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Abstract: Some cases of anomalies in the ocelli, chelicerae, legas and pectines of Scorpio maurus Linnaeus, 1758 and Scorpio pu-
nicus Fet, 2000 are described and illustrated. Those anomalies consit in unusual number and size of the ocelli, and legs, pectines 
and chelicerae malformations. The consequences of these teratological anomalies on the life of scorpions are finally discussed. 
Key Words: Scorpion, Scorpio, anomalies, ocelli, appendages, Tunisia. 
 
Anomalías en los ocelos, quelíceros, patas y peines en dos especies tunecinas de Scorpio (Scorpiones: Scorpionidae) 
Resumen. Se describen e ilustran algunos casos de anomalías en los ocelos, los quelíceros, las patas y los peines de Scorpio 
maurus Linnaeus, 1758 y Scorpio punicus Fet, 2000. Dichas anomalías consisten en la pérdida o aumento del número de ocelos, 
así como en malformaciones de los apéndices (quelíceros, peines y patas). Se discute el posible efecto de tales anomalías en vida 
de los escorpiones. 
Palabras clave: Escorpiones, Scorpio, anomalías, ocelos, apéndices, Túnez. 
 

 
 
Introduction 
Several anomalies have been widely described in different families 
of scorpions (Teruel, 2003; Mattoni, 2005; De Sousa et al., 2009; 
Sherwood & Armas, 2023). The most common abnormalities are: 
duplication of certain parts of the body, like metasoma, pedipalp 
(Karataş & Kürtüllü, 2006; Seiter & Teruel, 2014; Salabi et al., 
2021), and pectinal teratologies (Ayrey, 2011; Teruel & Baldazo-
Monsivaiz, 2015; Šarić & Tomić, 2016). Other cases of morphologi-
cal malformations, were reported, including malformations of the 
pectines (eg. De Sousa et al., 2009; Ayrey, 2011), legs and/or claws 
(eg. González-Sponga, 2004; David, 2012; Watz & Dunlop, 2020; 
Sherwood and Armas 2023), tergites (eg. Mattoni, 2005), chelicerae 
(eg. Yağmur et al., 2021), and metasoma and/or telson (eg. Seiter & 
Teurel, 2014; Galvis & Flórez, 2016; Alqahtani & Badry, 2021; 
Sadine, 2021), but also sexual and developmental abnormalities have 
been described (eg. Mattoni, 2005). In the present work, we describe, 
for the first time, ocelli and other morphological anomalies in Scor-
pio maurus Linnaeus, 1758 and Scorpio punicus Fet, 2000 (family 
Scorpionidae) from Tunisia. We then discuss the consequences of 
these teratological anomalies on the life cycle of the scorpions and 
their taxonomic status. 
 
Material and Methods 
Specimens of two Tunisian Scorpio species were collected between 
January 2018 and October 2021, during day search by stone-turning 
and burrow-digging. They are preserved in 95% ethanol and deposit-
ed in the Collection of Scorpions at Research Unit of Ecology, De-
partment of Biology, Faculty of Sciences of Tunis, Tunisia. Morpho-
logical terminology follows Vachon (1974) for trichobothrial nota-
tion; Loria and Prendini (2014) for the terminology of ocellus model; 
Birula (1910), Stahnke (1970), Vachon (1950), and Hjelle (1990) for 
remaining features. Measurements were taken as described in 
Vachon (1950) and Stahnke (1970), and are given in millimeters 
(mm).  
 
Results and discussion 
A15 out of 232 Scorpio specimens (142 of S. maurus, and 90 of S. 
punicus) showed various anomalies and malformations, as shown in 
the Table I. 
 
1. Ocelli 
Scorpions possess two types of visual organs: the median eyes, a 
single pair of ocelli, located dorsomedially on the carapace, except in 
26 troglomorphic species; and the lateral eyes, located anterolaterally 
on each side of the carapace, except in 17 troglomorphic species 
(Mitchell, 1968; Sissom, 1988; Hjelle, 1990; Volschenk & Prendini, 

2008; Lourenço, 2012). The number, position, and size of the lateral 
eyes vary and hold taxonomic significance (González-Sponga, 1977; 
Sissom, 1990; Loria & Prendini, 2014). Structural differences be-
tween median and lateral eyes result in differing functions: median 
eyes offer high visual acuity and spatial discrimination, while lateral 
eyes are highly sensitive and regulate circadian rhythms (Fleissner, 
1977; Schliwa & Fleissner, 1980; Warburg & Polis, 1990; Lehmann 
& Melzer, 2013; Warburg, 2013).  

