenozoic and Mesozoic
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periods. Very recent discoveries for both the Cenozoic
and Mesozoic periods based on both sedimentary and
amber fossils attested that some extant lineages or at
least proto-elements of these lineages are most certainly
much older and were already present in the Lower Cret-
aceous [3, 26—29].

Without any exception, all the extant scorpion species
possess venom glands (Fig. 5). The presence of a telson
with an aculeus and, in some cases, possibly tegumen-
tary glands are also evident in several scorpion fossils
from the Palaeozoic, Mesozoic and Cenozoic [1, 3, 23,
29-31] (Fig. 6).

Tegumentary glands are common in many arthropods
and these probably evolved from the secretion of basic
enzymes to more and more elaborate toxins, thus becom-
ing complex venom glands. Based on the assumption that
venom glands in scorpions have originally a predatory and
digestive role, it is possible to suggest a process of coevo-
lution between mechanical pattern of predation and the
venomous function. This hypothesis appears as a good
model for the elements of the buthoid lineage that gener-
ally have slender and/or weak pedipalps.

The precise evolution of the telson remains unclear.
The structure was already present in Eurypterids and is
yet common in several arthropod groups such as Xipho-
sura (horseshoe crabs). This posterior-most division of
the body of an arthropod is not, however, considered as
a true segment since it does not arises in the embryo
from teloblast areas as do real segments. As for its
possible original function in scorpions, the following
paths can be suggested. The telson probably played a
major mechanical role in predation, with the aculeus
acting as a ‘spear-head’. Several fossil scorpions of the
buthoid lineage show quite long aculei and this is also
the case of a few extant genera of buthids such as the
genus Buthacus Birula or Buthiscus Birula [3, 32]. Over
the course of evolutionary time, tegumentary glands
evolved into the telson vesicle, nevertheless, their

k f o9 A 1
Fig. 5 Telson of an extant buthid, Buthus lienhardi Lourenco. An

adult female from Morocco
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Fig. 6 Telsons of two Early Cretaceous amber fossils from Burma, Myanmar.
a Palaeoburmesebuthus grimaldi Lourenco (Palaeoburmesebuthidae). b
Chaerilobuthus schwarzi Lourenco (Chaerilobuthidae) (b copyright by J.
Velten, reproduced with permission)

primitive role was basically only digestive. In contrast,
several non-buthid groups developed mechanical tech-
niques of predation with the development of very strong
and well-armed pedipalps. These groups do possess
venom glands; however, the use of venom (toxins) for
the capture of prey remains rather facultative.

Naturally, this previous argumentation, although of
some interest, does not explains why some groups of
extant buthids do possess very active venoms, in particu-
lar against mammals, while others do not. I will try to
reconsider this point in the coming sections related to
the evolution and distribution of noxious buthids.

Buthoid composition and the evolution of distinct
lineages
The classification and the phylogeny of scorpions are
globally complex and cannot be detailed in this limited
analysis. The buthoids probably appear as the most
complicated group since they represent about 50% of all
known scorpions and are the only group to be distrib-
uted in all the biogeographic regions of the earth.
Although some authors (mostly theoretical phylogen-
eticists) try to insist on the possible ‘monophyletic’ char-
acter of this group of scorpions, it seems that this
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cannot be the case. This superfamily, that most certainly
comprises a small number of distinct families, cannot
represent a homogeneous unit. Instead, it seems to be
represented by four to five different evolutionary gradi-
ents [2, 33]. Nevertheless, the acceptation of several fam-
ilies within the buthoids or several subfamilies within
the buthids is purely a theoretical exercise and has
minor consequences on the present global approach to
the evolution of noxious species.

Among the limited number of buthoid species posses-
sing venoms formed by complex mixtures of highly
specific toxins almost all belong to genera that can be
placed in a high or even very high evolutionary level
within the familial lineage. Coincidently, these genera
including Androctonus, Buthus Leach, Leiurus, Meso-
buthus Vachon, Parabuthus Pocock, Centruroides and
Tityus have all been the subject of intensive biochemical
and molecular research [17]. Most biochemical studies
are concentrated on these groups because they are re-
sponsible for most scorpion incidents, but also because
they are represented by conspicuous populations. Con-
trarily, almost no study has ever been performed on the
most primitive lineages, both because these do not rep-
resent any threat to humans and because these scorpions
are generally rare. These groups correspond to a number
of relictual genera among which can be cited Ananteris
Thorell, Anomalobuthus Kraepelin, Akentrobuthus
Lamoral, Birulatus Vachon, Egyptobuthus Lourenco,
Himalayotityobuthus Lourenco, Lychasiodes Vachon,
Microtityus Kjellesvig-Waering, Pseudouroplectes Lour-
enco, Sabinebuthus Lourenco, Tityobuthus Pocock etc. 1
will try to associate these different lineages or gradients
with fossils and biogeography in the following sections;
but before some clarifications on biogeography patterns
may be necessary.

