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ABSTRACT: Hemiscorpius lepturus Peters, 1861
is redefined in both sexes. The detailed external mor-
phologies of chelae, pectinal organs, chelicerae, tel-
sons, and legs I-IV were surveyed with the scanning
electron microscope (SEM) in both sexes of H. lep-
turus for the first time. The constellation arrays, bat-
like shaped peg sensilla, trichobothria, and the other
sensillar and epicuticular structures were described,
and their functional morphologies were interpreted
considering the species’ habitat and other climatic
preferences. The constellation arrays, basiconic sen-
silla, function as a chemoreceptor (hygro-reception
or/and thermo-reception) by its location on the pedi-
palp in the habitat. The shape of the peg sensilla is
remarkably bat-like in both sexes and this shape has
not been observed or recorded in any scorpion species,
functioning as mechanoreception and contact chemo-
reception. There are three slit sensilla as single slit,
dual and triple slit sensilla on I-IV walking legs, being
mechanoreceptors as proprioceptors detecting strain
and substrate vibrations during movement. Isolated
single slit sensillum was recorded on the chelicerae
surface of a scorpion species for the first time.
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PE3IOME: Jlano mnepeomnucanue Hemiscorpius
lepturus Peters, 1861 mo o6oum mosaM. Briepssie ¢
HCIIOJIb30BAHUEM CKAaHUPYIOIICH JIIEKTPOHHON MH-
KPOCKOIIMH IIPUBEICHO ACTAIbHOE MOP(OIOTHIECKOE
OTHCaHUE KJICIIHCH MeIUMaIbll, TPEOHEBUIHBIX Op-
TaHOB, XeJNHIEp, TeJbcoHa U HOoT [-IV 06oux mosos
H. lepturus. OmnucaHbl «CO3BE3AKME CEHCUILI», TOXO-
JKHUE 10 (popMe Ha JICTYUUX MBIIICH CEHCHUIUTBI 3y0un-
KOB IpeOHEBUIHBIX OPTaHOB, TPUXOOOTPHUH, H APYTHE

CEHCHJIIBI U CTPYKTYPbI SNMUKYTHKYIbI, UX (YHKIH-
OHaJIbHasi MOP(OJIOTHSI UHTEPIIPETUPOBAHA C TOYKH
3peHusi OMOTONA M APYTUX KIMMATHYECCKUX MPEIIo-
YTEHHUH 3TOro BUAA. PacrosoxkeHHbIe Ha MTeaunanbe
«CO3BE3AME CEHCHIUT» U 0a3MKOHMYECKHUE CEHCHILIBI
(YHKIIMOHUPYIOT KaK XeMOPELETTOPHI (TUTPO- U/UITH
Tepmopenentops!). CeHCHIUTBI 3yOUNKOB rpeOHEBUA-
HBIX OPraHOB O0OMX IOJIOB UMEIOT 3aMeyaTesIbHYI0
(dopMy, HAITOMUHAOIYIO JIETY4YYIO MBIIIb, HE OOHa-
PYXXEHHBIE y JIPYTMX BHIOB CKOPIHOHOB, (PyHKINO-
HUPYIOT KaK MEXaHOPEHENTOPhl M KOHTaKTHBIE Xe-
Mopeuentopsl. Ha xonubeix Horax I-IV pacnonoxe-
HBI TPH ILIECJIEBUHBIC CEHCHIIIBI, €IUHUYHASA, ABON-
Hasl U TPOIHasI, KOTOPBIE CIyKaT MeXaHOPEIenTopa-
MU, TOYHEE, MPONPHOLENTOPAMH, OINPEICISIFOIINMU
HaNpsDKeHUE W KosiebaHus cyOcTpaTa BO BpEeMsl JIBU-
JKeHUsI. BriepBble y CKOPITHOHOB 0OHapysKeHa W30JIH-
pOBaHHAs CAUHUYHAS IEJIEBUHAS CEHCHIITIA Ha TO-
BEPXHOCTH XEJHLEP.

Introduction

Scorpiones is the third most populous arachnid or-
der in the world after spiders and pseudoscorpions. This
most diverse order currently comprises 22 families,
232 genera and 2740 species [Rein, 2023].

The species that constitute the subject of this study,
Hemiscorpius lepturus Peters, 1861, belongs to the
Hemiscorpiidae family and this family is represented
by only one genus and 17 species, distributed in the
East Africa, Middle East and eastern parts of Asia —
the Arabian Peninsula, Iraq and Iran [Fet, 2000; Lowe,
2010; Lourenco, 2011; Rein, 2023]. H. lepturus is dis-
tributed in Iran, Iraq, Pakistan and Yemen, stating that
it prefers especially hot and humid habitats in Iran.
Unlike many other species, it has a cytotoxic venom,
causing crucial wounds with necrosis and blisters, and
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has no antivenin [Rein, 2023]. Scorpion sense organ
is known as eyes, constellation array, slit sensilla, peg
sensilla, trichobothria, and sectae of different thick-
ness and length, functioning as mechanoreceptors,
chemoreceptors (hygro- and thermo-receptors), and
proprioceptors [Barth, Stagl, 1976; Foelix, Miiller-
Vorholt, 1983; Foelix, Schabronath, 1983; Messlinger,
1987; Polis, 1990; Gaffin, Brownell; 1997; Fet et al.,
20064, b; Stockmann, Ythier, Fet, 2010; Benli et al.,
2013]. Foelix & Schabronath [1983] investigated the
fine structures of the tarsal sensilla of the legs of An-
droctonus australis (Linneus, 1758), Euscorpius itali-
cus (Herbst, 1800) and Buthus occitanus Amoreux,
1789, and they described mechanoreceptive and
chemoreceptive functions of tarsal sensilla. Foelix &
Miiller-Vorholt [1983] also studied the peg sensilla on
pectines of Androctonus australis (Linneus, 1758) and
Euscorpius italicus (Herbst, 1800). They defined that
the mechanoreceptive dendrite terminates and also
contact chemoreceptor function of peg sensilla. Fet et
al. [2006a] described the constellation arrays as a new
sensory structure, functioning as chemosensory organ.
Benli et al. [2013] described the external morphologi-
cal structures of Calchas birulai Fet et al., 2009. In the
present study, the sensillar and epicuticular structures
are determined and their functional morphologies are
commented on H. lepturus in both sexes.