The genus Scorpio is characterized by the presence of two 
median ocelli and three pairs of lateral ocelli. Vachon (1950) de-
scribed these as “the two median eyes at the back [....], the two lat-
eral eyes on either side of the scutum, the two larger anterior eyes 
being close to each other and distant from the smaller posterior 
eyes”. According to Loria and Prendini (2014), the genus Scorpio 
has the pattern of lateral ocelli type 3A (Fig. 1A). This pattern is 
characterized by the presence of two major ocelli: the mediolateral 
major ocellus (MLMa) and the posterolateral major ocellus (PLMa), 
and one minor ocellus (the posterodorsal minor ocellus (PDMi)). 
However, the eyespot and three ocelli (anterolateral major ocellus 
(ALMa); anterodorsal minor ocellus (ADMi) and posterolateral 
minor ocellus (PLMi)) are absent. 
Ocelli anomalies 
In this study, seven S. maurus and three S. punicus specimens have 
ocelli anomalies that can be classified into three types: 

1) A supernumerary ocellus: The specimen has a supernumer-
ary lateral ocellus on one side with a variable size that increases the 
number of lateral ocelli from three to four ocelli. The extra lateral 
ocellus is located between the mediolateral major ocellus and the 
posterolateral major ocellus (Fig. 1B-C) or between the posterol-
ateral major ocellus and the posterodorsal minor ocellus (Fig. 1D-E). 

2) Atrophy of the ocelli: the two main ocelli have a very small 
size (Fig. 1F). 

3)Absent ocelli: three lateral ocelli are missing (Fig. 1G). 
The lateral ocelli are an important anatomical feature at the 

taxonomic level in the systematics of scorpions (Soleglad & Fet, 
2003; Prendini & Wheeler, 2005; Loria & Prendini, 2014). The first 
case of ocelli anomalies was observed in Cazierius gundlachii 
(Karsch, 1880), characterized by the absence of one left ocellus and 
all three ocelli on the right side (Armas, 1976). Different cases of 
teratological ocelli in scorpions have been documented (Santiago-
Blay, 1986; Gonzalez-Sponga, 2004; Sherwood & Armas, 2023). 
Here, different numbers of teratological ocelli were observed in S. 
maurus and S. punicus. Ecologically, the absence of ocelli, a sensi-
tive organ, may impair the scorpions' activity, resting behaviors, and 
disrupt their circadian clock. Evolutionarily, the progressive loss of 
ocelli, considered an apomorphic character (Kjellesvig-Waering,  
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Figure 1: Ocelli anomalies in Scorpio species from Tunisia. (A) Three normal lateral ocelli. (B-C) The supernumerary lateral ocellus is lo-
cated between mediolateral major ocellus and posterolateral major ocellus (left side : B; right side : C). (D-E) The supernumerary lateral 
ocellus is located between posterolateral major ocellus and posterodorsal minor ocellus (left side : D; right side : E). (F) Atrophy of the two 
major ocelli ocelli in the right side. (G) Absence of lateral ocelli in the left side. 

 
 

Table I: Sampling sites of Scorpio species in Tunisia with anomalies and malformations remarks. 
 

Specimens 
code 

Species 
Scorpio sp. 

Sexe Stage Nºof  
pectinal teeth

GPS  
coordinates 

Locality Organs with anomalies  
and malformations 

MK027 S. maurus ♀ adult 10-10 35°52'N 9°27'E Kesra forest First left leg (tarse and basitarse fused), four 
left ocelli, pectinal teeth 

MK113 S. maurus ♂ adult 8-9 36°49'N 8°41'E Babbouch First left leg (tarse and basitarse fused) 
MK121 S. maurus ♂ adult 9-10 36°49'N 8°50'E National Parc of 

Oued Ezzen 
First left leg (tarse, basitarse and tibia fused)

MK135 S. maurus ♀ subadult 10-10 36°19'N 8°43'E Essif Mountain Four left ocelli 
MK171 S. maurus ♂ juvenile 11-12 36°31'N 8°19'E National Parc of 