Biogeographic patterns presented by scorpions
Previously to considerations on the precise patterns of
distribution of scorpions and in particular of the noxious
species, it seems important to comment on some more
general patterns defined in the last two or three decades.
Studies on scorpion biogeography are not recent. At-
tempts to interpret the observed models of distribution
started since the end of the 19th century [34-36], but
the general patterns of distribution then proposed were
not in agreement. In fact, the viewpoints of the different
authors were frequently quite distinct. These early gen-
eral contributions have been followed only by regional
biogeographic studies with a weak impact [37]. Only by
the middle of the 1980s some new contributions on
Neotropical scorpions allowed the definition of some
biogeographic patterns [37-39]. The definition of these
patterns became possible due to a better knowledge of
the phylogeny of several groups, the application of
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recent hypothesis concerning climatic vicissitudes in
tropical biomes during the late Cenozoic and Pleistocene
periods and a much better knowledge of scorpion life-
history strategies. Until the 1980s, no author ever took
into consideration any parameters of life-history strat-
egies to explain scorpion distribution. However, again
starting in the 1980s, several biological and ecological
studies demonstrated that most scorpions should be
defined as equilibrium species, presenting therefore very
predictable patterns of distribution [40, 41].

Subsequently, a more detailed biogeographical model
was proposed [37] based on Udvardy’s [42] division of
biogeography into three spatial-temporal scales (Fig. 7).
This approach proved to be clear and didactic and three
major biogeographical events were suggested to explain
most of the patterns of distribution observed among
scorpions today.

The first scale globally defined as phylogenetic or
paleobiogeographic encompasses the evolutionary time
of all biota and is limited in space only by the size of the
earth [42]. On this scale, only historical factors can be
assumed to have taken place since, for almost all
ecological conditions, data are largely or totally un-
known. At this level, the evolutionary process of bio-
geography is, to a considerable extent, a tributary of
continental drift and plate tectonics. This new view

A
500 myr
200 myr |
PHYLOGENETIC SCALE:
PALAEOBIOGEOGRAPHY
100 myr |
10 myr |
2 myr
MILLENNIAL SCALE:
1 myr | PLEISTOCENE
(POSTPLEISTOCENE)
BIOGEOGRAPHY
1000 yr
! >
100 1000 10000 40000
km km  km km
Fig. 7 Division of biogeography into the three spatial-temporal
scales of Udvardy (modified from Udvardy [42])

Page 6 of 12

shook the foundations of many theories adopted by
older paleontologists and biogeographers [42].

Continental drift was taken into consideration by few
authors when they discussed aspects of regional
biogeography. The contribution of Lamoral [43] on the
suprageneric classification of recent scorpions, with
discussion on their zoogeography, was an important
attempt to explain some general patterns and several of
his suggestions are generally acceptable. He probably
overestimated the role of dispersion when affirming that
two major factors have influenced speciation and distri-
bution patterns. One is the fragmentation of Pangaea
and Gondwanaland; the other is the movement of
Laurasian elements to the north of Gondwanaland. This
second factor should be reconsidered. The process of
‘active’ dispersion should rather be interpreted as being
a more ‘passive’ process in the dispersal sense as defined
by Haffer [44]. This point is globally supported by the
poor vagility presented in modern species of scorpions.
Nevertheless, the present disjunctive distributions of
several families and genera of scorpions remain unex-
plained. The cases of the present disjunctive distribution
of some scorpion groups should be regarded as the
result of the previous distribution of proto-elements of
families and genera, followed by a vicariant process. The
precise mechanism of these processes is not, however,
always known. In conclusion, the main event responsible
for the distribution of scorpions on a paleogeographic
scale is the fragmentation of Pangaea and subsequent
continental drift. The difficulties to explain the discon-
tinuous distribution of some familial and generic groups
point not only to the great geological age of these
groups, but also to the relict faunas and biogeographical
patterns that they exhibit currently.

The second scale used in scorpion biogeography can
be defined as millennial or Pleistocene biogeography.
Between the development of the earth’s crust and the
Pleistocene epoch several events took place, many of
which were related to the continuous drift of the conti-
nents. Some examples are mountain building, differential
erosion, epicontinental seas, climatic-vegetational fluctu-
ations, changes of world sea level and the formation of
major river systems. These events took place during the
Cenozoic over a period of 60 MYA, and have influenced
the present biogeographical patterns of scorpions.
Climatic-vegetational fluctuation most certainly played a
major role, starting on the late Cenozoic period, but
having a major impact during Pleistocene time [44, 45].

During many years most contributions concerning
tropical regions stated that the biogeographic and diver-
sity patterns observed in these regions could be
explained by the long stability of tropical forests over
millions of years [46, 47]. Subsequent studies on geology,
paleoclimates and palynology, especially in Amazonia
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and Africa [48-51], demonstrated that this presumed
stability was a fallacy. In fact, although the temperatures
in tropical lowlands remained ‘tropical’ during glacial
periods (3 to 5 °C lower than today), the forest broke
into isolated remnants during cool dry periods (glacial
phases). The remnants of forest expanded and coalesced
during warm humid periods (interglacial phases).
Conversely, nonforest vegetation expanded during glacial
and retreated during interglacial phases (as at present).
Data from geoscience, however, have been insufficient to
indicate the precise areas of changing forests and non-
forests and, in particular, the areas in which forests
remained during arid phases, presumably serving as
refugia for animal and plant populations. Nevertheless,
in the Neotropical region, studies on the biogeographical
patterns of scorpions [38, 52, 53] suggested several
endemic centers that are well correlated with the results
obtained by Prance [48] on woody plants, and Haffer
[54] on birds.

