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Abstract 

The aim of this work was to measure the genetic diversity of the Sicilian populations of Platyarthrus 
aiasensis as related to their sex ratios. Platyarthrus aiasensis, a small species of terrestrial 
isopods, was described as a parthenogenetic population from the island of Aix (Charente Maritime, 
France). Parthenogenesis was also demonstrated in some populations from one of the Eolian 
islands. During several expeditions, from 2001 to 2003, we studied 17 Sicilian populations and two 
populations from the islands of Panarea (Eolian archipelago) and Marettimo (Egadi archipelago) 
and obtained information about their sex ratios. Subsequently, the populations were analyzed by 
biochemical and molecular approaches (Multi-Locus Enzyme Electrophoresis and RAPD-PCR), 
and genetic variability evaluated in the parthenogenetic and anphigonic populations with different 
percentages of males. Indices of genetic variability, including the number of alleles per locus, 
percentage of polymorphic loci, heterozygosity, and index of dissimilarity, were very low in natural 
populations comprising only females (parthenogenetic). Values were higher in populations in which 
the percentage of males was up to 13% (spanandric and anphigonic populations). In populations 
with a higher number of males, the genetic variability seems to not increase, even if the male 
percentage rises. 
 
Keywords – allozyme, parthenogenesis, Platyarthrus aiasensis, RAPD, Sicily 

    

Introduction 
Platyarthrus aiasensis (Isopoda: Oniscidea) 

(Fig. 1) has been described by Legrand (1954), 

from specimens on the Island of Aix (Charente 

Maritime, France), as a parthenogenetic sub-

species of P. schöbli. Later, one member of 

our group (Caruso, 1968a) demonstrated 

parthenogenesis in some populations from the 

island of Panarea (Eolian islands) and 

discovered and described males for the first 

time. In the same paper, Caruso raised P. 

aiasensis to the species rank due to the 

absence of transition forms between P. schöbli 

aiasensis and P. schöbli briani, which were 

collected in Sicily and the Eolian islands from 

the same localities, and also for its wide 

geographic distribution. In fact, many other 

populations were found all over the world.  

The geographic distribution actually 

includes the western Mediterranean countries 

(islands included) (Caruso, 1968b, 1970, 1973, 

1976; Caruso & Lombardo, 1976; Ferrara & 

Taiti, 1978; Taiti & Ferrara, 1980; Caruso & 

Lombardo, 1982), the Canary Islands (Caruso,  

 

Figure 1. Platyarthrus aiasensis Legrand. 

 

1970), North and Central America 

(Garthwaite, 1989), and South Africa (Taiti & 

Ferrara, 1980). Possibly, this species is more 

widespread, and the known distribution is due 

to a lack of findings or determination errors. 

The cephalon and pereionites of P. 

aiasensis females exhibit pronounced dorsal 

ridges, which are used to identify the species 

of this genus; while male specimens do not 

exhibit any difference in the dorsal ridges. 



60  Montesanto et al. 

     

Proceedings of the International Symposium of Terrestrial Isopod Biology – ISTIB-07 

M. Zimmer, F. Charfi-Cheikhrouha & S. Taiti (Eds) 

Many species of the genus Platyarthrus 

exhibit spanandry, a reduction in the number 

of males, with different sex-ratios (Vandel, 

1962). Numerous Platyarthrus species are 

myrmecophilous; P. aiasensis has always been 

found inside ant nests.  

The aims of this work were to (1) calculate 

the percentage of P. aiasensis males in the 

Sicilian populations and in two populations 

from islands around Sicily, (2) asses the 

genetic diversity of the populations studied, 

(3) correlate the genetic variability of the 

populations with their sex-ratio, and (4) 

compare the results obtained from different 

markers used. 
 