El-Feija 
Atrophy of left pecten 

MK489 S. maurus ♀ adult 9-8 36°30'N 8°18'E National Parc of 
El-Feija 

Atrophy of two right lateral ocelli 

MK497 S. maurus ♂ subadult 10-11 36°31'N 8°19'E National Parc of 
El-Feija 

Absence of left lateral ocelli 

MK505 S. maurus ♀ juvenile 10-9 36°30'N 8°18'E National Parc of 
El-Feija 

Four right ocelli 

MK536 S. maurus ♂ subadult 9-10 36° 6'N 9°37'E Bargou Mountain First left leg (tarse and basitarse fused) 
MK378 S. punicus ♀ juvenile 10-10 34°31'N 8°41'E El Guettar Left cheliceral movable finger malformed 
MK393 S. punicus ♀ adult 10-10 34°31'N 8°41'E El Guettar Four right ocelli 
MK561 S. punicus ♂ juvenile 11-11 34°31'N 8°41'E El Guettar Four left ocelli 
MK710 S. punicus ♂ subadult 11-11 34°31'N 8°41'E El Guettar Second right leg (tarse and basitarse fused)
MK643 S. punicus ♀ juvenile 11-10 34°44'N 9°35'E El Meknassi Second left leg (tarse and basitarse fused) 
MK712 S. punicus ♀ adult 11-0 34°59'N 9°39'E Regueb Absence of left pecten 

 
 

1986; Sissom, 1990; Bitsch & Bitsch, 2005), has decreased the 
number of lateral eyes since the Paleozoic era, leading to the aggre-
gate eyes seen in extant scorpions. The origin of these teratological 
eyes remains unknown. 

 
2. Chelicerae 
Chelicerae are composed of three articles: the basal segment or coxa, 
the tibia with its fixed finger and the tarsus or movable finger. In the 
genus Scorpio: from tip to base, the cheliceral fixed finger with distal 
(d), subdistal (sd), median (m), and basal (b) teeth fused into a fork. 
Movable finger with the distal internal tooth (di) and the distal (d), 

subdistal (sd), median (m), and basal (b) teeth (Vachon, 1963; Hjelle, 
1990; Sissom, 1990; Soleglad & Fet, 2003).  
 
Cheliceral malformation 
A short left cheliceral mobile finger with the anomaly of the chelic-
eral teeth was found in one immature female of S. punicus in this 
study. The basal tooth (b) is absent. The distal tooth (d), the subdistal 
tooth (sd) and the median tooth (m) are very weakly developed and 
are represented by a small dentition. Subdistal tooth is closer to 
median tooth than to distal tooth. The distal internal tooth (di) is very 
short and slightly curved (Fig. 2). The right cheliceral movable  
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Figure 2: Left cheliceral movable finger malformed 
 
finger is normal. Both chelicerae have a normal cheliceral fixed 
finger with normal dentition, and normal tibia. 

The first case of cheliceral malformation was reported in Cen-
truroides guanensis Franganillo, 193, in which the left chelicera had 
a supernumerary tooth in the ventral border (Armas,1977). Several 
species of scorpions with different types of cheliceral anomalies have 
been observed (Santiago-Blay, 1986 ; Armas & Marcano Fondeur, 
1992 ; Teruel, 2003 ; Teruel & Ove Rein, 2009 ; Tate et al., 2013 ; 
Yağmur et al., 2021; Sherwood & Armas, 2023).  

The movements of the scorpion's chelicerae are brought about 
by 18 different muscles. The movable finger has a strong adductor 
(closing) muscle and a relatively weak abductor (opening) muscle 
(Vyas, 1974). Therefore, the cheliceral movable finger appears to 
have a critical function in the capture of prey and the feeding of 
scorpions (Hjelle, 1990).  

This study documents the first case of a cheliceral anomaly in 
the movable finger of S. punicus, potentially limiting its functionality 
and negatively impacting the scorpion's ability to feed. Furthermore, 
the presence/absence, position, and shape of the cheliceral dentition 
have been used to classify families and provide important taxonomic 
features of scorpions (Vachon, 1963; San-martin & Cekalovic, 1972; 
Soleglad & Fet, 2003). 

 
3. Legs 
The legs are locomotory appendages with seven segments: the coxa, 
trochanter, femur, patella, tibia, basitarsus, and tarsus, ending with 
the apotele, which consists of the lateral claws and the median claw 
(dactyl) (Vachon, 1957; Couzijn, 1975; Hjelle, 1990). In addition, 
the legs are mechanosensory organs by comprising three types of 
sensory organs: first, the proprioceptors, formed by the slit sensilla; 
second, the sensory projections, divided into two groups: immovable 
projections or spines and mobile projections or setae; finally, the 
sensory organ or basitarsal compound slit sensillum (BCSS), located 
just above the tarsal hinge (Barth & Wadepuhl, 1975; Bowerman & 
Burrows, 1980; RooT & Bowerman, 1981; Hjelle, 1990). 
 
