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Summary

External morphology of a recently described pomm speciesCalchas birulai Fet et al.,2009 (luridae) was

investigated in detail using§canning Electron Microscopy (SEM). The samples were collectedHaifati District,

kanl éurfa Province, Turkey. We investigate and depict
sternum, stigmata, wapores, and sensory organs (trichobothria, setae, pectliesendla, constellation arrgy

Introduction
area is covered byscrub and steppe vegetatjonith

The relict scorpion family luridae, found in Aegeanlimestone rocky areas. Samples were prepared according
Anatolian area, includes four generlrus Thorell, to standard SEM methods and dsiped in the collection
1876, CalchasBirula, 1899,Protoiurus Soleglad et al., of the Museum of Turkish Arachnology Society in 70%
2012, andNeocalchasy a J mat al., 2013 The genus ethanol. The SEM study was donelhtiversity of An
Calchas has been of great interest among p@mr kara The specimens were rehydrated with ethanol series
taxonomists due to its basal phylogenetic position {from 70%, 50%, 30% ethanol to deionized water). To
superfamily luroidea, and a number of unique featurelean the surfacepscimens were rinsed in 0.3% Tween
(Fet et al., 2009)in the most recent revisiolY, a | neti r20 (Merck) for 20 min and washed by water. They were
al. (2013)descibed two new specieandtransferredC. then dehydrated with ethanol series (30%100%
gruberi Fet et al., 2009 to new genleocalchasThe ethanol), dried at 30 °C, and coated with a thin layer of
genusCalchascurrently includes four allopatric speciesgold in Polaron SC 502 sputter coater. The specimens
C. nordmanniBirula, 1899 (type species],. birulai Fet were exarmed at an accelerating voltage of 15 kV under
et al.,, 2009C. anlasiY a ] net al., 2013andC. koss JEOL JSM 6060 LV Scanning Electron Microscope, and
wigi Y a] mat al.,, 2013 The genus is subendemic tahe electron micrographs were recorded.

Turkey (with only one locality confirmed outside of

Turkey, from northern Iraq). Resultsand Discusion
Calchas birulaiis the most widespread species of
this genus in southeastern Turke§q ] et al., 2013). A number of scorpion morphological studies have

It lives under stones in limestone or basaltic aregmployed SEM technique (e.g. Ivanov & Balasho
covered by stepper scrub vegetation; very little is1979: Graham & Fet, 2006; Fet et al., 2006, 2009;
known about the habitat or biology of this species. Helgurenco, 2007KovaS 2 k  €10; Lmurengo& Le-

we offer the first detailed SEM Study of eXtern%uin, 2010) Most of these WorkS, however, were
morphology ofCalchasbirulai, in additon tothe fea r e st ri cted to specific senstry

tures illustrated byret et al. (2009). structures.The only scorpion species for which com
] prehensive SEM micrographs are available, both for
Material and Methods external andriternal organs, is probabl$meringurus

Specimens were collected by E.A.Y. Halfeti mesaensiStahnke (Vaejovidae) (Farley, 1999, 2001). In
District (kanl é&urfkm soBthob wvthe npcesent stlidy,r exterga) morphology Galchas
S av a kK a n unddr $stdnemn 20 ,March 2008.The  birulai is examined in detail and presented on SEM
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micrographs. We base our description, in part, on thatasfd one ventral distal denticld=i§. 10e). The fixed
Fet et al. (2009). finger (Fig. 11a) has four denticles on its dorsal edge:
basal Fig. 11b) and medianFig. 11c) conjoined on
Cuticle. As in most arthropods, scorpion body isommon trunk, subdistalF{g. 11d), and @stal (Fig.
covered by chitinous cuticle. Its surface granulation adde); and one basal denticle on ventral edge.
other ornamentation varies with species. @ birulai,

