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Abstract :   
 
Caves are natural laboratories to investigate evolutionary processes in the ocean. In contrast to the many 
described lineages of cave exclusive crustaceans and annelids, very little is known about cave 
scalidophorans. We here describe two new species of kinorhynchs from a lava tube in the Canary Islands 
and a cenote in the Yucatan Peninsula. Leiocanthus bretti sp. nov., from Tenerife, is mainly characterized 
by the lack of middorsal structure specializations on all trunk segment, middorsal line covered by hairs on 
segments 3-9, unpaired paradorsal setae on segments 2–9, middorsal seta on segment 10, and 
laterodorsal setae on segments 2–9 and 11. Pycnophyes kukulkan sp. nov. from Yucatan is defined by 
the strong denticulation in the tergal anterior margin, as a barbed comb, followed by the autapomorphic 
presence a pool of depressed and perforated cuticular annuli on the anterior half of the plate. The species 
is also defined by the combination of the following features: very long lateral terminal spines (LTS/TL 
above 38%), middorsal elevations on segments 2-9, unpaired paradorsal setae on segments 4, 6, 8, 
paired laterodorsal setae on segments 2–9, lateroventral setae on segments 2, 4, 6–8, 10 (two pairs on 
segment 10), ventrolateral setae on segment 5 plus ventrolateral or ventromedial setae on segments 3-
8, and ventromedial ones on segment 9. The new species are discussed in reference to the diversity of 
cave scalidophorans, including possible adaptations to the ecological conditions found in some caves. A 
checklist with all the records of scalidophorans in caves is provided. 
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1. Introduction 

Caves represent island-like marine environments providing natural laboratories to 

investigate evolutionary processes in the ocean (Dawson, 2016). All marine and 

anchialine caves investigated so far harbor disharmonic animal communities 

characterized by high endemism and the presence of common traits, collectively known 

as troglomorphism, sometimes involving remarkable morphological changes (Romero, 

2009; Iliffe and Alvarez, 2018).  

A crucial step towards the use of caves as ecological models is the description of their 

fauna. Currently, up to ca. 1400 species are recorded in marine and anchialine caves 

(Gerovasileiou et al., 2016). Many of these species represent marine lineages that 

survive in certain cave habitats, while others represent highly specialized lineages never 

found in the open ocean, such as remipedes, thermosbaenaceans, stygiomysids, and 

mictaceans (Bowman and Iliffe, 1985; Meland and Endre, 2007; Wagner, 1994; Yager, 

1981). Due to their plesiomophic traits and disjunct distribution in caves located at 

distant parts of the world, these lineages have been interpreted as living fossils and 

considered as relicts from ancient Tethyan faunas (Hoenemann et al., 2013; Iliffe, 1992; 

Iliffe and Kornicker, 2009). In contrast, other cave species belong to groups otherwise 

exclusively from the deep sea (Danielopol et al., 1996), such as cave squat-lobster 

Munidopsis polymorpha Koelbel, 1892 and several species of cave annelids (Gonzalez 

et al., 2017; Martínez et al., 2013, 2016). The presence of these animals in caves 

collectively suggests the existence of crevicular connections between caves and certain 

deep sea habitats (Iliffe, 1990). 

 

Few, yet evolutionarily interesting meiofaunal lineages are known in marine and 

anchialine subterranean caves. Some of them represent basally splitting branches and 

are crucial to understand the evolution of the body plans of major metazoan lineages. 

For example, the copepod order Misophrioda, recovered as the sister group of 

remaining Podoplea, splits off in two sister clades: one with marine hyperbenthic 

species and another exclusively with cave species (Khodami et al., 2017). Therefore, it 

is not possible to describe the character evolution of Misophrioda or Podoplea, without 

understanding the relationships of these cave species (Boxshall and Jaume, 2000). Other 

times, meiofaunal cave species represent derived branches with secondary adaptations 

to cave life. This is the case of cave species of the otherwise interstitial annelid families 

Nerillidae and Protodrilidae (Martínez et al., 2018; Worsaae, 2014), which show 
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convergent adaptations for suspension feeding in the water column of anchialine caves 

(Martínez et al., 2017; Worsaae et al., 2004, in press). 

