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ABSTRACT: New mitochondrial 16S rRNA DNA
data support a separate phylogenetic position for the
Crimean scorpion Euscorpius tauricus (C.L. Koch,
1837), previously considered a subspecies of E. car-
pathicus (L.), in contrast to several other species of the
“E. carpathicus” complex. Phylogenetic and biogeo-
graphic details are discussed.

ÐÅÇÞÌÅ: Íîâûå äàííûå ïî ïîñëåäîâàòåëüíîñ-
òè ãåíà 16S ðÐÍÊ ìèòîõîíäðèàëüíîé ÄÍÊ ñâèäå-
òåëüñòâóþò îá îáîñîáëåííîì ôèëîãåíåòè÷åñêîì
ïîëîæåíèè êðûìñêîãî ñêîðïèîíà Euscorpius tauricus
(C.L. Koch, 1837), êîòîðûé ðàíåå ñ÷èòàëñÿ ïîäâè-
äîì E. carpathicus (L.), Ïðèâîäèòñÿ ñðàâíåíèå ñ
íåñêîëüêèìè âèäàìè êîìïëåêñà �E. carpathicus�.
Îáñóæäàþòñÿ ïîäðîáíîñòè ôèëîãåíèè è áèîãåîãðà-
ôèè âèäà.

Introduction

Scorpions of the genus Euscorpius Thorell, 1876
(Scorpiones: Euscorpiidae) are very common in south-
ern Europe [Had�i, 1930; Caporiacco, 1950; Kinzel-
bach, 1975; Fet, 1986; Fet & Sissom, 2000]. Ecologi-
cally diverse, they occupy a variety of habitats from
xeric to mesic, from the Mediterranean shoreline to the
high altitudes of the Alps and Balkans. Numerous
species have been described in Euscorpius. The tra-
ditional taxonomy of this genus, based mainly on
morphosculpture and coloration, was complicated and
confusing. C.L. Koch [1850: 86–87]) gave a synopsis of
all the Euscorpius species he had described in his series
“Die Arachniden”, and clearly divided these species
into three groups according to the number of trichobo-
thria (“Grübchen”) on the ventral aspect of pedipalp
patella. Birula [1900b: 14] ironically noticed that “the
genus Euscorpius belongs to such a category of system-
atic groups, in which the number of species accepted by

a specialist depends on how well developed this special-
ist’s passion was to compile long columns of synony-
mous species names”. He quite correctly wrote that
“…only studying the morphology of all forms as related
to their geographic distribution will we possibly make
some positive conclusions about the classification of
this genus”.

The most recent development in Euscorpius taxon-
omy was the introduction of molecular techniques by
our research team. This started with the pioneering
paper of Gantenbein et al. [1999] on the application of
16S ribosomal RNA gene sequence analyses for assess-
ing the phylogeny of the genus Euscorpius. This study
provided the first ever published DNA-based phyloge-
ny for the order Scorpiones. These data revealed a
phylogenetic relationship between four species, namely
E. flavicaudis (DeGeer, 1778), E. carpathicus (L.,
1767), E. italicus (Herbst, 1800) and E. germanus (C.L.
Koch, 1837). This phylogeny was quite different from
the former views on the evolution of this genus, based
only on morphology [Birula, 1900b; Had�i, 1930; Ca-
poriacco, 1950; Kinzelbach, 1975]. DNA data helped
to reorient morphological analysis towards important
character sets. Further work from this team and its
collaborators included more detailed genetic and mor-
phological analyses.