Material and Methods

Hemiscorpius lepturus, adult specimens, were collected
with forceps under stones during day time and UV light on the
ground in active motion during night time from Erbil, Heran
(36°17"24.10"N, 44°30'03.37"E, 812 m) and Sulaymani-
yah, Peramagron (35°44'31.61"N, 45°07'44.41"E, 781 m)
provinces in Iraq in June and August of 2022. Specimens
were examined using Leica APOS8 and illustrated by using a
Canon EOS 7D digital camera proposed in Yagmur [2021].
Identification of the specimen was done according to Monod
& Lourengo [2005] for Scanning Electron Microscopy
(SEM), the chelicerae, pectinal organs, chelae, telsons,
carapace and legs I and VI of both sexes were dissected
and kept overnight in absolute ethanol. After dehydration,
specimens were gold coated in a Quorum SC7620 Sputter
Coater. Morphological structures were micrographed at
an accelerating voltage of 10kV with a ZEISS Sigma 300
scanning electron microscope in Science Application and
Research Center in Van Yiiziincii Y1l University. The exam-
ined specimens are preserved in the Arachnida collection of
the zoology museum of Hakkari University.

Results

DESCRIPTION (Figs 1-3). MALE. Carapace. Cara-
pace is longer than its wide; almost rectangular in shape,
but narrows anteriorly after the level of the median eyes,
lateral sides nearly parallel until level of median eyes.
Anterior margin concave and straight and there is a deep
median emargination. Median ocular tubercle shallow and
prominently situated anteriorly than middle. The carapace
lacks carinae but only weak and smooth superciliary carinae
exist. There are three pairs of lateral eyes and the posterior
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lateral eyes smaller than the 2 anterior lateral eyes. The
carapace is densely covered by fine granules with some
smooth patches. All margins almost smooth with rare indis-
tinct granules. The anteromedian furrow is narrow and deep,
bifurcated anteriorly where it joins the median margination.
The posteromedian furrow is wide and bifurcated as an in-
verted T-shaped at posterior edge. Both these two furrows
are located in sagittal-shaped depressions and are fused and
continuous. Posterolateral furrows shallow and enlarged
posteriorly, posterior tips joint to posteromedian furrow at
bifurcated tips. Chelicerae. Teeth order fits Scorpionidae
described by Vachon [1963]; teeth are sharp; fixed bears
subdistal, basal denticles smaller and median teeth; mov-
able finger bears distal, subdistal, medial and basal teeth.
Sternum. Sternum pentagonal, type 2 [Soleglad, Fet, 2003],
longer than wide, smooth, median furrow deep. Pectines and
genital operculum. Genital operculum elliptical, composed
of 2 ovoid plates. Pectines with 14-16 teeth, usually 15-15.
Mesosoma. Tergites I-VI are wider than long, but tergite
VII is longer than wide. Tergites I-1I without carinae, ter-
gites ITI-1V with reduced median carina, tergite VII with a
reduced median carina and a pair of moderate lateral carinae.
Surface of tergites finely shagreened and lustrous with dense
minute punctate. Sternite [II-VI smooth and lustrous with
minute punctate without granulation and carinae. Sternite
VII smooth and lustrous with minute punctate fine granula-
tion laterally. Metasoma. Extremely elongated and slender,
rough, with sparsely fine granules. Covered scattered long
and distinct macrosetae. Depth of segments increases pos-
teriorly on segments I-IV with 7 prominent carinae and
longitudinal dorsal furrows. Dorsal carinae bear costate
spiniform granules that gradually increase posteriorly to
segment. Lateral carinae moderate and smooth without
granules. Ventrolateral carinae strong and smooth on seg-
ments [-1I and with costate and fine granules on segments
III-IV. Ventromedian carinae weak and smooth in segment
I, moderate and smooth in segment II-III, moderate and
faintly granular in segment IV. V with 5 strong carinae.
Dorsal carinae with costate and small spiniform granules.
Ventrolateral and ventromedian with costate and small gran-
ules. Telson. Vesicle elliptical and strongly elongated. A pair
of rounded tuberculiform projections exist on each side at
base of aculeus. Lateral and dorsal surfaces with irregularly
conspicuous granules. Covered sparse macrosetae. Aculeus
short and stout, strongly and abruptly curved. Pedipalp.
Pedipalp consists of somewhat short segments. Covered
scattered macrosetae. Femur short and thin, flattened dor-
soventrally, pentacarinate; dorsointernal and ventrointernal
carinae strong with fused big granules; ventrointernal, ven-
troexternal and ventromedian carinae moderate with spaced
granules. Surface rough with densely fine granules. Femur
bears 3 trichobothria; d located on posterior of dorsal sur-
face; i located on posterior internal surface and e located on
posterior of external surface. Patella short and thin, flattened
dorsoventrally with 7 carinae. Exteromedian carina weak
and nearly smooth, other carinae moderate and as fused
swollen and coarse granules. Dorsal and ventral patellar
spurs located posteriorly and form large conical granules.
Dorsal, ventral and external surfaces rough with densely fine
granules, internal surface shagreened, with small, scattered
granules. A total of 19 trichobothria exist on patella and or-
thobothriotaxic. Trichobothrium d1 located posterior tip of
dorsointernal carina; d, located medially on patella exterior
edge of dorsointernal carina; i located on internal surface
of patella, interior edge of dorsointernal carina, anteriorly
close to d,. External (e) trichobothria: Trichobothria series



