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Introduction
Gregarines are obligate unicellular parasites in-
fecting intestines and other organs of invertebrates 
living in terrestrial, freshwater and marine habi-
tats. Gregarines within Apicomplexa belong to the 
alveolates (Alveolata), which are a major line of 
protists. The subdivision of the gregarines is based 
on trophozoite morphology, host range and habi-
tat. Traditionally, the gregarines have been divided 
into three major subgroups: eugregarines, archigre-
garines and neogregarines (Grassé 1953, Leander 
2008, Levine 1971, Rueckert & Leander 2008). 
Archigregarines occur only in marine invertebrates. 
Eugregarines are known in marine, freshwater and 
terrestrial hosts. Neogregarines are found only in 
terrestrial invertebrates. Eugregarines contain most 
of the known gregarine species and a great number 
of them are the most important unicellular parasites 
in arthropods, especially in insects. Despite recent 
molecular studies (e.g. Clopton 2009, Simdyanov 
et al. 2017), the delineation of superior taxa is un-
stable because of our poor understanding of the ac-

tual diversity and phylogenetic relationships in the 
group (Rueckert & Leander 2009, Simdyanov et 
al. 2017). Based on molecular phylogenetic analy-
ses, neogregarines have been incorporated into the 
Eugregarinida (Simdyanov et al. 2017). 

Although numerous papers have been published 
on European gregarine species (see Desportes & 
Schrével 2013) and there are several monographs 
(e.g. Lipa 1967, Geus 1969), our knowledge of the 
diversity and distribution of the European gregarine 
fauna is still poor. Many eugregarine species have 
been described from Chilopoda (centipedes) and 
Diplopoda (millipedes). These parasite species be-
long to the families Monoductidae, Cnemidosporidae, 
Dactylophoridae, Stenophoridae, Trichorhynchidae, 
Actinocephalidae and Monocystidae (Geus 1969, 
Desportes & Schrével 2013). One neogregarine 
species is recorded in a millipede (Tuzet & Manier 
1958). 

In this study, gregarines from centipedes and 
millipedes in Slovenia are listed for the first time.
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Materials and Methods
Centipedes and millipedes collected between June 
2013 and September 2014 in Slovenia were evis-
cerated and their alimentary canals dissected in in-
sect Ringer’s solution (Laughton et al. 2011: 128 
mM NaCl, 18 mM CaCl2, 1.3 mM KCl, 2.3 mM 
NaHCO3, 1 l dH2O, pH 7.2). Their guts were exam-
ined microscopically at 40, 100, 200 and 400-times 
magnifications. Gregarines were photographed and 
measured using a Nikon E 800 microscope with a 
mounted digital camera Nikon DN100 and Eclipse 
Net software v. 1.16.3. The following standard gre-
garine trophozoite and gamont metrics (Lipa 1967, 
Clopton 2004) are reported (in μm): total length, 
length of epimerite, length of protomerite, length 

of deutomerite, maximum width of protomerite, 
width of deutomerite at equatorial axis and maxi-
mum width of deutomerite. We followed the no-
menclature and taxonomy of Myriapoda proposed 
by Fauna Europaea, v. 2017.06 (Enghoff 2018). 
A list of Myriapoda hosts is presented in Table 1.

Results
Guts of centipedes and millipedes were studied and 
eight gregarine species were recorded. They are list-
ed below, with data on their hosts, some morphologi-
cal characters, host ranges and distribution.

Order Eugregarinida
Family Trichorhynchidae
Genus Trichorhynchus Schneider, 1882

Table 1. List of centipedes (Chilopoda) and millipedes (Diplopoda) species studied for the presence of gregarines. 
Legend: n = number of infected host individuals; N = number of studied host individuals.

Host species Locality, coordinates, date, n/N Gregarine species
Chilopoda

Scutigera coleoptrata (Linnaeus, 1758) Maribor, 46.566235, 15.654314, 29.IX.2014, 1/6;
Velenje (Šmartno), 46.364819, 15.122664, 31.V.2014, 0/1

Trichorhynchus pulcher 
Schneider, 1882

Lithobius forficatus (Linnaeus, 1758) Velenje: Škale, 46.391713, 15.093449, 12.IV.2014, 1/1 Echinomera hispida 
(Schneider, 1875)

Lithobius parietum Verhoeff, 1899 Velenje: Škale, 46.391713, 15.093449, 17.III.2014, 1/2; 
18.III.2014, 1/1; 12.IV.2014 1/1; 13.VIII.2014, 1/1

Echinomera hispida 
(Schneider, 1875)

Echinomera horrida 
(Léger, 1899) 