granules with smooth apical area are present on carinae Chelicerae are bordered by coxae of pedipalps and
of dorsal portios (tergites) of mesosomal segmentggs fII. A cluster of setae is located on the dorsal
(Fig. 1). Intercarinal areas of tergites are completedyjrface of the fixed finger (Fig. 10k). Manus is covered
covered by coarse or fine granules (Figis4)l Surface py small granules. Coarse, saarsetae are present on
of these granules as well as between granules hgyesurface of the fixed finger and manus (Fig. 10j).
irregular, norlinear cuticularornamentatiorfFigs. 4 5). Serrula This combshaped structure is located ven
Suchornamentations present inC. birulai throughout trally on the fixed finger of chelicera (Fig. 12a).
the body except sternites (ventral portions of mesosom@brpion serrula was discussed in delgilGraham &
segments). Sternites lack any granules or carinae; h@wt (2006) and ideified for the taxa of luridae. Fet et
ever,some white homogeneous spots are present on tgir2009) reported serrula @. birulai. Over 20 lined
surface. Under higher magnifican, it becomes appar yp, sharp tines were present on the serrula of specimens
ent that each white spot is comprised of local cuticulgkamined by ugFigs. 13a, 14a)While the tines were
ornamentation, less expressed in the middle of a sp@abstly broken in the specimen examined by Fetlet a
where also slishaped ax pores are detectd#ig. 6). (2009), they were generally intact in our specimen. The
Granulation was not observed on leg surface, whihction of the serrula is yet unknown but it could assist
instead is cowed only with cuticular ornamentationin feeding, orin cleaning cheliceral setae cluster or
(Fig. 5). pedipalp fingers.Dorsally of serrula, we observed
specialized setae that are shdukfferently from other
scorpion setae. At higher magnification, one can see that
these setae are covered mymerous barbs (Figs. 13b,

- 0l4b), which appear to help in feeding by serving as
and mechanoreceptory funptlpn (Farley, 19990]_2)0 filtration devices (Farley, 1999Modified setae of a
See alsc_) below _for specialized setae such U8S  gimilar natwe, but with fewer barbs, are visible inside
chobothria(on pedipalps) angpeg sensillalon pectinal the mouth (Figs. 12, 15, 16)

organs). T

Sensory setaeScorpion body is covered with sen
sory setae of cuticular origin (Figsi4 10, 12, 1820,
24i 30, 32 34, 36b), which are known to have chem

Carapace At the anterior margin, carapace has a Genital operculum Genital operculum (a lid
small emargination, five irregularly distributed, distincgovering genital opening) is located posteriorly from the
setae as well as many smatitae and scattered coars&ernum. It is shaped differently in male and feméde.
granules (Fig. 7). Area between the median eyes is réfa birulai, operculun is completely divided lon
tively smooth (Fig. 8). Posterolateral margins of earflitudinally. As a whole, it is slightly protruded outward.
pace are covered by small and moderate sized grandig¢rites are large, subtriangular, and approximately as
(Fig. 9). Small granules present on lateral margins \§fde as long. In males, posterior side is estahped and
carapace Mediolateral ocular carinae are present af§rving outward; anterior side is extextiforward and
granular, reaching to median eyes (Fig. 7). Median eyd®@rply pointedFig. 17). In females, in contrast to the
and eye tubercle are rather small and located anteridhgle, the anterior side of the operculum is curved
of the middle of carapace. A couple of setae is pres@ntward Fig. 18). The posterior side of the female gen
behind the median eyes (Fig. 8). Two tateeyes exist; ital operculum curves inward and is flanked posteriorly
posterior eye is slightly larger than the other. -PoRY @ very unique structure stiblamily Calchinag a se
teromedian furrow begins from median eyes and exterf@dled prepectinal plate in females, absent on males (Fig.
toward posterior margin of carapace. Two less e¥8) (see Fetetal., 2009 for more details).
pressed, Shaped posterolateral furrows begin from
posterior margin and extend tomlaanterolateral margin Sternum The scorpion sternum is located ventrally
(Fig. 9). between the coxae of legs Ill and IV. The shape of the

sternum has been ubén the classification of scorpion

Chelicerae Each cheliceraconsists of a basalfamilies. In C. birulai, sternum ispentagonal, Type 2
segment, a manufi@. 10h) with fixed finger Fig. 10f), according to Soleglad & Fet (2003a). There is a sharp
and movable fingerHig. 10g). The movable finger hasapical point anteriorly, with a depression behind it. The
four denticles on its dorsal edge: bas&ig( 10a), anterior and lateral edges are nearly lingsm. emar
median Fig. 10b), subdistalKig. 10c), distal Fig. 10d); gination is present at the posterior ed§&.(19). The
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sternum iswider than its length; its lateral lobes arenefifth which is granulatejnternal () weak, rounded,
convex. not continuous, with small granulesig. 30)