External morphology of Hemiscorpius lepturus 421

Fig. 1. Hemiscorpius lepturus Peters, 1861. A, B— male, C, D — female: A, C — dorsal view; B, D — ventral view. Scale bar 1 cm.
Puc. 1. Hemiscorpius lepturus Peters, 1861. A, B— cawmen, C, D — camka: A, C — gopcansno; B, D — BentpansHo. MaciuTab 1 cm.

eb composed of 5 trichobothria, esb series 2 trichobothria,
em series 2 trichobothria, et series 3 trichobothria. Ventral
(v) trichobothria composed of 3 trichobothria, located on
posterior half of patella, exterior edge of the ventroexternal
carina. Chela. Somewhat elongated manus, short fingers,
with 5 distinct carinae; dorsointernal carina weak with
distinct conical and spaced granules; digital carina weak
and smooth, more distinct posteriorly and reach to movable
finger; dorsoexternal carinae strong and smooth, ventroin-

ternal carinae moderate, rounded and smooth, bear many
fine granules; ventroexternal carina strong, with fused rough
granules basally and smooth distally. Dorsal surface rough
with densely fine granules and smooth patches. Internal
surface shagreened with distinct conical granules. External
rough with dense and fine granules. A total of 15 trichoboth-
ria are present on chela manus. Trichobothrium Db located
basally on dorsoexternal carinae; Eb series located basally
on external surface with 3 trichobothria. Trichobothrium Esb
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Fig. 2. Hemiscorpius lepturus Peters, 1861. A, B, F — male, C, D, E — female: A, C — dorsal view of carapace and mesosoma; B, D —
ventral view of carapace and mesosoma; E, F — lateral view of metasoma. Scale bar 1 cm.

Puc. 2. Hemiscorpius lepturus Peters, 1861. A, B, F — camen, C, D, E — camka: A, C — kaparnakc 1 Me30coma, Jopcaibto; B, D — ka-
parmakc u Me30coma, BeHTpaibHO; E, F — Metacoma, narepanbpHo. Macmrad 1 cm.

located close to Eb series. Est located distally and, close
to Et series; Et series composed of 5 trichobothria, Et1 lo-
cated ventrally, Et2-5 located externally; V series composed
4 trichobothria, V1 and V2 located anteriorly and V3 and
V4 located posteriorly, all trichobothria located linearly.
Fingers slightly shorter than manus, smooth anteriorly,

fine granular basally, curved inward. Movable finger with
weak scalloping. The dentate margin of fingers composed
of two parallel, serrate rows denticles becoming fused
basally with regular intervals of bigger granules. A total of
11 trichobothria exist on fingers; trichobothrium Dt located
at basal on dorsal surface of fixed finger; trichobothrium db
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Fig. 3. Hemiscorpius lepturus Peters, 1861. A, B — male,
C, D — female: A, C — retrolateral view of pedipalp; B, D — pro-
lateral view of pedipalp. Scale bar 1 cm.

Puc. 3. Hemiscorpius lepturus Peters, 1861. A, B — cawmer,
C, D — camka: A, C — neunansma, perponarepansio; B, D — ne-
JIUIAIbIIA, MpojarepaibHo. Macmrad 1 cm.

located on internal surface equal to eb, at posterior half of
fixed finger; trichobothria dsb, dst and dt located on dorsal
surface linearly, at anterior half of finger; trichobothrium
eb located on external surface in basal half of fixed finger;
trichobothria esh, est and et located at posterior half of
fixed finger linearly; esb, est and et located equally to dsb,
dst and dt, respectively; it and ib located close to middle of
fixed finger internally. Legs. Femur and tarsus smooth and
lustrous dorsally with scattered macrosetae. Tarsi two rows
of stout spiniform setae.

FEMALE. The characters different from male are as
follow. Carapace stockier than in male. Tergite and sternite
VII of mesosoma as wide as long. Metasoma considerably
shorter than with shorter segments in male. Carinae gener-
ally more granular and distinct. Telson: Vesicle ovoidal
and globular, little elongated. Aculeus thinner and narrow
slightly than male without tubercles at its base. Pedipalp:
femur, patella, manus and fingers shorter and stockier than
in males.

EXTERNAL MORPHOLOGY OF CHELAE (Figs 4, 5).
There are constellation arrays at the tip of the chelal fixed
fingers on retrolateral surfaces in both sexes (Fig. 4A, B).
The clusters of sensillar structures in constellation arrays
consist of 7 basiconic sensilla in males and 6 basiconic
sensilla in females (Fig. 4C, D). Each basiconic sensillum
is located in a large pit-shaped socket. The average length of
these basiconic sensilla in the male is 5.07 pm and the width
of the concave socket to which it is attached is 13.8 pm.
The average length of these basiconic sensilla in the female
is 8.07 um and the width of the concave socket to which
it is attached is 16.4 um. There are 2 wax openings close
to each peg sensillum, one of them in concave area with
peg sensillum and one of them is outside the pit area (Fig.
4E, F). There are few trichobothria located at irregular in-
tervals, especially on the chelal fixed fingers (Figs 4A, B;
5C, D). Each trichobothrium is filiform and the socket
comprises of intertwined circular structures. The average
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length of these trichobothria in the male is 0.94 mm, and
in the female is 1.47 mm (Figs 4A, B; 5A, B, C, D). The
cuticular surface of trichobothria is longitudinally cor-
rugated as in the lower-right corner picture (Fig. 5D). The
prolateral and retrolateral surfaces of chelae have pattern
in the form of depressions in irregular annular form in both
sexes (Figs 4A, B; 5A, B, H). The chela surface is covered
with a large number of wax openings of different widths in
both sexes (Fig. 5E, F). There are weak falciform hairs as in
form sensilla trichodea at the tip of the fixed and movable
chelal fingers in both sexes (Figs 4A, B; 5A, B, G) and the
four-piece setae as in form non-socketed sensilla chaetica
on the distal end of fixed chelal finger of male (Fig. 5G).