Material and methods 
Approximately 4,000 Platyarthrus aiasensis 

specimens belonging to 19 populations were 

collected between 2001 and 2003. Seventeen 

populations were collected in Sicily (Acate, 

Butera, Calatabiano, Caltavuturo, Castrofilippo, 

Donnafugata, Fiumefreddo, Gela, Grammichele, 

Marina di Modica, Palagonia, Partanna, Riesi, San 

Cusumano, Tindari, Torretta Granitola, and 

Villasmundo), one on the island of Marettimo 

(Egadi Archipelago), and one on the island of 

Panarea (Eolian Archipelago) (Fig. 2). The sex of 

each specimen was established. In order to assess 

the spanandry rate for this genus, specimens from 

other Platyarthrus species were collected from 

Sicily: 608 P. caudatus specimens and 139 P. 

hoffmanseggi specimens. 

In order to determine possible differences 

between populations, as well as within a single 

population, at least 20 specimens were studied for 

each population of P. aiasensis. The observations 

were conducted with a light stereo-microscope 

(Zeiss Stemi SV8) and concerned the number, 

shape, and relative length of the dorsal ridges. 

Drawings were made of the different ridge patterns 

and transferred to a file card with the sex and 

length of each specimen indicated. 

 

MLEE  

The genetic composition of the populations was 

studied using Multi-Locus Enzyme Electrophoresis 

 

Figure 2. Sampling sites for Platyarthrus aiasensis: 
1

a
, Acate (RG); 2

ab
, Butera (CL); 3

ab
, Calatabiano 

(CT); 4
ab

, Caltavuturo (PA); 5, Castrofilippo (AG); 6, 
Donnafugata (RG); 7

ab
, Fiumefreddo (CT); 8

ab
, 

Gela (CL); 9
a
, Grammichele (CT); 10

ab
, Island of 

Marettimo (TP); 11
ab

, Marina di Modica; 12
a
, 

Palagonia (CT); 13, Island of Panarea (ME); 14
a
, 

Partanna (TP); 15
ab

, Riesi (CL); 16
a
, San 

Cusumano (SR); 17, Tindari (ME); 18, Torretta 
Granitola (TP); 19

ab
, Villasmundo (SR), and 

percentage of males (white segments).; 
a
: 

population was analyzed by allozyme 
electrophoresis; 

b
: population was analyzed by 

RAPD. 

E.C. Enzyme Loci scored Buffer system
1
 

Reference for stain 
recipe 

1.1.1.37 Malate dehydrogenase Mdh1, Mdh2 PC Shaw & Prasad (1970) 

1.1.1.40 Malic enzyme Me TM Ayala et al. (1972) 

2.6.1.1 
Glutamate-oxalacetate 
transaminase 

Got1, Got2 TCII Selander et al. (1971) 

1.1.1.42 Isocitrate dehydrogenase Idh TCII Ayala et al. (1972) 

2.7.5.1 Phosphoglucomutase Pgm TM Brewer & Sing (1970) 

5.3.1.9 Glucosephosphate isomerase Gpi PC Selander et al. (1971) 

 

 

Table 1. Details of allozyme analysis in populations of Platyarthrus aiasensis. 

     

1
 PC, Phosphate-citrate pH 6.3 (Harris & Hopkinson, 1976); TM, Tris-maleate I pH 7.4 (Brewer & Sing, 
1970); TCII, continuous Tris-citrate pH 8.0 (Selander et al., 1971). 



Population genetics of Platyarthrus aiasensis in Sicily  61 

     

Proceedings of the International Symposium of Terrestrial Isopod Biology – ISTIB-07 

 M. Zimmer, F. Charfi-Cheikhrouha & S. Taiti (Eds) 

(MLEE) on starch gel according to standard 

procedures. Thirteen Sicilian populations and one 

population from the island of Marettimo (Fig. 2) 

were assayed, and for each population sample at 

least 25 specimens were examined at 8 enzyme 

loci: Mdh1, Mdh2, Me, Got1, Got2, Idh, Pgm, Gpi 

(Table 1). Staining for enzyme activity after 

electrophoresis was performed according to Harris 

& Hopkinson (1976).  

 

RAPD 

Randomly amplified polymorphic DNA (RAPD) 

analysis was conducted on eight Sicilian 

populations and the population from the island of 

Marettimo. At least 20 individuals per population, 

to a total of about 200 specimens, were analyzed 

(Fig. 2). Genomic DNA was isolated using the 

whole animal and a modified version of the 

method previously described by Bender et al. 