Constellation array.This sensory organ (a field of

Mesosoma Intercarinal areas of the segments a&ecialized sensilla) of unknown function, located-sub

shagreened and covered with scattered coarse granlﬂ@ﬁqina"y on the external aspect of fixed finger, was
Posterior margins of tergis IVl are granulated, ter recently discoveed by Fet et al. (2006). Number of
gites IIMVI with scattered coarse granuleBid. 20). constellation array sensilla varies with scorpion species.
Tergite VII with two pairs of granulate carindéig. 21). pet et al. (2006) reported thdeocalchas gruberrefer

Sternites lITVI are smooth and lustrous; sternite VII i?ed to a<Calchas nordmaniihad 15 sensilla, the largest
rough. Laterally, sternites bear sparse sefég €2) number so far recorded in scorpions (see Eksbet al.,

Stigmata Scorpions have four pairs of book' Iungsz 09, fig. 14). ForCalchas birulaif r om Ne mr u't Dafj
located on mesosomal segments Il to VI. Their pair t et al. (2009, fig. 15) reported 8 sensilla. We also

openings, stigmata (or spiracles), are located close to I . : P
edge of sternites. Stigmata @ birulai have elliptical ggggrlv)ed 8 sensilla in examined Halfeti specimeéfgs(

shape kig. 23) Scorpions @ capable of close the spir Chelal finger dentitionMedian denticle (MD) rows

acle, protecting themselves and surviving in adverse . . S .
environments. are oblique and slightly imbricating, numbering 6/6 and

7/7 onfixed and movable fingers; 5/5 and 6/6 internal

Metasoma Dorsal and dorsolateral carinadlenticles (ID) and 5/5 and 6/6 outer denticles (OD) are
crenulate on segmentslV. Dorsal carinae on segmentgresent on fixed and movable fingers, respectively. No
1T 1V and dorsolateral on segmentslll carinae terra accessory denticles present. Total number of MD- den
inate with a spinoid granule. Lateral carinae completécles on movable finger is 55-ig. 32) Many small
and crenulate on |, present on dwaf of Il, on 30 % of setae are present around rounded. Dorsal and internal
lll, and absent on IV. Ventrolateral and ventromediggurfaces sparsely granulate, ventral smooth, and external
carinae crenulate. Dorsolateral carinae of segment $urface with a line of serrate granules (Fig. 21).
terminate at articulation condylé&iy. 24). Segment V Patella Dorsointernal and ventrointernal carinae are
has dorsolateral, lateral, ventrolateral, and single ventserrate, dorsoexternal caaingranulate, ventroexternal
median carinae. Dorsolateral carinae, lateral carinaeughly rounded, and exteromedian carina granulate.
ventrolateral and ventromedian carinae crenulate- Laitercarinal area is shagreened.
eral carinae present on twirds of posterior side.  Chela.In C. birulai, the chelae are strong and heav
Ventromedian carinterminates in straight lind={g. 25). ily carinated. Chela fingers are short, withowscat
Intercarinal areas of segment$\ are smooth ventrally, |oping. Intercarinal areas on chahanus and fingers are
with scattered granulation laterally; segment V witshagreened, but distal part of fingers is smoGthelal
heavy granL_IIation on ventral surface. Metasoma hasinaec o mply wictah inae @®&nfigurati
sparse setation. _ leglad & Fet, 2003b). Digitall{1) carina strong, smooth

Telson.Telson includes a pair of vem glands. In g granulate; dorsosecondary carir@a3) present on

C. birulai, vesicle is elongated; aculeus (sting) is Sh%ésal half aly, smooth; dorsomarginaD@) rounded,

and abruptly curved. Ventral surface of vesicle ontinuous, with granules; dorsointernddsj weak,
a

covered with medium sized granules, posterior vent rsely granulatedFig. 29} ventroexternal\(1) strong
granules are Iar_ger. Scattered setae are located on veq al granulated proximally, terminating at external
surface of vesicle(Fig. 26a). Subaculear tubercle 'Scondyle of movable finger; ventrointerna¥3) strong

reduced Kig. 26b). Subaculear setal pair (SSP) d smooth, continuous to internal condyle; exterBal (