As a result of an extensive recent revision by Fet &
Soleglad [2002], the European scorpion species E.
carpathicus (L., 1767) was restricted only to Romania,
its type locality. The name E. tergestinus (C.L. Koch,
1837) was applied to most of the “western” populations
of former E. carpathicus. Across the Balkans, several
more forms of the “E. carpathicus” complex are present.
During the revisions of this complex [Gantenbein et al.,
2001; Fet & Soleglad, 2002; Fet et al., 2002, 2003]
using morphological and molecular information, the
following species have been established: E. balearicus
Caporiacco, 1950 (Baleares, Spain), E. tergestinus
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(C.L. Koch, 1837) (France, Italy, western Balkans), E.
carpathicus (Linnaeus, 1767) (Romania), E. hadzii
Caporiacco, 1950 (Balkans), E. koschewnikowi Birula,
1900 (Greece) and E. sicanus (C.L. Koch, 1837) (Greece,
Italy, Malta, North Africa). Several additional forms of
this species complex are currently under detailed inves-
tigation. One of them inhabits the Southern Coast of the
Crimean Peninsula, from where it was first recorded by
Pallas [1795], and is usually reported as the species E.
tauricus (C.L. Koch, 1837) (see Taxonomy section).
This paper presents the first molecular (mitochondrial
DNA) data for this Crimean scorpion.

Material and methods

Material. An adult female of E. tauricus was collected by
A. Khaustov in July 2001 at the Nikita Botanical Garden,
Crimea, Ukraine. The scorpion was preserved in 96% etha-
nol and sent for DNA analysis to Marshall University, West
Virginia, USA. We also added for comparison specimens of
two previously unstudied populations from Greece (Epirus
and Thessaly), collected by V. Fet and M. Mylonas; for label
data see below.

DNA analysis. Comparative analyses of the mitochondri-
al 16S ribosomal RNA gene has been recently used for
resolving species-level phylogeny of Euscorpius [Ganten-
bein et al., 1999, 2000, 2001; Scherabon et al., 2000; Fet et
al., 2002, 2003]. For detailed DNA analysis procedures and
phylogenetic tree-building algorithms, see Gantenbein et al.
[1999, 2000]. Total DNA was extracted from fresh or pre-
served (95% ethanol) muscle tissue (a leg) using a Qiagen™
DNeasy extraction kit. An approximate 400 bp fragment of
the mitochondrial (mt) 16S rRNA gene was amplified by the
polymerase chain reaction (PCR) using the primers 16Sbr, or
LR-J-12887 (CGATTTGAACTCAGATCA; forward, 18-mer)
and a scorpion-specific reverse primer (GTGCAAAGG-
TAGCATAATCA, 20-mer). These primers corresponded to
the positions 11,173–11,190 and 11,625–11,606 in the Lim-
ulus polyphemus mitochondrial genome [Lavrov et al., 2000].
The resulting PCR product was verified on 1% agarose
electrophoretic gel and purified by Ultrafree MC 30000
cellulose filters (Millipore, Inc.). Automated Sanger dideoxy
sequencing of the double-stranded PCR product was per-
formed at the Molecular Genetics Instrumentation Facility,
University of Georgia (Athens, GA) on the ABI 9600 Se-
quencer.

Phylogenetic analysis. Eight mtDNA sequences repre-
senting different haplotypes were aligned using Clustal X
1.81 [Thompson et al., 1997]. Three new DNA sequences
were deposited at GenBank [http://www.ncbi.nlm.nih.gov]
with the following accession numbers: Nikita Botanical
Garden, Crimea, Ukraine, July 2001, coll. A.A. Khaustov
(EtaCR1) (AY193822); Parga, Epirus, Greece, 12 May 2001,
coll. V. Fet (EcPA1) (AY193823); and Mt. Ossa (Kissavos),
Thessaly, Greece, May 2001, coll. M. Mylonas (EcOS1)
(AY193824). Five DNA sequences published earlier by our
research group and its collaborators [Gantenbein et al., 1999,
2000, 2001; Huber et al., 2001; Fet et al., 2002] were
extracted from the GenBank online database. The corre-
sponding taxa, their geographic origin, abbreviations and
accession numbers were: E. flavicaudis (DeGeer, 1778):
Lauris, Vaucluse, France, EfLA (AJ389381); E. carpathicus
(Linnaeus, 1767), Baile Herculane, Romania, EcRO2
(AY172338); E. tergestinus (C.L. Koch, 1837): Mathis,
Alpes-Martitimes, France, EtMA1 (AJ389376); Mala Duba,
Croatia, EtMD2 (AJ298063); and E. “carpathicus candio-
ta”  Birula, 1903: Kallikratis, Crete, Greece, EcKA2
(AJ309214). As an outgroup, we used E. flavicaudis. The
software package PAUP* Version 4.0b10 [Swofford, 1998]
was used for sequence analysis to perform genetic distance
calculation, Maximum Parsimony (MP), and Neighbor Join-
ing (NJ) algorithms. The statistical support of inner clades of
the phylogenetic tree was determined by bootstrapping (1000
pseudoreplicates).

