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Abstract. Five species of Batillipes Richters, 1909 were collected from subtidal sediments of the 
Portuguese coast. Two of them, B. algharbensis sp. nov. and B. lusitanus sp. nov., are new to science. 
Batillipes algharbensis sp. nov. differs from all the other Batillipes species in having the middle toes 
3 on the fourth feet longer than middle toes 4 and by the presence of rounded lateral body projections 
between legs III and IV. Batillipes lusitanus sp. nov. has the middle toes of the fourth feet equal in 
length, but it exhibits a dorsal cuticular ornamentation, constituted by large pillars, similar to the 
cuticle of B. adriaticus Grimaldi de Zio, Morone De Lucia, D’Addabbo Gallo & Grimaldi, 1979 and 
B. roscoffensis Kristensen, 1978. However, contrary to B. adriaticus, the caudal apparatus of B. lusitanus 
sp. nov. is a roundish cuticular expansion and B. roscoffensis lacks caudal apparatus. Batillipes adriaticus 
and B. phreaticus Renaud-Debyser, 1959 are new records for Portugal. Based on the examination of 
specimens of B. phreaticus collected at the Portuguese coast and their comparison with type material of 
this species and also of B. littoralis Renaud-Debyser, 1959, the toe arrangement patterns in species of 
Batillipes are clarifi ed and a new identifi cation key to species of this genus is provided.
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Introduction
The interstitial genus Batillipes, from the monogeneric family Batilllipedidae Ramazzotti, 1962, was 
erected by Richters (1909) with the description of B. mirus Richters, 1909. The low number of taxonomic 
characters, traditionally used to distinguish species, and the intraspecifi c variability exhibited by some 
of those characters makes the taxonomy of the genus very problematic (e.g., McKirdy 1975; Kristensen 
1978; Morone De Lucia et al. 1988; Villora-Moreno & de Zio Grimaldi 1993; Gallo D’Addabbo et al. 
2000; Kristensen & Mackness 2000). Despite these diffi culties the diversity of Batillipes is considerably 
high with 35 described species and distributed worldwide (Guidetti & Bertolani 2005; Degma & Guidetti 
2007; Degma et al. 2009–2017; Jørgensen et al. 2014; Kaczmarek et al. 2015).

Regarding marine tardigrade surveys, the Northeast Atlantic coast is considered one of the best-known 
regions of the world (Kaczmarek et al. 2015). Unfortunately, within this region, the Iberian Atlantic 
coast, mainly the Portuguese coast, has been barely explored. In Portugal, until the beginning of this 
century, excluding the Azorean Sea, only four species of marine tardigrades were recorded (Rubal 
et al. 2013b): Batillipes similis Schulz, 1955; Echiniscoides sigismundi sigismundi Schultze, 1865; 
Echiniscoides sigismundi hispaniensis Kristensen & Hallas, 1980 and Prostygarctus aculeatus Rubal, 
Veiga, Fontoura & Sousa-Pinto, 2013. Recently, Rubal et al. (2016, 2017) added seven new records 
to the marine Portuguese tardigrade fauna, three of which belong to the genus Batillipes (B. minius 
Rubal, Veiga, Fontoura & Sousa-Pinto, 2017, B. pennaki Marcus, 1946 and B. tubernatis Pollock, 1971) 
although the only Portuguese record of B. similis was questioned. This scenario justifi es the urgent need 
for species inventories on this previously neglected region, aiming at contributing to a deeper knowledge 
of the Portuguese marine fauna and at understanding the peculiarities of the tardigrade biogeography.

In this paper, fi ve species of Batillipes are reported from shallow subtidal sediments of sandy beaches, 
two of which, B. algharbensis sp. nov. and B. lusitanus sp. nov., are new to science and another two 
constitute new records for the Iberian Peninsula, B. adriaticus Grimaldi de Zio, Morone De Lucia, 
D’Addabbo Gallo & Grimaldi, 1979 and for Portugal B. phreaticus Renaud-Debyser, 1959. Moreover, 
the presence of B. adriaticus on the South Atlantic coast of the Iberian Peninsula is the fi rst record of 
this species outside the Mediterranean Sea.

In Batillipes, one of the more reliable taxonomic characters is the toe arrangement pattern, especially 
on feet of legs IV. This indicator was introduced by Pollock (1970a) and modifi ed by Kristensen & 
Mackness (2000), who proposed four patterns of toe lengths on the fourth feet. Based on the examination 
of B. phreaticus specimens (collected on the Portuguese coast and their comparison with type material 
of this species) and B. littoralis Renaud-Debyser, 1959 (deposited in the “Muséum national d’Histoire 
naturelle de Paris”), the toe arrangement patterns on the fourth feet in Batillipes species have been 
clarifi ed. Additionally, a new dichotomous key to the identifi cation of all known species of this genus is 
also provided.

Material and methods
Tardigrades were collected from shallow subtidal sediment samples (1–2 m depth in low tide) by free 
diving at eight sites on sandy beaches (Fig. 1) of the Portuguese Atlantic coast. Six sites were located 
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on the Western coast: Afi fe Beach, Viana do Castelo (41°35′28″ N, 8°48′18″ W) in May, 2014; Torreira 
Beach, Murtosa (40°45′33″ N, 8°42′56″ W) in April, 2014; Vieira Beach, Marinha Grande (39°52′38″ N, 
8°58′518″ W) in May, 2014; Baleal Sul Beach, Peniche (39°21′56″ N, 9°20′34″ W) in August 2014; 
Portinho da Arrábida Beach, Setúbal (38°28′40″ N, 8°58′55″ W) in September, 2014; Vasco da Gama 
Beach, Sines (37°57′13″ N, 8°52′02″ W) in September, 2014. Two sites were located on the South 
Coast: Meia-Praia Beach, Lagos (37°7′1″ N, 8°38′37″ W) and Ilha de Tavira Beach, Tavira (37°6′35″ N, 
7°37′9″ W), both in August 2014. Contrary to the other sampling sites, Afi fe Beach has many rocky 
substrates and, during sampling, the sediment was abundantly covered by algae (e.g., Sargassum 
muticum (Yendo) Fensholt, Bifurcaria bifurcata R. Ross and Cystoseira tamariscifolia Hudson). 

At each site, fi ve sediment samples, each with 100 cm3, were collected separated from each other about 
5 m. Later they were pooled into a single sample of 500 cm3. Samples were fi xed in 4% buffered 
formaldehyde for further study. At the laboratory, sediments were washed and sieved through a 40 μm 
mesh. Then tardigrades were sorted under a dissecting microscope (50× Wild M5A, Wild-Heerbrug) 
and transferred to microscope slides. Some specimens were permanently mounted in polyvinyl alcohol 
(PVA) and others in glycerol that, after allowing a period of several days to evaporate to glycerine, 
were sealed with nail varnish. Microscope slides are deposited in the collection of tardigrades in the 
Department of Biology, Faculty of Sciences, University of Porto, Portugal.

For identifi cation, tardigrades were observed, measured (all measurements are given in micrometers 
(μm) and photomicrographed under 100× oil immersion, using a Zeiss Axioscope 40 Phase Contrast 
Microscope (PCM) and a Zeiss Axioimager 2 Differential Interference Contrast Microscope (DIC), 

Fig. 1. Localities of the sampling sites along the Portuguese coast. 1. Afi fe Beach, 2. Torreira Beach. 
3. Vieira Beach. 4. Baleal Sul Beach. 5. Portinho da Arrábida Beach. 6. Vasco da Gama Beach. 7. Meia-
Praia Beach. 8. Ilha de Tavira Beach. 
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both equipped with digital cameras and using Zen Imaging Software for light microscopy (from Zeiss). 
One specimen of B. lusitanus sp. nov. was prepared for scanning electron microscopy (SEM); this has 
been dehydrated through an ethanol / acetone series (50–100%), freeze-dried, then sputter coated with a 
thin layer of gold and examined under high vacuum in a JEOL JSM 6301F / Oxford INCA Energy 350 
microscope at the Materials Centre of the University of Porto (CEMUP). 

For comparison, the holotype and a paratype (slides AA1287, AA1288) of B. littoralis, the holotype (slide 
AA1289) of B. phreaticus, all of them from Arcachon Bay (France), and a specimen of the latter species 
from Scotland (slide AR607), collected by Pollock in 1981, deposited in the collection “Méiofaune” 
at the Muséum national d’Histoire naturelle de Paris (MNHN), France, were examined. A specimen of 
B. phreaticus from Firemore Bay, Lock Ewe, Scotland from the Pollock’s collection (kindly provided 
by Paul J. Bartels, Warren Wilson College, USA) was used for the same purpose. Finally, specimens 
of B. tubernatis, B. minius and misidentifi ed B. similis (Rubal et al. 2016) from Portugal as well as 
Batillipes sp. 1 (Veiga et al. 2009) from Galicia (NW Spain) from the collection of the Department of 
Biology, Faculty of Sciences, University of Porto were also examined. Comparisons with other species 
were based on their descriptions in the literature (Marcus 1946; Schulz 1955; Renaud-Debyser 1959; de 
Zio 1962; Pollock 1970a, 1971; McKirdy 1975; Kristensen 1978; Grimaldi de Zio et al. 1979; Villora-
Moreno & de Zio Grimaldi 1993; Gallo D’Addabbo et al. 2005).