In contrast, very little is known about cave scalidophorans. Priapulids are common in 

caves directly connected to the sea, although always represented by marine species that 

exploit the abundant organic matter in flocculent sediments (Schmidt-Rhaesa et al., 

2013; Todaro and Shirley, 2003). Loriciferans are known by two endemic species from 

two Australian caves (Heiner et al., 2009). Finally, Kinorhyncha is the group of 

scalidophorans most frequently found in caves (Cruz-Palacin and Masalles, 1986; 

Janssen et al., 2013; Riera et al., 2018; Sandulli et al., 2014), although only four records 

are identified to the species level: the marine species Echinoderes dujardinii Claparède, 

1863 and Meristoderes macracanthus Herranz, Thormar, Benito, Sánchez and Pardos, 

2012 from Mediterranean caves (Dal Zotto and Todaro, 2016; Riedl, 1966), and the 

cave exclusive species Echinoderes cavernus Sørensen, Jørgensen and Boesgaard, 

2000, and Ryuguderes iejimaensis Yamasaki, 2016 from Australia and Japan, 

respectively (Sørensen et al., 2000; Yamasaki, 2016). The high percentage of 

undescribed kinorhynchs (Appeltans et al., 2012) and the comparatively high number of 

records in caves highlights the importance of paying more attention to the kinorhynchs 

at these habitats as caves might hide important species to understand the evolution of 

the group. 

As a first step to improve this situation, we here provide five new records of 

kinorhynchs from two cave systems in the Canary Islands and the Yucatan Peninsula, 

including the description of two new species. The systematic significance and potential 

adaptations of these species is discussed in relation to other cave species. Finally, a 

complete checklist with all the records of scalidophorans from caves around the world is 

provided.  

 

2. Material and Methods 

2.1. Sampling localities 

Sediment samples were collected by scuba diving from Casa Cenote, Ox Bel Ha 

anchialine cave system (Quintana Roo, Mexico) and Punta Prieta submarine cave 

(Tenerife, Canary Islands) (Fig. 1), from the upper ca 5 cm of the sediment. 

Cueva de Punta Prieta (Fig. 1B-C) is a lava tube flood with entirely marine waters and 

connected directly to the ocean. The cave consists of a large chamber which opens at the 

base of a rocky reef at 30 m depth. This main room has probably been broadened up by 
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erosion during last glacial maximum and its current dimensions are 30 m long, 15 m 

wide, and 5 m high. Most of the chamber receives dim illuminations and harbors marine 

species typically found in other caves in the Canary Islands (Álvarez et al., 2005; 

Martínez et al., 2004; Riera et al., 2018; Sangil, 2005), such as sponges, the anemone 

Telmatactis cricoides (Duchassaing, 1850) the arrow crab Stenorhynchus seticornis 

(Herbst, 1788), and the fish Apogon imberbis (Linnaeus, 1758) (A. Martínez, pers. 

obs.). Several narrower ducts extend inland from the back of the main chamber, 

completely dark and too tight to be explored by a diver. Our samples were taken in one 

of those ducts, approximately 1.5 m from its entrance. 

Casa Cenote (Fig. 1A) is an anchialine cave that opens at the bottom of a karstic 

channel in a mangrove area. The water column is stratified and consists of both brackish 

and fully marine water bodies separated by a halocline at ca. 6 m deep. The entrance of 

the cave is occupied by typical mangrove and coastal species, such as barracudas 

(Sphyraena sp.), tarpons (Megalops atlanticus Valenciennes, 1847), Mayan cichlids 

(Cichlasoma urophthalmus (Günther, 1862)), and blue crab (Callinectes sapidus 

Rathbun, 1896) (A. Martínez, pers. obs.). The sample was collected approximately at 

100 m inside the cave system, in total darkness and fully marine waters. At these 

section, typically anchialine fauna was observed, including Antromysis cenotensis 

Creaser, 1936, Creaseriella anops (Creaser, 1936), and hadziid amphipods (Álvarez and 

Iliffe, 2008). 

