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Abstract

Two new eutardigrade species are described: Eremobiotus ginevrae sp. nov. and Paramacrobiotus pius sp. nov. The first 

is similar to Eremobiotus alicatai (Binda, 1969) but differs in the claw shape and dimensions. It has been found in Sicily, 

Israel and Russia. The second species, belonging to the richtersi group, is currently found exclusively in Sicily. It has a 

smooth cuticle, three macroplacoids and a microplacoid, eggs with reticulated trunco-conical processes with small termi-

nal thorns; the egg-shell is areolated and the areolae are clearly sculptured.
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Introduction

Tardigrade studies during the last 30 years have led to a noticeable increasing in knowledge from a variety of 

perspectives; in particular, species biodiversity since the published monograph, by Ramazzotti & Maucci, 1983, 

has almost doubled (Degma et al. 2015). This progress has been due not only to finding new species, but also to 

careful re-examination of older preserved slide material. Early reports considered many species to be rather 

variable and attributed new records to species already known. We now know that many of these are species-

complexes that require very careful analysis to distinguish the individual species. Recent work of many authors has 

corrected some of the taxonomic errors but there is still much work to be done. 

In this paper, we describe two new species: Eremobiotus ginevrae sp. nov. and Paramacrobiotus pius sp. nov.

both found in material collected on Sicily, Italy. In addition to the type material for these new species, we also 

examined slides in the Binda and Pilato collection for comparative analysis. During this examination, amongst 

slides attributed to Eremobiotus alicatai (Binda, 1969) from various localities we found several that can now be 

ascribed to Eremobiotus ginevrae sp. nov., which allowed us to investigate the distribution of the two species.

Material and methods

All the studied specimens were mounted in polyvinyl lactophenol. Measurements are given in micrometers (µm) 

and photomicrographs were captured using Adobe Photoshop Elements 2.0 digital imaging software from a 

“Canon S40” digital camera on a Leica Phase Contrast Microscope at x100 oil immersion. The pt index is the 

percent ratio between the length of a structure and the length of the buccal tube, measured from the medio-dorsal 

transverse ridge of the buccal armature, if present, or from the anterior margin of the stylet sheaths, to the base of 

the pharyngeal apophyses (i.e. to the caudal edge of the buccal tube) (Pilato 1981).  

We measured only specimens in perfect orientation allowing absolutely correct measurements; for this reason, 

when only a small population is available, only a few specimens can provide all the required measurements. By 

supplying actual measurements we avoid the use of non-significant statistical data, but an entire suite of 

morphological characters must be sufficient to separate the species. For the eggs, we measured diameters of eggs 

that were undamaged and spheroid.
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As well as referring to the literature descriptions of many species, the following material (deposited in the 

Binda—Pilato collection) has been examined for comparison: Eremobiotus alicatai (Binda, 1969), Eremobiotus 

ovezovae Biserov, 1992, Paramacrobiotus corgatensis (Pilato, Binda & Lisi, 2002), Paramacrobiotus danielisae 

(Pilato, Binda & Lisi, 2006a), Paramacrobiotus halei (Bartels, Pilato, Lisi & Nelson, 2009), Paramacrobiotus 

savai (Binda & Pilato, 2001), Paramacrobiotus danielae (Pilato, Binda, Napolitano & Moncada, 2001),

Paramacrobiotus peteri (Pilato, Claxton & Binda, 1989), Paramacrobiotus priviterae (Binda, Pilato, Moncada & 

Napolitano, 2001), Paramacrobiotus sklodowskae (Michalczyk, Kaczmarek, & Weglarska, 2006),

Paramacrobiotus magdalenae (Michalczyk & Kaczmarek, 2006), Paramacrobiotus alekseevi (Tumanov, 2005),

Paramacrobiotus hapukuensis (Pilato, Binda & Lisi, 2006b), Paramacrobiotus gerlachae (Pilato, Binda & Lisi, 

2004), Paramacrobiotus vanescens (Pilato, Binda & Catanzaro, 1991), Paramacrobiotus garynhai (Kaczmarek, 

Michalczyk & Diduszko, 2005), Paramacrobiotus richtersi (Murray, 1911) and Paramacrobiotus lorenae (Biserov, 

1996). 

Results

Taxonomic accounts

Phylum: Tardigrada Doyère, 1840

Class: Eutardigrada Richters, 1926

Order: Parachela Schuster, Nelson, Grigarick & Christenberry, 1980

Super-family: Isohypsibioidea Sands, McInnes, Marley, Goodall-Copestake, Convey & Linse, 2008 (Amended 

by Bertolani et al. 2014)

Family: Isohypsibiidae Sands, McInnes, Marley, Goodall-Copestake, Convey & Linse, 2008

Genus: Eremobiotus Biserov, 1992

Eremobiotus ginevrae sp. nov.

(Figs. 1, 2)

Type locality: Turcisi Mount, (Sferro, Castel di Judica, Sicily), 37°30′03″N 14°47′50″E. Mosses on clay at 78 m 

a.s.l. collected by Vera D’Urso in May 2006. 

