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ABSTRACT. The scorpion telson is composed of a
bulbous shaped base with two venom glands and an acu-
leus with two venom channels that open to the exterior.
The cuticular surface of the aculeus is covered with acu-
lear peg sensilla and pore holes. These sensillar pegs are
located on the aculeus surface of the telson and function as
contact chemoreceptors. Data on aculear peg sensilla are
presented from both parvorders, four families, 15 genera
and 15 species of extant scorpions. Although all aculear
peg sensilla have a similar structure in all species and
sexes in terms of their general morphology, their location
and frequency on the surface of the aculeus cuticle varies.
The shape of these sensilla is similar in all species, and
the distribution density on the cuticle surface differs from
species to species. The single slit sensilla were observed
at various intervals and numbers in the aculeus-bulb con-
nection area of the telson.
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PE3IOME. TenbcoH CKOPHNHOHOB COCTOUT BBI-
MYKJIOrO OCHOBaHHs (OCHOBHOTO WICHHKA) C IBYMs
SIIOBUTBIMH JKelle3aMH M JKaja ¢ JABYMs SIIOBHTBIMHU
KaHaJIaMM, OTKPBIBAIOLIMMHUCS HapyxkKy. KyTHKyaspHas
MIOBEPXHOCTH JKajla IIOKPBITA KOJIBYATHIMU CEHCHIIAMU
U TIOPOBBIMU OTBepCTHSIMH. KONBIIIKKM CeHCHi pac-
MOJIOKEHBI Ha MOBEPXHOCTH Kana U (QYHKIHOHHUPYIOT
KaK KOHTaKTHbIE XeMoperenTopbl. [IpuBeaeHb! 1aHHbIC
0 KOJIBYATBIX CEHCHJIIAX jkayia 15 BHIOB COBPEMEHHBIX
CKOPIIMOHOB, OTHOCSATINXCA K 15 pomam, 4 cemelicTBaM
000MM MapBOTPSAAM 3TOTO OTpsifa. XOTs Mo 00IIel MOp-
(ostoruu Bce KoJbyaThle CeHCUILTBI JKalla y 000HX IOJIOB
BCEX M3YUCHHBIX BHIOB UMECIOT CXOJHYIO CTPYKTYPY, UX
PaCHONOKEHUE M YaCTOTa PA3MEILCHHUSI Ha TOBEPXHOCTH

KyTHKYJIBI Xajia BApbUpYIoT. Dopma 3TUX CEHCHILT CXOHA
y BCeX BHJIOB, @ TUIOTHOCTH UX Pa3MEILICHUs pa3iinyacT-
csl MEXIy BHAaMHU. B 061acT couneHeHns: OCHOBHOTO
WICHWKA U Kajla TelbCOHAa OOHApY)KEHbI ILEJICBHIHbBIC
CEHCHJUIBI, TPE/ICTABICHHBIE Pa3HBIM KOJIUYECTBOM H
pa3MeleHHble ¢ pa3HOOOPa3HBIMU HHTEPBAIAMH.

Introduction

Scorpiones is the world’s fifth most diverse arachnid
order, after spiders, mites, harvestmen and pseudoscor-
pions. Extant scorpions include 22 families, 232 genera,
and 2765 species [Rein, 2023]. The scorpion telson is a
bulb-shaped structure at the end of the metasoma that in-
cludes venom glands and a needle-like aculeus containing
musculature [Hjelle, 1990; Foelix et al., 2014]. The latter
authors described the fine structures of the aculeus of Eu-
scorpius flavicaudis (DeGeer, 1778). They indicated that
the surface of the distal aculeus is smooth, although it has
small pits with tiny club-shaped hairs. These are probably
contact chemoreceptors. By contrast, the proximal bulb
has numerous long sensory hairs. The benefit of having
such submerged sensory hairs is undoubtedly the stinger’s
ability to enter prey, or an enemy, while still being able to
sense chemical or mechanical stimuli. Furthermore, the
aculeus has several tiny pores of unidentified purpose, as
well as multiple slit sensilla. Thus, in addition to being
a well-adapted injection device, the aculeus has sensory
components that offer chemical and mechanical informa-
tion [Foelix et al., 2014]. Zhao et al. [2020] indicated, via
experimental and numerical results, that through a long
history of natural selection, the load-bearing capacity of
a scorpion’s venom apparatus, along with its flexible seg-
mented tail, important biological functions (e.g., venom
storage and transportation), and superb sting strategy, has
been optimized.
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Fig. 1. Aegaeobuthus gibbosus (Schenkel, 1947), 9. A — aculeus part of the telson, B — tip of the aculeus, aculear peg sensilla and venom
pore, C—D — aculear peg sensillum in detail and pore holes on the cuticular surface of the aculeus.

Puc. 1. Aegaeobuthus gibbosus (Schenkel, 1947), Q. A — xkausiuas 4acTh TEIbCOHA, B — BepIMHA jKajia, KOJIBYaThle CEHCHILIBI U OTBEPCTHE
s110BUTOI xkene3bl, C—D — Kospuaras CeHCHILIA JETAIBHO U [IOPOBBIC OTBEPCTHS HA IOBEPXHOCTH KYTHUKYJIBI XKala.