The third scale also used in scorpion biogeography is
defined as ‘ecological biogeography’. However, this scale
was globally rejected in pioneer biogeographic studies,
mainly because it was biased towards two major
considerations:

(i) an almost total lack of knowledge of life history
strategies, more precise data on this subject was only
available from the 1970s and 1980s on, but was
almost the only preoccupation of ecologists;

(ii)a generalized opinion, even among modern
biologists, that scorpions are capable of withstanding
radical changes in environmental conditions, and
therefore of being very good colonizers. This
assumption is obviously fallacious. With growing
knowledge on scorpion life history strategies it was
clearly evident that many, if not most scorpions, are
equilibrium species, which tend to inhabit stable and
predictable natural environments, produce single egg
clutches, do not store sperm, have long life spans,
present low population densities, have a very low
I'maw Show weak mobility, and are highly endemic
[39-41].

In contrast, it is true that a minority of scorpions show
traits of ‘opportunistic species’. Most of these opportun-
istic elements belong to the family Buthidae, but a few
can also be associated with other families such as
Euscorpiidae and Hormuridae. They are marked by
ecological plasticity and are readily capable of invading
disturbed environments. They may produce multiple
clutches from a single insemination, have elaborate
sperm storage capabilities [55], short embryonic devel-
opment, short life spans, high population densities, rapid
mobility, and are widely distributed. The study of these
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opportunistic species is globally of little interest for the
definition of biogeographical models.

Opportunistic species thrive in disturbed and unpre-
dictable environments that can be the result of natural
causes (e.g.; volcanic activity) or are directly associated
with human action. Several classical examples can be
outlined, including the populations of the Neotropical
species Centruroides gracilis (Latreille) that are estab-
lished in the Canary Islands for almost two centuries
[35, 41]. In addition, although the originally Sri-Lankan
species Isometrus maculatus (DeGeer) has nowadays a
worldwide distribution in tropical and semi-tropical
regions, this species has been transported by humans
during the last four centuries. The replacement of
species is well illustrated in several islands of Eastern
Asia where natural volcanic activity and human impact
are important [56].

In continental regions, opportunistic species can
rapidly occupy habitats disturbed by human activities,
where the original native species have been selected
against, thus leaving their ecological niches vacant.
Several examples are known by scorpion experts, as in
the case of numerous noxious species of the genus
Centruroides distributed in Mexico, and largely influ-
enced by the anthropic action. One particular example is
well known by biologists in general and concerns the
remarkable expansion of the noxious Brazilian species
Tityus serrulatus Lutz & Mello during historical times
[57, 58]. This particular case was already discussed in
detail [10, 11].

The association of different evolutionary lineages with
fossil records

When the existence of 4 to 5 distinct evolutionary gradi-
ents was first suggested [33], the knowledge of well-
preserved fossils from Mesozoic and Cenozoic periods
was yet poor. In the last two decades, however, a good
access to new fossil elements become possible bringing
some new clarifications on the relationship between
extant elements and those from early Mesozoic to late
Cenozoic. A few conclusions are possible.

Some sedimentary fossils from the early Triassic such
as the family Protobuthidae Lourenco & Gall can already
be classified among elements of the buthoid in sensu
lato [23]. However, no precise connections can be done
to precise extant generic groups for instance. More
recent Cretaceous amber fossils suggest some early links
with extant lineages, and some well-defined families
such as the Archaeobuthidae Lourencgo from Cretaceous
of Lebanon and Palaeoburmesebuthidae Lourengo from
Cretaceous of Burma can clearly be assigned to the a
buthoid lineage [3, 26, 27, 59]. However, the link
between the most common Cretaceous burmite genera,
Palaeoburmesebuthus Lourenco and Betaburmesebuthus
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Lourenco (Fig. 8), with extant genera remains vague. In
fact, these two burmite elements show very primitive
characters that apparently vanished in recent forms [3].
Nevertheless, in a few other isolated cases, elements
from Cretaceous burmite were proven to be directly
associated with the Buthidae family and to extant
elements. One example is Archaeoananteroides maderai
Lourengo that was clearly related to the extant genus
Ananteroides Borelli [60].

Although Cenozoic sedimentary fossils are extremely
rare [31], a number of amber elements from this period
has been discovered and studied in the last three
decades. Earlier elements from this period can be dated
from the Palaeocene to Eocene and globally correspond
to pieces found in Baltic amber [61]. All studied scor-
pions from this period were classified in the family
Buthidae, and with one single exception, were all
assigned to the subfamily Ananterinae Pocock (Fig. 9)
[3, 30], which can be ranged among the lower evolution-
ary buthoid gradients [33]. It is important to recall that
all the extant elements belonging to the Ananterinae are
globally not noxious and although rare present a wide
range of distribution over different continents such as
Africa, tropical America, and Asia (Fig. 10). The present
pattern of distribution of the Ananterinae suggests a
panbiogeographic model and the group was most
certainly dominant over all emerged lands in early
Cenozoic.

A number of late Cenozoic elements are also known
from Dominican and Mexican amber. The dating of this
American amber can be controversial, but is normally
suggested as Oligocene-Miocene. The characteristic trait
of the elements found in this late Cenozoic amber is that
all, without exception, can be classified among typical
American extant groups such as Centruroides, Tityus
and Rhopalurus Thorell. Only distinct species were
described from this type of amber [62—64]. It is import-
ant to notice that these genera can be classified among

Fig. 8 Betaburmesebuthus bellus Lourenco (Palaeoburmesebuthidae).
Young male from Early-Cretaceous amber of Burma (copyright by C.
Grohn, reproduced with permission)
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Fig. 9 Palaeoananteris ribnitiodamgartensis Lourenco & Weitschat

(Buthidae). Adult male from Early-Cenozoic Baltic amber
- J

the most evolved within the evolutionary gradients
defined for the buthoids [33]. Unfortunately, no fossil
records are available for other noxious groups such as
the African/Middle East genera Androctonus, Buthus,
Hottentota Birula, Leiurus, Mesobuthus and Parabuthus.
Nevertheless, the fossil chronology suggests the evolu-
tion of noxious species, probably from the middle of
Cenozoic epoch, and correlates well with the hypothesis
suggesting that mammal-specific toxins would have
evolved during aridification of the Palearctic region
during the Tertiary period [16].