Lithobius punctulatus C. L. Koch, 1847
(=Lithobius validus Meinert, 1872)

Velenje: Škale, 46.391713, 15.093449, 17.III.2014, 1/1; 
18.III.2014, 1/1; 12.IV.2014, 1/1; 11.VIII.2014, 1/1; Spodnje 

Hoče, Pivola, 46.505075, 15.622092, 4.VI.2014, 1/3 

Echinomera hispida 
(Schneider, 1875)

Echinomera horrida 
(Léger, 1899)

Lithobius sp.
Velenje: Škale, 46.391713, 15.093449, XI.2013, 1/1; Spodnje 
Hoče, Pivola, 46.505075, 15.622092, 7.I.2014, 1/1; Maribor, 

46.566308, 15.654459, 26.V.2013, 1/2

Echinomera hispida 
(Schneider, 1875)

Echinomera horrida 
(Léger, 1899)

Cryptops anomalans Newport, 1844  Maribor, 46.566308, 15.654459, 10.V.2014, 0/2; 26.V.2013 0/2 -
Cryptops sp. Maribor, 46.566308, 15.654459, 10.V.2014, 0/3 -

Scolopendra cingulata Latreille, 1829 Rakitovec, 45.469995, 13.971727, 29.V.2014, 2/2 Grebnickiella gracilis 
(Grebnicki, 1873)

Geophilomorpha gen. sp. Maribor, 46.566308, 15.654459, 10.V.2014, 0/2 -
Clinopodes flavidus C. L. Koch, 1847  Maribor, 46.566308, 15.654459, 4.V.2014, 0/1 -
Dicellophilus carniolensis  
(C. L. Koch, 1847) Maribor, 46.566308, 15.654459, 4.V.2014, 0/2 -

Geophilus sp. Maribor, 46.566308, 15.654459, 12.V.2014, 0/1 -
Diplopoda

Julidae gen. sp.

Maribor: Kamnica, 46.577234, 15.599724, 4.VI.2014, 5/9; 
Spodnje Hoče, Pivola, 46.505075, 15.622092, 4.VI.2014, 
5/5; Velenje: Črnova, 46.325792, 15.181002, 15.III.2014, 

1/2; Velenje: Škale, 46.391713, 15.093449, 13.XI.2013 1/1; 
12.IV.2014, 1/1

Stenophora robusta 
Ellis, 1912

Stenophora julipusilli 
(Leidy, 1853)

Stenophora rauchallesi 
Levine, 1976

Polydesmus sp.
Maribor: Kamnica, 46.577234, 15.599724, 4.VI.2014, 0/1; ; 
Spodnje Hoče, Pivola, 46.505075, 15.622092, 7.I.2014, 1/1; 

4.VI.2014, 1/1

Cnemidospora cf. lutea 
Schneider, 1882
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Trichorhynchus pulcher Schneider, 1882		
(Figs. 1-3)

Host: Scutigera coleoptrata (Linnaeus, 1758) 
(Chilopoda). 

Epimerite clearly seen (Fig. 2), often pro-
longed. Measurements of an individual (gamont) 
with epimerite are given in Table 2. 

Literature records: Ultrastructure of this spe-
cies was described by Ormières et al. (1977), 
Marquès et al. (1978). Trichorhynchus pulcher 
was reported from the following centipede species: 
Scutigera coleoptrata, S. forceps, Thereuonema cl-
unifera, T. tuberculata (Ellis 1913, Watson 1916, 
Hoshide 1959, Geus 1969, Desportes & Schrével 
2013).

General distribution: France, USA, Japan 
(summarised from Geus 1969 and Desportes & 
Schrével 2013). 

Family Dactylophoridae
Genus Echinomera Labbé, 1899
Echinomera hispida (Schneider, 1875)		

(Figs. 4-7)
Hosts: Lithobius forficatus (Linnaeus, 1758); L. 

parietum Verhoeff, 1899; L. punctulatus C. L. Koch, 
1847 and Lithobius sp. (Chilopoda).

Gamont: epimerite with a shape of an irregular 
cone. Trophozoite: epimerite with a corona of eight 
digitiform rhizoids, not clearly seen in observed in-
dividuals. Measurements of gamonts are given in 
Table 2. In E. hispida gamonts, the ratio DL : DWM 
was 2.0–2.7, mean 2.4 (n=24).

Literature records: Life-cycle of this species 
was described by Schellack (1907). Echinomera 

hispida was reported from the following centipede 
species: Lithobius calcaratus, L. forficatus, L. mu-
ticus, L. piceus, Nadabius coloradensis (=Lithobius 
coloradensis) (Watson 1916, Geus 1969, Desportes 
& Schrével 2013).