Results
A total of 440 specimens from fi ve species of Batillipes were found in sediment samples at six of the 
surveyed sites. Fifty-fi ve specimens of Halechiniscus greveni Renaud-Mornant & Deroux, 1976 were 
also found. Tardigrades were not found in sediment samples from two of the surveyed sites: Torreira 
Beach and Vieira Beach. 

Taxonomic Accounts 
Phylum Tardigrada Doyère, 1840

Class Heterotardigrada Marcus, 1927
Order Arthrotardigrada Marcus, 1927

Family Batillipedidae Ramazzotti, 1962 (emended by Gallo D’Addabbo et al. 2005)
Genus Batillipes Richters, 1909

Batillipes adriaticus Grimaldi de Zio, Morone De Lucia, D’Addabbo Gallo & Grimaldi, 1979

Material examined
PORTUGAL: 1 ♀ collected at Portinho da Arrábida Beach, mounted in PVA (slide C.IX-71), and 14 
specimens (9 ♀♀, 1 ♂, 3 juveniles and 1 four-toed larva, all mounted in glycerol), collected at Vasco da 
Gama Beach (slides C.IX-75, C.IX-80–C.IX-91). 

Remarks
The specimens clearly correspond to the original description of Grimaldi de Zio et al. (1979). The main 
characteristic of this species is its dorsal cuticle sculpture constituted by large pillars, appearing as large 
tubercles (diameter about 2–3 μm); ventrally the cuticle exhibits the fi ne punctuation as do the majority 
of Batillipes species. Cephalic appendages have a lance-like tip and papillary secondary clavae are 
present. Between legs III and IV, an acute sculptured conical body projection is present. Lateral body 
projections between the fi rst three pairs of legs are not referred to by Grimaldi de Zio et al. (1979). 
However, in some Portuguese specimens, small blunt ventro-lateral body projections are visible. The 
caudal appendage is a long spine inserted on a cylindrical base. Middle toes (3 and 4) on feet of legs IV 
are of similar length. Sensory organs are present on all legs, considerably long on legs IV.
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The specifi c characters of the species: dorsal sculpture, conical lateral body projection between legs 
III–IV and spine-like caudal appendage are already present in the four-toed larva. 

Distribution
Up to now, this species had only been reported from the Mediterranean Basin (Adriatic Sea, Ionian Sea 
and Tyrrhenian Sea, see Kaczmarek et al. 2015). This is its fi rst record for the Atlantic Ocean.

Associated species
Batillipes phreaticus and H. greveni.

Batillipes algharbensis sp. nov.
urn:lsid:zoobank.org:act:005ABE3C-1A30-4E9C-8C29-2AD0F8AA3B3B

Figs 2–3, Table 1

Diagnosis
Batillipes with distinct head, separated from the body by a neck constriction followed by lateral processes. 
Primary clavae very thin and undivided. Strongly developed secondary clavae present. Cephalic cirri 
with spatula-like distal tips. Sensory spines on all legs. Sensory spine on leg I with spatula-like distal tip 
separated from basal portion by a van der Land’s organ. On fourth feet, middle toes 3 and 4 of different 
lengths, with toe 3 longer than 4. A dorsal papilla present at distal extreme of all legs. Blunt lateral body 
projections present between all leg pairs: faint between legs I–III and very well-developed between legs 
III–IV. The caudal apparatus consists of a sharp and long spine inserted in a slightly elongated swollen 
base. Dorsal cuticle coarsely punctated. Rosette-like female gonopore.

Etymology
The name refers to the region where the species was found, the Portuguese region of Algarve, from the 
Arabic ‘Al Gharb’ (Al = the + Gharb = West); algharbensis = inhabiting Algarve.

Material examined
Holotype 

PORTUGAL: ♀ adult, collected at Meia-Praia Beach, Lagos, Algarve, 37°07′01″ N, 8°38′37″ W, the 
only adult found, mounted in glycerol (slide C.VII-88).

Paratype
PORTUGAL: 1 four-toed larva, collected at Meia-Praia Beach, Lagos, Algarve, 37°07′01″ N, 8°38′37″ W, 
mounted in glycerol (slide C.VII-89).

Additional material
SPAIN: 9 specimens (8 ♀♀ and 1 six-toed juvenile), collected in Galicia (NW Spain), at Rias of 
O Barqueiro (43°44′37″ N, 7°39′06″ W – 43°45′15″ N, 7°41′22″ W) and Foz (43°33′47″ N, 7°15′19″ W – 
43°34′11″ N, 7°14′41″ W) (slides GAL.I-9–GAL.I-17).

Description
Holotype, female with a body length 121.1 μm (150.6 μm including the caudal apparatus) and 57.9 μm 
wide between the third and fourth pair of legs (Fig. 2A–B; Table 1 for morphometrics). Eye spots 
not observed in mounted specimens. Trapezoid head (Fig. 3A–B) separated from the body by a neck 
constriction followed by lateral processes (body projection 1). Internal cephalic cirri inserted dorsally, 
bearing cirrophores (cirrophores ca 3.4 μm long) (Fig. 3A). External cephalic cirri, with indistinct 
cirrophores, inserted more ventrally, near the common pedestal bearing lateral cirri A and primary clavae 
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Structures

Specimens from Portugal Specimens from Galicia
Holotype Four-toed larva Females and 

six-toed juveniles
Mean ± SD (Range); N

Body length 150.6 108 130.2 ± 25.15 (97.9–173.5); 9

Body length without caudal 
apparatus

121.1 87 104.1 ± 18.95 (80.5–134.5); 9

Median cirrus 16.1 14.9 14.7 ± 1.87 (12.1–17.5); 8

Internal cirri 17.6 16.3 19.2 ± 3.50 (14.9–24.3); 9

External cirri 14.3 13.5 14.6 ± 3.51 (9.5–20.7); 9

Lateral cirri A 30.8 24.6 30.0 ± 7.47 (22.4–46.4); 9

Primary clavae 16.9 9.9 15.0 ± 3.82 (11.7–24.3); 9

Cirri E 18.1 15.4 15.0 ± 4.14 (11.4–24.0); 8

Leg I spine 7.3 6.5 7.5 ± 1.29 (6.5–10.6); 9

Leg II spine 6.5 6.9 7.0 ± 1.10 (5.4–8.7); 7

Leg III spine 5.6 6.8 6.7 ± 1.69 (4.8–8.4); 5

Leg IV sensory  organ 20.2 14.1 14.3 ± 2.48 (10.4–19.9); 9

Body projection 1 3.9 2.2 2.5 ± 0.49 (1.9–3.1); 9

Body projection 2 3.0 2.1 2.4 ± 0.63 (1.5–3.5); 9

Body projection 3 4.7 2.3 3.3 ± 1.21 (1.9–5.0); 9

Body projection 4 6.6 3.2 5.4 ± 2.92 (3.3–12.2); 9

Caudal apparatus 29.5 21 26.0 ± 7.25 (17.4–39.0); 9

Leg I–III: Toe 1 7.3 3.2 7.7 ± 2.10 (5–10.8); 7

Toe 2 3.9 7.9 4.2 ± 1.02 (3.3–6); 7

Toe 3 10.7 4.4 11.2 ± 2.80 (7.9–15.4); 7

Toe 4 7.2 8.6 7.7 ± 1.52 (5.7–10.0); 7

Toe 5 12.1 – 12.7 ± 3.03 (8.2–16.7); 7

Toe 6 8.0 – 8.6 ± 1.91 (5.7–10.8); 7

Leg IV: Toe 1 11.0 6.8 10.5 ± 2.61 (7.3–15.2); 9

Toe 2 13.6 10.7 13.7 ± 4.29 (9.1–22.8); 9

Toe 3 8.6 – 8.6 ± 2.00 (6.8–12.5); 9

Toe 4 6.5 – 6.2 ± 1.77 (4.3–8.9); 9

Toe 5 14.1 7.9 14.3 ± 2.79 (10.7–20.3); 9

Toe 6 8.7 4.8 8.6 ± 1.94 (5.8–11.8); 9

Gonopore-Anus distance 7.1 – 10.2 ± 2.16 (7.7-13.4); 7

Table 1. Measurements (μm) of selected morphological structures from the holotype and paratype, a four-
toed larva, of Batillipes algharbensis sp. nov. from Portugal, and specimens from Galicia (NW Spain) 
(SD – Standard deviation; Range refers to the smallest and largest measured specimen / structure; 
N - number of specimens / structures measured). 
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(Fig. 3B). The median cirrus with a cirrophore (ca 3.5 μm long). Lateral cirri A located dorsally in 
relation to the unconstricted primary clavae (Fig. 3A). The primary clavae, with a van der Land’s organ 
at the base, particularly thin (thinner than lateral cirri) and sharpened at the tip (Fig. 3B). In the frontal 
edge of the head, conspicuous and strongly developed dome-shaped secondary clavae (Fig. 3B, D) also 
present (major diameter 3.8 μm). All cephalic cirri, have long spatula-like swollen tips (Fig. 3A–B). 
Ovoid pharyngeal bulb 14 μm long and 16.6 μm wide. Ventral mouth opening in a protruded circular 
cone. Stylets and placoids not visible after slide mounting. 