EXTERNAL MORPHOLOGY OF CHELICERAE (Figs
6, 7). The movable fingers of the chelicerae are characteris-
tically bifurcated in both sexes (Figs 6A, B; 7A—B). There
are 3 setae in form of weak and socketed sensilla trichodea
that shorten ventrally, and there is a single slit sensillum
typically lips-shaped on the shortest seta of these on the
retrolateral surfaces of the both sexes (Fig. 6A-B, E-F).
There is also falciform hairs sparsely located on retrolat-
eral surfaces of movable fingers in both sexes (Fig. 6C-D).
There are many wax openings on the retrolateral surfaces in
both sexes (Fig. 6C—G). The cuticular pattern of retrolateral
surface is tubercular as in Fig. 6H. There are numerous non-
socketed serrate setae on the prolateral surface of chelicerae
(Fig. 7C-D) and these setae are denser in male than female
(Fig. 7A-B).

EXTERNAL MORPHOLOGY OF PECTINAL ORGAN
(Fig. 8). The pectines are paired comb-like structures near
the coxae of the 4" pair of legs on the ventral sides in both
sexes. The numbers of pectinal teeth are 14—15 in males
and 10-11 in females (Figs 2B, D; 8 A-B). The number
of peg sensilla on each pectinal tooth is greater in males
(Fig. 8C-F). There are inverted bat-like peg sensilla on
the ventral surface of each pectinal tooth. The average
length of peg sensilla in males is 6.44 um and in females is
3.62 um. The distal edges of each peg sensilla are elongated
into bat ears. These distal edges in males are longer and
more pointed than in females (Fig. 8G—H).

EXTERNAL MORPHOLOGY OF EYES (Fig. 9). The
specimens typically contain two pairs of eye-groups referred
to as median eyes and lateral eyes. The carapace has a
longitudinal line passing through the middle of the median
eyes from anterior to posterior in both sexes (Fig. 9A-B).
The gap between the median eyes is greater in male
(259 pm) than female (172 pm). There are two setae behind
the median eyes in form sensilla trichodea which are thin
walled and small socketed. These form setae are found
in anterior and lateral sides of carapace. The three lateral
eyes are found on both sides in both sexes (Fig. 9C-D).
The posterior lateral eye is smaller than the anterior two
lateral eyes. The dorsal surface of the lateral eyes is covered
with numerous wax openings (Fig. 9C-E). The cuticular
pattern of the carapace is in the form of a drop of liquid
that has fallen to the ground and slight pitting (Fig. 9F).

EXTERNAL MORHOLOGY OF STERNITE (Fig. 10).
Genital sternite are as in Fig. 10A in male and Fig. 10B in
female. There are infrequent short, puny and socketed setae
in form sensilla trichodea (Fig. 10A—B). There are a few
and different sizes single slit sensilla (Fig. 10C), and numer-
ous wax openings also on sternite surfaces (Fig. 10C-D).
The species have four pairs of elliptical stigmata (spiracles)
in both sexes (Figs 2A-D; 10E-F). These spiracles are
closed and the slightly dimpled surface in the middle has
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Fig. 4. Hemiscorpius lepturus Peters, 1861. A, C, E — male, B, D, F — female: A, B — chela of pedipalps in retrolateral view (areas of
constellation array indicated by circles); C, D —constellation array (arrows show the wax openings); E, F — single basiconic sensillum with
wax openings (indicated by arrows). Scale bars: A— 200 um, B— 300 um, C, D — 30 um, E, F — 3 pm.

Puc. 4. Hemiscorpius lepturus Peters, 1861. A, C, E — camen, B, D, F — camka: A, B — kiiemss negunaisi, peTpoiarepaibHo (00-
JIACTH «CO3BE3[MS CEHCHILI» 00BeleHb! kpykkamu); C, D — «co3Be3ane CeHCHIT» (CTPENKH IOKA3bIBAIOT OTBEPCTHS BOCKOBBIX JKENE3);
E, F — ennnnuHas 6a3MKOHMYECKAsi CEHCHIIA C OTBEPCTUSIMH BOCKOBBIX kelie3 (MmokasaHbl cTpeikamu). Macmrab: A — 200 mxm, B —

300 mxMm, C, D — 30 mxm, E, F — 3 mMxMm.

multiple hexagonal honeycomb-like cuticular patterns
(Fig. 10E-F).

EXTERNAL MORPHOLOGY OF TELSON (Fig. 11).
The body part of telson in male and female are completely
different. The telson body part is wider in the female
(1.6 mm) than the male (1.35 mm). While it is flatter from
distal to proximal in the male, it is cambered in the middle in
the female. The distal part of telson in male is with two lobes
(Fig. 11A, C). The length of the venom sting is longer in the
male (0.58 mm) than in the female (0.47 mm) (Fig. 11C-D).

On the telson surface, large tubercular structures are found
in both sexes, while the male has a smaller structure and
more tubercular cuticular patterns (Fig. 11A—C). There
are long and perpendicular setae, and short and placed at
irregular intervals setae on the telson surface as form in
sensilla trichodea (Fig. 11A-D).