Material and Methods

EXAMINED MATERIAL (& and  for all species).
Parvorder Buthida, superfamily Buthoidea, fam-
ily Buthidae: Aegaeobuthus gibbosus (Schenkel, 1947),
Mugla Province, Sakar Tepe, Yangin Kulesi, 11.viii.2021,
37°07'N, 28°33’E, 875 m. Androctonus turkiyensis
Yagmur, 2021, Sanlwurfa Province, Central District,
Eyyubiye Neighborhood, 10.vi.2019, 37°09'01.29"N
38°46'29.37"E, 562 m. Buthacus tadmorensis (Simon,
1892), Sanlwurfa Province, Birecik District, Mezra Vil-
lage, 2 km South, 27.vii.2014, 36°57'35"N, 38°00'43"E,
387 m. Compsobuthus matthiesseni (Birula, 1905),
Sanlwrfa Province, Central District, Kizilburg Village,
18.viii.2018, 37°10'33”"N, 38°35'46"E, 839 m. Leiurus
abdullahbayram Yagmur, Kog et Kunt, 2009, Gaziantep
Province, Oguzeli District, Caybasi Village, 2 km E,
8.viii.2013, 37°0029"N, 37°31'06"E, 817 m. Mesobuthus
eupeus (C.L. Koch, 1839), Igdir Province, Aralik District,
Yenidogan Village, 17.vi.2007,39°47'12"N, 44°23'36"E,
1563 m. Olivierus caucasicus (Nordmann, 1840), [gdir
Province, Central District, Suveren Village, 18.vii.2023,
39°48'10"N, 44°03'42"E, 1210 m. Parvorder lurida,
superfamily Chactoidea, family Euscorpiidae: Alpiscor-
pius mingrelicus (Kessler, 1874), Artvin Province, Hatila
Valley, 12.viii.2013, 41°11'58"E, 41°45'12"E, 447 m.
Euscorpius avcii Tropea, Yagmur, Kog, Yesilyurt et Rossi,

2012, Aydin Province, Kugadasi District, Dilek Peninsula,
22.10.2021,37°41'22"N, 27°13'32"E, 310 m. Parvorder
lurida, superfamily luroidea, family luridae: Anatoli-
urus kraepelini (von Ubisch, 1922), Antalya Province
Alanya District, Tasatan Plateau, 1122 m, 22.viii.2013.
lurus kinzelbachi Kovarik, Fet, Soleglad et Yagmur,
2010, Aydin Province, Kusadasi District, Dilek Penin-
sula National Park, 23.vi.2021, 37°41"22"N, 27°13'32"E,
310 m. Letoiurus rhodiensis (Soleglad, Fet, Kovarik et
Yagmur, 2012), Mugla Province, Fethiye District, road
of Katranct Bay, 20.ii.2017, 36°42'44"N, 29°02'03"E,
56 m. Neocalchas gruberi (Fet, Soleglad et Kovarik,
2009), Antalya Province, Kemer District, Cirali Road,
36°25'26"N, 30°27'08"E, 66 m, pitfall trap, 17.iv.2017-5.
viii.2018. Calchas birulai Fet, Soleglad et Kovarik, 2009,
Adiyaman, Province, Gerger District, Aydinlar Village,
5.iv—31.vii.2018, 38°03'44"N, 39°06'28"E, 1676 m,
pitfall trap. Parvorder lurida, superfamily Scorpioni-
dea, family Scorpionidae: Scorpio kruglovi Birula, 1910,
Adana Province, Kozan Distict, Eskimantas Village,
9.vii.2022, 37°32'02"N, 35°55'00"E, 435 m.

For Scanning Electron Microscopy (SEM), the tel-
son portions of specimens were maintained overnight in
99.9% ethanol. Specimens were gold-coated in a Quorum
SC7620 sputter coater after dehydration. Morphological
structures were analyzed and photographed using a ZEISS
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Fig. 2. Aegaeobuthus gibbosus (Schenkel, 1947), &'. A— aculeus part of telson, B— tip of aculeus, aculear peg sensilla and venom pore, C —
aculear peg sensillum in detail and pore holes on the cuticular surface of aculeus, D — cuticular pits on the surface of the proximal part of the aculeus.
Puc. 2. Aegaeobuthus gibbosus (Schenkel, 1947), &. A — xansiast yacTh TenbCOHA, B — BepIIMHA JKala, KOIBYATHIE CEHCUILTBI H OTBED-
CTHE s1J0BUTOH kerte3bl, C — KobuaTasi CeHCUIUIA ITalbHO U OPOBBIE OTBEPCTHS HA MOBEPXHOCTH KyTHKYJBI XKaja, D — sIMKH KyTHKYJIbI Ha

TIOBEPXHOCTU HpOKCI/IMaJ'ILHOf;I HacTH JKaja.

Sigma 300 scanning electron microscope at Van Y Gizlincli
Y1l University’s Science Application and Research Cen-
tre, Van, Tirkiye at a 10kV accelerating voltage.