The evolution of these more evolved buthoid groups
certainly took place in many regions of all emerged
lands. Their present, and somewhat, more located
regions of distribution can largely be attributed to more
recent geological and paleoclimatical vicissitudes that
took place from the middle to the end of the Cenozoic
epoch and even during the more recent Pleistocene
period. In all cases, these correspond well to the events
defined for the second and third scales used in scorpion
biogeography, defined as millennial/Pleistocene and
ecological biogeography. In the next section, I will try to
provide some examples.

Fig. 10 Ananteris charlescorfieldi Lourenco (Buthidae, Ananterinae).

Adult female from Bolivia
§ J
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Noxious species in the Saharo-Sindian scorpion fauna
The Saharo-Sindian region comprises most of the faunal
elements distributed from northwest Africa to India via
the Middle East [65]. This naturally includes several
genera containing noxious species such as Androctonus,
Buthus and Leiurus. The present composition of this
fauna is, in fact, the heritage of ancient faunas present in
North Africa and the Palearctic region since the begin-
ning of or, at least, middle Cenozoic times [66, 67].
North Africa and the Palearctic region have experienced
numerous paleoclimatological vicissitudes during the last
few million years, some even in more or less recent
Quaternary periods. The Sahara, for example, has under-
gone a series of wet periods, the most recent occurring
from 10,000 to 5000 years before present (BP), and it
was not until about 3000 years BP that the Sahara as-
sumed its present arid state [68]. Even though recent
studies suggest that the Sahara desert may be much
older than was previously thought [69], it seems reason-
able to postulate that extremely arid areas have always
existed as patchy desert enclaves, even when the general
climate of North Africa enjoyed more mesic conditions.

In these arid and desert regions of both the North
African Sahara and the Palearctic region, a specialized
scorpion fauna would have evolved in response to the
aridity. These ‘ancient lineages’ adapted to arid condi-
tions, undoubtedly correspond to extant groups such as
genera Androctonus, Buthacus, Buthiscus, Buthus, and
Leiurus some of which are typically psammophilic. It is
important to emphasize the fact that these lineages must
have been present in North Africa for at least 10 to 15
MY [70, 71], and also in the Palearctic region during
subsequent periods [67]. To notice that among the line-
ages positively selected, not all correspond to groups
possessing noxious species.

In contrast, other lineages less well adapted to aridity
and, previously, only present in more mesic environ-
ments, have regressed markedly in their distribution
with the expansion of the desert. In consequence, they
have, in some cases, already experienced negative selec-
tion and doubtless will eventually disappear. In other
cases, populations have been reduced to very limited
and patchy zones of distribution, sometimes with
remarkable disjunctions in their patterns of distribution.
It is noticeable to recall that these less well-adapted or
more primitive lineages have no noxious species. One
good example is the genus Butheoloides Hirst [72].

The models of the distribution of North African
scorpions observed today can be summarized as follows:
a core Saharian region, described by Vachon [66] as the
‘central compartment, in which only the groups best
adapted to xeric conditions (such as the genera Androc-
tonus, Buthacus, Buthiscus, Buthus, and Leiurus) are
distributed. In the peri-Saharian zone, surrounding most
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of the central compartment, some remarkable disjunc-
tions occur. One of them is presented by the genus
Microbuthus Kraepelin with species in Mauritania and
Morocco in the West and other species in East Africa
and Middle East [73]. Finally, several groups, sometimes
less well adapted to xeric environments, have their
populations limited to refugia [66]. These refugia are
represented by the Saharan massifs, such as Hoggar, Air
and Adrar, as well as other elevated regions in
Mauritania and Occidental Sahara. Some of the endemic
genera, such as Cicileus Vachon, Lissothus Vachon,
Egyptobuthus and Pseudolissothus Lourencgo provide use-
ful examples [66, 74, 75]. A similar picture can be
observed in several regions of the Middle East, in
particular among the mountain ranges of Iran and
Afghanistan [67].

Species from the Amazon region
The biogeographical models observed for Neotropical
scorpions suggested direct correlations with climatic-
vegetational fluctuations during the Pleistocene. One of
these models confirms the presence of polymorphic
species in the Amazon region, mainly belonging to the
genus Tityus. Some of these species are strongly noxious
while others are not. A few can have wide ranges of
distribution from French Guiana to Peru, but most are
limited to zones in eastern or western Amazonia. It was
suggested that during the dry periods of the
paleoclimatic episodes when the forest was reduced to
small patches, widespread species became fragmented
into several isolated allopatric populations. These
isolated populations of ecologically adaptable species
(which is the case of some Tityus spp.) rapidly recolo-
nized the reestablished forest during wet episodes. Previ-
ously isolated populations thereby became contiguous.
Temporary reproductive isolation did not produce gen-
etic barriers (at least for scorpions) and only minor mor-
phological differences evolved. Where species reunited,
the variation was no longer geographically correlated.
Another observed model corresponds to disjoint
distributions of species of a given genus present in
savanna and rainforest formations. Examples can be pro-
vided by species almost exclusively adapted to savannas
(genus Rhopalurus Thorell) or to rainforests (genus
Hadrurochactas Pocock). Isolated endemic populations
provide good evidence for the hypothesis of past con-
nections between the savannas of central Brazil and
present enclaves in Amazonia and Guyana, since during
past dry periods the savanna formations probably coa-
lesced. The presence of enclaves of forest (regionally
called brejos) inside arid formations of northeast Brazil
equally suggest past connections between Amazonia and
the Atlantic forest in Brazil. This hypothesis is supported
by the biogeographical pattern in Amazonia presented
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by scorpions of the genus Hadrurochactas. It is obvious
that the vicissitudes faced by the Amazon region did not
act only on the noxious species, but globally those of the
genus Tityus seem to be particularly exposed.