Results

Exhaustive Search under PAUP* found one shortest
Maximum Parsimony tree (Fig. 1), 93 steps long
(CI=0.81, RI=0.56), under various weightings. Of 319
total characters, 252 characters were constant, 42 vari-
able characters were parsimony-uninformative, and 25
variable characters were parsimony-uninformative. The
Crimean population appeared as a sister group to all
other studied taxa of “E. carpathicus” complex, which
formed a highly supported (bootstrap 79%) monophyl-
etic clade: E. carpathicus from Romania, E. tergestinus
from France and Croatia, E. “carpathicus candiota”
from Crete, and two additional populations from Greece.
Within this clade, a high statistical support (72%) was
demonstrated by two geographically distant popula-
tions of E. tergestinus from France and Croatia. The

1 2 3 4 5 6 7 8

1EtMA1 – 0.043 0.077 0.050 0.131 0.074 0.085 0.119
2EtMD1 0.042 – 0.058 0.043 0.119 0.053 0.071 0.099
3EcKA2 0.073 0.055 – 0.054 0.120 0.034 0.075 0.087
4EcRO2 0.048 0.042 0.052 – 0.103 0.043 0.049 0.099
5 EfLA 0.120 0.109 0.110 0.096 – 0.114 0.114 0.125
6EcPA1 0.070 0.051 0.034 0.041 0.105 – 0.049 0.096
7EcOS1 0.080 0.067 0.072 0.048 0.105 0.047 – 0.099
8EtaCR10.110 0.093 0.082 0.093 0.115 0.090 0.093 –

Table 1. A matrix of genetic distances: uncorrected (�p�) distance (below the diagonal); Kimura 2-parameter dis-
tance (above the diagonal).

Òàáëèöà 1. Ìàòðèöà ãåíåòè÷åñêèõ ðàññòîÿíèé: íèæå äèàãîíàëè, íåñêîððåêòèðîâàííîå àáñîëþòíîå ðàññòîÿíèå
(�ð�); âûøå äèàãîíàëè, ðàññòîÿíèå Êèìóðû.
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branching order under all Neighbor Joining distance
models studied (absolute distance, Kimura, Felsen-
stein, Jukes-Cantor, HKY85, Tamura-Nei), was the
same as for MP phylogeny, placing the Crimean popu-
lation as  the sister group to all other considered species
of the “E. carpathicus” complex. Distance data (Table
1) are presented for absolute and Kimura distances. In
all cases the genetic distance of the Crimean population
from other “E. carpathicus complex” taxa was high (8
to 13%).

Discussion

The population of Euscorpius from Crimea was for a
long time considered an endemic species, E. tauricus —
albeit probably due to its highly isolated geography
than to morphological features [Birula, 1900a, 1900b,
1904, 1917a,b; Puzanov, 1927, 1949; Orlov & Vasily-
ev, 1983, 1984]. It was “lumped” under E. carpathicus
(L.) as a subspecies only by Caporiacco [1950] who did
not actually analyze any specimens from Crimea. Fet
[1997] analyzed overall trichobothrial counts and pec-
tinal tooth counts for 71 specimens from Crimea, and
tentatively retained the Crimean scorpion as E. car-
pathicus tauricus (C.L. Koch). It was listed in the most
recent catalog [Fet & Sissom, 2000] among numerous
European subspecies of E. carpathicus (L.). However,
an ongoing revision of this overly inflated taxon by V.
Fet, M.E. Soleglad, B. Gantenbein and their collabora-
tors has already resulted in many changes, determined
on the basis of both morphological and molecular
criteria [Gantenbein et al., 2001; Fet & Soleglad, 2002;
Fet et al., 2002, 2003].