Results

Detailed morphology of telson structures in male
and female individuals belonging to both parvorders,
represented by four families, 15 genera, and 15 species is
illustrated in Figs 1-30. Each aculeus (stinger) contains a
pair of venom pores located in the subapical region. The
remarkable sensory structure, the aculear peg sensillum,
is defined and illustrated in both scorpion sexes (Figs
1-30). Aculear peg sensilla have a wide, oval socket. Each
aculear peg sensillum is cylindrical at the base, narrow-
ing near the cuticular surface of the aculeus, and shifts
to an oval-conical shape towards the apex. The apex of
each peg sensillum has distal pores (Figs 1C-D, 3D, 4D,
5C-D, 7C-D, 8C-D, 9C-D, 10C-D, 15C-D, 16C-D,
19D, 21E-F, 22D, 23C, 25C, 26C-D, 27D, 29C-D).
The surface and the shaft of the peg sensillum is more
prominently indented longitudinally in some species (Figs
7C-D, 8C-D, 9D, 25C, 26C-D, 27D) than in others.

Average diameters of the sockets of the aculear peg
sensilla are 2.88 um in males (Min. = 1.71 um in Calchas
birulai and Max. = 4.2 um in Letoiurus rhodensis) and

3.03 um in females (Min. = 2.04 pm in Calchas birulai
and Max. = 4.38 pm in Letoiurus rhodensis). The peg
sensilla stand erect or incline inwards. Average cylindri-
cal base widths of the aculear peg sensilla are 2.04 pm
in males (Min. = 1.05 um in Calchas birulai and Max. =
2.66 um in Letoiurus rhodensis) and 2.16 pm in females
(Min. = 1.17 um in Calchas birulai and Max. =2.52 um
in Letoiurus rhodensis). Average lengths of the oval-
shaped distal part of the aculear peg sensilla are 1.53 pm
in males (Min. = 1.02 um in Calchas birulai and Max. =
2.26 um in Letoiurus rhodensis) and 1.65 pm in females
(Min. = 2.04 um in Calchas birulai and Max. = 4.38 um
in Letoiurus rhodensis). These measurements show that
these structures are smaller in small species, as compared
to larger species, and also show that they are smaller in
male individuals of the same species as compared to
female individuals.

The aculeus surface is covered with pore holes in both
female and male individuals of all examined species (Figs
1-30). There are single slit sensilla with varying numbers
and spacing at the junction of the distal part of the bulb
and the proximal part of the aculeus. Each slit features a
thick lip-like protrusion in the middle and a line at both
ends (Figs 11E, 17B, 18D, 19B, 21B, 25D, 27C). The
longitudinal line slit lengths in some males are 43.57 pm
(Neocalchas gruberi), 35.7 um (Alpiscorpius mingreli-
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Fig. 3. Androctonus turkiyensis Yagmur, 2021, 9. A— aculeus part of the telson, B— cuticular surface of the proximal part of the aculeus, C —
tip of the aculeus, aculear peg sensilla and venom pore, D — aculear peg sensillum in detail and pore holes on the cuticular surface of the aculeus.

Puc. 3. Androctonus turkiyensis Yagmur, 2021, Q. A — xansimast 4actb TelIbCOHa, B — Ky THKYJISIpHas! IIOBEPXHOCTH IPOKCHMAJIBHOM YaCTH
xkaina, C — BepIInHA jKaJjla, KOJIBYaThIe CEHCUILTBI i OTBEPCTHE SIIOBUTOI JKele3bl, D — KobuaTasi CEHCHILIA ICTAIbHO U HOPOBBIC OTBEPCTHS HA
MTOBEPXHOCTU KYTHKYIIBI XKaJIa.

300pm

Fig. 4. Androctonus turkiyensis Yagmur, 2021, &'. A — aculeus part of the telson, B — cuticular surface of the proximal part of the aculeus,
C-D — aculear peg sensillum in detail and pore holes on the cuticular surface of the aculeus.

Puc. 4. Androctonus turkiyensis Yagmur, 2021, &'. A — skansimas yacTh TeJIbCOHa, B — KyTHKyJIspHast IOBEPXHOCTh IPOKCUMATLHOMN YacTH
xkana, C—D — KoJb4aTast CCHCIUIIA IETalbHO U IIOPOBBIC OTBEPCTHUS HA IIOBEPXHOCTH KyTUKYIIBI JKala.
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Fig. 5. Buthacus tadmorensis (Simon, 1892), . A— aculeus part of the telson, B — tip of the aculeus, aculear peg sensilla and venom pore,
C-D — aculear peg sensillum in detail and pore holes on the cuticular surface of the aculeus.

Puc. 5. Buthacus tadmorensis (Simon, 1892), . A — skansiias 4acTh TeJIbCOHA, B — BeplInHa kKaJia, KOJIBYaThle CEHCUIUIBI U OTBEPCTHE
SIOBUTOI kese3bl, C—D — Kospyarast CeHCHIUIA IETaIbHO U IIOPOBbIC OTBEPCTHS HA OBEPXHOCTH Ky THKYJIbI JKaIIa.

o
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Fig. 6. Buthacus tadmorensis (Simon, 1892), &'. A — aculeus part of the telson, B — tip of the aculeus, aculear peg sensilla and venom pore,
C-D — aculear peg sensillum in detail and pore holes on the cuticular surface of the aculeus.

