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Abstract. Solifuges can be distinguished from other arachnid orders by large chelicerae for body size, adhesive suctorial organ at the 

distal end of each pedipalp, and malleoli (racquet organs) located on the ventral surface of forth pair of walking legs among the 

arachnids. In this study, the cuticle surfaces of these structures were studied by scanning electron microscopy in males of Rhagodes 

caucasicus Birula, 1905 and Rhagodes eylandti (Walter, 1889). Different types of setae, sensilla and epicuticular protrusion were 

described and their possible functions were discussed. 
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Introduction 

 

The small arachnid order Solifugae, commonly known as 

camel spiders, solifuges, solifugids or sun spiders, currently 

consists of 1123 species belonging to 138 genera and 12 

families (Cushing & Brookhart 2016, Botero-Trujillo et al. 

2019, Maddahi et al. 2019, Koç & Erdek 2019, Erdek 2019, 

Carvalho & Botero-Trujillo 2019). The family Rhagodidae 

Pocock, 1897 consists of 96 species belonging to 27 genera 

and the rhagodids distribute in Asia, North and East Africa, 

the Middle East and the Indian Subcontinent (Harvey 2003, 

Maddahi et al. 2019). It is the fifth most diverse family after 

Galeodidae (199 species), Eremobatidae (196 species) 

Solpugidae (191 species), Daesiidae (190 species) and (Bird et 

al. 2015, Cushing & Brookhart 2016). Rhagodidae species 

characterized by ventral location of anus, cylindrical 

opisthosoma, short and robust legs, distinctive robust 

chelicerae, and diploflagellum (Bird et al. 2015, Maddahi et 

al. 2019). Rhagodes Pocock, 1897 is the largest rhagodid genus 

with 25 species distributed in Africa and Asia (Harvey 2003, 

Bird et al. 2015, Maddahi et al. 2019).  

Rhagodes caucasicus Birula, 1905 has distribution area 

from Armenia, Azerbaijan, Iran and Turkey (Harvey 2003, 

Koç et al. 2015). The distribution area of Rhagodes eylandti 

(Walter, 1889) has been expanded with the last synonymized 

species by Maddahi et al. (2019) and recorded as 

Afghanistan, Iran, Kazakhstan, Turkmenistan (Harvey 2003, 

Maddahi et al. 2019). 

The different sensilla types have been described in many 

insect groups and also some arachnid groups. Bauchhenss 

(1983) described sensilla ampullacea in Oparba sp. (as 

Oparbica sp.) and Galeodes barbarus belong to Galeodidae and 

Biton tunetanus belong to Daesidae families of Solifugae and 

described possible function as contact chemoreceptor. 

Talarico et al. (2006) studied on ricinuleids (Pseudocellus 

pearsei and P. boneti) and described different types of sensilla, 

tarsal pores, slits and microtrichia. Willemart et al. (2007) 

showed sensillum chaeticum, sensillum basiconicum, slit 

sensillum, falciform hairs and trichome on Opiliones species 

(Neosadocus sp. and Iporangaia pustulosa). Willemart and 

Giribert (2010) also described sensillum chaeticum, slit 

sensillum, Hansen’s organand solenidium on Opiliones 

species (Fangensis leclerci, Fangensis spelaeus, Leptopsalis sp., 

Ogovea cameroonensis and Rakaia magna australis). In this 

study, cuticular structures as spines and setae have been 

included in these naming and commentated their possible 

function considering their location and morphology in two 

different male species belong to same genus.  
 

 

Material and Methods 

 

Both species were collected from Iran by hand-collecting under stone 

during day time. ♂ Rhagodes caucasicus, Deh Kohneh-ye Rugar 

village, Chaharmahal and Bakhtiari Province (31°58'14.80"N, 

50°35'14.82"E), 1937 m a.s.l., 10.05.2018, Leg. M. M. Gharakhloo; ♂ 

Rhagodes eylandti, Khanchayi village, Zanjan Province (36°43'30.00"N, 

48°39'48.00"E), 2273 m a.s.l., 22.06.2019, Leg. M. M. Gharakhloo. 

Specimens were examined and illustrated using a Leica DFC295 

digital camera. Bird et al. (2015) was used for the terminology of the 

cheliceral morphology. For Scanning Electron Microscopy (SEM), the 

chelicerae, pedipalps and malleoli of specimens were dissected and 

kept an overnight in absolute ethanol. After dehydration, specimens 

were gold coated in a Quorum SC7620 Sputter Coater. 