General distribution: Europe – France, 
Germany, Great Britain, Russia: Kaliningrad), USA 
(summarised from Geus 1969 and Desportes & 
Schrével 2013). 

Echinomera horrida (Léger, 1899)		
(Figs. 8-9)

Hosts: Lithobius parietum Verhoeff, 1899, 

Figs. 1-3. Individuals of Trichorhynchus pulcher. Fig. 1. 
Individual without epimerite. Fig. 2. Individual with epim-
erite. Fig. 3. Caudal part of deutomerite containing nucleus. 

Figs. 4-7. Solitary individuals of Echinomera hispida. 
Fig. 4-6. Gamonts. Fig. 7. Trophozoite. 

Figs. 8-9. Solitary individuals of Echinomera horrida.
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L. punctulatus C. L. Koch, 1847 and Lithobius sp. 
(Chilopoda). 

Measurements of gamonts are given in Table 
2. In E. horrida gamonts, the ratio DL : DWM was 
1.0–1.9, mean 1.5 (n=9).  

Literature records: Echinomera horrida was 
reported from the following centipede species: 
Lithobius calcaratus and L. mutabilis (Watson 
1916, Geus 1969, Desportes & Schrével 2013).

General distribution: Europe – France, 
Germany (summarised in Geus 1969; Desportes & 
Schrével 2013).

Genus Grebnickiella Bhatia, 1938
Grebnickiella gracilis (Grebnicki, 1873)		

(Figs. 10-12)
Host: Scolopendra cingulata Latreille, 1829 

(Chilopoda).
Protomerite spreads out with numerous filamen-

tous rhizoids, made up of two long horizontal lobes 
turned up spirally at the end (Fig. 12). Deutomerite 
elongate. Large gregarines with maximum length of 
trophozoites 1.7 mm (Table 2). In both host individ-
uals, a mass infection with more than 100 gregarines 
per individual was found (Fig. 10). 

Literature records: Grebnickiella gracilis was 
reported from the centipedes Scolopendra cingu-

lata and S. morsitans (Geus 1969, Desportes & 
Schrével 2013). 

General distribution: Europe – France and 
Bulgaria; North Africa (Geus 1969, Golemansky 
& Lipa 1991, Desportes & Schrével 2013, 
Golemansky 2015).

Family Stenophoridae
Genus Stenophora Labbé, 1899
In Stenophora spp., epimerite is rarely observed 

even in young trophozoites (Desportes & Schrével 
2013). An epimerite with digitiform processes has 
been observed in Stenophora levinei.

Stenophora julipusilli (Leidy, 1853)		
(Fig. 13)

Hosts: Julidae gen. sp. (Diplopoda).
Measurements of gamonts are given in Table 2.
Literature records: Stenophora julipusilli was 

reported from a number of millipede species of the 
families Craspedosomatidae, Julidae and Parajulidae 
(Geus 1969, Desportes & Schrével 2013). 

General distribution: Europe – France, 
Germany, Slovakia; USA (Geus 1969, Valigurová 
& Matis 2001, Desportes & Schrével 2013).

Stenophora rauchallesi Levine, 1976		
(Fig. 14)

Syn. Stenophora orthomorphae Lipa, 1967, 
preoccupied.

Hosts: Julidae gen. sp. (Diplopoda).
In some individuals, protomerite somewhat 

sunk into the front part of deutomerite. Measurements 
of gamont are given in Table 2.

Figs. 13-15. Stenophora: Fig. 13. Gamont of Stenophora 
julipusilli. Fig. 14. Stenophora rauchallesi. Fig. 15. Tro-
phozoite of Stenophora robusta.

Figs. 10-12. Grebnickiella gracilis. Fig. 10. Mass occur-
rence in the host. Fig. 11. Individual with lobeless epim-
erite. Fig. 12. Individual with epimerite composed of two 
prominent lobes. 
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Literature records: Stenophora rauchallesi was 
reported from two millipede species (Lipa 1967, 
Valigurová & Matis 2001): Oxidus (Orthomorpha) 
gracilis and Ommatoiulus sabulosus.

General distribution: Europe – Poland, Slovakia 
(Lipa 1967, Valigurová & Matis 2001, Desportes 
& Schrével 2013).

Remarks: Desportes & Schrével (2013) 
clarified a confusion concerning the species name 
“orthomorphae”. Three species were named 
Stenophora orthomorphae by Hoshide (1952), 
Lipa (1967) and Rauchalles in Geus (1969). Levine 
(1976) renamed the species described by Lipa 
(1967) as Stenophora rauchallesi. Desportes & 
Schrével (2013) renamed the third species (de-

Fig. 16-18. 16. Gamont of Stenophora robusta;  
17-18. Solitary individuals of Cnemidospora cf. lutea. 