(1983). The DNA was quantified by agarose gel 

electrophoresis. The amplification reaction was 

carried out using the Amersham Biosciences 

RAPD Kit (no. 27-9502-01). The following 

arbitrary primers were chosen from the same kit: 

P2: 5’-GTTTCGCTCC 

P3: 5’-GTAGACCCGT  

A 2 µL aliquot of each PCR product was run on 

2.5 % (w/v) agarose gel (1 % SeaKem GTG-FMC 

plus 1.5 % NuSieve GTG-FMC) with TBE buffer 

containing 0.5 mg/mL (w/v) ethidium bromide 

(Sambrook et al., 1989). Two molecular weight 

markers (Roche 100 bp ladder, n. 14) as well as 

positive (E. coli C1a DNA) and negative controls 

(no DNA) were placed on each gel. The 

electrophoresis was carried out at 5 V/cm for 3 h. 

The experimental conditions differed slightly from 

those reported in standard protocols (Williams et 

al., 1990), as the method of Welsh & McClelland 

(1990) was used. 

 

Data analysis  

The allelic frequency, genetic distance values, and 

indices of genetic variability obtained from the 

allozyme data were calculated using the BIOSYS 

program (Swofford & Selander, 1989). The genetic 

variability was estimated by the value of mean 

expected heterozygosity (He), observed 

heterozygosity (Ho), proportion of the 

polymorphic loci (P), and average number of 

alleles per locus (A). The equilibrium of the 

Hardy–Weinberg distribution was evaluated using 

χ
2
 with Yates correction, since low expected 

frequencies were regularly found (Beck & Price, 

1981), and applying Levene’s correction (1949) for 

small samples (Nei, 1978). 

 For the RAPD data, a 1/0 matrix was 

constructed for each of the eight populations, 

where 1 or 0 indicate, respectively, the 

presence or absence of a specific band. This 

presence/absence data was then analysed to 

estimate the degree of polymorphism (P) for 

each band and the dissimilarity between pairs 

of individuals. We calculated an index of 

dissimilarity (D) according to Nei & Li (1985):  

D = 1-M = 1-[2NAB/(NA+NB)], where M is the 

index of similarity (matching), NAB is the 

number of RAPD bands common to individual 

A and individual B, and NA and NB the total 

number of bands for individual A and 

individual B, respectively. To calculate the 

values of D and create a matrix of dissimilarity 

values, the FORTRAN program RAPDPLOT 

(Black, 1995; Apostol et al., 1996) was used. 

The matrix obtained with the average values of 

D per population was used for this analysis. 

 

Results and Discussion 
Nineteen populations of P. aiasensis from 

Sicily and two islands near Sicily (Marettimo 

and Panarea) were studied. The isopods were 

always found in ant nests of the species 

Messor capitatus, Messor structor, Messor 

bouvieri, Linepithema umilis, Pheidole 

pallidula, Tetramorium semilaeve, 

Aphaenogaster sicula, Aphaenogaster 

semipolita, and Camponotus barbaricus. 

 
 
Figure 3. Examples of the dorsal ridges on 
cephalon and tergites I and II in Sicilian 
populations of Platyarthrus aiasensis. a-c, 
Castrofilippo (no males); d-f, Acate (12 % males); 
g-i, Butera (34 % males). 
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The sex ratios are depicted by location in 

Fig. 2. Populations without males were found 

in Castrofilippo, Calatabiano, and 

Fiumefreddo; strongly spanandric populations, 

with 2-10 % males, were found in 

Villasmundo, San Cusumano, Palagonia, 

Partanna, Grammichele, and Acate; and 

populations with 20-37 % males were found in 

Caltavuturo, Marina di Modica, Gela, Riesi, 

Butera, and Marettimo. In contrast to P. 

aiasensis, populations of P. caudatus 

comprised 27-30 % male specimens, and  

23-39 % of the collected P. hoffmannseggi 

were  males. 