Material examined. Holotype (slide no. 5530) and 7 paratypes from the same locality (slides nos. 2388-91, 

5528, 5529, 5531-5535). In addition to this material, we examined paratypes, preserved in the Binda and Pilato 

collection, from the following Sicilian localities:  Nebrodi Mountains: Torrente della Saracena, Sicily (3 

specimens, slides nos. 5543-5544); Simeto River: Adrano, Sicily (5 specimens, slides nos. 1704-1708). Other 

material examined: Etna, Zafferana Etnea: Piano d’Api, Sicily (1 specimen, slide no. 969); Madonie: 

Gangivecchio, Sicily (4 specimens, slides nos. 5537, 5561-63); in addition, we examined specimens from Israel: 

one specimen Mt. Hermon (slide no. 5327), 3 specimens from Jerusalem: Sanhedria (slides nos. 5328–5330) kindly 

sent by Chanan Dimentman and Heather Schnur (University of Jerusalem), and one specimen from Russia:

Novocherkassk (Rostov-on-Don district) (slide no. 3358) (kindly sent by Vladimir Biserov).

Specific diagnosis. Colourless, cuticle smooth; eye spots present in the examined living specimens; bucco-

pharyngeal apparatus of the Isohypsibius type; peribuccal lamellae absent; pharyngeal bulb with two 

macroplacoids; microplacoid absent. External claws of the first three pairs of legs of the Isohypsibius type; internal 

claws of the same type but modified as regards the angle between the main and the secondary branches, it being 

clearly wider than in the typical Isohypsibius type. Both anterior and posterior claws of the hind legs more greatly 

modified, which is a character of the genus: the two branches of each claw are joined in a long basal portion of their 

length, constituting a wide triangular common tract from which the terminal portions of the branches diverge with 

an angle of almost 180°. Claw accessory points of legs I–III without a visible free portion emerging from the main 

branches; whereas accessory points of the hind leg claws, in comparison very evident. Lunules on the first three 

pairs of legs smooth; those on the hind legs with small marginal teeth. A long, cuticular bar is present on the first 

three pairs of legs. Eggs smooth laid in the exuviae. 
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FIGURE 1. Eremobiotus ginevrae sp. nov.: A. Bucco-pharyngeal apparatus of the holotype. B, Bucco-pharyngeal apparatus, 
in lateral view, of a paratype (slide no. 5327). C, Claws of the third pair of legs of the holotype (arrow ‘a’ indicates a lunule; 
arrow ‘b’ the long cuticular bar near the base of the internal claw). D, Claws of the hind legs of the holotype (arrow ‘a’ 
indicates an accessory point; arrow ‘b’ indicates a lunule). Scale bar = 10 µm. 

Description of the holotype. Body length 308 µm; colourless; eye spots present before mounting; cuticle 

smooth.

Isohypsibius type bucco-pharyngeal apparatus (Fig. 1A,B), i.e. with rigid buccal tube, without ventral lamina 

and with dorsal and ventral apophyses for the insertion of the stylet muscles in the shape of ridges symmetrical 

with respect to the frontal plane (Fig. 1B). 

Mouth without peribuccal lamellae; three dorsal and three ventral thin transverse ridges and a band of 

extremely small teeth present in the caudal portion of the oral cavity (Fig. 1A); no teeth are visible in the anterior 

portion of the oral cavity. Buccal tube 34.0 µm long and 5.7 µm wide externally (pt = 16.8); stylet supports inserted 

on the buccal tube at 70.0% of its length (pt = 70.0). Pharyngeal bulb with caudally forked apophyses and two 

macroplacoids, the first of which with a marked central narrowing (Fig. 1A,B) and the second with a pre-terminal 

narrowing. First macroplacoid 7.8 µm long (pt = 22.9), second 5.0 µm (pt = 14.7), entire placoid row 14.0 µm long 

(pt = 41.2).

External claws of the first three pairs of legs of the Isohypsibius type (Figs.1A,C and 2AB); the internal claws 

are modified in that the angle between the main and secondary branches is greater than in the typical Isohypsibius

type claws. Both anterior and posterior claws of the hind legs more greatly modified as is characteristic of the 
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genus: the two branches of each claw are joined to one another for a long portion of their length, constituting a 

wide, triangular common tract from which the terminal portions of the branches diverge with an angle of almost 

180° (Figs.1D and 2C,D). External claws of the third pair of legs 12.6 µm long (pt = 37.1); internal claws on the 

same pair of legs 10.4 µm long (pt = 30.6); posterior claws of the hind legs 12.1 µm long (pt = 35.6). Anterior claw 

of the same pair of legs 11.5 µm long (pt = 33.8). Claw accessory points on legs I–III without free emerging portion 

from the main branches (Figs. 1C and 2 A,B) while short, but very evident accessory points are present on the main 

branches of the claws of the hind legs (Figs. 1D, arrow a, and 2C,D, arrow a). Lunules present, small and with 

smooth margin on the first three pairs of legs (Figs. 1C, arrow a, and 2A, arrow a); more developed and with small 

marginal teeth on the hind legs (Figs. 1D, arrow b, and 2C,D, arrow b). A well developed, very long, cuticular bar 

is present on the first three pairs of legs (Figs.1C, arrow b, and Fig. 2A,B, arrow b).  