Puc. 6. Buthacus tadmorensis (Simon, 1892), &. A — xansias yacTh TelbCOHA, B — BepIIMHA Kasa, KOJbUaThle CEHCHILTbI B OTBEPCTHE
s;0BHTOI xene3sl, C—D — Konbyaras CEHCHILIA JETaIbHO U [IOPOBBIC OTBEPCTHS Ha IOBEPXHOCTH KyTHKYIIBI JKala.
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Fig. 7. Compsobuthus matthiesseni (Birula, 1905), . A— aculeus part and bulb of the telson, B— pore holes on the cuticular surface of the
aculeus, C—D — aculear peg sensillum in detail and pore holes on the cuticular surface of the aculeus.

Puc. 7. Compsobuthus matthiesseni (Birula, 1905), . A — skansimiasi 4acTb ¥ OCHOBHOM YICHHK TeJbCOHA, B — MOpOBBIC OTBEPCTHS Ha
MOBEPXHOCTHU KYTHUKYIIbI Kaia, C—D — Kospuarasi CeHCHILIA JETAbHO U TIOPOBBIE OTBEPCTHS HA MOBEPXHOCTU KYTUKYIIBI XKalla.

Fig. 8. Compsobuthus matthiesseni (Birula, 1905), &'. A— aculeus part of the telson, B — pore holes on the cuticular surface of the aculeus,
C-D — aculear peg sensillum in detail.

Puc. 8. Compsobuthus matthiesseni (Birula, 1905), . A — »ansimias 4acTh TeNbCOHA, B — MOPOBBIE OTBEPCTHS Ha TIOBEPXHOCTH Ky TUKYJIBI
xaia, C—D — KoJbuaTasi CeHCHIIIA IeTaJIbHO.
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Fig. 9. Leiurus. abdullahbayrami Yagmur, Koc et Kunt, 2009, 9. A — aculeus part and bulb of the telson, B — pore holes on the cuticular
surface of the aculeus, C—D — aculear peg sensillum in detail and pore holes on the cuticular surface of the aculeus.

Puc. 9. Leiurus. abdullahbayrami Yagmur, Koc et Kunt, 2009, Q. A — »aJrsiiasi 4acTb ¥ OCHOBHOI WICHHK TeJIbCOHA, B — 1OpoBbIe OTBEpCTHSI
Ha MOBEPXHOCTH KyTHKYIbI skana, C—D — KoybyaTast CEHCHIUIA IETATBHO U TIOPOBBIE OTBEPCTHS HA MOBEPXHOCTH KYTUKYJIbI XKasa.

- : ‘ ! ’ f
Fig. 10. Leiurus. abdullahbayrami Yagmur, Koc et Kunt, 2009, . A — aculeus part and bulb of the telson, B — tip of the aculeus, aculear
peg sensilla and venom pore, C—D — aculear peg sensillum in detail and pore holes on the cuticular surface of the aculeus.
Puc. 10. Leiurus. abdullahbayrami Yagmur, Koc et Kunt, 2009, . A — skansimas 4acTh 1 OCHOBHOI1 4IEHHK TeJIbCOHa, B — BeplIvHa xkaa,
KOJIbYATBIE CEHCUILIBI M OTBEPCTHE AOBUTOM sKene3bl, C—D — Konbuaras CEHCHILIA IETAbHO M IOPOBbIE OTBEPCTHUS. HA TIOBEPXHOCTH Ky THKYJIbI
Kaa.
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Fig. 11. Letoiurus rhodiensis (Soleglad, Fet, Kovarik et Yagmur, 2012), 9. A — aculeus part of the telson, B — tip of aculeus, aculear peg
sensilla and venom pore, C — aculear peg sensillum in detail, D — pore holes on the cuticular surface of the aculeus, E — single slit sensillum
on the proximal surface of the aculeus and the cuticular pattern, F — opening of the dermal gland on the proximal surface of the aculeus and

cuticular pattern.

Puc. 11. Letoiurus rhodiensis (Soleglad, Fet, Kovarik et Yagmur, 2012), Q. A — ausiuas 4actb TeJbCOHa, B — BeplinHa xaja, KoJibyarbie
CEHCUJUIBI U OTBEPCTUE SIOBUTOM Kese3bl, C — KoJlbYaTasi CEHCUILIA JIETAIBHO, D — MOpPOBbIE OTBEPCTHS HA MOBEPXHOCTU KYTHKYIIbI JKaa,
E — mpocras mieneBuHas CeHCHIa Ha MPOKCUMAIIBHON TIOBEPXHOCTH JKajla M MATTEPH KyTHUKYIbl, F — OTBEpPCTHE JIepMaJIbHOM Keme3bl Ha

HpOKCHMBIILHOﬁ TIOBEPXHOCTH KaJIla U MAaTTEPH KYTUKYIIBI.

cus), 27.58 um (Euscorpius avcii), and in some females
they are 18.4 um (Calchas birulai), 18.67 um (Letoiurus
rhodensis), 25.44 um (Euscorpius avcii), 35.7 pm (Alpis-
corpius mingrelicus), 38.31 um (Anatoliurus kraepelini)
and 40.88 um (Neocalchas gruberi).