Blunt ventro-lateral body projections (body projections 2 to 4, respectively from legs I to IV) present 
between all leg pairs: very small and diffi cult to see between the fi rst three pairs of legs and well-
developed between legs III–IV (Fig. 3C). The caudal apparatus is constituted by a long and sharp spine 
inserted in a slightly elongated swollen base (Figs 2A–B, 3E). 

Sensory spines present on all legs, decreasing in length from leg I to leg III. First (Fig. 3D) and fourth 
(Fig. 3E) leg sensory organs with spatula-like tips similar to the ones of cephalic appendages and both 
divided into two parts, separated by a van der Land’s organ. Basal and distal parts are respectively 
4.8 μm and 2.5 μm long for the sensory organ on legs I and 12.6 and 7.6 μm long for the sensory organ 

Fig. 2. Batillipes algharbensis sp. nov. A. Schematic drawing, dorsal view. B. Habitus of the holotype, 
♀, dorsal view. Scale bars = 10 μm. 
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Fig. 3. Batillipes algharbensis sp. nov., holotype, ♀. A–B. Detail of the head. A. Dorsal view, showing 
median cirrus (black arrowhead), internal cirri (white arrowheads), lateral cirri (asterisks). B. Ventral 
view, showing primary clavae (asterisks), secondary clavae (black arrowheads), external cirri (white 
arrowheads). C–E. Body. C. Ventral view, showing ventro-lateral projections (black arrowheads). 
D. Anterior portion with details of leg spine I (black arrowhead), note the secondary clavae (white 
arrowhead). E. Posterior portion with details of leg sensory organ on leg IV (black arrowhead). F. Fourth 
leg with details of toes (1–6). Scale bars = 10 μm. 
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on legs IV. The large spatula-like tips of sensory organs on legs IV are 3.7 μm long. The entire fourth leg 
sensory organ is 20.2 μm long. Sharply pointed cirri E with small cirrophores present.

Telescopic legs with toes having the distal stalk enlarged distally (about 2.1 μm wide), ovoid suction 
discs (diameter 2.9 μm measured on toes of leg IV) with conspicuous braces. On the fi rst three pair of 
legs, toe 2 is the shortest (considering toe 1 the most cephalically), toes 3 and 5 are the longest and toes 
1, 4 and 6 are medium sized. On feet of the fourth pair of legs, the middle toes 3 and 4 are of different 
lengths with toe 3 longer than toe 4; toes 2 and 5 are the longest, and toes 1 and 6 of intermediate size 
(Fig. 3F). A dorsal papilla (dark when observed under PCM) is present at the distal extreme of each leg.

Dorsal cuticle uniformly and coarsely punctated, about 9–10 pillars / 10 μm (each pillar about 1.4 μm 
high), with barely visible transversal folds. Ventrally the cuticle punctation is more delicate. Body with 
a considerable amount of adherent detritus, mainly near the lateral body projections. 

Rosette-shaped gonopore separated from the anus by a weakly defi ned groove. Other details of the 
gonoporal apparatus are not visible.

Differential diagnosis
Only one known species of Batillipes, B. tubernatis, originally described from the Northeast Atlantic 
Ocean (Scotland, Germany and England), shares with the new species the same toe arrangement pattern 
in the fourth feet, characterized by having toes 3 and 4 of different lengths and toe 3 longer than 4. In the 
original description, the caudal region of B. tubernatis is described as being round without appendages 
(Pollock 1971). However, this character can be very variable and should be used with caution in species 
comparisons (Gallo D’Addabbo et al. 2000). Actually, in the emended description of B. tubernatis 
by McKirdy (1975), based on specimens from Florida (Gulf of Mexico), USA, (hereby designated 
B. tubernatis sensu McKirdy 1975), a strong swollen-based caudal spike was present in about 80% of 
the examined specimens. 

Batillipes algharbensis sp. nov. can be clearly distinguished from B. tubernatis by the presence of ventro-
lateral body projections that are very well-developed between legs III–IV (lacking in all morphotypes 
of B. tubernatis). Moreover, in the new species, the primary clava is very thin and sharp-tipped, while 
in B. tubernatis it is short, thicker and tube-shaped. The dorsal cuticle is coarsely uniformly punctated 
in the new species (9–10 pillars / 10 μm) and fi nely punctated (about 14 pillars / 10 μm) in B. tubernatis 
whereas exhibiting apunctate areas in specimens from Florida. In addition, secondary clavae are 
conspicuous dome-shaped in the new species and indistinct in B. tubernatis. Finally, in B. tubernatis 
sensu McKirdy toe discs are quadrate with a slightly indented distal edge while in B. algharbensis 
sp. nov. toe discs are ovoid.

Body shape and caudal apparatus of B. algharbensis sp. nov. are very similar to B. spinicauda Gallo 
D’Addabbo, Sandulli & de Zio Grimaldi, 2005, justifying a comparison between the two species. In 
addition to a different toe arrangement pattern in the fourth feet (Toe 3 = Toe 4 ≤ Toe 1, Toe 6 in 
B. spinicauda), the new species differs from B. spinicauda in having undivided primary clavae, blunt 
body projections between legs III and IV (conical in B. spinicauda), toes in feet of legs I–III inserted at 
the same level (tarsus are oblique in B. spinicauda), and by lacking lateral papilla (malleolus) on leg IV. 

Associated species
Batillipes lusitanus sp. nov., B. pennaki, B. phreaticus and H. greveni. 

Remarks
The four-toed larva (morphometry in Table 1) is similar to the adult. 
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Specimens collected in Galicia (NW Spain) and previously identifi ed by Veiga et al. (2009) as Batillipes sp. 
1 with similarities with B. spinicauda also exhibit the unique characters of B. algharbensis sp. nov. 
(Table 1). Therefore, they are assigned to B. algharbensis sp. nov. 

Batillipes lusitanus sp. nov.
urn:lsid:zoobank.org:act:EA994F4C-C1D9-4B43-871C-327A3CB644C4

Figs 4–7; Table 2

Diagnosis
Batillipes with tubular undivided primary clavae with a wrinkled surface. Conspicuous papillar secondary 
clavae. Cephalic cirri with lance-like distal tips. Sensory spines on all legs. A small rigid process is 
present in the distal extreme of legs IV. Toes 3 and 4 on feet of legs IV equal in length. A distinct 
head separated from the body by a neck constriction followed by well-developed lateral processes. 
Ventro-lateral body projections between all leg pairs present: small, often indistinct, between legs I–
III and well developed, semicircular or slightly pointed, between legs III–IV. The caudal apparatus 
consists of a semicircular cuticular expansion. Dorsal cuticle constituted by large pillars (ca 3.2 μm 
high), appearing as large tubercles (diameter about 2–3 μm). Ventral cuticle fi nely punctated. Rosette-
like female gonopore separated from the trilobed anus by a groove. 

Fig. 4. Batillipes lusitanus sp. nov. A. Schematic drawing, dorsal view. B. Habitus of the holotype, ♀, 
ventral view. Scale bars = 50 μm. 
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Etymology
The specifi c name ‘lusitanus’ refers to the locus typicus, Portugal, primitively known as Lusitânia, 
lusitanus = inhabiting Lusitânia.

Material examined
Holotype

PORTUGAL: ♀ adult, collected at Meia-Praia Beach, Lagos, Algarve, 37°7′1″ N, 8°38′37″ W, mounted 
in glycerol (slide C.IX-1).

Allotype
PORTUGAL: ♂ adult, collected at Meia-Praia Beach, Lagos, Algarve, 37°7′1″ N, 8°38′37″ W, mounted 
in glycerol (slide C.IX-2).