Patterns of distribution of noxious species in
southeastern Brazil and Mexico

The patterns of geographic distribution presented by
noxious species in southeast Brazil and Mexico are
largely associated with the human impact on the envir-
onment and several ecological factors associated with
these species. In fact, if most scorpion species require
predictable and stable environments, some species can
strongly be opportunists. This is the case of members of
the genera Centruroides, Tityus and Isometrus Ehrenberg
that can exhibit marked ecological plasticity and be
readily capable of invading disturbed environments.
They produce multiple clutches from a single insemin-
ation, have elaborate sperm storage capabilities [55],
short embryonic development, short life spans, high
population densities, rapid mobility, and are widely
distributed. These opportunistic species are of little use
for establishing biogeographical patterns, but several are
strongly noxious to humans. The invasion of habitats
disturbed by human impact is well known in Brazil and
Mexico, but also in other regions of the world. When
this form of secondary succession is associated with
noxious, opportunistic species, public health problems
can arise. For more details, refer to Lourenco [10, 11].

Early isolation of Madagascar

Some regions of the world such as the great island of
Madagascar show a rather primitive fauna including that
of scorpions [76]. In fact, geologically speaking,
Madagascar become isolated from other continental
masses during the Gondwana break and this isolation
now persists for 80 to 110 MY [77]. The faunal influ-
ences from the nearby lands were reduced to a mini-
mum and all scorpion lineages presented in the island
today can be considered as primitive. This includes also
all the buthoid elements, represented by the families
Buthidae and Microcharmidae Lourengo. Some of these
buthoid elements are among the most primitive known
and some others can be classified as being in an average
gradient of evolution [4, 78, 79]. Consequently, in spite
of the significant number of species present in the
island, no noxious species are known. Only a few
isolated cases of moderately severe scorpion stings were re-
ported for 2 or 3 species of the genus Grosphus Simon, with
a particular attention to Grosphus ankarana Lourengo &
Goodman, a large species (Fig. 11) distributed in the north-
ern range of the island.
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Fig. 11 Grosphus ankarana Lourenco & Goodman (Buthidae).
Female from the north of Madagascar

Conclusions

As in my recent articles published in JVATITD [10, 11],
the main objective of this contribution is to bring some
general and broad information about noxious species of
scorpions which can have a medical importance. This
note is addressed to non-specialists who use this group
in their research. Once again, I attempt to demonstrate
that scorpion diversity and patterns of distribution are
much more complex than it seems at first sight. This is
particularly true because the evolutionary history of the
group is very old and most evolutionary patterns remain
unknown.

As already emphasized previously [10, 11], since the
group’s diversity is quite important, a similar view
should be applied in what concerns the diversity of
toxins. Presently, only a very limited number of species
are used in the study of venoms and toxins, mainly
because they represent a threat to humans. However, a
better knowledge of scorpions in general by non-experts
may encourage their interest to do new research using a
broader array of scorpion lineages, in particular those
that can bring more information on the evolution of
venoms.

Abbreviations
BP: before present; MYA: million years ago

Acknowledgments

I'am most grateful to the staff of JVATITD for their, once again, invitation to
contribute a note to the journal. To Elise-Anne Leguin, Muséum national
d'Histoire naturelle, Paris, for her assistance in the preparation of several photos
and drawings. To Eric Ythier, SyntechResearch, France, for permission to use
some of his scorpion photos and in particular to Adriano Kury, Museu Nacional
Rio de Janeiro, for his very useful comments to initial versions of the text.

Ethics approval
Not applicable.

Consent for publication
Not applicable.



Lourenco Journal of Venomous Animals and Toxins including Tropical Diseases

Competing interests
The author declares that he has no competing interests.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Received: 11 September 2017 Accepted: 7 December 2017
Published online: 04 January 2018

References

1.

20.

21.
22.

23.

Jeran AJ. Paleontology. In: Brownell P, Polis GA, editors. Scorpion biology
and research. New York: Oxford University Press; 2001. p. 370-92.

Lourengo WR. Scorpion diversity and distribution; past and present patterns.
In: P Gopalakrishnakone, et al. editors. Scorpion Venoms, Toxinology.
Springer+Business Media Dordrecht; 2015. p. 3-23.

Lourengo WR. A preliminary synopsis on amber scorpions with special
reference to Burmite species: an extraordinary development of our
knowledge in only 20 years. Zookeys. 2016;600:75-87.