The other metasomal segments are more swollen and setose
in females than males (Fig. 12A-B). There are special cuticular
patterns in both sexes, contained tubercular structures and
epicuticular protrusions in form of microtrichia (Fig. 12C-E).
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Fig. 5. Hemiscorpius lepturus Peters, 1861. A, C, E, G — male, B, D, F, H — female: A, B — chela of pedipalps in prolateral view;
C, D — trichobothria (picture in the lower-corner shows the detail of trichobothrium surface); E, F — wax openings; G — falciform hairs and
four-piece seta (indicated by arrow) on the tip of chelar fixed finger; H — cuticular patterns on chelar surface. Scale bars: A, B— 300 um,
C,D— 100 pm, G— 30 um, E, F, H— 10 um.

Puc. 5. Hemiscorpius lepturus Peters, 1861. A, C, E, G — camene, B, D, F, H — camka: A, B — kJiemss neaunaibIi, npojarepaibHo;
C, D — tpuxo6oTpun (B HIDKHEM YITTy [TOKa3aHa JeTallb HOBEPXHOCTH TpuxoboTpun); E, F — oTBepcTHs BOCKOBBIX XkKene3; G — cepHoBHA-
HBIC BOJIOCKH U YETBIPEXJacTHasI ceTa (II0Ka3aHa CTPEIIKOi) Ha BEPIIMHE HEMOABIYKHOTO NMablia KISIIHH MeUNaibi; H — TUIBI Ky THKYITBI Ha
MOBEPXHOCTH KJICHIHU neaunansi. Macmrad: A, B— 300 mkm, C, D — 100 mxm, G — 30 Mkm, E, F, H — 10 MxM.
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Fig. 6. Hemiscorpius lepturus Peters, 1861. A, C, E, G— male, B, D, F, H — female: A, B — chelicera in retrolateral view (arrows show
the single slit sensillum, area); C, D — sensilla trichodea; E, F — single slit sensillum on manus surface; G — wax opening on chelicera surface;
H — cuticular pattern on chelicera surface. Scale bars: A, B— 200 pm, C — 30 pm, D, E, H — 10 um, F — 20 um, G — 4 pm.

Puc. 6. Hemiscorpius lepturus Peters, 1861. A, C, E, G — camen, B, D, F, H — camka: A, B — xenuiepa, perponarepaibHo (CTPesKH 110-
Ka3BIBAIOT 00JIACTH €IMHUYHON MIeNeBUIHON cencmintbl); C, D — BomocoBuanas cencwina; E, F — enunmynast meneBuaHas CEHCHILIA Ha TI0-
BEPXHOCTH OCHOBAHUsI KJICIIHU Meaunaibi; G — OTBEpCTHE BOCKOBOM JKEIe3bl HA MOBEPXHOCTH Xeulepsl; H — THIT KyTHKY/IbI Ha TIOBEPX-
HoOCTH Xenuiepbl. Macmrad: A, B— 200 mxm, C — 30 mxwm, D, E, H— 10 mxm, F — 20 MM, G — 4 MkM.
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Fig. 7. Hemiscorpius lepturus Peters, 1861. A, C — male, B, D — female: A, B — chelicera in prolateral view; C, D — sensilla chaetica
without socket (arrow shows serrated surface of sensilla). Scale bars: A, B— 200 pm, C, D — 10 um.

Puc. 7. Hemiscorpius lepturus Peters, 1861. A, C — camer;, B, D — camka: A, B — xenuuepa, nponarepansho; C, D — xeToBuuHas ceH-
cmiuta Oe3 SIMKH (CTpeJiKa II0Ka3bIBaeT 3y0dyaTyio MOBEpXHOCTH ceHCHIbl). Macmrab: A, B — 200 mkm, C, D — 10 MxM.

EXTERNAL MORPHOLOGY OF WALKING LEGS
(Figs 13—16). The cuticle surfaces of legs [-IV are typically
covered with different length and thickness setae. There
is one prominent basitarsal (pedal) spur on each leg (Figs
13B; 14B; 15A; 16A). Three types setae are found on legs
surfaces. Two are in form sensilla chaetica and one is in
for sensilla trichodae. The first type of chaetical sensilla is
short and thick setae on the ventral side of telotarsi in both
sexes, which have prominent socket structures with knurled
distal end (Figs 13A, B, D; 14A, B; 15A-D, 16A, B, D).
The socket protrusion elongates from proximal to distal,
thus allowing the setae to stay close to the surface and only
move sideways. The other chaetical sensilla is long, sparse
and thick setae with restricted movement, having irregular
socket structures, on legs surfaces in both sexes. The tricho-
deal sensilla are short and weak setae, in very rare numbers,
found on the entire legs surfaces in both sexes (Fig. 14C).
The cuticle surface of both the chaetical and trichodeal
sensilla is longitudinally grooved (Figs 13A; 14D; 15C;
16D). There are also pointed and robust cuticular protrusions
called spinules on legs tarsi in both sexes (Figs 13B, D;
14B; 15A, C; 16A, D). The surfaces of each leg are covered
with numerous wax openings in both sexes (Figs 13E-H;
14E-G; 15E, H, J; 16C, E-I). There are numerous single,
dual and triple lip-shaped slit sensilla especially distal
parts of leg segments. The single sensilla are located on
the distal part of telotarsus of 2" leg in male (Fig. 14C)

and on the distal part of basitarsus of 4" leg in both sexes
(Fig. 16H, J), and their length varies between 74—-106 pm.
The dual slit sensilla are located on the distal part of tibia
of 1*legs, 3" legs and 4™ legs (Figs 13E, F; 15E, F; 16G, 1),
the distal part of trochanter of 2" legs and 3™ legs (Figs 14E, F;
15H, J) in both sexes. The triple slit sensilla are located on
the distal part of pretarsus of 1% legs, 3" legs, and 4th legs
(Figs 13G, H; 15G, I; 16E, F), and the distal part of tibia
of 2™ legs (Fig. 14H).