Paratypes
PORTUGAL: 78 specimens (19 ♀♀, 21 ♂♂, 37 juveniles and 1 four-toed larva), collected at Meia-Praia 
Beach, 37°7′1″ N, 8°38′37″ W, mounted in glycerol (slides C.IX-35–C.IX-66); 89 specimens (35 ♀♀, 

Fig. 5. Batillipes lusitanus sp. nov. A–B, D. Holotype, ♀. A–B. Detail of the head. A. Dorsal view, 
showing internal cirrus (black arrowhead), lateral cirrus (asterisk), secondary clava (white arrowhead). 
B. Ventral view, showing primary clava (white arrowhead), external cirrus (black arrowhead). C. Detail 
of body lateral projections of a paratype (slide C.IX-46) (black arrowheads); D. Detail of leg sensory 
organ on leg IV. Scale bars = 10 μm. 
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14 ♂♂, 39 juveniles and 1 four-toed larva), collected at Afi fe Beach, 41°35′28″ N, 8°48′18″ W, mounted 
in PVA (slides C.IX-3–C.IX-34).

Description
Holotype, female of robust body 236 μm long (248.4 μm including the caudal apparatus) and 100.9 μm 
wide between the third and fourth pair of legs (Figs 4A–B, Table 2 for morphometrics). Eyes not 
observed in mounted specimens. Trapezoid head (Figs 5A–B) separated from the body by a neck 
constriction followed by well-developed lateral processes (body projection 1). Head with eleven cephalic 
appendages: Internal cephalic cirri with cirrophores (ca 3.4 μm long), are inserted dorsally on the frontal 
edge of the head (Fig. 5A). External cephalic cirri, with indistinct cirrophores, inserted more ventrally, 
near the lateral cirri A and primary clavae (Fig. 5B). The median cirrus with cirrophore. The lateral cirrus 
A located dorsally in relation to the unconstricted tubular primary clava. These two appendages share a 
common pedestal. A van der Land’s organ present at the base of primary clavae, which have a wrinkled 
surface and exhibit a terminal hole (Figs 5A–B). An indentation present in the frontal edge of the head 
between the external cephalic cirrus and the pedestal with the primary clava and lateral cirrus. Papillar 
secondary clavae (Fig. 5A) well visible (major diameter ca 7.5 μm long). Cephalic cirri, including 

Fig. 6. Batillipes lusitanus sp. nov. A. Fourth leg of a paratype (slide C.IX-46) with details of toes (1–6), 
note the shape of the ventro-lateral projection between legs III–IV (black arrowhead). B. Fourth leg of 
a paratype (slide C.IX-1), showing the rigid process on the distal extreme (black arrowhead). C. Female 
gonopore (white arrowhead) and anus (black arrowhead). D. Male gonopore (white arrowhead) and 
anus (black arrowhead). Scale bars = 10 μm.
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the external cirri and the lateral cirri with swollen tips. Ventral mouth opening in a protruded circular 
structure. Ovoid pharyngeal bulb, 28.1 μm long and 25.5 μm wide, with placoids (ca 17.2 μm long). 

Well-developed blunt ventro-lateral processes between legs III and IV (body projection 4) (Figs 5C, 
6A). The caudal apparatus consists of a prominent semicircular projection (Figs 4A–B, 6C, 7A–B). 

Sensory spines present on all legs, increasing in length from leg I to IV. First and fourth leg sensory 
organs with swollen tips. The sensory organ on leg IV divided into a cirrophore (not measurable in the 
holotype but observed in paratypes) and a basal portion (7.1 μm long) separated from a distal portion 
(14.5 μm long) by a van der Land’s organ (Fig. 5D). Sharply pointed cirri E with small cirrophores 
present. 

Telescopic legs with toes with the distal stalk enlarged distally (ca 3.5 μm wide), ovoid suction discs 
(5.2 × 5.1 μm) and conspicuous braces (Fig. 6A). On feet of the fi rst three pairs of legs, toe 2 is the 
shortest, toes 3 and 5 are the longest and toes 1, 4 and 6 are medium sized. On feet of the fourth pair of 
legs, (Fig. 6A–B) the medial toes 3 and 4 are equal in length. Toes 1 and 6 are medium sized; toe 2 and 
especially toe 5 are the longest. A small rigid process (ca 3 μm long) is present in the distal extreme of 
legs IV (Fig. 6B).

The punctation of the dorsal cuticle is very peculiar. It is constituted by large pillars (about 5 
pillars / 10 μm, each pillar with ca 3.6 μm high) that, when observed under PCM and DIC, appear 
as large tubercles, especially if observed laterally (Fig. 7A –B). When observed under SEM, tubercles 
showed to be depressions that correspond to the wide top of pillars, surrounded by a epicuticular fold 

Fig. 7. Batillipes lusitanus sp. nov. A. Posterior portion of the body, showing the dorsal sculpture. 
B. Caudal apparatus, showing details of cuticular pillars. C. SEM photo showing the dorsal (white 
arrowhead) and ventral (black arrowhead) aspect of the cuticle. Pillars are also visible (black arrow). 
Scale bars = 10 μm.
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(Fig. 7C white arrowhead). Faint transverse cuticular folds are visible. Ventrally, the cuticle is fi nely 
punctuated (15–16 pillars / 10 μm) (Figs 6C–D, 7C black arrowhead).

Rosette-shaped gonopore separated from the anus by a well-defi ned groove (Fig. 6C).

Differential diagnosis
Excluding the new species, there are 26 species of Batillipes with the same toe arrangement pattern on 
feet of fourth legs as B. lusitanus sp. nov., which has the middle toes (3 and 4) on the fourth feet equal in 
length. However, only two of those species, B. roscoffensis Kristensen, 1978 and B. adriaticus, have the 
dorsal cuticular ornamentation, constituted by large pillars (ca 3.0 μm high). Batillipes roscoffensis clearly 
differs from the new species in having scattered and randomly distributed dots (“small pox” according 
the terminology of Kristensen 1978). Those dots lack in all the other known Batillipes species and 
they were described by Kristensen (1978) under TEM (transmission electron microscopy), as elevations 
(of spongy electron dense mass, see Kristensen 1978: fi gs 13, 17). Moreover, in B. roscoffensis the 
caudal apparatus totally lacks and the lateral cirri A is much longer than in B. lusitanus sp. nov. (cirrus 
A ca 100 μm long, corresponding to 40% of body length in B. roscoffensis, and less than 50 μm long, 
corresponding to ca 20% of body length in the new species). 

Batillipes lusitanus sp. nov. shares with B. adriaticus, the most similar species, the peculiar dorsal 
cuticle punctation constituted by large pillars, appearing as large tubercles. These two species can be 
clearly distinguished by the shape of the caudal apparatus that consists in a roundish cuticular expansion 
in B. lusitanus sp. nov. and in a sharp and long spine in B. adriaticus. The lateral body projection 
between legs III–IV is also blunt or slightly pointed in the new species while it is sharply pointed in 
B. adriaticus. Moreover, contrary to B. adriaticus, in the new species, a small rigid process is present 
in the distal extreme of legs IV and the surface of the primary clava is wrinkled. In addition, although 
with overlapping values, in adults of B. lusitanus sp. nov. the sensory organ on legs IV is slightly shorter 
than in B. adriaticus (range: 9–27 μm long in B. lusitanus sp. nov. and 20–40 μm long in B. adriaticus).

Associated species
Batillipes algharbensis sp. nov., B. pennaki, B. phreaticus and H. greveni.

Remarks
Measurements of structures obtained from specimens of the new species are provided in Table 2. Sexual 
dimorphism is not evident. Males are similar to females in both qualitative and quantitative characters, 
except for their circular gonopore with a cuticular crescent shaped fold and located nearer the anus 
(Fig. 6D). Juveniles, with six toes on each leg but without a visible gonopore, are also similar to adults 
(Table 2 for morphometrics). In the holotype, ventro-lateral body projections between legs I–III (body 
projections 2–3, respectively) are indistinct, but in some paratypes, although small, they are visible 
between all leg pairs (Fig. 5C). This variability could be attributed to the effect of microslide preparation 
highlighted by the ventral position of lateral projections. Among adults, the size and morphology of 
the caudal apparatus and lateral body projections, especially those between legs III and IV, show some 
variation, being perfectly semicircular, as in the holotype, or slightly pointed. In four-toed larvae, caudal 
apparatus and lateral projections are clearly conical. 

The variability in shape of lateral projections and caudal apparatus was responsible for the 
misidentifi cation of three specimens collected in 2011 in Portugal at Memória Beach, Matosinhos, 
(41°13′49″ N, 8°43′21″ W) (Rubal et al. 2013b). These specimens were wrongly attributed to B. similis 
on account of the conical-shaped cuticular projections, evidenced by microslide preparation. A deeper 
examination showed that the middle toes on legs IV are equal in length and that the cuticle exhibits the 
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same peculiar pattern of B. lusitanus sp. nov. Therefore, as suggested by Rubal et al. (2016, 2017), the 
presence of B. similis on the Portuguese coast cannot be assumed.