Morphological structures were studied and photographed at an 

accelerating voltage of 10kV with a ZEISS Sigma 300 scanning 

electron microscope in Science Application and Research Center in 

Van Yüzüncü Yıl University. Specimens are deposited in the 

solpugid collection at the Hakkari University Zoological Museum 

(HAKZM). 

 

 

Results 

 

The general views of males R. caucasicus and R. eylandti are 

given in Fig. 1. 

External gross morphology of chelicerae: Coloration. In 

male Rhagodes caucasicus, chelicerae generally reddish 

brown, proximally reddish yellow. On the retrolateral view 

with blackish-brown pigmentation ventrally and whole 

surface of chelicerae covered with reddish-brown 

macrosetae and long thin microsetae in male R. eylandti 

chelicerae blackish-brown and prolaterally brown (Fig. 2A-

F).  

Dentition. Movable finger with one medial tooth, one 

proximal tooth and one small prolateral tooth. Fixed finger 

with one distal tooth, one medial tooth, one proximal tooth, 

three retrofondal apical teeth including one retrofondal 

medial tooth, one retrofondal submedial tooth, one  
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A. B.         

 

 
 

Figure 2. Dextral chelicerae of Rhagodes caucasicus (A, C, E) and Rhagodes eylandti (B, D, F). Retrolateral views (A, B), prolateral 

views (C, D), and flagellum (E, F). (Abbreviations: flg, flagellum; 1°pdp, primary prodorsal proximal setae; 2°pdp, secondary 

prodorsal proximal setae; pm, promedial setae (stridulatory); sp, stridulatory plate; 1°flg, primary flagellum; 2°flg, secondary 

flagellum) 

Figure 1. Dorsal view of males Rhagodes 

caucasicus (A) and Rhagodes eylandti (B). 

(Scale bars: 1 cm) 
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Figure 3. Flagella of Rhagodes caucasicus (A, C) and Rhagodes eylandti (B, D). Prolateral (A, B) and retrolateral (C, D) view of right 

fixed finger of chelicerae. (Abbreviations: 1°flg, primary flagellum; 2°flg, secondary flagellum). 

 

 

 
 

Figure 4. Prolateral view of dextral chelicerae of Rhagodes caucasicus (A, C) and Rhagodes eylandti (B, D). Setal types on chelicerae 

surface (A, B) and stridulatory plate and setae (C, D). (asterisks show longest sensilla trichodea, squares show shortest sensilla 

chaetica on the dorsal surface) (Abbreviations: 1°pdp, primary prodorsal proximal setae; pm, promedial setae (including 

stridulatory setae); sp, stridulatory plate, st, stridulatory setae). 
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Figure 5.  Sinistral pedipalps, tarsi and metatarsi of males Rhagodes caucasicus (A, C) and Rhagodes eylandti (B, D). Ventral views 

(A, B) and retrolateral views (C, D). (triangles indicate tactile hairs) (Abbreviation: So, suctorial organ). 
 

 

retrofondal proximal tooth, and three profondal teeth, 

comprising one profondal medial tooth, one profondal 

proximal tooth and one profondal subproximal tooth. 

Dentition is the same in both species. But the tips of teeth in 

R. caucasicus are more pointed than R. eylandti (Fig. 2A-D). 

Flagella. The tube-like diploflagellum comprising two 

intertwined concave flagella in both species. The 

diploflagellum raises up more slightly in R. caucasicus than 

R. eylandti. The diploflagellum in R. eylandti is longer than in 

R. caucasicus’s. Although the primary and secondary flagella 

have almost equal length in R. caucasicus, secondary 

flagellum is longer than primary flagellum in R. eylandti 

(Figs. 2E-F, 3).  

Stridulatory plate. The stridulatory plate is smooth and 

comprises 10 ridges in R. caucasicus, though 8 ridges in R. 

eylandti. These ridges in R. eylandti are more pointed than in 

R. caucasicus. There are 2 promedial setal rows comprising 6 

setae distally and 5 setae proximally in R. caucasicus and R. 

eylandti. There are totally 11 promedial setae (stridulatory 

setae) in both species. Primary prodorsal proximal setae 

(pdp) are 12 consisting 2 setal rows (as 6.6) in R. caucasicus 

and 10 primary prodorsal setae in R. eylandti as 6.4.  These 

setae on the distal part of chelicerae are longer than proximal 

ones. The numbers of secondary prodorsal proximal setae is 

3 in R. caucasicus and 4 in R. eylandti (Figs. 2C-D, 4C-D).   