Leg malformations 
Leg malformations were observed in three S. maurus and two S. 
punicus specimens. An adult female S. maurus has a right first leg 
malformation (Fig. 3A): tarsus and basitarsus fused into a small 

segment. Lateral claws and dactyl are short, spurs very small or 
absent. An adult male S. maurus has a first left leg malformation 
(Fig. 3B): tarsus and basitarsus completely fused forming a very 
short segment (1.7 mm in length). The apotele has a short dactyl and 
lateral claws, spurs are small. Tibia is short. 

A subadult female of S. maurus has a malformation of the left 
first leg (Fig. 3C): tarsus, basitarsus and tibia are absent, represented 
by a tiny segment with an anterodorsal depression, length about 2.2 
mm. Lateral claws are developed and the dactyl is very small. Spurs 
are missing and seem to be replaced by long macrochaetae. The 
patella has several long macrochaetae. In a subadult male S. punicus, 
the second right leg is malformed (Fig. 3D): the tarsus and basitarsus 
are completely fused, forming a short segment (1.8 mm long). The 
apotele has a short dactyl and well-developed lateral claws. Spurs 
and tibia are normal. A juvenile female of S. punicus has a malfor-
mation of the second left leg (Fig. 3E): the tarsus and the basitarsus 
are completely fused into a short segment. Lateral claws are long, 
middle claw short. The number of the spurs is reduced. 

The first case of a missing leg has been reported in Androcto-
nus australis (Linnaeus, 1758), with a third leg malformed from 
femur downwards, with abnormal growths, the apical growth with 
distal claws (Vachon,1946). In the present work, anomalies at the 
terminal segments of the first and second legs in scorpion species 
have been described. Similar malformations have been described in 
several scorpions species such as: Centruroides guanensis Franganil-
lo, 1931 (Armas, 1977), Heteronebo portoricensis Francke, 1978 
(Santiago-Blay, 1986), Microtityus barahona Armas & Teruel, 2012 
(Armas & Marcano Fondeur, 1992), Rhopalurus laticauda Thorell, 
1876, Chactas gansi González-Sponga, 1974 (González-Sponga, 
2004), and recently Pandinurus pallidus (Kraepelin, 1894) (Sher-
wood & Armas, 2023)  

In scorpions, functional leg morphology and musculature are 
adaptations to burrowing and subterranean life (Couzijn, 1975). 
Anatomical differences between leg I and IV imply different func-
tionality due to leg position, while legs II and III are always interme-
diate in shape and position. Leg I function as a tactile and burrowing 
organ and contributes little to locomotion. However, the main func-
tion of leg IV in this activity is to put forth in the propulsion back-
stroke (Couzijn, 1975; Hembree et al., 2012). The terminal part is 
directed rostrally in the leg I and it is directed caudo-ventrally in the 
leg IV. The position, rotation, and shape of the terminal part define 
its functions, most importantly, contact with the substrate (Manton & 
Harding, 1958; Couzijn, 1975; Bowerman & Burrows, 1980). 

In this study, the teratological end segments consist of a com-
plete fusion of basitarsus and tarsus. This leads to the absence of the 
BCSS. The absence of such a sensory organ could limit the ability of 
the scorpion to move and to detect prey and predators (Krapf, 1986). 
In addition, legs with these anomalies are shorter than normal legs. 
Burrowing scorpions use their first and second legs to dig. The shor-
tening of the first or the second leg could affect the ability of the 
scorpions to dig and could imply more energy and more time for the 
excavation. Interestingly, the terminal part is narrow. This anomaly 
could be a limitation of the scorpion's movement during climbing 
and walking on irregular surfaces. 

 
4. Pectines 
The pectens are an autapomorphic character of the scorpion that has 
evolved during the Silurian period (Kjellesvig-Waering, 1986; 
Wendruff et al., 2020). Anatomically, these double comb-like organs 
are situated at the ventral side of the mesosoma. Each pecten consists 
of three marginal lamellae with a variable number of median lamel-
lae, fulcrae, and  pectinal teeth (Ivanov & Balashov, 1979; Hjelle, 
1990; Melville, 2000). In addition, the number of pectinal teeth is 
generally species-specific (Birula, 1910; Vachon, 1950). The pecti-
nes are sensory organs with a primary function as mechanoreceptors 
and chemoreceptors. This function is performed by three different 
sensory structures: macrosetae, microsetae, and peg-shaped sensilla 
(Ivanov & Balashov, 1979; Foelix & Muller-Vorholt, 1983; Gaffin 
& Walvoord, 2004; Wolf, 2017; Drozd, 2019). 
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Figure 3: Legs malformations in Scorpio species from Tunisia. (A) First right leg of an adult female S. maurus with fusing tarsus and basi-
tarsus. (B) First left leg of an adult male S. maurus with fusing tarsus and basitarsus. (C) First left leg of subadult female S. maurus with 
tarsus, basitarsus and tibia fused. (D) Second right leg of subadult male S. punicus with fusing tarsus and basitarsus. (E) Second left leg 
of juvenile female S. punicus with fusing tarsus and basitarsus.  
 