Batillipes pennaki Marcus 1946

Material examined
PORTUGAL: 1 ♀, collected at Meia-Praia Beach, mounted in glycerol (slide C.IX-53) and 76 specimens 
(16 ♀♀, 14 ♂♂, 21 juveniles and 25 four-toed larvae) collected at Ilha de Tavira Beach, all mounted in 
glycerol (slides C.X-57–C.X-76). 

Remarks
The specimens correspond well with the original description (Marcus 1946) and subsquent diagnosis (de 
Zio 1962; Pollock 1970a; McKirdy 1975; Ramazzotti & Maucci 1983; Zawierucha et al. 2013).

Distribution
A common, worldwide distributed intertidal species that can occur in subtidal zones (for a more detailed 
geographic distribution see Kaczmarek et al. 2015). Batillipes pennaki was already known for Portugal, 
but up till now, only recorded in the northern region (Rubal et al. 2016) both on sandy beaches as well 
as on rocky shores.

Associated species
Batillipes algharbensis sp. nov., B. phreaticus, B. lusitanus sp. nov. and H. greveni.

Batillipes phreaticus Renaud-Debyser, 1959
Fig. 8

Material examined
PORTUGAL: 1 ♂, collected at Ilha de Tavira Beach, mounted in glycerol (slide C.10-79); 1 juvenil 
collected at Baleal Sul Beach, mounted in PVA (slide C.10-13); 34 specimens (22 ♀♀, 8 ♂♂, 3 juveniles 
and 1 four-toed larva), collected at Meia-Praia Beach, mounted in glycerol (slides C.VII.89, C.IX.1, 
C.IX-2; C.IX-37–C.IX-39, C.IX-41–C.IX-43, C.IX-47, C.IX-50–C.IX-52, C.IX-55–C.IX-58, C.IX-
60–C.IX-64, C.IX-66, C.IX-67); 116 specimens (42 ♀♀, 37 ♂♂, 33 juveniles and 4 four-toed larvae), 
collected at Vasco da Gama Beach, mounted in glycerol (slides C.IX-75–C.IX-86, C.IX-88–C.IX-98). 

Short description
Distinct head separated from the body by a neck constriction followed by well-developed lateral 
processes (Fig. 8A). Eyes not observed in mounted specimens. Caudal apparatus constituted by one 
major pointed spine surrounded, at its base, by a crown of small accessory spines (2 to 6) (Fig. 8B). 
Paired internal and external cephalic cirri and median cirrus all with lance-like tips. Surface of primary 
clavae with black punctations, sharing the same pedestal with the lateral cirri A, that also have a lance-
like tip. Papillar secondary clavae present. Dorsal cuticle shows fi ne punctuation, with pillars uniformly 
distributed. Single sharp conical body projections between legs III and IV (Fig. 8B). Lateral body 
projections between the fi rst three pairs of legs often indistinct. When present, they are blunt between 
legs I–II and triangular between legs II–III. Dorsal cirri E present. Sensory spines on all legs, longer on 
legs IV (Fig. 8B). Middle toes (3 and 4) on feet of legs IV (Fig. 8C) equal in length.

Distribution 
Interstitial species recorded in the Eastern Atlantic region (Atlantic Ocean, North Sea, Irish Sea and 
Celtic Sea) and in the Mediterranean Basin (Balearic and Ionian Seas) where it has been recorded, 
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mostly intertidally, but also subtidally (Kaczmarek et al. 2015). Batillipes phreaticus was recorded from 
the Galician coast, NW Spain (Veiga et al. 2009), but this is the fi rst record from Portugal.

Associated species
Batillipes adriaticus, B. algharbensis sp. nov., B. lusitanus sp. nov., B. pennaki and H. greveni. 

Remarks 
In the original description of B. phreaticus from Arcachon Bay, France (Celtic Sea), the presence of 
lateral body projections between the fi rst three pair of legs is not referred (Renaud-Debyser 1959). 

Concerning toes, Renaud-Debyser (1959) states that they are similar to those of B. littoralis (also from 
Arcachon Bay), which are described in the same publication as having stalks of different lengths. 
However, the relative size of toes and details of the arrangement among feet were not referred by 
Renaud-Debyser (1959). 

Fig. 8. Batillipes phreaticus Renaud-Debyser, 1959. A–C. Portuguese specimens. A. Anterior region of 
the body. B. Posterior region of the body, black arrow indicates fourth leg sensory organ. C. Detail of the 
fourth feet. D. Detail of the fourth feet showing the toe arrangement pattern of a specimen from Scotland 
in Pollock’s collection. Scale bars = 10 μm.
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Specimens from England, Filey Beach and Stoup Beck Beach, Yorkshire, collected by Pollock (1971) 
and from Germany, Elbe Estuary (Riemann 1966) attributed to B. phreaticus, differed from the original 
description in some morphometric aspects and in having lateral body projections often present (Pollock 
1971). Moreover, Pollock (1971) noticed that in English specimens, the middle toes (toes 3 and 4) on feet 
of legs IV were equal in length. Later, Villora-Moreno & de Zio Grimaldi (1993), based on specimens 
collected on sandy beaches from the Mediterranean Sea (Balearic Sea), provided a redescription of the 
species, confi rming the differences mentioned by Pollock (1971), regarding the original description: 
presence in adult specimens of a ventro-lateral body projection between legs II and III, and middle toes 
on feet of legs IV equal in length (toe pattern group A, Pollock 1970a). Despite his own observations, 
Pollock (1971) did not correct his proposal from 1970 of three different patterns of toe arrangement 
within Batillipes species, having included B. phreaticus in group B, which considers middle toes on 
feet of legs IV of different length and toe 1 equal to 3, while B. littoralis have been included in group C 
(middle toes on feet of legs IV of different length and toe 2 equal to 4). 

The system of toe arrangement patterns on the fourth feet of species of Batillipes species was modifi ed 
by Kristensen & Mackness (2000), who proposed a fourth group (group D, constituted by species with 
middle toes of different length and also different from all the other toes). As previously proposed by 
Pollock (1970a), B. phreaticus and B. littoralis were kept in groups B and C, respectively, by Kristensen & 
Mackness (2000).

Taking into account the taxonomic importance of those characters (Gallo D’Addabbo et al. 2000), the 
examination of type material of those two species deposited in the collection of the MNHN was of 
primordial importance. This examination showed that the toe pattern of the fourth feet of B. littoralis 
perfectly matches the group D proposed by Kristensen & Mackness (2000). Concerning B. phreaticus, 
despite the poor condition of the specimen, the middle toes of the fourth feet seem to be equal in length 
and shorter than all the other, from which, toes 2 and 5 are the longest and about the same length, and 
toes 1 and 6, also similar in size and of intermediate length (toe pattern of group A). One of the examined 
specimens from Scotland collected by Pollock in 1981 also exhibits the middle toes of the fourth feet 
equal in length (Fig. 8D). Unfortunately, this character was not visible in the other Scottish specimen 
deposited in the MNHN (slide AR607). 

Therefore, specimens from the Portuguese coast match with observations of Pollock (1971) and Villora-
Moreno & de Zio Grimaldi (1993). Ventro-lateral body projections between legs I–III were not observed 
in the type specimen, neither in the Scottish specimens. However, according to Pollock (1971) and as 
observed in Portuguese specimens, these lateral projections can be absent in some specimens or, as 
stated by Villora-Moreno & de Zio Grimaldi (1993), are indistinct as a result of slide preparation. It is 
important to remark that in a few adult specimens from Portugal (three specimens from Vasco da Gama 
Beach and six from Portinho da Arrábida Beach) the main caudal spine was inserted on a wide conical 
base, lacking the basal crown of small accessory spines as it occurs in juveniles. This ontogenetic 
variability of the morphology of the caudal appendage was also referred by Villora-Moreno & de Zio 
Grimaldi (1993). 