The Crimean population is indeed a very isolated
one, probably the most isolated Euscorpius population
in Europe. The closest populations of Euscorpius from

this complex are about 500 km westward in Romania,
which is the easternmost boundary of the genus’ contin-
uous range in Europe [Fet et al., 2002]. The Caucasian
species E. italicus (Herbst) and E. mingrelicus (Kessler)
are not closely related to the Crimean population, as is
clear from their distinct morphologies [Birula, 1917a,
b]. Trichobothrial (sensory seta) numbers and patterns
unequivocally place the Crimean scorpion in the “E.
carpathicus” complex. Its standard diagnostic formula
for trichobothrial series on the external aspect of pedi-
palp patella is: et=6 (variable, but ca. 90% in the
Crimean population [Fet, 1997]), est=4, em=4, esb=2,
eb

a
=4, eb=4  [Fet, 1986; Fet & Soleglad, 2002]. These

“standard” numbers persist across several species (E.
balearicus, E. tergestinus, E. koschewnikowi; see Gan-
tenbein et al., 2001; Fet & Soleglad, 2002; Fet et al.,
2002), while in other related species significant diag-
nostic deviations also exist in the series em, eb

a
 and eb

(E. carpathicus, E. sicanus, E. hadzii; see Fet [2000];
Fet & Soleglad [2002]; Fet et al. [2003]). Therefore, the
Crimean population, as far as trichobothrial patterns
are concerned, shares the conservative “standard” for-
mula with a number of other, not necessarily closely
related populations such as, E. balearicus from the
Balearic Islands, E. “carpathicus candiota” from Crete
(see Fet [1986], “Group A” of Fet [2000]), and two
populations from Epirus and Thessaly used in this
paper (the Thessaly population can be assigned to E.
“carpathicus ossae” Caporiacco, 1950). Obviously,
the trichobothrial character set is not diagnostic for all
these diverse taxa.

The DNA sequence analysis provides the first in-
sight into a possible ancient origin of the Crimean
scorpion. The phylogeny obtained suggests that the
Crimean population is drastically different from all
previously studied “standard formula” populations of

Fig. 1. Maximum Parsimony (MP) cladogram. Numbers designate bootstrap values.
Ðèñ. 1. Ôèëîãåíåòè÷åñêîå äåðåâî (êëàäîãðàììà), ïîëó÷åííîå ìåòîäîì ìàêñèìàëüíîé ïàðñèìîíèè. Íîìåðà ñîîòâåòñòâóþò

ïîêàçàòåëÿì áóòñòðåï-àíàëèçà.
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the “E. carpathicus” complex. We can also trace a clear
“east-to-west” gradient within the branching pattern of
this complex, from Crimea to Greece to the Adriatic and
further along the Mediterranean coast. The “western-
most” species of the complex, E. tergestinus, is the most
derived compared to the Crimean taxon, and Romanian
E. carpathicus is the sister group to E. tergestinus,
therefore the Crimean scorpion does not form a mono-
phyletic group with E. carpathicus. This is the first
information which suggests that the “E. carpathicus”
complex has an eastern origin, and that the Crimean
scorpion is possibly a relict remnant of the Tertiary biota.