Remarks. The paratypes are similar to the holotype in both morphological and metric characters; the 

measurements of some structures of the holotype six paratypes are given in Table 1. 

TABLE 1. Eremobiotus ginevrae sp. nov.: Measurements in μm and pt index values relative to some structures for the 

holotype and six paratypes. 

Eremobiotus ginevrae sp. nov

Slide number 5535 2388 5529 2391 5528 5530 2389

paratypes holotype paratype

Body length 221 about 230 230 248 about 250 308 360

Buccal tube length 27.3 26.1 27.2 27.3 29.0 34.0 33.4

External buccal tube width 3.9 3.6 3.8 3.6 4.3 5.7 5.7

pt 14.3 13.8 14.0 13.2 14.8 16.8 17.1

pt Stylet supports
insertion point

71.2 71.1 70.9 70.2 71.0 70.0 69.5

First macroplacoid 5.6 5.8 6.0 5.7 ? 7.8 8.2

pt 20.5 22.2 22.1 20.7 ? 22.9 24.6

Second macroplacoid 3.6 3.6 3.8 3.6 ? 5.0 4.9

pt 13.2 13.8 14.0 13.2 ? 14.7 14.7

Macroplacoid row 9.9 9.6 9.6 9.6 ? 14.0 14.5

pt 36.3 36.8 35.3 35.2 ? 41.2 43.4

External claw I 8.9 7.7 ? ? ? ? ?

pt 32.6 29.5 ? ? ? ? ?

Internal claw I 6.8 6.3 6.6 6.9 7.7 9.6 ?

pt 24.9 24.1 24.3 25.3 26.6 28.2 ?

External claw II ? 8.0 ? ? ? ? ?

pt ? 30.6 ? ? ? ? ?

Internal claw II 8.1 6.5 7.8 7.4 8.0 10.4 ?

pt 29.7 24.9 28.7 27.1 27.6 30.6 ?

External claw III 9.4 8.2 8.9 ? ? 12.6 ?

pt 34.4 31.4 32.7 ? ? 37.1 ?

Internal claw III 8.1 6.9 8.1 8.3 ? 10.4 9.4

pt 29.7 26.4 29.8 30.4 ? 30.6 28.1

Posterior claw IV ? ? ? 10.0 ? 12.1 11.6

pt ? ? ? 36.6 ? 35.6 34.7

Anterior claw IV ? ? ? 9.0 8.4 11.5 ?

pt ? ? ? 32.3 29.0 33.8 ?
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FIGURE 2. Eremobiotus ginevrae sp. nov.: A, Claws of the third pair of legs of a paratype (slide no. 5544); free accessory 
points are absent. A long cuticular bar (arrow ʽbʼ) is visible near the lunule at the base of internal claw (arrow ʽaʼ). B, Claws of 
the third pair of legs of a paratype (slide no. 1707); free accessory points are absent (arrow ʽaʼ: indicates a lunule; arrow ʽbʼ: the 
long cuticular bar near the base of the internal claw). C, Claws of the hind legs of a paratype (slide no. 2389); the well 
developed accessory points are visible (arrow ʽaʼ); arrow ʽʼbʼ: indicates a lunule. D, Claws of the hind legs of a paratype (slide 
no. 5327); the accessory points (arrow ʽaʼ) and the lunules (arrow ʽbʼ) are visible. Scale bar = 10 µm.

Eggs: The eggs are smooth, laid in the exuviae (we counted up 7 eggs, but we cannot exclude higher numbers 

in other exuviae).

Etymology. The specific name ginevrae is in honour of the young dear grandchild, Ginevra, come to delight 

her grandparents Maria Grazia and Giovanni. 

Differential diagnosis. Previously, only two species had been attributed to the genus Eremobiotus: 

Eremobiotus alicatai and Eremobiotus ovezovae.

The new species differs from Eremobiotus alicatai by having longer claws (Table 2); both external and internal 

claws, on the first three pairs of legs, with longer terminal portions of the main branches and, as a consequence, the 

claws of Eremobiotus ginevrae sp. nov. appear to be more slender (Figs. 2A,B and 3D); the claws of the hind legs 

have a shorter common tract and the free portion of the branches appear to be longer (Figs. 1D and 3C); the free 
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portion of the accessory points of claws I–III are not visible in Eremobiotus ginevrae sp. nov. (Fig. 2 A,B) whereas 

they are in Eremobiotus alicatai (Fig. 3D, arrow a); on legs IV the accessory points are very obvious but less 

developed than in Eremobiotus alicatai. The lunules of the first three pairs of legs are smooth and those of the hind 

legs have less developed marginal teeth, whereas in Ermobiotus alicatai all lunules have marginal teeth.