Cheliceral Sensilla. Two different types of sensilla were 

observed on chelicerae of both species, as Sensilla chaetica 

and Sensilla trichodea. Sensilla chaetica are in four different 

forms as dorsal short setae, stridulatory setae (as a part of 

promedial setae), primary and secondary prodorsal 

proximal setae (Fig. 4). These are robust and bristle-like 

sensilla in different lengths having nonporous tips and 

surfaces. The sockets of primary prodorsal setae are 

prominent with asymmetrical shape. The dorsal short setae 

(indicated by squares in Fig. 4A-B) are bifurcated and in R. 

caucasicus are longer and denser than in R. eylandti (Fig. 4A-

B). Sensilla chaetica having restricted-flexible socket. Sensilla 

trichodea are in two forms. One of them is short and slender 

(0.3-1 mm) and located at prolateral surface of chelicerae 

called promedial setae. The other form is located on the 

dorsal surface of chelicerae (indicated by asterisks in Figs 4A 

and B. These are the longest sensilla on the surface of 

chelicerae, varying from 1-3 mm. These sensilla in R. 

caucasicus are slenderer and less than R. eylandti (Fig. 4A-D).  

External gross morphology of pedipalps: Coloration. The 

tarsus and metatarsus of pedipalp reddish-brown and 

metatarsus with 13 different lengths and irregularly 

arranged setae on the ventral side of R. caucasicus. In R. 

eylandti, tarsus and metatarsus of pedipalps have blackish-

brown coloration and metatarsus with 17 different lengths 

and irregularly arranged setae. In both male species, the tarsi 

of pedipalps have no robust setae (Fig. 5A-D).  

Suctorial organ. The suctorial organ locates at the tip of 

the pedipalp tarsus and consists of two parts as upper lip 

and lower lip (Fig. 6A). The adhesive surface protrudes 

between these lower and upper lips (Fig. 6B). Everted 

suctorial organ contains adhesive surface. There are some 

cracks and longitudinal folds on epicuticle of adhesive  
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Figure 6. Sinistral pedipalps, retrolateral view of tarsi and metatarsi of males Rhagodes caucasicus (A, C) and Rhagodes eylandti (B, 

D, E, F). Suctorial organs, tips of tarsus (A, B); close-up  suctorial organ (F); metatarsal setae (white arrows show shortest 

sensilla trichodea, black arrows show tactile hairs, asterisks indicate the most robust sensilla chaetica) (C-D); Close-up sensillar 

surface on sensilla trichodeum (E). Everted suctorial organ (F). (Abbreviation: as, adhesive surface; mf, malleolar fan; ms, 

malleolar stalk; ll, lower lip; ul, upper lip). 
 

 

surface (Fig. 6F).  

Pedipalpal sensilla. There are three types of sensilla on the 

tarsus and metatarsus surface of pedipalp. The first type 

sensillum is tactile hair. Tactile hairs are the longest and the 

finest sensilla on the whole metatarsal surface of the 

pedipalps, having low-rimmed sockets permitting the hair 

shaft to protrude at angles from 45 to 90°, approximately 2-

11 mm length (Figs. 5A-D, 6C-D). Tactile hairs on the 

pedipalp tarsus of R. eylandti are denser than R. caucasicus’s. 

Second type is sensillum chaeticum. These are the diagnostic 

setae (indicated by asterisks in Fig. 6C-D) with smooth 

surfaces on the pedipalp metatarsus and their lengths varied 

from 950 to 1350µm in R. caucasicus and from 850 to 1450µm 

in R. eylandti (Figs. 5A-D, 6C-D). These are blunt-ended and 

the most robust sensilla on pedipalp with approximately 45° 

angle to surface. The third type is sensillum trichodeum. 

These sensilla are the shortest sensilla and most abundant on 

entire pedipalp surface (Fig. 6E). These are bifurcated, 

annulated hairs with notches on each annulus (Fig. 6A-D). 

External gross morphology of malleoli: There are 10 

racquet organs (malleoli) on the ventral surface of fourth 

legs of both species; as 2 on coxa, 2 on proximal trochanter 

and one on distal trochanter each forth leg (Fig. 7A-B). Each 

malleolus is almost triangular fan-like structure, composing 

of two parts as malleolar stalk and malleolar fan (Figs.7A-B). 

Each stalk expands into malleolar fan and these two part 

connect each other with a junction (Fig. 7A).  Malleolar fan 

surfaces are smooth in both species (Figs. 7C-F&8B). The 

margin of malleolar fans on distal malleoli are wider than 

proximal malleoli. According to body size, malleolar stalk in 

R. eylandti is longer than R. caucasicus. The width/length 

ratio of malleolar fan in R. caucasicus is greater than in R. 

eylandti (Fig. 7A-B). Anterior margins of malleolar fans are 

longer than posterior margins and there is a gap between  
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Figure 7. Malleoli of males Rhagodes caucasicus (A, C, E) and Rhagodes eylandti (B, D, F) on ventral surface of fourth legs. Anterior 

(C, D) and posterior (E, F) view of coxal malleoli. (Abbreviations: mf, malleolar fan; ms, malleolar stalk). 
 