The widths of the transverse lip-like protrusions in
some males are 7.99 pum (Euscorpius avcii), 20.6 pm
(Neocalchas gruberi), 13.43 pm (Alpiscorpius mingreli-
cus), and in some females are 15.14 um (Calchas birulai),
17.82 um (Letoiurus rhodensis), 11.16 pm (Euscorpius

avcii), 10.27 pm (Alpiscorpius mingrelicus), 17.08 um
(Anatoliurus kraepelini) and 17.79 um (Neocalchas gru-
beri). Based on these measurements, single slit sensillum
size is not directly related to the size and sex of the spe-
cies. Additionally, a pore was observed in the flat area in
the middle of the slit sensillum of the female Letoiurus
rhodensis (Fig. 11E).

The openings of a dermal gland (Figs 11F, 12D, 18D,
21F, 23D, 24D, 29B) and various cuticular patterns (Figs
11E-F, 13D, 21F) were also documented in several species.
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Fig. 12. Letoiurus rhodiensis (Soleglad, Fet, Kovarik et Yagmur, 2012), &. A — aculeus part of the telson, B — aculear peg sensillum, C —
proximal part of the aculeus, D — opening of the dermal gland.

Puc. 12. Letoiurus rhodiensis (Soleglad, Fet, Kovarik et Yagmur, 2012), &'. A — skansimas yacTh TeJIbcoHa, B — KoJlbyaTas ceHCHILIA XKaJla,
C — nmpokcHMabHas 9acTh xkKana, D — oTBepcTHe AepMabHON XKEJIe3bl.

; ; 3pm !
Fig. 13. Mesobuthus eupeus (C.L. Koch, 1839), @. A — aculeus of the telson, B — tip of the aculeus, aculear peg sensilla and venom pore,
C — aculear peg sensillum, D — cuticular pattern and pore holes on the cuticular surface of the aculeus with a cuticular pit.
Puc. 13. Mesobuthus eupeus (C.L. Koch, 1839), 9. A — aJsiias 4acTs TelbCOHa, B — BepliuHa xaia, KoJb4aTble CeHCUIUIBI 1 OTBEPCTHE
SIMOBHTOI ykene3bl, C — KoJbdaTast CeHCHILIA Kana, D — marTepH KyTHKYIbI U TOPOBBIC OTBEPCTHS HA TIOBEPXHOCTH KyTHKYITBI JKala C SIMKOM
KyTHKYJIBI.

4

7
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Fig. 14. Mesobuthus eupeus (C.L. Koch, 1839), 4. A— aculeus and bulb of the telson, B — tip of the aculeus, aculear peg sensilla and venom
pore, C — aculear peg sensillum pore holes on the cuticular surface of the aculeus, D — cuticular pit on the surface of the aculeus.

Puc. 14. Mesobuthus eupeus (C.L. Koch, 1839), &'. A — sansiuas yacTh 1 OCHOBHOI 4JICHUK TEIbCOH, B — BeplIMHa kajla, KONBYaThie CeH-
CHJITBI M OTBEPCTHE SIIOBUTOI xKele3sl, C — IIOpOBBIE OTBEPCTHSI HA TOBEPXHOCTH KYTHKYIIBI JKajia, D — siMKa KyTHKYJIBI Ha [TOBEPXHOCTH JKaJa.

Fig. 15. Olivierus caucasicus (Nordmann, 1840), 9. A — aculeus part of the telson, B — tip of the aculeus (broken), aculear peg sensilla and
venom pore, C—D — aculear peg sensillum pore holes on the cuticular surface of the aculeus.

Puc. 15. Olivierus caucasicus (Nordmann, 1840), ©. A — xaJsimas 4acTh TeIbCOHa, B — BepiirHa xkaja (CIOMaHO), KOJIBIAThIe CEHCUILIBI
1 OTBEpCTHUE STOBUTOH xkele3bl, C—D — mopoBble OTBEPCTHS HA MOBEPXHOCTH KYTUKYIIBI KaJla.
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Fig. 16. Olivierus caucasicus (Nordmann, 1840), . A — aculeus part of the telson, B — tip of the aculeus, aculear peg sensilla and venom
pore, C—D — aculear peg sensillum and pore holes on the cuticular surface of the aculeus.

Puc. 16. Olivierus caucasicus (Nordmann, 1840), &'. A — skansias 4acTh TeJbCOHA, B — BepIINHA %KaJjia, KONbYaThle CEHCUILIBI H OTBEPCTHE
SIMOBHUTOM skene3bl, C—D — KojpdaTasi CeHCHILIA XKaja U OPOBBIC OTBEPCTHS HA MOBEPXHOCTH KyTHKYIIBI JKaJja.

Fig. 17. Alpiscorpius mingrelicus (Kessler, 1874), ¢. A — telson, B — single slit sensillum on the proximal part of the aculeus, C-D — aculear
peg sensillum and pore holes on the cuticular surface of the aculeus.

Puc. 17. Alpiscorpius mingrelicus (Kessler, 1874), Q. A — Tenbcon, B — equHu4Has me1eBUHAS CEHCUIUTA B IPOKCUMAIIBHON YaCTH KaJla,
C—D — konpyarasi CEHCUIUIA JKajla ¥ TIOPOBBIE OTBEPCTHS Ha MOBEPXHOCTH KYTHKYIIBI Kala.
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Fig. 18. Alpiscorpius mingrelicus (Kessler, 1874), 4. A — telson, B — tip of the aculeus, aculear peg sensilla and venom pore, C — aculear
peg sensillum on the cuticular surface of the aculeus, D — single slit sensillum on the proximal part of the aculeus and the opening of the dermal
gland (left side).