The new species differs from Eremobiotus ovezovae by having a smooth cuticle, eye spots present, longer and 

wider buccal tube (Table 2; Figs. 1A and 4A), clearly longer, differently shaped claws (Table 2; Figs. 1A,C,D and 

4B-E) and the free portion of the accessory points not visible on the claws of legs I–III. 

TABLE 2. Comparative measurements in μm and pt index values relative to some structures of relatively similar sized 

individuals of Eremobiotus ginevrae sp. nov. (holotype), Eremobiotus alicatai (from Gela (holotype), Maniace and 

Roma) and Eremobiotus ovezovae (a paratype from Turkmenistan).

Biogeographic status of Eremobiotus alicatai and Eremobiotus ginevrae sp. nov.

The species Eremobiotus alicatai has been recorded for a number of Italian localities: some Sicilian (Binda 1969; 

Binda & Pilato 1972; Pilato 1973), Lazio (Roma) (Pilato 1974) and Emilia Romagna (Bertolani 1982); for North 

E. ginevrae sp. nov E. alicatai E. ovezovae

Slide number 5530 Sferro (holotype) 960 Gela: 2053 Maniace 1338 Roma 3809 paratype

Body length 308 275 300 360 295

Buccal tube 
length

34.0 27.2 34.7 32.7 25.4

External buccal tube width 5.7 3.9 4.8 4.6 2.9

pt 16.8 14.3 13.8 14.1 11.4

pt Stylet supports 
insertion point

70.0 69.9 69.9 69.2 71.4

First macroplacoid 7.8 6.0 7.3 7.3 4.8

pt 22.9 22.1 21.0 22.3 18.9

Second macroplacoid 5.0 3.8 4.4 4.6 3.6

pt 14.7 14.0 12.7 14.1 14.2

Macroplacoid row 14.0 10.1 12.3 13.1 8.8

pt 41.2 37.1 35.4 40.1 34.6

External claw I ? 7.8 ? ? ?

pt ? 28.7 ? ? ?

Internal claw I 9.6 5.8 7.3 ? ?

pt 28.2 21.3 21.0 ? ?

External claw II ? 8.4 11.7 10.7 ?

pt ? 30.9 33.7 32.7 ?

Internal claw II 10.4 7.1 9.2 9.1 8.8

pt 30.6 26.1 26.5 27.8 34.6

External claw III 12.6 8.9 ? 10.5 ?

pt 37.1 32.7 ? 32.1 ?

Internal claw III 10.4 7.3 9.4 8.5 ?

pt 30.6 26.8 27.1 26.0 ?

Posterior claw IV 12.1 9.0 ? ? 5.0

pt 35.6 33.1 ? ? 19.7

Anterior claw IV 11.5 8.4 ? ? 4.8

pt 33.8 30.9 ? ? 18.9
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Africa (Cyrenaica) (Pilato & Pennisi 1976), Poland (Dastych 1988), Israel (Pilato et al. 2010), Russia (Biserov 

1991) and Ukraine (Pilato et al. 2011). From the Binda & Pilato tardigrade collection, we can confirm that this 

species is present in the following localities: Gela (Caltanissetta, Sicily; slide nos. 956–963; 1339, 1875, 1984, 

2017) (locus typicus); Etna: Cassone (slide no. 964) and Adrano: Contrada Catena (slide nos. 965-968); Maniace 

(Catania) (slide no. 2053) and Roma (slide nos. 1336–1338). However, records of Eremobitus alicatai in the 

following localities have now to be attributed to Eremobiotus ginevrae sp. nov.; Sicily: Etna, Zafferana Etnea, 

Piano d’Api (slide no. 969); Simeto River, Adrano (slides nos. 1704–1708); Madonie, Gangivecchio (slides nos. 

5537, 5561-63); Israel: Mt. Hermon (slide no. 5327), and Jerusalem: Sanhedria (slide nos. 5328–5329); Russia:

Novocherkassk (Rostov-on-Don district) (slide no. 3358). This means it will be necessary to review and revise 

material from Emilia Romagna, Poland, Ukraine and Cyrenaica.   

FIGURE 3. Eremobiotus alicatai: A, Bucco-pharyngeal apparatus of the holotype (slide no. 960). B, Claws of the second pair 
of legs of the holotype. C, Claws of the hind legs of the holotype. The arrow indicates a lunule. D, Claws of the third pair of 
legs of a paratype (slide no. 2053). Arrow ʻaʼ: indicates an accessory point; arrow ʻbʼ: indicates the long cuticular bar near the 
base of the internal claw. Scale bar = 10 µm.
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FIGURE 4. Eremobiotus ovezovae (paratype, slide no. 3809): A, Bucco-pharyngeal apparatus. B, Claws of the second pair of 
legs. C, Claws of the hind legs. D, Claws of the second pair of legs. E, Claws of the hind legs; accessory points and lunules are 
visible. Scale bar = 10 µm.