Light-microscopic observations revealed a 

substantial uniformity for the morphological 

characteristics of P. aiasensis; only slight 

variations were found concerning the fourth 

ridge position and length on the first and 

second tergite of the pereion. The fifth and 

sixth ridges also showed little variation, 

especially concerning the front enlargement on 

the first pereionite. No notable differences 

were noticed between males (if present) and 

females. No morphological characteristic were 

obvious to characterise a particular population; 

the little variation detected was always 

quantitative, and a clear discontinuity was 

never found between the populations studied, 

not even between those with a very high 

difference in sex ratio (Fig. 3). 

MLEE  

Electrophoretic analysis was carried out on the 

allozymes of 14 populations (Fig. 2). Three of 

the eight loci, namely Me, Mdh1, and Mdh2, 

were monomorphic, sharing the same allele for 

all populations; five loci were found to be 

polymorphic: Got1, Got2, Phi, Pgm and Idh. 

The Phi locus was the most variable with five 

alleles. Three alleles were found at Got1, Idh, 

and Pgm, and two alleles were found at the 

Got2 locus (Tab. 2). 

Values for the genetic variability of 

polymorphic loci (Tab. 3), P99%, ranged from 

12.5 % to 50% in the populations with a higher 

percentage of males, such as Caltavuturo, 

Marina di Modica, Riesi, Butera, Partanna, 

Marettimo, Acate, and Palagonia. These 

results are comparable to those obtained in 

previous studies on other terrestrial isopods 

species (Viglianisi et al., 1992; Lombardo et 

al., 2001, Medini-Bouaziz et al., 2006; 

Montesanto et al., 2007). The percent values 

of polymorphic loci obtained for the 

parthenogenetic populations (Calatabiano, 

Fiumefreddo, Villasmundo, and San 

Cusumano) became zero. 

The data above and the mean number of 

alleles per locus (1.1 to 1.6 for spanandric 

populations) were comparable to the values 

known for terrestrial isopods; the mean 

number of alleles per locus turned out to be 1 
 

Table 2. Allele frequencies of polymorphic allozyme loci in 14 populations
a)

 of Platyarthrus aiasensis. 

Locus (1) (2) (3) (4) (7) (8) (9) (10) (11) (12) (14) (15) (16) (19) 
Got1               

A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.339 1.000 1.000 1.000 1.000 1.000 
B         0.661      

Got2               

A  1.000 0.452 1.000 1.000 1.000 1.000 1.000 0.917 1.000 1.000  1.000 1.000 

B 1.000  0.548      0.083   1.000   

Phi               

A        0.309 0.693   0.080   

B            0.180   

C  1.000 0.484     0.681  0.021  0.120   

D 0.983     1.000  0.010 0.301  1.000 0.560   

E 0.017  0.516 1.000 1.000  1.000  0.006 0.979  0.060 1.000 1.000 

Pgm               

A  0.971             

B 1.000 0.029 1.000 1.000 1.000 1.000 0.962 1.000 1.000 1.000 1.000 1.000 1.000 1.000 
C       0.038        

Idh               

A 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 0.993 1.000 0.925 1.000 1.000 1.000 
B           0.075    

C         0.007      

 a
 as listed in Fig. 2 
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for the populations made up only by females. 

Parthenogenetic populations (Calatabiano, 

Fiumefreddo, San Cusumano, and 

Villasmundo) showed, as expected, a lack of 

heterozygosity. Heterozygosity increased with 

increasing male percentage. By contrast, the 

polymorphic loci percentage obtained for the 

population from Grammichele (12.5 %) is 

similar to the values obtained for the 

populations with only few males, but the mean 

number of alleles per locus was comparable to 

the other populations with higher numbers of 

males. 

A possible explanation for these last results 

may be the well-known restriction of allozyme 

electrophoresis for the quantification of 

genetic variability. Actually, these biochemical 

markers may highlight only 1/3 of genetic 

variability (Nei, 1975; Singh et al., 1976). 

Each time the analysed specimens showed the 

same electrophoretic pattern, it was assumed 

that the same pattern was defined by the same 

genotype. This assumption is not always true; 

the presence of iso-electrophoretic alleles, 

different alleles with the same electrophoretic 

mobility, has been demonstrated previously 

(Avise, 1974; Richardson et al., 1986; Hillis & 

Moritz, 1990). 