?ggtegaﬁtega\f:ng];nacﬂif’00gnsirl:bsacgigar rgjsb:r:flzt(a#gmg, continuous, essentially smooth except for fprox
) 9 P 9 P imal fingerblade denticles; setae located near inner

end of the aculeuig. 27). denticles (ID) are larger and more conspicuous.-Den

Pedipalps Pedipalps, thehelate second pair of pro ticles are curved inwardsFigs. 32 33), which could
somal appendages, are the largest scorpion appendagj€¢ide more grip for hunting
used for hunting and defsm Pedipalps consist of coxa,  Trichobothria (Figs. 29, 34, 35apre specialized
trochanter, femur, patella, and chela. Chela has tWgchanorecepty setae detding air currents(Farley,
segments: chela manus with fixed finger (a modifigtP99, 2001). Irscorpions, trichobothria are located only
tibia) and meable finger (modified tarsus). Specialize@n femur, patella, and chela (but not on its vable
mechanosensory setae (trichobothria) on pedipafisiger) of pedipalps along with regular setae; however,
detect air vibrations. they are easilydiscernible due to a longer and thinner

Femur. Dorsointernal and ventrointernal carinae aigeta (shaft, hair) emanating from a @hmped areola
serrate, dorsoexternal carina crenulate, ventroexter(se). Trichobothrial patterns sfibfamily Calchinae
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are depicted and discusseddetail by Fet et al. (2009) 53); their shape varies considerably with species. Carthy
andY a ] netal. (2013). (1966, 1968) was first to study these structures. lvano
& Balashov (1979) and Foelix & Mullevorholt (1983)

Wax Pores Scorpion body surface is covered with ahowed that pectines act as mechanoreceptors and che

layer of hydrophobic wax, which protects the body fromoreceptors. Later, it was demonstrated that peg sensilla

water loss as well as from physical impacts and bacteparceive pheromones; see Gaffin & Brownell (2001) for

or fungal infections. Wax is prodad by body and a detailed review of scorpion cheraoeption.

excreted through lidlessvax pores. Wax pores are

observed abundantly througho@t birulai body (igs. Acknowledgments

37i41). Some wax pores are surrounded by cuticular

folds (Fig. 37) while others are skshapedfig. 38). We thank Michael E. Soleglad for his help with

o rocessing this manuscript.
Legs. Tibial spurs are premt on legs Il and 1V; P d P

two pedal (basitarsalypurs are present on all four Ieg]s__e

(Figs. 4243). Tibial spur (Fig. 44) is an especially References

unique feature of subfamily Calchinae (gen@alchas

andNeocalcha} the only group of scorpions that has I£ARTHY, J. D. 1966. Fine structure and function of the
outside @ Abasal o famil i es -Butsansodyapegs anntlte sddrpienupdctErphri@ntia
idae. See Fet et al. (2009: 20) for a more detailed dis 22(2): 8991.

cussion.

Tarsus and basitarsus are heavily covered with lalgARTHY, J. D. 1%8. The pectines of scorpions. Pp.
socketed setae, especially on ventral surf&ggs(43, 2511 261 in: Carthy, J. D. & G. E. Newell (eds.),
45, and 46) Invertebrate ReceptorsLondon: Academic Press

In addition to setaenonsocketed spinules are pre (Symp. Zool. Soc. London, 23).
sent on leg tarsi Hig. 46b) which likely improve
traction assisting in walking and climbing. Fet et aFARLEY, R. 1999. Scorpiones. Pp. 117222 in:
(2009, fig. 17) indicate that, iNeocalchas gruberinon Harrison, F. W. and R.F. Foelix (edd\)icroscopic
socketed spinules occur in clusters on ventral surface of Anatomy of InvertebratesVol. 8A. Chelicerate
juveniles but their number is reduced in adults. These Arthropods. New York: Wiley-Liss.
spinules are an important trait in systematics of luridae.

A peculiar rosetteshaped cuticular structure iSFARLEY, R. 2001. Structure, reproduction, and deve
present symmetritly on both sides at the distal end of lopment. Pp. 1378 in: Brownell, P. H. & G. A.
basitarsus, next to basitardatsaljoints; it has variable Polis (eds.).Scorpion Biology and Researctox-
number of protrusiongFig. 43d. This structure was ford: Oxford University Press.
previousy reported forNeocalchas gruber{Fet et al.,

2009, fig. 19) FET, V., M. S. BREWER, M. E. SOLEGLAD & D. P.