The Crimean Peninsula originated as an island in
the Tethys Sea during the Mesozoic and throughout the
Tertiary period was connected many times to different
land masses (Caucasus, Balkan Peninsula, Anatolia,
and/or modern Ukraine). There are no Tertiary relicts
in the Crimea; and all endemic plants there are gener-
ally considered to be very recent [Grosset, 1979]. Golo-
vach [1984] analyzed the diplopod fauna in the Crimea,
and suggested that its age is primarily Pleistocene and
that the source of migration was the eastern Mediterra-
nean, especially the Balkan Peninsula. It was previous
suggested [Fet, 1997] that the existence of the Crimean
scorpion was a result of a (possibly recent) migration
from the Balkans or Anatolia during Pleistocene inter-
glacials; however, the new DNA data points rather to a
more relict status for this taxon. Severe Pleistocene
glaciations could have eliminated most of the ancient
thermophile and mesophile biota in the Crimea, but it
is possible that the Crimean scorpion is indeed a relict
of more ancient times. It has to be noted that it is not
related to either of the two extant Caucasian species of
Euscorpius.

Recently, we demonstrated [Gantenbein et al., 1999]
that the phylogeny of Euscorpius included vicariant
events similar to those detected by Oosterbroeck &
Arntzen [1992, Fig. 12] for several other animal groups.
These are interpreted as the most ancient split between
Iberian/Italian lineages versus younger, Asia Minor-
Transmediterranean lineages. While the highly devi-
ant western Mediterranean Euscorpius (Tetratrichobo-
thrius) flavicaudis (DeGeer) is a good candidate for the
Iberian/Italian lineage, the Crimean population could
represent one of the relicts of the Asia Minor-Trans-
mediterranean lineage. It is clear from the DNA phy-
logeny that the Crimean scorpion deserves species
status as Euscorpius tauricus (C.L. Koch). It remains to
be seen if a detailed comparison of morphological
characters between this relict and other (especially
Balkan) “standard” taxa will provide solid morpholog-
ical diagnostic characters for E. tauricus as a mor-
phospecies.

Taxonomy

Euscorpius tauricus (C.L. Koch, 1837)

Scorpius tauricus C.L. Koch, 1837: 6–8, pl. CXI, fig. 255.
Holotype: female (lost), Crimea, Ukraine.

Scorpio carpathicus: Pallas, 1795: 64; 1799: 475.
Scorpio europaeus (unavailable name; see Fet & Sissom, 2000:

356): Kutorga, 1834: 490; Rathke, 1837 (N.V.); Nordmann, 1840:
731; Kessler, 1860: 196.

Scorpio europaeus var. tauricus: Nordmann, 1840: 731, pl. I, fig. 3.
Scorpio (Scorpius) tauricus: Gervais, 1844: 68.
Scorpius tauricus: C.L. Koch, 1850: 86.
Scorpio tauricus: Ferrari, 1872: 658; Kessler, 1874: 23–24;

Köppen, 1881: 219.
Euscorpius tauricus: Simon, 1879: 113; Birula, 1896: 230; 1898:

140; 1900a: 250–251; 1900b: 16, 18; 1904: 33; 1917a: 105, 129;
1917b: 168, 208–224, pl. 3, fig. 10, pl. 5, fig. 3–4; Karatygin, 1910: 122;
Mokrzhetsky, 1914: 14; Puzanov, 1927: 27; 1949: 22; Orlov & Vasily-
ev, 1983: 62; 1984: 6, fig. 4 ; Vasilyev & Orlov, 1983: 72.

Euscorpius italicus (nec Scorpio italicus Herbst, 1800; misiden-
tification): Tarnani, 1907: 30 (part: Yalta).

Euscorpio (ISS) tauricus: Puzanov, 1929: 104.
Euscorpius carpathicus oligotrichus (nec Had�i, 1929; misiden-

tification): Had�i, 1930: 35 (part: Crimea).
Euscorpius carpathicus tauricus: Caporiacco, 1950: 193, 209;

Fet, 1989a: 82–83; 1989b: 124–125; 1997: 106–108; Lacroix, 1991:
19; Fet & Sissom, 2000: 365–366.

Distribution . Ukraine (Crimea, southern coast).
Notes. Simon [1879] erroneously gives «Taurus» (a

mountain range in Turkey) as a locality of E. tauricus
(instead of «Taurie», i. e. Crimea).
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