Finally, the results from the allozyme 

electrophoresis confirmed a general trend of 

increasing genetic variability indices with an 

increasing proportion of males, with the 

exception of some of the populations; 

unisexual populations showed lower or null 

values for all indices. Therefore, it is possible 

to confirm parthenogenesis as the reproductive 

method of these last populations, at least at the 

time. 

 

RAPD  

RAPD patterns obtained with the two primers 

for the populations from Calatabiano (0 % 

males) and Caltavuturo (37 % males) clearly 

indicate the lower variability in the unisexual 

population from Calatabiano (Fig. 4).  

Genomic DNA from the studied specimens 

had RAPD patterns of 4 to 16 evident bands, 

from 200 bp to 3,000 bp in length. The 

variation considered within and among 

populations was the presence or absence of a 

single band. The RAPD products of a 

homozygotic individual (presence/presence) 

cannot be distinguished from those of a 

heterozygotic one (presence/absence). We 

noted 2 species-specific bands (400 bp with 

primer P2 and 450 bp with primer P3) for all 

specimens. In addition, we found bands 

exclusive to some populations.  

Table 3. Estimation of genetic variability from allozyme data for 14 populations of Platyarthrus aiasensis. 

Mean heterozygosity  
 

Population 

Males 
(%) 

 
Mean no. of  

allele per locus 

 
% of polymorphic 

 loci
a)
 

Direct count Expected  
H-W

b)
 

Caltavuturo  37 1.3 (± 0.2) 25.0 0.085 (± 0.062) 0.126 (± 0.082) 

Riesi  36 1.1 (± 0.1) 12.5 0.057 (± 0.057) 0.076 (± 0.076) 

Gela  36 1.0 (± 0.0) 0 0.000 (± 0.000) 0.000 (± 0.000) 

Butera  34 1.1 (± 0.1) 12.5 0.007 (± 0.007) 0.007 (± 0.007) 

Marina di Modica 18 1.6 (± 0.3) 50.0 0.081 (± 0.054) 0.132 (± 0.071) 

Partanna  17 1.1 (± 0.1) 12.5 0.006 (± 0.006) 0.018 (± 0.018) 

Isl. of Marettimo  13 1.3 (± 0.3) 12.5 0.027 (± 0.027) 0.056 (± 0.056) 

Acate 12 1.1 (± 0.1) 12.5 0.004 (± 0.004) 0.004 (± 0.004) 

Palagonia  9 1.1 (± 0.1) 12.5 0.005 (± 0.005) 0.005 (± 0.005) 

San Cusumano  6 1.0 (± 0.1) 0 0.000 (± 0.000) 0.000 (± 0.000) 

Grammichele  4 1.1 (± 0.1) 12.5 0.010 (± 0.010) 0.010 (± 0.010) 

Villasmundo  2 1.0 (± 0.0) 0 0.000 (± 0.000) 0.000 (± 0.000) 

Fiumefreddo  0 1.0 (± 0.0) 0 0.000 (± 0.000) 0.000 (± 0.000) 

Calatabiano  0 1.0 (± 0.0) 0 0.000 (± 0.000) 0.000 (± 0.000) 

 
 

a
 loci were considered polymorphic if more than one allele was detected 

b
 unbiased estimate (Nei, 1978) 
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From the presence/absence matrix for the 

obtained fragments, mean values for the 

dissimilarity index were calculated for each 

population. The dissimilarity values ranged 

from a minimum of 0.035 for the Fiumefreddo 

specimens to a maximum of 0.351 for the 

specimens from Marina di Modica. The mean 

value for the dissimilarity index was 0.253. 

The variability [dissimilarity index values 

(D = 1-M)] increased almost proportionally to 

male percentage up to a threshold of 13 % of 

males (Fig. 5). Indices remained on a stable 

level of 0.326-0.351 with any other increase in 

the percentage of males, indicating that 13 % 

males in any population is sufficient to 

guarantee the maximum genetic variability. 