On bashportions of basitarsus artdrsus, there are A. NEFF. 2006. Constellation array: a new sensory
chemosensory slit sensilléFigs. 43c, 45a, 48) Me- structure in scorpions (Arachnida: Scorpionds):
chanoreceptory setae are present around undtigs (  letin de la Sociedad Entomolégica Aragone3a:

47), which perceive vibrations from the ground 269 278.

Pectinal organs or pectines, unique for scorpionsk E T , V., M. E. SOL EG2089D &
are foundin all scorpion species. They are located Etudes on iurids, Il. Revision of genu3alchas
posteriorly from genital operculunPectinesare com Birula, 1899, with the description of two new

posed of anterior lamellae, median lamellae, fulcra, and species (Scorpiones: lurida&uscorpius82: 1 72.
teeth (plates). Number of pectinal teeth varies with

species, and is usually sexually dimorphic. Fet et &OELIX, R. F. & G. MULLERVORHOLT. 1983. The
(2009)reported forC. birulai pectinal teeth number 5 in fine structure of scorpion sensory organs. Il. Pecten
females, and 6 in males. Oexamined female specimen  sensilla. Bulletin of British Arachnological Society

of C. birulai has 45 pectinal teeth; male specimen had 6(2): 68 74.

6/6 teeth (Figs. 460). The surface of pectinal teeth is

covered with nodinear ornamentation (Fig. 51).GAFFN, D. D. & P. H. BROWNELL.2001. Cheme

Sensory setae are foutidoughoutpectines. sensory behavior and physiologyp. 184203 in:
Pectinal teeth bear sgory fields with specialized, Brownell, P. H. & G. A. Polis (eds.)Scorpion
multiple peg sensillgFigs. 51 53) shaped iCalchasas Biology and ResearchOxford: Oxford University

short, stocky extensions emanating from a cavity (Fig. Press.



Benl i,

a | SBEM Stud§ of Eadclhas birulai 5

GRAHAM, M. R. & V. FET. 2006. Serrula in LOURENCO,W. R. & E-A. LEGUIN. 2010. Comple

retrospect: a historical look at scorpion literature
(Scorpiones: Orthosternieuscorpius48: 1 19.

IVANOV, V. P. & Y. S. BALASHOV. 1979. [The
structural and functional organization of a pectinal
organ ofa scorpionButhus eupeusioch (Scof

ments a la morphologie diKraepelinia palpator
(Birula, 1903) (Scorpiones, Buthidae) a l'aide d'une
etude au microscope electronique au balayBge.
letin de la Sociedad Entomol6gica Aragongda:
307 310.

piones, Buthidae) based on the electron mlcroscogbLEGLAD M. E. & V. FET. 2003. The scorpion ster

data].Trans. Zool. Inst. Acad. Sci. USSI®: 73 87
(in Russian).

KOVAT ¢ K, F.., FET, V.,

num: structure and phylogeny (Scorpiones: Ortho
sterni).Euscorpius5: 1 34.

SOLEGLAD, &

MUR, E. A. 2010. Etudes on iurids, I1l. Revision oP QLEGLAD, "N eV V. FeT. 2003b Higtevel

the genuslurus Thorell, 1876 (Scorpiones: luridae),
with a description of two new species from Turkey.
Euscorpius95: 1 212.

YAJMUR, E. A.

LOURENCO, W. R. 2007. Complements to the morpho
logy of Troglokhammouanussteineri Lourencgo,
2007 (Scorpiones: Pseudochactidae) Base Scan
ning Electron Microscopyeuscorpius59: 1 6.

systematics and phylogeny the extant scorpions
(Scorpiones: Orthosternifeuscorpius 11: I 175.

, M. E. SOLEGLAD
KOVAT € K. 2013. Et uFdrther on i u
revision of Calchas Birula, 1899 (Scorpiones:

luridae), with a description of a new genus &nd

new speciefuscorpius 159: 1 37.



Fuscorpiusd 2013, No. 18

APPENDIX
Scanning Electronic Images (SEMs) of€alchas birulai

Figures 11 2: Granulation and ornamentation on cutidetop). Coarse granules on carinae of mesosomal terg@itésottom).

Fine granulesn intercarinal area.
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Figures 31 4: Granulation and ornamentation on cutick(top). Fine granules and cuticular ornamentationne@sosomal
tergites 4 (bottom). Coarse granules, fine granules, and cuticular ornamentation of metasomal segment V.