 

2.2. Meiofauna extraction, mounting and examination of specimens 

Meiofauna was extracted using the bubble and blot protocol (Sørensen and Pardos, 

2008) and the animals were sorted to main groups. Kinorhynch specimens were 

preserved in 100% ethanol and subsequently identified to species level. A total of 

twelve and seven kinorhynch specimens were sorted and examined for this study, from 

Casa Cenote and Punta Prieta, respectively.  

Specimens for light microscopy (LM) were transferred through a graded series of 

glycerin/ethanol, kept overnight in 100% glycerin and then mounted in Fluoromount-G® 

on a glass slide (Sørensen and Pardos, 2008). These specimens were examined with a 

microscope equipped with Nomarski differential interference contrast (DIC) optics, 

photographed with an Olympus DP70 and measured with Olympus cellSens® software. 

Specimens for scanning electron microscopy (SEM) were transferred to acetone, 
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critical-point dried, mounted on aluminum stubs and sputter-coated with gold for 

examination with a JEOL JSM-6335 field emission scanning electron microscope. 

Type specimens are deposited at the Natural History Museum of Denmark (NHMD). 

 

3. Results 

 

Class Allomalorhagida Sørensen, Dal Zotto, Rho, Herranz, Sánchez, Pardos and 

Yamasaki, 2015 

Family Pycnophyidae Zelinka, 1896 

Genus Leiocanthus Sánchez, Yamasaki, Pardos, Sørensen, Martínez, 2016 

 

3.1. Leiocanthus bretti sp. nov. 

ZooBank LSID: urn:lsid:zoobank.org:act:AC142BF3-DBD2-4CF6-9815-

2C56D4C21EFC 

(Figs. 2-4) 

3.1.1. Type material 

Holotype, adult male, collected on April 21, 2016 in Punta Prieta marine cave at Punta 

Prieta, Tenerife, Canary Island, West Atlantic: 28,271o N, 16,384 o W (Fig. 1B-C), at 30 

m depth in muddy sediment; mounted in Fluoromount G®, deposited at NHMD under 

accession number NHMD-305397. Collectors: Alejandro Martínez, Enrique 

Domínguez, and Carola D Jorge. One adult female paratype, same collecting data as 

holotype, mounted in Fluoromount G® and stored at NHMD under accession number 

NHMD-305398. Non-type, one specimen mounted for SEM, gender unknown, storaged 

at the Meiofauna Laboratory, Dept. of Zoology and Anthropology, Universidad 

Complutense de Madrid.  

  

3.1.2. Diagnosis 

Leiocanthus without middorsal structure specializations (middorsal processes or 

elevations) on any trunk segment. Hairy middorsal line on segments 3-9, smaller on 

segment 10. Unpaired paradorsal setae on segments 2–9 and middorsal seta on segment 

10, laterodorsal setae on segments 2–9 and 11, paralateral setae on segment 10, 

lateroventral setae on segments 2, 4, 6–8, ventrolateral setae on segments 1, 2, 5 and 10, 

ventromedial setae on segments 3–9. Males lacking ventromedial tubes on segment 2. 
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3.1.3. Etymology 

The species is named after Dr. Brett Gonzalez, to acknowledge the many hours spent 

together sharing friendship, and exciting work, and discoveries in many caves around 

the world. 

 

3.1.4. Description  

Measurements summarized in Table 1; distribution of cuticular structures in Table 2.  

Head and neck. Nine long, thin, and flexible outer oral styles of similar size. 

Introvert with six rings of spinoscalids plus one ring of 14 trichoscalids, seven dorsal 

and seven ventral. Detailed arrangement of spinoscalid unclear, except for the ten 

primary spinoscalids in Ring 01, with one by each sector and composed of two units. 