 

anterior and posterior edges ventrally in both species (Figs. 

7E-F, 8C). 

The posterior side of malleolar stalk is corrugated 

surface and contains granular structures (Fig. 8D). A single 

slit sensillum (Fig. 8D) were determined on the malleolar 

stalk of R. eylandti, seeming two parallel protuberances 

shaped and 8.3 µm length. 

 

 

Discussion 

 

The present study focused on a survey of the distribution 

and the structure of different types of cheliceral, pedipalpal 

and malleolar epicuticular protrusions and sensilla in two 

solifuges Rhagodes caucasicus and Rhagodes eylandti. There are 

three defined sensilla in different morphologies: Sensillum 

chaeticum, sensillum trichodeum and slit sensillum. Sensilla 

chaetica and sensilla trichodea are located both on chelicerae 

and pedipalps. Sensilla chaetica differ from Sensilla 

trichodea by their prominent sensillum sockets and 

restricted movements of sensilla. The dorsal bifurcated short 

setae, stridulatory setae, prodorsal proximal setae on 

chelicerae and   the most robust setae which using diagnosis 

on pedipalps were included in Sensilla chaetica. The 

promedial setae and dorsal long setae on chelicerae and the 

shortest bifurcated-annulated setae on pedidalps were 

included in Sensilla trichodea. 

Nowińska & Brożek (2017) examined antennal sensilla in 

semiaquatic bugs (Hemiptera) and described the sensilla 

trichodea as flexible hair-like sensilla in different lengths 

with flexible or inflexible sockets, ribbed or smooth surfaces 

and porous or aporous terminal and surface. McIver (1975) 

and Altner and Prillinger (1980) pointed out that the aporous 

sensilla, which have no pores and openings on their walls, 

function as mechanoreceptors. We observed the aporous 

trichoid sensilla on prolateral surfaces of chelicerae and tarsi  
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Figure 8. The junction between malleolar fan and malleolar stalk on Rhagodes eylandti (A),  malleolar posterior fan surface of 

Rhagodes caucasicus (B),  malleolar gap (shows with white arrow) between anterior and posterior surface of Rhagodes eylandti 

(C), single slit sensillum (shows with white arrow) and granular structures (shows with black arrow) on malleolar stalk of 

Rhagodes eylandti (D).(Abbreviations: mf, malleolar fan; ms, malleolar stalk; ae, anterior edge; pe, posterior edge). 
 

 

and metatarsi of pedipalp in both rhagodid species. The 

sensilla around chelicerae must be functioned in gustation. 

The metatarsal and tarsal trichoid sensilla on pedipalps in 

each species also must be also functioned in hygroreception 

or/and thermoreception. The tactile hairs on pedipalps can 

be considered in trichoid sensilla and used for detecting and 

first contact with prey and mate. 

The majority of the setae denominated as sensilla 

chaetica in the current study in males of both species are the 

setal complex, developing as their secondary sexual 

characteristics. It is believed that these type of sensilla must 

be used as mechanoreceptor or/and contact chemoreceptor 

especially for pre-mating and during mating.  

In this study, slit sensillum was only demonstrated on 

the malleolar stalk of R. eylandti (Fig. 8D). Barth and Stagl 

(1976) studied the slit sense organs on the walking legs of 

five arachnid orders (Amblypygi, Araneae, Opiliones, 

Scorpiones, and Uropygi). They defined three types of slits: 

isolated slit sense organ, a group of single slits and lyriform 

or compound slit sense organs. According to their results, 

small isolated slits measure less than 30 µm length. The slit 

sensillum (8.3µm length) detected in this study on malleolar 

stalk is most probably considered as small isolated slit. 

McIver (1975) emphasized that slit sensilla are the most 

numerous on the legs, although they can be found on the 

entire body surface.  Slit sensillum has been determined on 

pedipalpal metatarsus in gylippid and karschiid species 

(Erdek, pers. obs.) and also showed on telotarsus of leg 1 in a 

melanoblossid species by Bird & Wharton (2015). Slit sensilla 

are the specific strain receptors in arachnids and provide 

awareness of mechanical events occurring within the cuticle 

(Punzo 1998). For this reason, slit sensilla function as 

mechanoreceptors. 
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