Lourengo WR, Goodman SM, Fisher BL. A reappraisal of the geographical
distribution of the endemic family Microcharmidae Lourengo (Scorpiones)
in Madagascar and description of eight new species and subspecies. Proc
Calif Acad Sci 4th ser. 2006;57(26):751-83.

Lourengo WR. Compléments a la faune de scorpions (Arachnida) de
I'Afrique du Nord, avec des considérations sur le genre Buthus Leach, 1815.
Rev Suisse Zool. 2003;110(4):875-912.

Lourenco WR. Nouvelles considérations taxonomiques sur les especes du
genre Androctonus Ehrenberg, 1828 et description de deux nouvelles
especes (Scorpiones, Buthidae). Rev Suisse Zool. 2005;112(1):145-71.

Sousa P, Aredo M, Harris DJ. Updated catalogue and taxonomic notes on
the old-world scorpion genus Buthus leach, 1815 (Scorpiones, Buthidae).
ZooKeys. 2017,686:15-84.

Lourenco WR. The genus Vietbocap Lourenco & Pham, 2010 (Scorpiones:
Pseudochactidae); proposition of a new subfamily and description of a new
species from Laos. C R Biol. 2012;335(3):232-7.

Lourengo WR. Second record of the genus Troglokhammouanus Lourengo
2007 from Laos, with the description of a new species (Scorpiones:
Pseudochactidae). Acta Arachnologica. 2017;66(1):19-24.

Louren¢o WR. What do we know about some of the most conspicuous
scorpion species of the genus Tityus? A historical approach. J Venom Anim
Toxins incl Trop Dis. 2015;21:20. https;//doi.org/10.1186/540409-015-0016-9
Lourengo WR. Scorpion incidents, misidentification cases and possible
implications for the final interpretation of results. J Venom Anim Toxins incl
Trop Dis. 2016;22:1. https://doi.org/10.1186/540409-016-0075-6.

Maurano HR. Do escorpionismo. These de doutoramento. Faculdade de
Medicina do Rio de Janeiro; 1915. p. 1-267.

Casewell NR, Wster W, Freek JV, Harrison RA, Fry BG. Complex cocktails: the
evolutionary novelty of venoms. Trends Ecol Evol. 2013;28(4):219-29.

Yang S, Yang F, Zhang B, Lee BH, Li B, Luo L, et al. A bimodal activation
mechanism underlies scorpion toxin-induced pain. Sci Adv. 2017;3:1-8.
Lima ME editor. Animal toxins: state of the art. Editora UFMG, Belo
Horizonte; 2009. 750 p.

Fet V, Gantenbein B, Gromov AV, Lowe G, Lourenco WR. The first molecular
phylogeny of Buthidae (Scorpiones). Euscorpius. 2003;4:1-10.

Loret E, Hammock B. Structure and neurotoxicity of venoms. In: Brownell P,
Polis GA, editors. Scorpion biology and research. New York: Oxford Univ
Press; 2001. p. 204-33.

McCormick SJ, Polis GA. Prey, predators, and parasites. In: Polis GA,
editor. The biology of scorpions. Stanford University Press: Stanford;
1990. p. 294-320.

Borges A, Graham MR. Phylogenetics of scorpions of medical
importance. In: Venom genomics and proteomics. Dordrecht: Springer-
Verlag; 2016. p. 81-104.

Polis GA, Sissom WD, McCormick SJ. Predators of scorpions: field data and a
review. J Arid Environ. 1981;4:309-26.

Briggs DEG. Scorpions take to the water. Nature. 1987;326(6114):645-6.
Shear WA, Kukalova-Peck J. The ecology of Paleozoic terrestrial arthropods:
the fossil evidence. Can J Zool. 1990;68:1807-34.

Lourengo WR, Gall JC. Fossil scorpions from the Buntsandstein (early
Triassic) of France. C R Palevol. 2004;3(5):369-78.

24.

25.

26.

27.

28.

29.

30.

32.

33.

34.
35.

36.

37.
38.

39.
40.

42.

43.

45.

46.

47.

48.

49.

50.

51

52.

53.

(2018) 24:1 Page 11 of 12

Sissom WD. Systematics, biogeography, and paleontology. In: Polis GA, editor.
The biology of scorpions. Stanford: Stanford Univ. Press; 1990. p. 64-160.

Fet V. Suborder Branchioscorpionina Kjellesvig-Waering, 1986. In: Fet V, Sissom
WD, Lowe G, Braunwalder ME, editors. Catalog of the scorpions of the world
(1758-1998). New York: The New York Entomological Society; 2000. p. 554-95.
Lourenco WR. A remarkable scorpion fossil from the amber of Lebanon.
Implications for the phylogeny of Buthoidea. C R Acad Sci Terre Planetes.
2001;332(10):641-6.

Lourenco WR. The first scorpion fossil from the cretaceous amber of
Myanmar (Burma). New implications for the phylogeny of Buthoidea. C R
Palevol. 2002;1:97-101.

Lourenco WR. The first scorpion fossil from the cretaceous amber of France.
New implications for the phylogeny of Chactoidea. C R Palevol. 2003;2:213-9.
Carvalho MGP, Lourenco WR. A new family of fossil scorpions from the early
cretaceous of Brazil. C R Acad Sci Terre Planétes. 2001,332(11):711-6.
Lourenco WR. A synopsis of the amber scorpions, with special reference to
the Baltic fauna. In: Zugleich Kataloge der oberdsterreichischen
Landermuseen. Denisia, 26 (n. ser.). 2009;86:131-6. www.zobodat.at/pdf/
DENISIA_0026_0131-0136.pdf.