Discussion
Fourteen marine tardigrade species are recorded from the Portuguese coast, of which 7 belong to the 
genus Batillipes: B. adriaticus, B. algharbensis sp. nov., B. lusitanus sp. nov., B. minius, B. pennaki, 
B. phreaticus and B. tubernatis (see also Rubal et al. 2016, 2017). Three of these species, the two 
newly described and B. minius, can be considered endemic to this region up to now. The distribution of 
B. adriaticus, up till now only known from the Mediterranean Sea, was considerably extended to the 
Atlantic Ocean. Batillipes phreaticus and B. tubernatis are typical of the NE Atlantic, while B. pennaki 
is considered cosmopolitan (Kaczmarek et al. 2015).
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Our study clearly shows that the diversity within the genus Batillipes is very high. Species of the genus 
(raised to 37 with this study) represent about 17% of all known marine heterotardigrade species (Guidetti & 
Bertolani 2005; Degma & Guidetti 2007; Degma et al. 2009–2017; Jørgensen et al. 2014) and 50% of the 
diversity of Portuguese marine tardigrades. This number will probably increase in the near future (see 
Bartels et al. 2016). As shown in this research, many species are very similar to each other and this is 
problematic for the taxonomy of the genus. Diffi culties are increased by the small number of taxonomic 
characters available and by the marked variability observed in some characters (e.g., McKirdy 1975; 
Gallo D’Addabbo et al. 2000). On the other hand, the use of morphometric data for taxonomic purposes 
must be carefully used because measurements can be biased by specimen orientation or by the physical 
slide mounting processes (see McGinty & Higgins 1968; Pollock 1971; Kristensen 1978; Morone De 
Lucia et al. 1988; Villora-Moreno & de Zio Grimaldi 1993; Gallo D’Addabbo et al. 2000; Kristensen & 
Mackness 2000; Zawierucha et al. 2015; Fontoura et al. 2017; Santos et al. 2017). For these reasons, 
some of the old descriptions of species of Batillipes are incomplete and they may represent complexes 
of similar species, e.g., cosmopolitan B. mirus and B. pennaki as suggested by Zawierucha et al. (2013, 
2015). In order to solve the problems that affect the taxonomy of the genus, research should focus on 
characters previously neglected for marine tardigrades (Gallo D’Addabbo et al. 2000). Toe arrangement 
patterns, especially on feet of fourth legs (Pollock 1970a; Kristensen & Mackness 2000; Santos et al. 
2017), toe disc shape (McKirdy 1975) and cuticle sculpture (Gallo D’Addabbo et al. 2000) are examples 
of such taxonomic characters, considered very reliable, especially if used in combination with other 
attributes. 

As also shown in this study and confi rmed with the examination of the type material of B. phreaticus 
and B. littoralis deposited in MNHN (Paris), inaccuracies on the defi nition of toe arrangement patterns 
on the fourth feet proposed by Pollock (1970a) and later modifi ed by Kristensen & Mackness (2000) 
were detected. Therefore, new modifi cations of this indicator are proposed. To apply this indicator, 
toes must be correctly numbered: Toe 1 being inserted on the tarsus most cephalically, then the other 
toes numbered sequentially in a clockwise direction, being toe 6 inserted on the tarsus most caudally 
(Fig. 9). This terminology avoids confusions introduced by using “external” and “internal” toes that is 
affected by the position of legs IV. Three major toe arrangement patterns can be recognized in Batillipes 
as follows (Table 3, Fig. 9):

– Group A: on the feet of legs IV, the middle toes 3 and 4 are similar in length; toes 2 and 5 are the 
longest ones and toes 1 and 6 of intermediate size. Toes 1 and 6 can be similar to middle toes 3 and 
4, but not much shorter (Fig. 9A). This is the major group, constituted by 27 species. In three of these 
species, toes can be so short that suction discs resemble sessile (that is, the toe stalks are so short that 
they seem to be absent and, consequently, the discs seem to be directly inserted on the feet), especially 
in the middle toes (Fig. 9B).

– Group B: on the feet of legs IV, the middle toes 3 and 4 are clearly different in length; toes 2 and toes 
5 are the longest and toes 1 and 6 of intermediate size (or similar but not shorter than middle toes 3 
and 4). This group is subdivided into two subgroups: Subgroup B1: middle toe 3 shorter than middle 
toe 4 (Fig. 9C); Subgroup B2: middle toe 3 longer than middle toe 4 (Fig. 9D). 

– Group C: on the feet of legs IV, the middle toes 3 and 4 are clearly different in length; toes 2 and toes 
5 are the longest and toes 1 and 6 are the shortest (much shorter than middle toes 3 and 4) (Fig. 9E). 

This clarifi cation on toe arrangement patterns on feet of legs IV justifi es the proposal of a new 
identifi cation key to the species of the genus Batillipes (see below).

In addition, this study confi rms the particular biogeographical position of the Portuguese coast which 
is supported by the fi rst record outside the Mediterranean Sea of B. adriaticus. Similarly, Rubal 
et al. (2016) reported the fi rst occurrence out of the Mediterranean Sea of Styraconyx sardiniae 
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D’Addabbo Gallo, Morone De Lucia & de Zio Grimaldi, 1989. Therefore, these results suggest 
that the Portuguese coast is the occidental boundary for some Mediterranean tardigrade species. 
Additionally, Rubal et al. (2016) also reported a new southern limit of B. tubernatis and S. haploceros 
Thulin, 1942 at the Portuguese coast. These boundary patterns suggested by the genera Batillipes 
and Styraconyx (i.e., southern limit for boreal and northern limit for warmer water species) is in 
agreement with observations on other marine groups such as macroalgae (Ardré 1971) or gastropods 
(Rubal et al. 2013a). This study also supports the need for more extensive and deeper surveys. Despite 
the interesting biological information that they can provide (de Zio Grimaldi & Gallo D’Addabbo 
2001; Faurby et al. 2011, 2012), biogeographical studies on marine tardigrades, and especially on 
Batillipes, are scarce, often restricted to generalist lists (e.g., Kaczmarek et al. 2015; Miller & Perry 
2016) and sometimes leading to contradictory interpretations. Actually, results of recent studies 
suggested that geographic / ecological factors can act as barriers, promoting speciation (e.g., Faurby 
et al. 2011, 2012; Zawierucha et al. 2015; Faurby & Barber 2015) contrary to hypotheses in favour 

Fig. 9. Patterns of toe arrangement on the fourth feet of species of Batillipes Richters, 1909 (see text 
for details; toe 1 is the most cephalically). A. Group A (B. lusitanus sp. nov.). B. Group A with very 
short middle toes (B. pennaki Marcus, 1946). C. Group B, subgroup B1 (B. brasiliensis Santos, da 
Rocha, Gomes Jr. & Fontoura, 2017). D. Group B, subgroup B2 (B. algharbensis sp. nov.). E. Group C 
(B. acuticauda Menechella, Bulnes & Cazzaniga, 2015). Scale bars = 10 μm.
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of wide-ranging species (e.g., Hummon 1994). Therefore, further studies in new habitats such as 
different depths (e.g., Hansen 2005), diverse environmental gradients (e.g., Pollock 1970b, 1989; 
Kristensen & Mackness 2000; Faurby et al. 2012) or types of substrates (e.g., Rubal et al. 2016), 
would enhance our understanding of tardigrade distribution, and, particularly, could be pivotal to our 
understanding of the biogeography of the genus Batillipes.

A dichotomous key to the identifi cation of species of Batillipes
Traditionally, keys to the identifi cation of species of Batillipes used the caudal apparatus (e.g., 
Ramazzotti & Maucci 1983) as the main distinguishing trait. However, after the discussion of the 
variability of taxonomic characters within the genus (McKirdy 1975; Gallo D’Addabbo et al. 2000), 
this trait, unless peculiar for some species or when combined with other characters, is no longer valid. 
Recently, a comprehensive key to all known species of Batillipes was published by Menechella et al. 
(2017). This key used the toe arrangement pattern, suggested by Kristensen & Mackness (2000), as the 
fi rst differentiating character. However, this key is no longer practical on account of the inaccuracies on 
the defi nition of toe patterns referred to in the present study. Therefore, a new key is provided, using a 
new proposal of toe arrangement patterns, shape of primary clava, ventral body projections between legs 
III–IV and details of cuticular sculpture as main taxonomic characters, allowing an easier identifi cation 
based on observations under light microscopy (particularly PCM or DIC).

The shape and development of lateral body projections, as well as the relative size of leg sensory organs, 
also secondarily considered in the key, are ontogenetically variable characters (Villora-Moreno & de Zio 
Grimaldi 1993; Gallo D’Addabbo et al. 2000), for this reason only adult specimens should be identifi ed 
using the proposed key and more than one character should be used. 

For a more accurate identifi cation of some species, several characters are given in the last identifi cation 
step. Unfortunately, for some old described species, some reliable attributes are unknown (e.g., details 
of punctation) and its presence / absence cannot be assumed, making the construction of identifi cation 
keys for species of Batillipes an ongoing process. 

Given that B. tubernatis Pollock, 1971 and B. crassipes Tchesunov & Mokievsky, 1995 were the object 
of very different redescriptions, by McKirdy (1975) and Rho et al. (1999), respectively, different options 
of identifi cation are provided in this key.