Table 2. Measurements of gregarines in centipedes and millipedes (in µm). Legend: TL – total length; EL – epimerite 
length; PL – length of protomerite; PL* – length of protomerite without epimerite; DL – length of deutomerite; PWM 
– maximum width of protomerite; PWE – width of protomerite at equatorial axis;  DWM – maximum width of deu-
tomerite; DWE – width of deutomerite at equatorial axis; n – number of individuals. 

Trichorhynchus pulcher, gamont
Individual TL EL PL PWM PWE DL DWM DWE

1 695 36 188 215 185 507 337 300
Echinomera hispida, gamonts

n=24 TL EL PL PL* PWM PWE DL DWM DWE
Mean 265.8 10.9 28.7 17.8 46.2 38.5 237.1 98 91.9

Standard 
deviation 70.96 5.9 8.2 7.4 14 15.8 67.9 38.9 35.6

Minimum 140.3 3.5 15.9 8.3 28 16.8 119.4 43.6 39.1
Maximum 414.5 26.1 44.3 36.3 78.6 75.2 392.3 199.6 195.7

Echinomera horrida, gamonts
Individual TL EL PL PL* PWM PWE DL DWM DWE

1 390.2 4 23.4 19.4 83.6 62.7 366.8 240.4 234
2 213.2 3.4 28.8 25.4 69.4 62.8 184.4 186.7 175.2
3 292.7 / 35.2 / 47.4 44.2 257.5 164.4 162.3
4 237.3 / 36.7 / 55.3 52 200.6 119.9 109.9
5 278.7 / 27.9 / 75.2 64.7 259.8 220.4 218.7
6 301 / 16.7 / 65.2 40.4 284.3 196.5 189.9
7 332 12.3 30.5 18.1 68.8 29.7 301.5 158.3 144.6
8 343.1 15.7 24 8.3 69.9 29.9 319.1 215 214.8
9 282.7 / 9.8 / 36.4 / 272.9 149.8 132.8

Grebnickiella gracilis, trophozoites
n=26 TL EL PL PL* PWM PWE DL DWM DWE
Mean 915.4 50.6 89.4 39.5 91.1 79.9 822.6 120.9 87.6

Standard 
deviation 355.4 19.1 25.5 19.7 30.6 34.3 342.9 38.1 32

Minimum 318.7 14.6 37.1 15.8 45.9 25.5 201.6 68.4 44
Maximum 1726 78.2 156.8 105 145.8 142.6 1637 193.7 153.2

Stenophora julipusilli, gamonts
n=18 TL PL PWM PWE DL DWM DWE
Mean 157 21.3 30.2 28.6 135.7 53.8 53.4

St. deviation 32.1 3.5 7.3 7.1 30.6 13.5 13.2
Minimum 107.6 16.3 19.1 18.4 87.7 27.3 27.3
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scribed by Rauchalles in Geus 1969) as Stenophora 
levinei.

Stenophora robusta Ellis, 1912
Hosts: Julida gen. sp. (Diplopoda).
The most abundant gregarine species in 

Diplopoda in Slovenia (Figs. 15-16). Measurements 
of trophozoites and gamonts are given in Table 2.

Literature records: Stenophora robusta has 
been reported from the following millipedes: 
Diplopoda: Polydesmida (Paradoxosomatidae), 
Julida (Parajulidae) (Ellis 1912, Geus 1969, 
Desportes & Schrével 2013).

General distribution: Europe – Bulgaria, 
Germany; Guatemala; USA (Ellis 1912, 1913, 
Geus 1969, Golemansky et al. 2009, Desportes & 
Schrével 2013, Golemansky 2015).

Family Cnemidosporidae
Genus Cnemidospora Schneider, 1882
In millipedes, four named species of this genus 

have been described (Clopton 2002, Desportes & 
Schrével 2013).

Cnemidospora cf. lutea Schneider, 1882		
(Figs. 16-18)

Hosts: Polydesmus sp. (Diplopoda: 
Polydesmidae).

In a couple of Polydesmus individuals, 
a number of gamonts of a species resembling 
Cnemidospora lutea were found (Figs. 17-18). 
However, it could be a new, undescribed species. A 
sucker-like or dome-shaped protomerite is charac-
teristic for gamont (for C. lutea, see also Desportes 
& Schrével 2013). Measurements of gamonts are 
given in Table 2.  