Super-family: Macrobiotoidea Thulin, 1928 (in Marley et al. 2011)

Family: Macrobiotidae Thulin, 1928

Genus: Paramacrobiotus Guidetti, Schill, Bertolani, Dandekar & Wolf, 2009

Paramacrobiotus pius sp. nov.

(Fig. 5)

Type locality. Gangi (Palermo, Sicily), 37°48′00″N 14°12′00″E. Former monastery of Gangivecchio (Gangi, 

Palermo) at 850 m a.s.l.: moss sample collected on rock by Pilato & Binda in August 2002.

Material examined. Holotype (slide no. 5562), 7 paratypes (slides no. 5562–3; 5704, 5706–7), and 10 eggs 

(slides nos. 5562–5563; 5705–5707); some with fully developed embryos.
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FIGURE 5. Paramacrobiotus pius sp. nov. (holotype): A, Bucco-pharyngeal apparatus. B, Claws of the first pair of legs 
(arrow indicates the accessory points). C, Claws of the hind legs (arrows indicate the lunules). D, Detail of the egg; the apical 
short spines of the egg processes are visible (arrow). E, Detail of the egg; the reticular ornamentation of the egg processes is 
visible (arrows). F, Detail of the egg shell; the sculpture of the areolae is visible (arrows). Scale bar = 10 µm.
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TABLE 3. Paramacrobiotus pius sp. nov.: Measurements in μm and pt index values relative to some structures for the 

holotype and four paratypes.

Specific diagnosis. Colourless; eye spots absent (also in living specimens), cuticle smooth. Bucco-pharyngeal 

apparatus of the Macrobiotus type similar to that of Paramacrobiotus richtersi; three macroplacoids and a 

microplacoid (at a distance from the third macroplacoid) present. Well developed claws of the hufelandi type with 

accessory points on the main branches and lunules present. Eggs, free laid, with reticulated trunco-conical 

processes with short terminal thorns; egg shell areolated with clearly sculptured areolae.

Description of the holotype. Body length 270 µm long, colourless; cuticle smooth without pores (only very 

small dots are present on the legs); eye spots absent; bucco-pharyngeal apparatus of Macrobiotus type (buccal tube 

rigid with ventral lamina) (Fig. 5A), mouth terminal with 10 peribuccal lamellae; buccal armature composed of an 

Paramacrobiotus pius sp. nov.

No. Slide 5562 paratype 5706 newborn 5704 paratype 5562 holotype 5704 paratype

Body length ? ? ? 270 ?

Buccal tube length 30.1 30.2 31.1 31.5 34.3

External buccal tube width 5.9 6.1 5.8 6.1 7.3

pt 19.6 20.2 18.6 19.4 21.3

pt stylet supports insertion point 77.7 77.9 76.9 77.2 77.9

First macroplacoid 3.9 4.8 4.4 4.4 ?

pt 13.0 15.9 14.1 14.0 ?

Second macroplacoid 3.1 3.4 3.4 3.6 ?

pt 10.3 11.3 10.9 11.4 ?

Third macroplacoid 4.4 4.3 4.5 4.5 ?

pt 14.6 14.2 14.5 14.3 ?

Microplacoid 2.4 2.3 2.4 2.5 ?

pt 8.0 7.6 7.7 7.9 ?

Placoid row 16.1 16.0 17.4 17.7 ?

pt 53.5 53.0 55.9 56.2 ?

Macroplacoid row 12.5 12.5 13.4 13.2 ?

pt 41.5 41.4 43.1 41.9 ?

External claw I 8.2 ? 8.7 8.6 ?

pt 27.2 ? 28.0 27.3 ?

Internal claw I 7.7 ? 8.5 8.1 8.7

pt 25.6 ? 27.3 25.7 25.4

External claw II 8.3 ? 8.9 9.2 ?

pt 27.6 ? 28.6 29.2 ?

Internal claw II 7.7 ? ? 8.2 ?

pt 25.6 ? ? 26.0 ?

External claw III 8.3 ? 8.9 9.2 ?

pt 27.6 ? 28.6 29.2 ?

Internal claw III 7.7 ? ? 8.2 ?

pt 25.6 ? ? 26.0 ?

Posterior claw IV ? ? ? 9.7 ?

pt ? ? ? 30.8 ?

Anterior claw IV ? ? ? 8.9 9.7

pt ? ? ? 28.3 28.3
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anterior band of small teeth, a posterior ring of small triangular teeth and, more caudally, three dorsal and three 

ventral transverse ridges. Rigid buccal tube 31.5 µm long and 6.1 µm wide externally (pt = 19.4) (Table 3); stylet 

supports inserted on the buccal tube at 77.2 % of its length (pt = 77.2). Pharyngeal bulb with apophyses, three 

macroplacoids, of almost the same length, and the microplacoid set at a distance from the third macroplacoid, 

which is a character of the Paramacrobiotus richtersi group (Fig. 5A); first macroplacoid 4.4 µm long (pt = 14.0); 

second 3.6 µm (pt = 11.4); third 4.5 µm (pt = 14.3); small microplacoid 2.5 µm long (pt =7.9); the entire placoid 

row 17.7 µm long (pt = 56.2); the macroplacoid row length 13.2 µm (pt = 41.9). The first macroplacoid does not 

appear to have a central constriction. 