Puc. 18. Alpiscorpius mingrelicus (Kessler, 1874), 4. A — Tenbcon, B — Bepumna aja, KoJbuaTble CCHCHIUIBI H OTBEPCTHE SIOBUTON
kenesbl, C — KoJbuarasi CeHCHILIA Ha [IOBEPXHOCTH KYTHKYJIbI Jkajia, D — eJiMHuYHas [1[e/IeBU/IHAsE CEHCHILIA B IPOKCHMAJIBHOM YacTH Kala 1
OTBEPCTHE AEPMAIILHON XKee3bl (ClIeBa).

il 4

Fig. 19. Euscorpius avcii Tropea, Yagmur, Koc, Yesilyurt et Rossi, 2012, Q. A — aculeus part of the telson, B — single slit sensillum on
the proximal part of the aculeus, C — tip of the aculeus, aculear peg sensilla and venom pore, D — aculear peg sensillum and pore holes on the
cuticular surface of the aculeus.

Puc. 19. Euscorpius avcii Tropea, Yagmur, Koc, Yesilyurt et Rossi, 2012, ©. A — sasiiast 4acTb TenbCOHa, B — eAMHIYHAS eTIeBUIHAS
CCHCHJIIA B MPOKCHMANIBHOIT 4acTH kaja, C — BepIliHa jKana, KOJIbYaThle CCHCUILTBI H OTBEPCTHE SIOBUTOIT sKene3bl, D — Kosbdyatast ceHenuia
KaJla ¥ MOPOBbIE OTBEPCTHSI HAa HOBEPXHOCTH Ky THKYIIbI JKaJla.
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Fig. 20. Euscorpius avcii Tropea, Yagmur, Koc, Yesilyurt et Rossi, 2012, . A — aculeus part of the telson, B — single slit sensilla on the
proximal part of the aculeus, C — tip of the aculeus, aculear peg sensilla and venom pore, D-E — aculear peg sensillum and pore holes on the

cuticular surface of the aculeus, F — cuticular pore holes in detail.

Puc. 20. Euscorpius avcii Tropea, Yagmur, Koc, Yesilyurt et Rossi, 2012, &. A — aJsimas yacTb TelbCOHa, B — eIMHUUHbIE LIEeIEBHHbIE
CEHCHUJIBI B IPOKCHMAaJIbHOMU YacTH xaia, C — BepIInHa XkaJla, KOJbYaThle CCHCHIUIBI M OTBEPCTHUE SIOBUTOI sxKene3bl, D—E — Kosbyaras CeHcHLia
JKajia i MOPOBbIE OTBEPCTHUSI Ha MOBEPXHOCTH KYTHKYJIBI jkaia, F — MOpoBble OTBEPCTHSI KYTUKYJIbI ICTAIBHO.

Discussion

All arachnids have cuticular sense organs. Short,
curving chemosensory setae are found across the scor-
pion body. However, observations of these setae were
infrequent, focusing primarily on the leg tarsi with their
contact chemosensory setae [Fet et al., 2003]. They
also proposed that the ventral/lateral surfaces of the
posterior metasomal segments in the genus Orthochirus
and related species could be used as a chemosensory
array, similar to insect antennae, despite the fact that

the structures examined appear to be falciform hairs,
which are structures placed on the hard cuticle. Scor-
pions have long piqued the interest of humans, owing
to their ability to deliver painful and occasionally fatal
stings. Since photographs of the sting are usually taken
from only one side, the venom opening appears to be a
single structure, but in reality, there are two openings.
Today, most studies covering the scorpion telson focus
on venom and the venom glands, and there are almost
no studies on the telson itself and especially on the sting
morphology.
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Fig. 21. Calchas birulai Fet, Soleglad et Kovarik, 2009, . A — aculeus part of the telson, B — single slit sensilla on the proximal part of
the aculeus, C — tip of the aculeus, aculear peg sensilla and venom pore, D — opening of the dermal gland and cuticular pattern of the proximal
part of the aculeus, E-F — aculear peg sensillum and pore holes on the cuticular surface of the aculeus.

Puc. 21. Calchas birulai Fet, Soleglad et Kovarik, 2009, ¢. A — »asiias 4acTb TeJIbCOHa, B — eJMHUYHbIE IEIEBU/IHBIE CEHCUILIBI B
IPOKCHMAaJIBHOI YacTH xaja, C — BeplINHa jKaJjla, KOJIBYaThle CEHCHILIBI U OTBEPCTHE SIOBUTOM Kelle3bl, D — 0TBepcTHE IepMaIbHOM JKeJe3bl
U IATTEPH KYTUKYJIbI B IPOKCHMAIIbHOM yacTi xana, E-F — Kosbyarast CeHCHILIA JKaa U OPOBbIE OTBEPCTHs Ha OBEPXHOCTH KYTHKYJIbI JKaJla.