Discussion

This study provided the detailed external mor-
phology of Hemiscorpius lepturus Peters, 1861, the
scorpion with cytotoxic venom. Typically, three types
aporous sensilla are detected on different body part
surface on species in both sexes: Sensilla basiconica
(SB), Sensilla chaetica (SC), Sensilla trichodea (ST).
Mclver [1975] and Altner & Prillinger [1980] indi-
cated that these aporous sensilla, lacking pores on
sensilla tips and cuticle walls, have mechanosensitive
functions as exteroceptors. Foelix & Schabronath
[1983] suggested that long, straight hairs and short,
stiff hairs are mechanoreceptive, but short, curved
hairs are chemoreceptive. Considering these, SC
on chelar surfaces and I-IV legs cuticle surfaces
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Fig. 8. Hemiscorpius lepturus Peters, 1861. A, C, E, G —male, B, D, F, H— female: A, B— pectinal organ; C, D — pectinal teeth; E, F —
peg sensilla; G, H— peg sensilla in detail. Scale bars: A, B— 200 um, C — 100 pm, D — 40 pm, E— 10 um, F — 20 pm, G, H— 1 pm.

Puc. 8. Hemiscorpius lepturus Peters, 1861. A, C, E, G — cameun, B, D, F, H — camka: A, B — rpeGueBuanbiii opran; C, D — 3y6err
rpebHeBHAHOTO opraHa; E, F — cencmmibsl 3younkoB rpeOHeBUIHEIX opranos; G, H — To xe, nerammsuposano. Macmra6: A, B — 200 Mk,
C — 100 mxm, D — 40 mxm, E — 10 mxm, F — 20 mxm, G, H — 1 MkMm.
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Fig. 9. Hemiscorpius lepturus Peters, 1861. A, C, E — male, B, D, F — female: A, B— median eyes; C, D — lateral eyes (arrows show
wax openings); E, F — cuticular pattern on carapace surface (picture in the upper-corner shows detail of cuticular pattern). Scale bars: A, B —

200 um, C, D — 100 pm, E — 5 pm, F — 20 pm.

Puc. 9. Hemiscorpius lepturus Peters, 1861. A, C, E— camer, B, D, F — camka: A, B — cpeunnbie rmasa; C, D — GokoBble ri1asa (crpes-
KU TI0Ka3bIBAIOT OTBEPCTHUSI BOCKOBBIX Kele3); E, F — THIl KyTUKyIIbl Ha TOBEPXHOCTH Kapanakca (B BEPXHEM YIUTy — JIETAJIM3MPOBAHHOE U30-
Opaxenue). Macmrad: A, B— 200 mxm, C, D — 100 mxm, E — 5 mxMm, F — 20 mxM.

must function as mechanoreceptors during walking,
searching substrate on the ground, and chelar contact
for mating behavior and nutrition. The SC and ST on
chelicerae should most likely act as a contact chemo-
receptor for gustation, additionally, the non-socketed
serrated SC must function as a comb to prevent nutri-
ent loss during feeding. The four-pieced non-socketed
SC at the tip of chelar fixed finger in male H. lepturus
may function as a mechanoreceptor in determining
the location of the female during the mating period.

Trichobothria must also belong to trichoid sensilla
with its long, thin, and spindly structures, and the
epicuticular lamellar cup-shaped socket structures
allow circular motion in the air. Trichobothria are
mechanoreceptors [Messlinger, 1987; Root, 1990],
responding predominantly to weak air currents and
locating the prey. H. lepturus was collected in semi-
arid localities in hot dry summers in the average
temperature range of 22-42 °C. Trichobothria of
different lengths at different intervals are found on
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Fig. 10. Hemiscorpius lepturus Peters, 1861. A, C, E — male, B, D, F — female: A, B — genital operculum; C — dual slit sensilla indi-
cated by arrows on the ventral side of coxa of 3% leg; D — wax opening; E, F — stigma. Scale bars: A — 300 pm, B — 200 um, C — 20 pm,

D —3pm, E— 100 pm, F — 40 pm.

Puc. 10. Hemiscorpius lepturus Peters, 1861. A, C, E — camer, B, D, F — camka: A, B — monosas kpbinreuka; C — IBOMHBIC MIETCBHI-
HbI€ CEHCHJUIBI TIOKA3aHbI CTPEIIKOH Ha BEHTPAJIbHON CTOPOHE Ta3uka 3-if mapbl Hor; D — oTBepcTHe BockoBo# xenesbl; E, F — crurma. Mac-
mtab: A — 300 mxm, B — 200 mxMm, C — 20 MM, D — 3 mim, E — 100 MM, F — 40 mkwm.

whole pedipalp surfaces of species and also function
as anemotactic orientation and localization prey. The
epicuticular protrusions as called microtrichia on the
metasomal segments may act as waterproof resisting
structures to keep moisture-related droplets away
from the cuticle surface in hot climates, considering
metasomal segments are the part that stays in the air
during the active movement of the scorpion.