Claws of the Macrobiotus hufelandi type, well developed, slender, with a long basal portion (Fig. 5 B,C). 

External and internal claws of the first pair of legs 8.6 µm long (pt = 27.3) and 8.1 µm long (pt = 25.7) respectively; 

those of the second and third pairs of legs 9.2 µm long (pt = 29.2) and 8.2 µm (pt =26.0) long respectively (Table 

3); posterior and anterior claws of the hind legs 9.7 µm long (pt = 30.8) and 8.9 µm (pt = 28.3), respectively. Main 

branches of all claws with thin accessory points (Fig. 5B, arrow). Smooth lunules present, well developed on the 

hind legs (Fig. 5 C, arrows); a cuticular bar is present near the base of the claws on the first three pairs of legs.

Remarks. The paratypes are similar to the holotype in both morphological and metric characters; the 

measurements of some structures of the holotype and four paratypes are given in Table 3.

Eggs: The eggs, free laid, are areolated and have trunco-conical processes (10 around the circumference, 21-22 

per hemisphere) (Fig. 5D). The diameter is 82-88 µm excluding the processes, 105-111 µm including these 

structures, which are 11.8-12.3 µm high with a basal diameter ca. 20 µm or slightly wider (Table 4). Short spines 

are more or less visible on the apices of the processes (Fig. 5D). The processes have a reticular ornamentation (Fig. 

5E) with an elongated mesh (with slightly sinuous margins) near the base, and an isodiametric mesh near the 

apices; the areolae are sculptured with obvious small tubercles (Fig. 5F).

TABLE 4. Paramacrobiotus pius sp. nov.: Egg measurements (in µm) and number of processes of two eggs.

Etymology. The name pius (meaning: holy, devoutly religious) refers to the fact that the population was found 

in a moss sample collected in the neighbourhood of the ancient former monastery of Gangivecchio (Gangi, 

Palermo).

Differential diagnosis. As is known, the species of the Paramacrobiotus richtersi group are all very similar 

and it is often very difficult to identify them without eggs.

Paramacrobiotus pius sp. nov. has a smooth cuticle (only very small dots are present on the legs) and therefore 

differs from Paramacrobiotus corgatensis (which has very fine dots over dorsal and ventral cuticle) and 

Paramacrobiotus danielisae (which has a sculptured cuticle, with small polygons); stylet supports are inserted on 

the buccal tube in a slightly more cephalic position (pt = 76.9-77.7 in Paramacrobiotus pius sp. nov., 80.2-80.7 in 

Paramacrobiotus corgatensis, 80.2-81.2 in Paramacrobiotus danielisae); higher values of the pt index relative to 

the claw length (Table 5), and in having conical and shorter egg processes (Figs. 5D and 6A and 6B). It also differs 

from Paramacrobiotus corgatensis in the lack of eye spots.

The new species differs from Paramacrobiotus halei by having a smooth cuticle, stylet supports inserted on the 

buccal tube in a slightly more cephalic position (pt = 76.9-77.7 in Paramacrobiotus pius sp. nov., 81.5 in 

Paramacrobiotus halei) and higher values of the pt index relative to the claw lengths (Table 5).

The new species differs from Paramacrobiotus savai, Paramacrobiotus danielae and Paramacrobiotus peteri

by having higher values of the pt index relative to the claw lengths (Tables 5 and 6), and by having sculptured egg 

areolae. In addition, it differs from Paramacrobiotus savai and Paramacrobiotus danielae by lacking eye spots, 

from Paramacrobiotus danielae by having a smooth cuticle and stylet supports inserted on the buccal tube in a 

Paramacrobiotus pius sp. nov.

Diameter without processes 81.9 87.1

Diameter with processes 104.5 110.3

Number of processes in the circumference 10 10

Number of processes in the hemisphere 21 22

Height of the processes up to 11.8 up to 12.3

Basal diameter of the processes 19.5–20.5 21.8–24.7
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slightly more cephalic position (pt = 76.9-77.7 in Paramacrobiotus pius sp. nov., 79.9-80.5 in Paramacrobiotus 

danielae); it differs from Paramacrobiotus peteri also in the shape of the egg processes (Figs. 5D and 6C).

TABLE 5. Comparative measurements in μm and pt index values relative to some structures of Paramacrobiotus 

corgatensis (holotype), Paramacrobiotus danielisae (holotype) Paramacrobiotus halei (paratype), Paramacrobiotus

savai (holotype) and Paramacrobiotus danielae (holotype).

The lack of eye spots distinguishes Paramacrobiotus pius sp. nov. from Paramacrobiotus priviterae and 

Paramacrobiotus sklodowskae; in addition, it differs from the former species by the claw shape (Figs. 5B,C and 

6D), and from Paramacrobiotus sklodowskae by a lower value of the pt index relative to the stylet supports 

insertion point (76.9-77.7 in Paramacrobiotus pius sp. nov., 81.8-85.2 in Paramacrobiotus sklodovskae). 