Telson length, aculeus length and aculeus curvature
vary according to species size and hence from species
to species. Aculear peg sensilla include a broad socket
and a blunt tip. According to Foelix, Erb & Braunwalder
[2014], they may serve as contact chemoreceptors. During
the stinging action, the entire aculeus portion is inserted
into the victim’s tissue. The aculeus is also believed to
function as a contact chemoreceptor, detecting changes in
tissue temperature, depth, and tightness either prior to or
during venom release. Foelix, Erb & Braunwalder [2014]
also claimed that the aculeus bears a number of single slit

sensilla that are implanted in the cuticle and offer data on
mechanical strain. Farley [1999] also indicated that the
aculeus is more than just an injection tool; it may also
respond to both chemical and mechanical stimuli.
Dermal glands were defined by Foelix, Erb &
Braunwalder [2014] as relatively short sensory hairs on
the proximal aculeus that do not extend onto the distal
tip region, but rather project from a separate socket.
Male scorpions frequently strike the female in her joint
membranes during the initial stages of courtship, where
the aculeus can remain for up to ten minutes [Francke,
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Fig. 22. Calchas birulai Fet, Soleglad et Kovarik, 2009, Q. A— aculeus part of the telson, B— tip of the aculeus, aculear peg sensilla and venom
pore, C — single slit sensilla on the proximal part of the aculeus, D — aculear peg sensillum and pore holes on the cuticular surface of the aculeus.

Puc. 22. Calchas birulai Fet, Soleglad et Kovarik, 2009, Q. A — sansmiast 9acTb TelIbcOHa, B — BepinHa xalia, KOJIbYaTble CCHCHILIBI 1
OTBECPCTUC ﬂHOBHTOﬁ JKCJIC3BI, C — CAMHUYHBIC IICTICBUIHBIC CCHCUIIIIBI B HpOKCI/IMa.HBH()ﬁ qacCTH KaJa, D — Konpyarast cCeHCHILIA XKajla U T1opo-
BbIC OTBEPCTHS Ha IIOBEPXHOCTH KyTHKYJIBI JKalIa.

2 pm I <
Fig. 23. lurus kinzelbachi Kovarik, Fet, Soleglad et Yagmur, 2010, €. A — aculeus part of the telson, B — tip of the aculeus, aculear peg
sensilla and venom pore, C — aculear peg sensillum and pore holes on the cuticular surface of the aculeus, D — opening of the dermal gland on
the proximal part of the aculeus.
Puc. 23. lurus kinzelbachi Kovarik, Fet, Soleglad et Yagmur, 2010, $. A — »aJsiias 4acTh TeJIbCOHa, B — BepuinHa jxaa, KOJIbYaTbie CeH-
CHJUIBI M OTBEPCTHE A0BUTOH kee3bl, C — KobyaTasi CEHCHILIA JKalla ¥ IOPOBbIE OTBEPCTHS Ha TOBEPXHOCTH KyTUKYIIBI Xkaja, D — oTBepcTue
JiepMaJIbHOM XKeJle3bl B IPOKCHMAIIBHOI YacTH jKaJa.
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Fig. 24. lurus kinzelbachi Kovarik, Fet, Soleglad et Yagmur, 2010, &'. A — aculeus part of the telson, B — tip of the aculeus, aculear peg
sensilla and venom pore, C — aculear peg sensillum and pore holes on the cuticular surface of the aculeus, D — opening of the dermal gland on
proximal part of the aculeus.

Puc. 24. lurus kinzelbachi Kovarik, Fet, Soleglad et Yagmur, 2010, §. A — sxansmas yacTh TeJbCOHa, B — BepIMHA %kaJia, KOIbYaThIE CEH-
CHIUIBI U OTBEPCTHE SIIOBUTOM kese3bl, C — KoJIbuaTas CeHCHILIA XKajla i [OPOBbIE OTBEPCTHS HA TIOBEPXHOCTH KyTHKYIIbI JKaiia, D — oTBepcTHe
JIepMasIbHOM JKeje3bl B MPOKCUMAIIBLHOM YacTu jkana.
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Fig. 25. Neocalchas gruberi (Fet, Soleglad et Kovarik, 2009), 9. A — aculeus part of the telson, B — tip of the aculeus, aculear peg sensilla
and venom pore, C — aculear peg sensillum and pore holes on the cuticular surface of the aculeus, D — single slit sensilla on the proximal part
of the aculeus.

Puc. 25. Neocalchas gruberi (Fet, Soleglad et Kovarik, 2009), Q. A — skansimias 4acTh TeIbLCOHa, B — BepIIMHa sKaa, KOJIbYaThle CEHCHII-
JIBI 1 OTBEPCTHUE ﬂI[OBI/ITOf/‘I JKCJIC3bI, C — KOJIb4aTast CEHCUJIIJIA JKaJia U IIOPOBBIE OTBEPCTHUS HA IMOBEPXHOCTU KYTHUKYIIBI JKajia, D— CIAUHUYHBIC
MICJICBUHBIC CCHCHUIIIIBI B HpOKCHMaHLHOﬁ YHacTH Xaja.
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Fig. 26. Neocalchas gruberi (Fet, Soleglad et Kovarik, 2009), 3. A — aculeus part of the telson, B — tip of the aculeus, aculear peg sensilla
and venom pore, C—D — aculear peg sensillum and pore holes on the cuticular surface of the aculeus, E — cuticular pit on the proximal part of

the aculeus, F — single slit sensilla on the proximal part of the aculeus.