Figure 4: Pectines anomalies in Scorpio species from Tunisia. (A) Atrophy of left pecten of juvenile female S. maurus. (B)Anomalies in 
pectinal teeth of an adult female S. maurus. (C) Absence of the left pecten in an adult female S. punicus. 
 

 
Pectinal teratology 
Two S. maurus and one S. punicus specimens exhibit pectine mal-
formations. The juvenile female S. maurus has markedly abnormal 
pectines (Fig. 4A), showing significant asymmetry between the right 
and left pectines, measuring 6/4.4/2.5 mm and 5.5/4/2 mm respec-
tively. The left pecten is shorter and smaller than typical for this 
species, with a brownish-black coloration and black spots indicating 
lost setae insertions. All pectinal teeth are small, and the fifth and 
tenth teeth display brownish-black coloration with necrotic zones. 
The surface area of the anteroventral margin, known as peg sensilla, 
of the remaining pectinal teeth is reduced, and the number of sensilla 
per peg sensilla is lower than normal. An adult female S. maurus also 
presents pectine abnormalities (Fig. 4B). In this specimen, the first 
and tenth teeth of the left pecten are small, with the seventh tooth 
being very short. On the right pecten, the fourth and seventh teeth are 
tiny, and the last three teeth are small. These malformed teeth have 
significantly altered sensory areas; the peg sensilla are greatly re-
duced and cylindrical with blunt tips. Another notable anomaly is the 
absence of the left pecten in an adult female S. punicus (Fig. 4C). 

In the first case, the pecten exhibited atrophy and necrosis as-
pect, likely due to a fungal infection or parasitic injury. Other envi-
ronmental factors, such as injury during early ontogenesis or expo-
sure to mutagenic/toxic substances, could also be responsible for this 
atrophy (Šarić & Tomić, 2016). Genetic alterations, possibly muta-
tions or chromosomal aberrations, may explain the second and third 
cases of teratological pecten observed in this study. Similar cases of 
abnormal pecten with numerous teeth of irregular shape has been 
observed in Tityus clathratus C. L. Koch, 1845, Broteas sp, and 
Opisthacanthus sp. (González-Sponga, 2004), Tityus quirogae De 
Sousa, Manzanilla, Parrilla-Álvarez, 2006 (De Sousa et al., 2009), 
and missing pectines have been reported in Centruroides gracilis 
(Latreille, 1804) (Martín-Frías et al., 2009). Other cases of mal-
formed pectines have been reported (De Sousa et al., 2009; Ayrey, 
2011; Šarić & Tomić, 2016; Sherwood & Armas, 2023), typically 
involving partially or almost completely fused pectinal structures. 
One case of pectine duplication has also been documented (Teruel & 
Baldazo-Monsivaiz, 2015).  

Except for the first case in this study, all teratological pectines 
suggest genetic origins during embryogenesis or chromosomal aber-
rations in gametes during meiosis. The functionality of the pecten, a 
highly innervated organ, has long been discussed and various func-
tions have been attributed to it (Cloudsley-Thompson, 1955; Ivanov 
& Balashov, 1979; Foelix & Muller-Vorholt, 1983). 
Later, it was concluded that the main function of the pectines is 
chemosensation and mechanoreception (Wolf, 2008, 2017; Drozd, 
2019), based on behavioral, morphological and physiological studies. 
This dual function of pectines allows scorpions: mating activity, 
habitat selection, and orientation in their environment (Wolf, 2017; 
Drozd, 2019). An important common point in the pectinal anomalies 
described in this study is the reduction of the surface of the peg 
sensilla and the number of sensillum, which leads to the absence of 
environmental signals. Consequently, the fitness of these individuals 
could be severely compromised. 

 
Conclusion 
In conclusion, the study of anomalies and malformations, particular-
ly in scorpions, is of significant interest for two main reasons. Firstly, 
it enhances our understanding of the morphological variability of 
each organ, which is crucial for systematics. Secondly, examining 
these anomalies provides insights into the functionality of each 
structure and its impact on the fitness of the scorpion. This study 
describes the teratology of ocelli, legs, chelicerae, and pecten in S. 
maurus and S. punicus, highlighting potential effects on the scorpi-
ons' vital activities. Consequently, future research should focus on 
genetic diversity and karyotype analysis to gain deeper insights into 
developmental genes. 
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