Dichotomous key 
1. Middle toes (3 and 4) on feet of legs IV equal in length (considering toe 1 the most cephalically) 

(species group A)  ..................................................................................................................................... 2
– Middle toes (3 and 4) on feet of legs IV of different lengths (species groups B and C)  ................ 29

2. Primary clavae divided into two or more parts  ................................................................................. 3
– Primary clavae undivided  ................................................................................................................. 6

3. Primary clavae divided into two portions by a constriction  ............................................................. 4
– Primary clavae divided into 6 portions by four constrictions  ..................  B. annulatus de Zio, 1962

4 Well developed lateral body projections between legs III and IV; caudal spine present and inserted 
on a basal support; folds on dorsal cuticle barely visible or indistinct  ............................................. 5

– Lateral body projections slight; caudal spine inserted directly on body cuticle; marked dorsal 
cuticular folds, appearing as segmental plates  ...................................... B. gilmartini McGinty, 1969
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5 Body projections between legs III and IV lobate-shaped with rounded contour, primary clavae with 
two parts almost identical and markedly separated by a deep incision. Femur of legs IV very broad 
and short  ..................................................................................................... B. pennaki Marcus, 1946

– Body projections between legs III and IV are large and conical with a terminal portion sometimes 
spike-shaped; primary clavae with two different parts, the fi rst one stiff and the second slightly 
wrinkled. Femur on legs IV not particularly broad and short, appearing as typical of the majority of 
Batillipes species  ...................  B. spinicauda Gallo D’Addabbo, Sandulli & de Zio Grimaldi, 2005

6. Dorsal cuticle, with or without scattered and randomly distributed larger dots, constituted of 
uniformly distributed large pillars (ca 5–7 pillars / 10 μm, each 3 μm high) that can appear as large 
tubercles (diameter ca 3 μm)  ............................................................................................................ 7 

– Dorsal cuticle with a different aspect, constituted of the typical Batillipes fi ne punctation (more than 
8–10 pillars / 10 μm, each less than 1.5 μm high). Dorsal punctation can be uniformly distributed, 
or it can have simultaneously apunctate areas, fi nely punctated areas and areas with more roughly 
punctuation  ....................................................................................................................................... 9 

7. Dorsal cuticle roughly sculptured with scattered and randomly distributed larger dots (like “small-
pox” in the terminology of Kristensen 1978). Caudal apparatus absent and replaced by a small 
groove; cephalic appendages very long (cirrus A ca 100 μm long, corresponding to 40% of body 
length); toes with elongated elliptical suction discs with a cut terminal edge  ....................................
 .........................................................................................................B. roscoffensis Kristensen, 1978

– Dorsal cuticle without scattered dots, sculptured by uniformly distributed dorsal pillars, appearing as 
large tubercles (diameter ca 3 μm). Caudal apparatus present; cephalic appendages not particularly 
long (cirrus A less than 50 μm long, corresponding to ca 20–28% of body length); toes with circular 
to ovoid suction discs  ........................................................................................................................ 8

8. Lateral body projections between legs III and IV conical and sharply pointed; the caudal apparatus 
consists of a sharp and long spine inserted on cylindrical base (occasionally the caudal spine 
is bifi d or could have accessory points at the base). Processes on the lateral surface of legs IV 
absent  ........B. adriaticus Grimaldi de Zio, Morone De Lucia, D’Addabbo Gallo & Grimaldi, 1979 

– Lateral body projections between legs III–IV blunt or slightly pointed; the caudal apparatus 
is a roundish cuticular expansion. A small rigid process is present on the lateral surface of legs 
IV  ....................................................................................................................... B. lusitanus sp. nov.

9. Well developed and conspicuous wing-shaped body projections between legs III and IV  ............ 10
– Body projections between legs III and IV absent or reduced to short protuberances, papillae, spines 

or tooth-shaped  ............................................................................................................................... 15

10. Body projections between legs III and IV with a rounded contour  .................................................11
– Body projections between legs III and IV conical with one or two sharp points  ........................... 23 

11. Caudal apparatus consists of one or two spine-shaped appendages  ............................................... 12
– Caudal apparatus indistinct or consisting of a more or less prominent blunt projection  ................ 14

12. Femur of legs IV very broad and short. Body box-shaped; middle toes (3 and 4) on feet of legs 
IV very short (so short that suction discs resemble sessile); caudal apparatus consists of a spine 
barely protruding beyond edge of the body and inserted on a basal support; indistinct secondary 
clavae  .........................................................................................B. crassipes (sensu Rho et al. 1999)

– Femur of legs IV not particularly broad and short as typical of the majority of species of Batillipes. 
Worm-like body with marked transversal cuticular folds; middle toes (3 and 4) on feet of legs IV, 
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although shorter than the other digits, with well-developed stalks; caudal apparatus consists of one 
or two spines directly inserted on body cuticle; visible secondary clavae  ..................................... 13

13. Caudal apparatus consists of two spines (occasionally none); sensory organ on leg I turning 
frontwards, a pseudo-papilla is present in the transitional zone between the proximal and distal part 
of the legs  ........................................................................................B. noerrevangi Kristensen, 1978

– Caudal apparatus consists of a single large spine; sensory organ on leg I turning backwards; pseudo-
papillae on legs absent  ................................B. minius Rubal, Veiga, Fontoura & Sousa-Pinto, 2017

14. Lateral cirri and internal cephalic cirri with terminal tufts; concave and elongated lens-shaped 
secondary clavae (13 μm wide); sharp pointed lateral processes between legs I–II, blunt between 
legs II–III; blunt and indistinct caudal apparatus; toes with ovoid suction discs; scapular region not 
protruding laterally at the level of the fi rst pair of legs  ......................................................................
 ......................................................B. solitarius Jørgensen, Boesgaard, Møbjerg & Kristensen, 2014

– Plain tipped lateral and internal cephalic cirri; papillary (3–6 μm wide) or indistinct secondary clava; 
blunt lateral processes between all leg pairs; caudal apparatus consists of a prominent semicircular 
projection; toes with spatula-like suction discs; scapular region well developed, protruding laterally 
at the level of the fi rst pair of legs  .................................................................................................. 15

15. Sharply pointed cephalic cirri; secondary clavae indistinct; sensory organs on leg I shorter than 
sensory organs on leg IV that are spike-shaped; medial toes (3, 4) and external toes (1, 6) on feet of 
legs IV similar in length  ...................................................B. rotundiculus Rho, Min & Chang, 1999

– Cephalic cirri with swollen tips; papillary secondary clavae (3–6 μm wide); sensory organs on 
leg I longer than sensory organs on leg IV that are clearly divided into two portions, the distal 
portion with swollen tip; medial toes (3 and 4) on feet of legs IV much shorter than external toes (1, 
6)  .................................................. B. potiguarensis Santos, da Rocha, Gomes Jr. & Fontoura, 2017

16. Caudal apparatus consists of a spine inserted on a basal support  ................................................... 17
– Caudal apparatus absent or, if present, with a different constitution, consisting of a pointed triangular 

appendage or one or two caudal spines but, in this case, directly inserted on body cuticle and never 
inserted on a basal support  .............................................................................................................. 18

17. Femur of legs IV very broad and short. Middle toes (3 and 4) on feet of legs IV very short (so 
short that suction discs resemble sessile); projections between legs III and IV absent (very small 
projections can be present in females); caudal apparatus consists of a short spine barely protruding 
beyond the edge of the body; very short sensory organs on legs IV  ..................................................
 ...........................................................................B. crassipes Tchesunov & Mokievsky, 1995 (s. str.)

– Femur of legs IV not particularly broad and short as typical of the majority of Batillipes species. 
Middle toes (3 and 4) on feet of legs IV although shorter than the other digits with well visible stalks; 
projections between legs III and IV in the shape of small tooth; caudal apparatus consists of a long 
spine reaching the level of toes of legs IV; very long sensory organs on legs IV also reaching the 
level of toes of legs IV  ..............................................................................B. carnonensis Fize, 1957

18. Caudal apparatus absent  ................................................................................................................. 19
– Caudal apparatus present  ................................................................................................................ 21

19. Primary clavae much shorter than lateral cirri A  ............................................................................ 20
– Primary clavae and lateral cirri A similar in length  ............................................................................