Puc. 26. Neocalchas gruberi (Fet, Soleglad et Kovarik, 2009), . A — ansias 4acTh TeJbcoHa, B — BepHIMHA kaja, KOJTBIAThIE CEHCUILITBI
¥ OTBEPCTHE SMOBUTOM skese3bl, C—D — KompuaTas CeHCHILIA XKala i MOPOBBIC OTBEPCTHS Ha MOBEPXHOCTU KYTHUKYJIbI JKaja, E — siMKa Ky THKYITBI
B IPOKCHMAJIBHOM YacTH aiia, F — eMHUYHbIC EIeBUIHBIC CEHCUIUIBI B IPOKCHMAIIBHOM YacTH KaJa.

1979; Foelix et al., 2014]. Jiao & Zhu [2010] observed
that Tityus trinitatis exhibits clear sexual dimorphism in
the size and colour of the metasoma, and that the male
preferentially grips the female’s tail upon first contact.
This implies that sex recognition depends on sexual
variations in the metasoma. It’s unclear if other species
use anatomical distinctions in sexual behaviour to iden-
tify potential mates. During mating, the male and female
individuals touch their telsons against each other and
stimulate each other by sticking their stingers into each

other (second author, pers. obs.). Therefore, we suggest
that dermal glands may release sexual pheromones.

The single slit sensilla on the proximal surface of
the aculeus presumably function as mechanoreceptors,
and specifically as strain receptors [Erdek, Gharakloo,
2020]. In the present paper, the slit sensilla take the form
of a group of single slits. A number of single slit sensilla
embedded in the aculeus’s cuticle also provide informa-
tion on mechanical strain. Again, we emphasize that the
aculeus is not just for injection; it may also detect both
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Fig. 27. Anatoliurus kraepelini (von Ubisch, 1922), ©. A — aculeus part of the telson, B — tip of the aculeus, aculear peg sensilla and venom
pore, C — single slit sensillum on the proximal part of the aculeus, D — aculear peg sensillum and pore holes on the cuticular surface of the aculeus.
Puc. 27. Anatoliurus kraepelini (von Ubisch, 1922), 9. A — sansiasi 4acTh TeIbCOHA, B — BepuIMHa jKana, KONbYaThle CEHCHIUIBI U OT-
BepCTHE I0BUTOM xkele3bl, C — eMHNYHAsI IEJICBH/IHAs CEHCHILIA B IPOKCHMAIIBHOM YacTH ana, D — Kosibyarasi CeHCHILIA 5Kajla | TIOPOBbIE

OTBEPCTHUA HA MOBEPXHOCTHU KYTHKYJIIBI XKaJla.

Fig. 28. Anatoliurus kraepelini (von Ubisch, 1922), . A— aculeus part of the telson, B — tip of the aculeus, aculear peg sensilla and venom
pore, C — aculear peg sensillum and pore holes on the cuticular surface of the aculeus, D — cuticular pit on the aculeus surface.

Puc. 28. Anatoliurus kraepelini (von Ubisch, 1922), J. A — sansmas yacTh TeJabcoHa, B — BepIMHa Kaa, KONbYaThle CEHCHIUIBI M OT-
BepCTHE ANOBUTON xkese3bl, C — KoJpuaras CeHCHIIIA XKalla M IIOPOBBIE OTBEPCTHS HA OBEPXHOCTH KyTHKYJbI XKaja, D — sMKa KyTHKYJIbI Ha

TIOBEPXHOCTH KaJia.
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Fig. 29. Scorpio kruglovi Birula, 1910, . A — aculeus part of the telson, B— opening of the dermal gland on the aculeus surface, C-D —
aculear peg sensillum and pore holes on the cuticular surface of the aculeus.

Puc. 29. Scorpio kruglovi Birula, 1910, Q. A — xaJsias 4actb TeJIbCOHa, B — oTBepcTHe IepMalbHOMN jKelle3bl Ha IOBEPXHOCTH XKalia,
C—-D — kosip4aTasi CEHCHILJIA JKaJla U TIOPOBBIE OTBEPCTHUS HA MMOBEPXHOCTH KYTHKYJIbI XKaja.

wml

Fig. 30. Scorpio kruglovi Birula, 1910, &. A— aculeus part of the telson, B — cuticular pit on the aculeus surface, C—D — aculear peg sensil-
lum and pore holes on the cuticular surface of the aculeus.

Puc. 30. Scorpio kruglovi Birula, 1910, &. A — xansias 4acTh TelbcOHa, B — sMKa KyTHKYJIbI Ha HOBEPXHOCTH *kaja, C—D — kosbuaras
CCHCHUILIA Kajla U TIOPOBBIC OTBEPCTHS HA TIOBEPXHOCTU KYTHUKYIIBI KaJja.
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chemical and mechanical stimuli. The telson nerve, which
runs between the two venom ducts, is another clue to this
function [Farley, 1999; Foelix et al., 2014].
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