Discussion
In terrestrial arthropods, the highest diversity of gre-
garines has been reported in insects and myriapods 
(centipedes and millipedes). A review of current 
knowledge on the gregarines in myriapods is pre-
sented by Desportes & Schrével (2013) and many 
species have been described in Europe. Among 

Maximum 233.1 31.3 40.8 38.1 213.9 73.3 72.6
Stenophora rauchallesi, gamont

Individual TL PL PWM PWE DL DWM DWE
1 129 22 26 24.5 112 65 60

Stenophora robusta, trophozoites
Individual TL PL PWM PWE DL DWM DWE

1 87.5 15 19 18.5 72.5 38.5 37.5
2 73 15 18 17 58 33.5 32
3 80 18.5 26 25.5 61.5 48.5 48
4 96.5 15.5 19.5 19 81 48 47
5 94.5 17 25 24.5 77.5 40 40
6 78.5 14.5 18 17 64 35.5 35.5
7 101 17 26.5 24 84 47.5 47.5

Stenophora robusta, gamonts
n=23 TL PL PWM PWE DL DWM DWE
Mean 151.9 19.5 31.9 30.2 132.5 79.2 76.9

St. deviation 30.1 4.4 4.8 4.8 27 16.2 15.2
Minimum 120.5 9.6 19.3 18.8 103.5 49.7 47.8
Maximum 228.7 28.8 43.5 42.3 199.9 122.3 111.1

Cnemidospora cf. lutea, gamonts
Individual TL PL PWM DL DWM DWE

1 158.6 31.3 33.4 127.3 35.5 30
2 110.3 15.5 24.7 94.8 28.6 27.7
3 160.5 15.1 27.2 145.4 39.2 31.5
4 257.5 28.5 42.2 229 63.7 55.1
5 225.7 12.8 42.7 212.9 61.1 60
6 252.3 17 42.2 235.3 60.7 56.7
7 116.2 7.8 23.1 108.4 26.7 26.5
8 114.4 18.6 21.4 95.8 29.1 26.2
9 162.5 17.2 26.3 145.3 34.8 31.6

Table 2. Continuation.
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European countries with comprehensive studies 
of gregarines in myriapods are France, Germany, 
Poland, Slovakia and Bulgaria (for reviews, see 
Lipa 1967, Geus 1969, Valigurová & Matis 2001, 
Desportes & Schrével 2013, Golemansky 2015). 
In the recent decades, a series of papers was pub-
lished by Golemansky, who explored the gregarines 
in myriapods in Bulgaria; among them, there are 
also hosts living in caves – troglophilic or troglo-
biontic species (Golemansky 1973a, 1973b, 2010,  
2015, Golemansky & Taschev 1973, Golemansky 
& Lipa 1991, Golemansky & Bonnet 1994). 

The knowledge on the occurrence of the gre-
garines in arthropods in Slovenia is poor. Till now, 
gregarines have been reported in the country only 
from insects (Devetak et al. 2013, Devetak 2014, 
Rueckert & Devetak 2017). In this paper, the first 
survey of the gregarines from Myriapoda occurring 
in Slovenia is presented.

In a polydesmid host, a few gamonts of a 
Cnemidospora species resembling C. lutea were 
detected (Figs. 17-18). Cnemidospora lutea has 
been reported from the diplopod family Glomeridae 
(Glomeris sp.) (Ellis 1912, Watson 1916, Lipa 
1967, Geus 1969, Desportes & Schrével 2013) 
and the species is noted for Croatia, France, 
Germany and Poland (Lipa 1967, Geus 1969). We 
found a presumably undescribed Cnemidospora sp. 
in Polydesmus. Two further species of this genus, 
C. rhysodesmi Hoshide, 1957 and C. takanaensis 
Hoshide, 1957, were found in a polydesmid host in 
Japan (Hoshide 1958).

Two Echinomera species from Slovenia dif-
fered according to the standard gregarine gamont 
metrics. Differences in the ratio DL : DWM re-
vealed that the two closely related species could be 
clearly differentiated – for E. hispida, the mean ra-
tio was 2.4, and for E. horrida, the mean ratio was 
1.5. When comparing these values with the data of 
the measurements in Geus (1969), the differences 
for both species are very similar (in Geus 1969, for 
E. hispida, the mean ratio DL : DWM is 2.5, min 
2.1, max 3.6, n=10, and for E. horrida, the mean 
ratio DL : DWM is 1.7, min 1.4, max 2.2, n=10). 
Furthermore, in E. hispida individuals originat-
ing form Slovenia, two additional host species 
(Lithobius parietum and L. punctulatus) are found. 

Taking into account that only a small number of 
centipedes and millipedes have been examined in this 
study, new findings of gregarines in the Myriapoda 
from Slovenia could be expected in future.
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