P. corgatensis P. danielisae P. halei P. savai P. danielae

Slide number 4845 holotype 4940 holotype 5192 paratype 4800 holotype 4728 holotype

Body length 517 252 405 380 291

Buccal tube length 59.1 37.0 53.5 47 39.0

External buccal tube width 15.3 7.6 14.2 10.6 8.9

pt 25.9 20.5 26.5 22.6 22.5

pt stylet supports insertion point 80.5 80.2 81.5 78.6 81.1

First macroplacoid 12.1 5.9 9.2 7.3 6.0

pt 20.5 15.9 17.2 15.5 15.4

Second macroplacoid 9.8 4.5 6.4 5.3 4.5

pt 16.6 12.2 12.0 11.3 11.5

Third macroplacoid 12.4 5.8 9.8 7.6 6.2

pt 21.0 15.7 18.3 16.2 15.9

Microplacoid 4.0 2.5 3.4 3.5 3.2

pt 6.8 6.7 6.4 7.4 8.2

Placoid row 46.2 21.3 36.9 30.8 24.1

pt 78.2 57.6 69.0 65.5 61.8

Macroplacoid row 36.9 16.6 27.8 23.1 18.2

pt 62.4 44.9 52.0 49.1 46.7

External claw I 12.9 8.2 ? 11.5 9.4

pt 21.8 22.2 ? 24.5 24.1

Internal claw I 12.6 8.2 ? 10.3 8.9

pt 21.3 22.2 ? 21.9 22.8

External claw II 14.0 8.4 12.2 11.9 9.4

pt 23.7 22.7 22.8 25.3 24.1

Internal claw II 12.9 8.3 10.9 10.3 9.2

pt 21.8 22.4 20.4 21.9 23.6

External claw III 14.0 8.4 12.6 11.9 9.4

pt 23.7 22.7 23.6 25.3 24.1

Internal claw III 12.9 8.3 11.6 10.5 9.2

pt 21.8 22.4 21.7 23.3 23.6

Posterior claw IV 15.2 ? 15.0 13.1 10.9

pt 25.7 ? 28.0 27.9 27.9

Anterior claw IV 14.5 ? 13.0 12.8 10.8

pt 24.5 ? 24.3 27.2 27.7
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The new species differs from Paramacrobiotus magdalenae by lacking eye spots, by having higher values of 

the pt index relative to the claw lengths (Table 6), and by characters of the eggs (shape of processes and shorter 

processes).

TABLE 6. Comparative measurements in μm and pt index values relative to some structures of Paramacrobiotus peteri

(paratype), Paramacrobiotus magdalenae (holotype), Paramacrobiotus hapukuensis (holotype), Paramacrobiotus 

gerlachae (paratype) and Paramacrobiotus garynhai (holotype).

* According to Michalczyk & Kaczmarek (2006). Slide deposited in the Natural History Collections, Faculty of Biology, A. Mickiewicz University, 

Poznan, Poland.

** Slide deposited in Te Papa Tongarewa, National Museum of New Zealand, Wellington.

***According to Kaczmarek, Michalczyk and Diduszko, 2005.

P. peteri P. magdalenae P. hapukuensis P. gerlachae P. garynhai

Slide number 3840 paratype holotype * holotype ** 4864 paratype holotype ***

Body length 312 515 471 331 480

Buccal tube length 36.9 57.0 60.6 42.0 54.0

External buccal tube width 76.8 11.5 13.9 7.3 9.0

pt 18.4 20.2 22.9 17.4 16.7

pt stylet supports insertion point 78.7 82.5 78.6 79.4 77.8

First macroplacoid 5.5 10.0 10.9 6.6 7.0

pt 14.9 17.5 18.0 15.7 13.0

Second macroplacoid 4.8 8.0 7.3 4.9 5.5

pt 13.0 14.0 12.0 11.7 10.2

Third macroplacoid 5.3 12.0 10.9 7.1 8.0

pt 14.4 21.1 18.0 16.9 14.8

Microplacoid 2.6 4.0 3.7 3.2 3.5

pt 7.0 7.0 6.1 7.6 6.5

Placoid row 23.8 42.5 44.0 25.4 31.0

pt 64.5 74.6 72.6 60.5 57.4

Macroplacoid row 17.3 34.0 34.0 29.3 24.0

pt 46.9 59.6 56.1 46.0 44.4

External claw I 7.3 12.0 ? 10.5 12.0

pt 19.8 21.1 ? 25.0 22.2

Internal claw I 7.0 9.0 ? 10.1 10.0

pt 19.0 15.8 ? 24.0 18.5

External claw II 7.5 13.0 13.4 10.5 12.0

pt 20.3 22.8 22.1 25.0 22.2

Internal claw II 7.3 10.0 13.2 10.1 11.0

pt 19.8 17.5 21.8 24.0 20.4

External claw III 7.5 13.0 13.4 10.5 11.5

pt 20.3 22.8 22.1 25.0 21.3

Internal claw III 7.3 10.0 13.2 10.1 10.0

pt 19.8 17.5 21.8 24.0 18.5

Posterior claw IV 9.4 14.5 17.3 12.2 12.0

pt 25.5 25.4 28.5 29.0 22.2

Anterior claw IV 9.2 11.0 16.4 11.7 11.0

pt 24.9 19.3 27.1 27.9 20.4



 Zootaxa 4103 (4)  © 2016 Magnolia Press  ·  357TWO NEW SPECIES OF EUTARDIGRADA

 