The constellation array, located on the external
aspect of the distal portion of the chelar fixed finger of

the pedipalp is described as a chemosensory sensilla/
organ in scorpions [Fet et al., 2006a]. They showed
the constellation arrays in 23 different species belong-
ing to 12 families and 23 genera. It is stated that the
number of sensilla in this sense organ, which consists
of different numbers of sensilla, varies between 1-15.
The number of these basiconic sensilla in the array
cluster is 6 in females and 7 in males in H. lepturus
in the present study. Fet et al. [2006b], also analyzed
the constellation arrays in four genera species in Vae-
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Fig. 11. Hemiscorpius lepturus Peters, 1861. A, C, E — male, B, D, F — female: A, B — proximal part of telson in lateral view; C, D —
distal part of telson in lateral view (arrows show the venom gland openings on sting). Scale bars: A— 300 um, B— 100 pm, C, D — 100 pm.
Puc. 11. Hemiscorpius lepturus Peters, 1861. A, C, E — camer; B, D, F — camxka: A, B — npokcumanbHasi 4aCTh TEIbCOHA, JIaTepalib-
Ho; C, D — 1ucranbHast 9acTh TEIbCOHA, JTaTEPATHHO (CTPEIKaMU MOKa3aHbl OTBEPCTHS SIOBUTHIX XKele3 Ha xkaie). Macirad: A — 300 MkM,

B — 100 mxm, C, D — 100 MxMm.

jovidae family, indicating that the number of sensilla
is variable within taxonomic groups of various ranks.
We also think that the constellation array found in
both sexes should be functioned as a chemoreceptor
(hygro-reception or/and thermo-reception) by its loca-
tion on the pedipalp in the habitat.

Dorsal and ventral entire body surfaces of H. lep-
turus in both sexes are covered with wax openings
(pores). The wax openings protect scorpion body
surface from water loss, physical impacts and bacte-
rial/fungal infections [Benli et al., 2013]. The waxes
(lipids) are the principal waterproofing barrier on the
cuticle surface associated with the epicuticle [Hadley,
1990]. H. lepturus species used in this present study
were collected from hot and dry habitats in Iraq.
A large number of wax openings and the wax secre-
tion produced accordingly are used to prevent the
body from drying out during climatic changes and to
reduce water loss on the body surface.

The pectines are comb-like sensory structure, con-
sisting of marginal lamellae, median lamellae, fulcra
and pectinal teeth. These pectinal teeth are called as
peg sensilla. These are also typical basiconic sensilla

and each with slits at the ends. Peg sensilla provide
the dual function of mechanoreception and contact
chemoreception [Root, 1990; Gaffin, Brownell, 1997].
Bat-ear-like projections have been recorded for the
first time on peg sensilla in a scorpion species, and
we think that they may act as chemoreceptors in
sensing moisture on the soil surface. The reason why
these projections are longer in males than in females
is thought to be likely because male individuals will
detect female clue pheromones for mating.

Stigmata (spiracles) are the apparatus that open
outward on the cuticle surface of the respiratory sys-
tem. It was observed that the spiracles were closed in
the examined species. We think that the reason for this
is to prevent water loss in the dry and hot habitat of
the scorpion and to prevent the entry of soil or other
foreign objects into the respiratory system. On the
other hand, it is also thought that it may have closed
when it was placed in alcohol for fixation.

Scorpions have slit sensilla, being cuticular mecha-
noreceptors as proprioceptors detecting strain and sub-
strate vibrations during movement. Barth & Stagl [1976]
described three different slit sense organs (isolated slit
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Fig. 12. Hemiscorpius lepturus Peters, 1861. A, C, E — male, B, D, F — female: A, B — 5" metasomal segment in lateral view; C, D —
epicuticular protrusions on the 5" metasomal segment surface; E, F — microtrichia and tubercles in detail. Scale bars: A — 300 um, B —

200 ym, C —30 pum, D —40 pm, E— 5 pm, F — 10 pm.

Puc. 12. Hemiscorpius lepturus Peters, 1861. A, C, E — camen, B, D, F — camka: A, B — 5-ii cermeHT MeTacomsl, Jarepanbho; C, D —
BBIPOCTBI ATUKYTHKYJIbI Ha TIOBEPXHOCTU 5-TO cerMeHTa meTacombl; E, F — MuUkpoTpuxum u TpyOo4KH, qeTanu3upoBano. Macmrad: A —
300 mxMm, B — 200 MM, C — 30 MM, D — 40 mxMm, E — 5 MM, F — 10 Mxm.

sense organ, a group of single slits and lyriform or
compound slit sense organs) in five arachnid orders Am-
blypygi, Araneae, Opiliones, Scorpiones, and Uropygi.
They indicated that scorpions have isolated slit sensilla
and a group of single slits, but not lyriform organs. In
the present study, it is observed that the isolated single
slit sensillum and in groups of two and three single slits

in different segments of I-1V legs in H. lepturus. In ad-
dition, isolated slit sensillum is detected on the chelicera
surfaces in both sexes of H. lepturus and it is thought
that it may detect vibrations from prey to locate food
Conflict of Interest
The authors declare that they have no conflict of
interest.
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Fig. 13. Hemiscorpius lepturus Peters, 1861. A, C, E, G — male, B, D, F, H — female: A — claws and telotarsus of 1* leg; B — claws,
telotarsus, basitarsus, pretarsus and tibia of 1** leg; C — pretarsus and tibia of 1% leg (selected area with square shows the slit sensillum at E);
D — sensilla chaetica on telotarsus of 1 leg; E, F — dual slit sensillum on distal part of tibia; G, H — triple slit sensillum on distal part of
pretarsus (upper-right corner in H shows wax opening in detail). All arrows show wax openings. Scale bars: A— 100 pm, B, C — 200 um, D,
E,F,G— 10 um, H— 20 pm.