 .......................................................................B. amblypyge Menechella, Bulnes & Cazzaniga, 2017
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20. Cephalic appendages long (lateral cirri A ca 14% of body length); sensory organ on leg IV very long 
(ca 14% of body length), reaching, at least, the level of middle toes  .................................................
 .................................................................................................B. longispinosus Chang & Rho, 1997

– Cephalic appendages short (lateral cirri A ca 9% of body length); sensory organ on leg IV very short 
(ca 4% of body length)  ...........................................................................B. acaudatus Pollock, 1971

21. Body with the ventro-lateral region between legs III and IV much swollen; caudal apparatus consists 
of a cuticular conical projection; prominent lateral body projections between the three fi rst leg pairs 
are present  .............................................................................. B. philippinensis Chang & Rho, 1997

– Body box-shaped without the ventro-lateral region between legs III and IV particularly swollen; 
caudal appendage is a spine (occasionally absent) directly inserted on body cuticle; lateral body 
projections between legs reduced or absent  .................................................................................... 22

22. Large sized (the largest within the genus, 400–600 μm in adult specimens); toes with large elliptical 
suction discs (ca 4 μm wide and 6 μm long); Projection between legs III–IV, if present, is a short 
spine  ..............................................................................................................B. mirus Richters, 1909

– Small sized Batillipes (ca 160 μm); toes with small roundish suction discs. Projection between legs 
III–IV indistinct  ............................................................................................. B. caudatus Hay, 1917

23. Paired sharply-pointed body projections between legs III and IV; lateral surface of legs IV with a 
prominent rigid spike (in addition to the long sensory organ); caudal apparatus consists of a two-
pointed appendage  .................................................................................B. tridentatus Pollock, 1989

– Single conical body projections between legs III and IV; spike on legs IV absent (a small papilla can 
be present); caudal apparatus consists of one-, two- or multi-pointed appendage  ......................... 24

24. Caudal apparatus absent (the terminal edge of the body is fl attened)  ................................................
 ........................................................................................................B. orientalis Chang & Rho, 1997

– Caudal apparatus present  ................................................................................................................ 25

25. Caudal apparatus consists of a single spine, terminating in a sharp point or in a swollen balloon-like 
structure  .......................................................................................................................................... 26

– Caudal apparatus consists of a two-pointed or multi-pointed appendage, in this case constituted by 
one major pointed spine surrounded, at its base, by a crown of small accessory spines  ................ 28

26. Caudal apparatus consists of a long vertical spine, terminating in a swollen balloon-like structure 
(this structure is occasionally absent); cephalic cirri (except external cirri) frayed (generally 
trifi d)  ............................................................................ B. bullacaudatus McGinty & Higgins, 1968

– Caudal apparatus consists of a sharp spine directed backwards; cephalic cirri with lance-like 
tips  ................................................................................................................................................... 27

27. Head with tongue-like projections behind the common pedestals bearing primary clavae and lateral 
cirri A; sensory organ on leg IV very long (ca 25% of body length), longer than legs IV; dorsal 
cuticle uniformly punctated (8–10 pillars / 10 μm); papillae on legs absent; caudal spine inserted 
directly on body cuticle  ...............................B. lingularum Menechella, Bulnes & Cazzaniga, 2017

– Head without tongue-like projections behind the common pedestals bearing primary clavae 
and lateral cirri A; sensory organ on leg IV short (ca 10% of body length), shorter than legs 
IV; dorsal cuticle not uniformly punctated, it is fi nely punctated in the dorsal medial region 
(about 14 pillars / 10 μm) and more roughly (ca 10 pillars / 10 μm) in dorsal margins of the 
body, head and caudal regions; papillae on legs present; caudal spine inserted on a basal 
support  ......................... B. marcelli Morone De Lucia, D’Addabbo Gallo & Grimaldi de Zio, 1988 
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28. Caudal apparatus constituted by a one major sharp spine surrounded, at its base, by a crown of small 
accessory spines; surface of primary clavae with black punctations  ..................................................
 ..................................................................................................B. phreaticus Renaud-Debyser, 1959

– Caudal apparatus constituted by a two-pointed appendage without basal accessory spines; black 
punctations on primary clavae not observed  ....................................... B. dicrocercus Pollock, 1970

29. On feet of legs IV, the middle toe 3 is shorter than the middle toe 4 (Group C and B, subgroup 
B1)  ................................................................................................................................................... 30

– On feet of legs IV, the middle toe 3 is longer than the middle toe 4 (Group B, subgroup B2)  ....... 37

30. On feet of legs IV, toes 2 and 5 are the longest and middle toes 3 and 4 are shorter (or similar) than 
lateral toes 1 and 6, which are of intermediate length (subgroup B1). Primary clavae shorter than 
lateral cirri A  ................................................................................................................................... 31

– On feet of legs IV, toes 2 and 5 are the longest and middle toes 3 and 4 are much longer than 
lateral toes 1 and 6, which are the shortest (Group C). Primary clavae longer than lateral cirri 
A  ................................................................... B. acuticauda Menechella, Bulnes & Cazzaniga, 2015

31. Lateral body projections between legs absent (in one species, B. friaufi , a very small papilla, less 
than 5.0 μm, is occasionally present between legs III and IV)  ....................................................... 32

– Prominent lateral body projections, especially between legs III and IV (longer than 10.0 μm), 
present  ............................................................................................................................................. 34

32. Caudal apparatus consists of a pointed single triangular appendage more or less elongate (occasionally 
absent), exhibiting variability in shape and size among specimens; sensory organs II and III without 
annulated bases; dorsal cuticle uniformly punctated  ...................................................................... 33

– Caudal apparatus consists of a trifurcate caudal appendage with lateral spikes shorter than central 
spike; leg sensory organs II and III with annulated bases; dorsal cuticle with small apunctate 
areas  ............................................................................................................... B. friaufi  Riggin, 1962

33. Scapular region with a conspicuous dorsal blunt enlargement; sensory organs on legs I 
spine-like, inserted in the posterior region of the legs and turned frontwards; sensory organs 
on legs III long (range 10.0–11.2 μm in adults 127–225 μm long); tibial papilla on legs 
absent  ..................................................B. dandarae Santos, da Rocha, Gomes Jr. & Fontoura, 2017

– Scapular region not enlarged; sensory organs on legs I articulated, straight and parallel to the toes; 
sensory organs on legs III short (range 5.0–7.0 μm in adults 122–212 μm long); tibial papilla on legs 
present  ........................B. africanus Morone De Lucia, D’Addabbo Gallo & Grimaldi de Zio, 1988 

34. Caudal apparatus consisting of an ala-like structure often covered with detritus, exhibiting great 
variability (simple, bilobed, highly furcate); lateral body projections between legs III and IV with 
more than one point  ........................................................................................................................ 35

– Caudal apparatus consisting of a broad-based spiky process, sharpening distally or of a single 
conical / triangular-shaped process; lateral body projections between legs III and IV with single 
point  ................................................................................................................................................ 36

35. Lateral body projections between legs III and IV two-pointed (in adults); external cephalic cirri 
horn-shaped; sensory organ on legs IV long (ca 20% of body length); cuticular projections on legs 
absent  ...................................................................................B. lesteri Kristensen & Mackness, 2000

– Lateral body projections between legs III and IV with fringed distal edge (usually more than two 
blunt fringes); external cephalic cirri terminated by a swollen tip; sensory organ on legs IV much 
short (ca 10% of body length); small semicircular cuticular projections present on the coxal region 
of legs I–III  ......................................B. brasiliensis Santos, da Rocha, Gomes Jr. & Fontoura, 2017
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36. Caudal apparatus consists of a three pointed spiky process. Primary clavae uniformly tubular; legs 
IV with a lateral sharp tooth  ....................................................... B. littoralis Renaud-Debyser, 1959

– Caudal apparatus consists of a single conical projection. Primary clavae drumstick-like; lateral tooth 
on legs IV absent  ............................................................................................ B. similis Schulz, 1955

37. Lateral body projections between all pairs of legs absent. Tube-shaped primary clavae and indistinct 
secondary clavae; dorsal cuticle uniformly fi nely punctated (ca 15 pillars / 10 μm) or exhibiting 
simultaneously apunctate areas, fi nely punctated areas and areas with more roughly punctuation  ...
 ......................................................................................................................................................... 38

– Blunt lateral body projections between all leg pairs (small between legs I–III, very well-developed 
between legs III–IV). Very thin sharp-pointed primary clavae and strongly developed secondary clavae; 
dorsal cuticle uniformly coarsely punctated (ca 9–10 pillars / 10 μm)  ........ B. algharbensis sp. nov.

38. Caudal region is always swollen and rounded; dorsal cuticle uniformly fi nely punctuated (ca 
14–15 pillars / 10 μm); toe discs ovoid and not indented on the distal edge; dorsal leg papillae 
absent  ..........................................................................................B. tubernatis Pollock, 1971 (s. str.)

– Caudal region usually (ca 80% of the specimens) with a strong swollen-based caudal spike (ca 20% 
of the specimens without caudal appendage and a few with a small off-center caudal spur); dorsal 
cuticle not uniformly punctated (dorsolateral and cephalic punctations larger, ca 9 pillars / 10 μm, 
than in the other dorsal zones, ca 15 pillars / 10 μm that also have 7 transversal apunctate areas); toe 
discs quadrate with a slightly indented distal edge; dorsal leg papilla present  ..................................
 ...................................................................................................B. tubernatis (sensu McKirdy 1975)
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