Kuhl G, Lourengo WR. A new genus and species of fossil scorpion
(?Euscorpiidae) from the early-middle Eocene of Pesciara (Bolca, Italy).
Palaontol Z. 2017:8. https.//doi.org/10.1007/512542-017-0372-6.

Lourengo WR, Kourim ML, Sadine SE. Scorpions from the region of
Tamanrasset, Algeria. Part I. A new species of Buthacus Birula, 1908
(Scorpiones: Buthidae). Arachnida. 2017;13:31-41.

Lourenco WR. Panbiogéographie, les familles des scorpions et leur
répartition géographique. Biogeographica. 2000;76(1):21-8.

Pocock RI. Scorpions and their geographical distribution. Nat Sci. 1894:4(27)353-64.
Kraepelin K. Die Geographische Verbreitung der Scorpione. Zool Jahr Abt
Syst. 1905;22:321-64.

Birula A. Fauna of Russia and adjacent countries. Arachnoidea. Vol. I.
Scorpiones. Russie: Mus Zool Akad Sci; 1917. p. 1-227.

Lourenco WR. The biogeography of scorpions. Rev Suisse Zool. 1996;2:437-48.
Lourenco WR. Les modéles de distribution géographique de quelques
groupes de scorpions néotropicaux. C R Soc Biogéogr. 1986,62(2):61-83.
Lourenco WR. Scorpions of Brazil. Paris: Les Editions de L'IF; 2002. p. 320p.
Polis GA. Ecology. In: Polis GA, editor. The biology of scorpions. Stanford:
Stanford University Press; 1990. p. 247-93.

Lourenco WR. Biogéographie évolutive, écologie et les stratégies
biodémographiques chez les scorpions néotropicaux. C R Soc Biogéogr.
1991,67(4):171-90.

Udvardy MDF. The riddle of dispersal: dispersal theories and how they affect
vicariance biogeography. In: Nelson G, Rosen DE, editors. Vicariance
biogeography: a critique. New York: Columbia Univ. Press; 1981. p. 6-39.
Lamoral BH. A reappraisal of the suprageneric classification of recent
scorpions and of their zoogeography. Wien: Procceedings of the 8th,
International Arachnological Congress; 1980. p. 439.

Haffer J. Aspects of Neotropical bird speciation during the Cenozoic. In:
Nelson G, Rosen DE, editors. Vicariance biogeography: a critique. New York:
Columbia Univ. Press; 1981. p. 371-94.

Haffer J. Time's cycle and time’s arrow in the history of Amazonia.
Biogeographica. 1993,69(1):15-45.

Federov AA. The structure of the tropical rain forest and speciation in the
humid tropics. J Ecol. 1966;,54(1):1-11.

Richards PW. Speciation in the tropical rain forest and the concept of the
niche. Biol J Linn Soc. 1969;1(1-2):149-53.

Prance GT. Forest refuges: evidence from woody angiosperms. In: Prance
GT, editor. Biological diversification in the tropics. New York: Columbia Univ.
Press; 1982. p. 137-58.

Moreau RE. Vicissitudes of the African biomes in the late Pleistocene. Proc
Zool Soc Lond. 1963;141(2):395-421.

Livingstone DA. Late quaternary climatic change in Africa. Annu Rev Ecol
Syst. 1975;6:249-80.

Livingstone DA. Quaternary geography of Africa and the refuge theory. In:
Prance GT, editor. Biological diversification in the tropics. New York:
Columbia Univ. Press; 1982. p. 523-36.

Lourengo WR. Les modeles évolutifs des scorpions néotropicaux et la théorie des
refuges forestiers du Pléistocéne. C R Séances Soc Biogéogr. 1987,63(3):75-88.
Lourengo WR. Scorpion diversity in tropical South America: implications for
conservation programs. In: Brownell P, Polis GA, editors. Scorpion biology
and research. Oxford: Oxford Univ. Press; 2001. p. 406-16.


https://doi.org/10.1186/s40409-015-0016-9
http://dx.doi.org/10.1186/s40409-016-0075-6
http://www.zobodat.at/pdf/DENISIA_0026_0131-0136.pdf
http://www.zobodat.at/pdf/DENISIA_0026_0131-0136.pdf
http://dx.doi.org/10.1007/s12542-017-0372-6

Lourenco Journal of Venomous Animals and Toxins including Tropical Diseases (2018) 24:1

54.
55.

56.

57.

58.

59.

60.

61.
62.
63.

64.

65.

66.
67.

68.

69.

70.

71.

72.

73.

74.

75.

76.
77.

78.

79.

Haffer J. Speciation in amazonian forest birds. Science. 1969;165(3889):131-7.
Kovoor J, Lourenco WR, Mufioz-Cuevas A. Conservation des spermatozoides
dans les voies génitales des femelles et biologie de la reproduction des
scorpions (Chélicérates). C R Acad Sci Paris. 1987;304(10):259-64.

Vachon M, Abe T. Colonization of the Krakatau Islands (Indonesia) by
scorpions. Acta Arachnol. 1988;37(1):23-32.