FIGURE 6. A, Egg of Paramacrobiotus corgatensis. B, Egg of Paramacrobiotus danielisae. C, Egg of Paramacrobiotus 

peteri. D, Bucco-pharyngeal apparatus and claws of Paramacrobiotus priviterae.

Paramacrobiotus pius sp. nov. differs from Paramacrobiotus alekseevi by higher values of the pt index 

relative to the microplacoid length (7.7–8.0 in Paramacrobiotus pius sp. nov., 4.0–6.2 in Paramacrobiotus 

alekseevi), different shape of the egg processes, and egg areolae with more obvious ornamentation.

The new species differs from Paramacrobiotus hapukuensis by lower values of the pt index relative to 

macroplacoid lengths but higher values relative to the microplacoid length (Table 6); slightly higher values of that 

index relative to the claw lengths (Table 6); egg processes shorter and different in shape, and sculptured egg areolae 

(Figs. 5D and 7A).

Paramacrobiotus pius sp. nov. is very similar to Paramacrobiotus gerlachae but differs by slightly higher 

values of the pt index relative to the external claws and a more marked difference in length between external and 

internal claws on each leg (Table 6); and overall, in some characters of the egg (small apical spines present, egg 

areolae with obvious ornamentation, which in comparison is very faint in Paramacrobiotus gerlachae where the 

central portion of the areolae is thicker than the periphery) (Figs. 5F and 7B).
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FIGURE 7. A, Detail of the egg of Paramacrobiotus hapukuensis. B, Egg of Paramacrobitus gerlachae. C, Bucco-pharyngeal 
apparatus of Paramacrobiotus vanescens; the very small microplacoid is visible (arrow). D, Detail of the egg of
Paramacrobiotus vanescens.

The new species differs from Paramacrobiotus vanescens by having smooth cuticle with small dots only on 

the legs (the original description of Paramacrobiotus vanescens did not report that the whole cuticle was finely 

dotted (Pilato, Binda & Catanzaro, 1991); however, this characteristic was subsequently stressed by Pilato et al. 

(2001). In addition, the new species differs from Paramacrobiotus vanescens by having lower values of the pt

index relative to the microplacoid (7.7–8.0 in Paramacrobiotus pius sp. nov., and ca. 4 in Paramacrobiotus 

vanescens: Figs. 5A and 7C), and in details of the eggs (less indented apices of processes, and areolae with more 

obvious sculpture: Figs. 5D-F and 7D).

Paramacrobiotus pius sp. nov. differs from Paramacrobiotus garynahi by lacking cuticular pores; by having 

slightly higher values of the pt index relative to the claw lengths (Table 6); a different shape of the egg processes, 

and egg areolae with a more obvious sculpture.

The new species differs from Paramacrobiotus richtersi overall by having slightly lower values of the index pt

relative to the stylet supports insertion point (76.9-77.7 in Paramacrobiotus pius sp. nov., 79.2-81.8 in 

Paramacrobiotus richtersi), and in some characters of the eggs: the egg processes of the new species have small 

terminal spines (Fig. 5D) whereas in Paramacrobiotus richtersi they have blunt apices; and the entire surface of the 

areolae has an obvious reticular sculpture (Fig. 5F).
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Paramacrobiotus pius sp. nov. differs from Paramacrobiotus lorenae by a smooth cuticle, lower value of the

pt index relative to the stylet supports insertion point (76.9-77.7 in Paramacrobiotus pius sp. nov. and ca. 81 in 

Paramacrobiotus lorenae), and in some characters of the eggs (processes with neither elongate nor flexible apices, 

more evident areolae sculpture).

Conclusions

In this study we describe two new species from Sicily. Paramacrobiotus pius sp. nov., is currently restricted to a 

single site. However, in reviewing the Binda and Pilato collection, which encompasses a wide range of 

biogeographic locations, we have been able to identify Eremobiotus ginevrae sp. nov. from a number of specimens 

formally identified as Eremobiotus alicatai. This has revealed new insight into the distribution of these two 

Eremobiotus species and highlighted the need for further review of other collections.

The two new species described in this paper take the number of Sicilian tardigrade species to 118. However, 

despite the relatively large number of tardigrade studies from this island our work is evidence that we have not yet 

covered all habitats and locations, and that further new species await to be found.
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