Puc. 13. Hemiscorpius lepturus Peters, 1861. A, C, E, G — camer, B, D, F, H — camka: A — korotku u Tesorap3yc 1-ii napst Hor; B — ko-
TOTKH, TeJOTap3yc, ba3urapsyc, nperap3yc u royieHb 1-ii mapel Hor; C — mpeTap3yc U rojieHb |-if mapbl HOT (B KBaJpaTe IeJICBUIHAS CCHCHII-
na, nokasaHa Ha E); D — xeToBuHas ceHcmiia Ha tenotap3yce 1-it mapsl Hor; E, F — nBoiiHble 1ieeBuIHbIE CEHCUILIBI B AUCTAIbHOMN Ya-
cru ronenn; G, H — TpoiiHas mieneBuiHas CCHCHILIA B IUCTaIbHON YacTh nperapayca (B BepxHeM yriny H mokazaHo 0TBepCcTHE BOCKOBOI JKe-
JIe3bl, ACTATN3UPOBAHO). Bee cTpenkn mokas3piBaloT OTBEPCTHS BOCKOBBIX jene3. Macmrab: A — 100 mxm, B, C — 200 mxm, D, E, F, G — 10
MrM, H — 20 MrM.
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Fig. 14. Hemiscorpius lepturus Peters, 1861. A, C, E, G — male, B, D, F, H — female: A, B — claws and telotarsus of 2™ leg; C — single
slit sensillum on distal part of telotarsus; D — sensilla chaetica on basitarsus; E, F — dual slit sensillum on distal part of trochanter, G — wax
openings; H — triple slit sensillum on distal part of tibia. Scale bars: A, B— 100 um, C, E—20 um, D, F, G, H— 10 pm.

Puc. 14. Hemiscorpius lepturus Peters, 1861. A, C, E, G — cawmer, B, D, F, H — camka: A, B — korotku u tenorap3yc 2-il napbl HOT;
C — eqMHUYHAS TIEICBUIHAS CCHCUIUIA B IUCTABHON YACTH TenoTap3yca; D — XeToBuIHast ceHCHLTa Ha Oasurap3yce; E, F — nBoitnas mie-
JIEBU/IHAsl CEHCUIIJIA B IUCTANIbHOM yacTH BepTiyra, G — oTBepCTHs BOCKOBBIX eiie3; H — TpoiiHas mieneBuaHas CEHCUILIA B JUCTAIbHOM
ygactu rojend. Macmra6: A, B — 100 mxwm, C, E— 20 MM, D, F, G, H — 10 mkm.
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Fig. 15. Hemiscorpius lepturus Peters, 1861. A, C, E, G — male, B, D, F, H-J — female: A, B — claws and telotarsus of 3" leg; C —
sensilla chaetica and cuticular protrusions on telotarsus of 3™ leg; D — sensilla chaetica on telotarsus of 3" leg; E, F — dual slit sensillum on
distal part of tibia; G, I — triple slit sensillum on distal part of pretarsus; H, J — dual slit sensillum on distal part of trochanter. Scale bars: A,
B— 100 um, C, D, E, I — 20 pm, G, H — 30 pm, F — 10 pm, J — 40 pm.

Puc. 15. Hemiscorpius lepturus Peters, 1861. A, C, E, G — camer, B, D, F, H-J — camka: A, B — korotku u Tenorap3yc 3-if mapbl HOT;
C — XEeTOBU/IHbIE CEHCHUIIIBI M BHIPOCTHI KyTHKYJIbI Ha TeloTap3yce 3-i napsl HOr; D — XeToBHHAs CEHCUIUIA Ha TeJoTap3yce 3-i mapsl HOT;
E, F — nBoitHas meneBuIHAs CCHCHIDIA B UCTANBHON YacTh Tonenu; G, [ — TpoifHast [ieNeBu/IHAs CEHCHILUTA B IICTAIBHON YacTH TIpeTap-
3yca; H, J — nBoiiHas 1meneBuHas CEHCHIUIA B JUCTANBHON YacTH BepTiyra. Macmtab: A, B — 100 mxMm, C, D, E, I — 20 mxm, G, H —
30 mxm, F — 10 mxm, J — 40 MkwM.
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Fig. 16. Hemiscorpius lepturus Peters, 1861. A, C, E, G — male, B, D, F, H — female: A, B — claws and telotarsus of 4" leg; C — wax
opening and epicuticular protrusions in detail on telotarsus of 4" leg; D — sensilla chaetica on telotarsus of 4™ leg; E, F — triple slit sensillum
on distal part of pretarsus; G, I — dual slit sensillum on distal part of tibia; H, J — single slit sensillum on distal part of basitarsus. Scale bars:
A-B— 100 pm,C —4 um, D, F — 10 um, E, G— 30 um, H — 40 um, I, J] — 20 um.

Puc. 16. Hemiscorpius lepturus Peters, 1861. A, C, E, G — camer, B, D, F, H — camka: A, B — KOrotku u Tenorap3yc 4-if mapsl HOT;
C — oTBepcTHE BOCKOBOH Kese3bl M BBIPOCTHI AMUKYTHUKYJIbI HA TEIOTap3yce 4-i napbl HOT, AETaTM3UPOBAHO; D — XETOBHUHAS CEHCHILIA Ha
Tenorapayce 4-it mapsl HOT; E, F — TpoiiHas mieneBuIHas CEHCHLIA B IUCTABHON YacTu mpetap3yca; G, | — nBoiiHas mieneBuaHas CEHCHII-
Ja B IUCTAJBbHOM vyacTH rojieHn; H, J — eanHnuHas mieneBuaHas CEHCUIUIA B AUCTANIBbHOI YacTu 6asutapsyca. MaciTad: A—B — 100 mkM,
C —4 mxm, D, F— 10 mxm, E, G — 30 mxm, H — 40 mxwm, I, J — 20 Mkwm.
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