Lourengo WR, Cuellar O. Scorpions, Scorpionism, life history strategies and
parthenogenesis. J Venom Anim Toxins. 1995;1(2):50-64. http://www.scielo.
br/scielo.php?script=sci_arttext&pid=50104-79301995000200002

Louren¢o WR, Cloudsley-Thompson JL, Cuellar O, von Eickstedt VRD,
Barraviera B, Knox MB. The evolution of scorpionism in Brazil in recent years.
J Venom Anim Toxins. 1996;2(2):121-34. http://www.scielo.br/scielo.
php?script=sci_arttext&pid=50104-79301996000200005

Lourengo WR. A new subfamily, genus and species of fossil scorpions from
cretaceous Burmese amber (Scorpiones: Palaeoeuscorpiidae). Beitr Araneol.
2015,9:457-64.

Lourengo WR, Velten J. A new genus and species of fossil scorpion from
Burmese cretaceous amber (Scorpiones: Buthoidea: Buthidae). Arachnida
Rev Ital Aracnol. 2016;10:2-9.

Weitschat W, Wichard W. Atlas der Pflanzen und Tiere im Baltischen
Bernstein. Mlnchen: Verlag Dr. Friedrich Pfeil; 1998. 256p.

Lourenco WR, Velten J. A new species of Rhopalurus Thorell, 1876 from
Dominican amber (Scorpiones, Buthidae). Rev Ibérica Aracnol. 2016;29:61-6.
Lourenco WR. A new species of Centruroides Marx, 1890 from Chiapas
amber, Mexico (Scorpiones: Buthidae). Rev Ibérica Aracnol. 2017;30:100-6.
Riquelme F, Villegas-Guzmén G, Gonzalez-Santilldn E, Cérdova-Tabares V,
Francke OF, Piedra-Jiménez D, et al. New fossil scorpion from the Chiapas
amber Lagerstétte. PLoS One. 2015;10(8):1-20.

Lourengo WR, Duhem B. Saharo-Sindian buthid scorpions; description of
two new genera and species from occidental Sahara and Afghanistan.
ZooKeys. 2009;14:37-54.

Vachon M. Etudes sur les scorpions. Alger: Institut Pasteur d'Algérie; 1952. p. 482p.
Vachon M. Scorpionidea (Chelicerata) de I'Afghanistan. (the 3rd Danish
expedition to Central Asia. Zool. Results 23). Vidensk Medd fra Dansk naturh
For Kgbehavn. 1958;120:121-87.

Cloudsley-Thompson JL. Key environments. Pergamon, UK: Sahara Desert;
1984. p. 348p.

Schuster M, Duringer P, Ghienne JF, Vignaud P, Mackaye HT, Likius A, et al.
The age of the Sahara desert. Science. 2006;311(5762):821.

Gantenbein B, Largiader CR. The phylogeographic importance of the strait
of Gibraltar as a gene flow barrier in terrestrial arthropods: a case study with
the scorpion Buthus occitanus as model organism. Mol Phylogenet Evol.
2003;28(1):119-30.

Lourenco WR, Vachon M. Considérations sur le genre Buthus Leach, 1815 en
Espagne, et description de deux nouvelles especes (Scorpiones, Buthidae).
Rev Ibérica Aracnol. 2004;9:81-94.

Lourengo WR. The remarkable peri-Saharan distribution of the genus
Butheoloides Hirst (Scorpiones, Buthidae), with the description of a new
species from Cameroon. C R Biol. 2013;336(10):515-20.

Lourenco WR, Duhem B. Observations on the remarkable disrupted
geographical distribution of the genus Microbuthus Kraepelin, 1898 in North
Africa, with the description of a new species from Egypt (Scorpiones,
Buthidae). C R Biol. 2007;330(5):439-45.

Louren¢o WR. Un nouveau genre et une nouvelle espéce de scorpion
d'Egypte, appartenant a la famille des Buthidae Simon. Rev Suisse Zool.
1999;106(3):591-8.

Lourengo WR. Un nouveau genre et une nouvelle espéce de scorpion
d'Algérie, avec des considérations taxonomiques sur le genre Lissothus
Vachon, 1948 (Scorpiones, Buthidae). Zoosystema. 2001;23(1):51-7.
Lourenco WR. Scorpions (Chelicerata, Scorpiones). In: Faune de Madagascar: n°
87. Paris: Muséum National d'Histoire Naturelle; 1996. p. 102p.

Lourenco WR, editeur. Biogéographie de Madagascar. Editions de 'ORSTOM,
Paris; 1996. 588p.

Lourenco WR, Wilmé L, Waeber PO. More about the geographical
distribution of the Malagasy genus Neogrosphus Lourenco, 1995
(Scorpiones: Buthidae) and description of a vicariant new species. C R Biol.
2015;338(11):768-76.

Lourenco WR, Wilmé L, Waeber PO. More about the geographical pattern of
distribution of the genus Pseudouroplectes Lourenco, 1995 (Scorpiones:
Buthidae) from Madagascar. C R Biol. 2016;339(1):37-43.

Page 12 of 12

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central



http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-79301995000200002
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-79301995000200002
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-79301996000200005
http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0104-79301996000200005

	Abstract
	Background
	The evolution of toxins
	What fossils can tell us about the evolution of venoms?
	Buthoid composition and the evolution of distinct lineages
	Biogeographic patterns presented by scorpions
	The association of different evolutionary lineages with fossil records
	Noxious species in the Saharo-Sindian scorpion fauna
	Species from the Amazon region
	Patterns of distribution of noxious species in southeastern Brazil and Mexico
	Early isolation of Madagascar

	Conclusions
	Abbreviations
	Acknowledgments
	Ethics approval
	Consent for publication
	Competing interests
	Publisher’s Note
	References