Moreover, a population with only females 

(Calatabiano) was monitored for the presence 

of males throughout one year. Samples were 

collected three times in 2003 and 2004 (2003: 

 

Figure 4. Examples of RAPD patterns obtained from two populations of Platyarthrus aiasensis using primers 
P2 and P3. CLT, Calatabiano (no males); CAL, Caltavuturo (37 % males). 

 

Figure 5. Dependence of dissimilarity index D=1-M (Nei & Li, 1985) on percent males in 9 populations of 
Platyarthrus aiasensis: 2, Butera; 3, Calatabiano; 4, Caltavuturo; 7, Fiumefreddo; 8, Gela; 10, Island of 
Marettimo; 11, Marina di Modica; 15, Riesi; 19, Villasmundo; for locations, see Fig. 2. 
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March 22; 2004: January 2 and March 10). In 

each case, only females were found. RAPD 

analysis was carried out for 20 specimens from 

the three samplings. The results were the same 

as obtained in 2003, that is, the RAPD patterns 

were perfectly comparable to the patterns 

previously obtained (Fig. 6). These results 

demonstrate that parthenogenetic reproduction 

was stable over at least two years. In addition, 

they gave useful information about the 

accuracy of the marker used.  

We are currently screening Sicilian 

populations of P. aiasensis for the bacterial 

endosymbiont Wolbachia, which is known to 

interfere with the host reproductive activity in 

many invertebrate species (Rousset et al., 

1992; Hurst et al., 1999). In terrestrial isopods, 

Wolbachia may transform genetic males into 

functional females, as has been thoroughly 

studied in Armadillidium vulgare (Cordaux et 

al., 2004). With the feminisation of males, 

symbionts may convert a host incapable of 

transmitting them into a vector for offspring 

infection. It is also well-known that Wolbachia 

has the ability to cause parthenogenesis in 

many species of insects, such as social 

Hymenoptera (wasps, ants) and Collembola 

(Schiltuizen et al., 1998; Frati et al., 2004). As 

P. aiasensis lives with ants, it is tempting to 

hypothesized that some populations were 

horizontally infected by Wolbachia. 

 

Conclusions  

The study of specimens from populations of P. 

aiasensis, collected during numerous 

samplings in Sicily and small islands near 

Sicily, revealed a variation in the sex ratio, 

ranging from a total absence of males to a 

maximum of 37 % in the population from 

Caltavuturo. The specimens exhibited a great 

morphological uniformity independent of sex 

ratio: major differences were not seen between 

the populations without males and those with 

the highest male percentage. 

The genetic variability indices of eight loci 

demonstrated, with the exception of some 

populations, a correlation with the percentage 

of males in the population. Thus, in unisexual 

or spanandric populations such indices were 

very low, supporting the hypothesis that the 

reproduction in unisexual populations is 

through  parthenogenesis. 

RAPD patterns revealed a high similarity 

among individuals of unisexual or strongly 

spanandric populations. The dissimilarity 

calculated in the various populations increased 

proportional to the relative numbers of males, 

at least up to a certain value, beyond which it 

remained stable. The maximum variability 

value was reached with a male percentage of 

13 %, providing a possible explanation for the 

widespread  spanandry of this species. 

The two different types of genetic markers 

used yielded congruent results, even though 

the RAPD profile uniformity for the 

 

Figure 6. RAPD patterns of Platyarthrus aiasensis individuals from Calatabiano (no males) on two 
occasions in 2003 and 2004.  
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population from Calatabiano certainly has a 

different meaning from that of the minimum 

values of the variability parameters calculated 

from allozyme data. The lack of 

heterozygosity and the low mean number of 

alleles per locus in the population from Gela 

contrasted the high male percentage, while the 

dissimilarity index obtained through RAPD is 

perfectly congruent with the male percentage. 

The latter methodology, therefore, appears to 

be more suitable to detect genetic variability. 

The sampling in Calatabiano over the 

course of one year confirmed parthenogenetic 

reproduction in this population, and verifies 

the adequacy of the technique.  

The possibility of male-feminising 

Wolbachia that stem from the ant hosts of the 

studied isopod species is currently under 

investigation. 
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