Neck with four dorsal and two ventral, strongly sclerotized placids (Figs. 2A-B and 3A, 

C). Dorsal placids anteriorly depressed at the central area, rectangular and of similar 

size. Ventral placids more elongated than dorsal ones. 

Trunk. Segment 1 with one tergal, two episternal and one trapezoidal midsternal 

plates; segments 2–11 with one tergal and two sternal plates (Figs. 2A-B, 3A-B and 4A-

B). Segment nearly constant, with the maximum sternal width at segment 8. Middorsal 

processes or elevations absent at all trunk segments (Figs. 2B, 3A and 4A-B). Hairy 

middorsal line on segments 3-10, inconspicuous in LM, that on segment 10 smaller 

(Figs. 2B and 4A, D). Segments 1–10 with dorsal groove-like and ventral crescentic 

glandular cell outlets in subdorsal and ventromedial positions, visible only in LM (Figs. 

2A-B and 3A-B). Dorsal glandular cell outlets on segment 1 wider than others; ventral 

ones on segment 10 smaller than others. Segments 2-10 with dorsal and ventral 

cuticular ridges; dorsal ridges on laterodorsal and ventral ridges in ventromedial 

position (Fig. 2A-B). Segment 10 with two extra pairs of cuticular ridges in subdorsal 

and laterodorsal positions, plus a single middorsal one (Figs. 2B and 4D). Punctuated 

cuticle at the laterodorsal to lateroventral anterior margins, reaching the cuticular ridges 

(Figs. 2A-C and 3E). Well-developed, regular sized ball and socket joints in segments 

2-11 (Figs. 2A-C and 3B). Apodemes well-developed in segments 9-10 (Figs. 2A, C 

and 3A-B, G). Hairy tergosternal junctions on segments 2-10. Sensory spots rounded to 

oval, with several rings of cuticular papillae surrounding a central collar with broader 

papillae and a central pore. Primary pectinate fringe inconspicuous. Secondary pectinate 

fringe extending across the dorsal side until the paraventral positions (Fig. 2). 
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Segment 1 without middorsal structure (middorsal process or elevation) or 

intracuticular atria (Figs. 2B, 3A and 4A-C). Anterolateral margins of tergal plate 

projected as anterior horn-like extensions (Figs. 2A-B, 3A-C and 4A-C). Tergal anterior 

margin slightly denticulated, followed by a narrow reticulated area (Fig. 4C). Three 

pairs of dorsal sensory spots, one in subdorsal and two in laterodorsal positions 

arranged as a triangle (Figs. 2B, 3A and 4C). Midventralmost anterior margin bulged 

followed by a depressed area (Figs. 2A and 3C). Midsternal plate with a characteristic 

trapezoidal shape resembling an Erlenmeyer flask profile (Figs. 2A and 3B-C). Each 

episternal plate with ventrolateral seta in the middle region, and ventrolateral sensory 

spot at the anteriormost region of the plate (Figs. 2A and 3B-C).  

Segment 2 without middorsal processes, elevations, or intracuticular atria (Figs. 

2B, 3A and 4A-C). Presence of one single paradorsal seta, paired subdorsal and 

laterodorsal sensory spots, and paired laterodorsal and lateroventral setae (Figs. 2A-B, 

3A and 4C). Laterodorsal setae lateral to sensory spots. Sternal plates with one pair of 

ventrolateral setae in both sexes and ventromedial sensory spots (Figs. 2A and 3B-C). 

Male without the common ventromedial tubes of the gender (Figs. 2A and 3B-C). 

Segment 3 without middorsal processes, elevations, or intracuticular atria (Figs. 

2B, 3A and 4A-C, E). Tergal plate with one unpaired paradorsal seta, and paired 

subdorsal sensory spots, laterodorsal setae and sensory spots (Figs. 2B, 3A and 4C, E). 

Laterodorsal sensory spots lateral to setae and aligned with the laterodorsal setae on 

segment 2 (Figs. 2B and 3A). Sternal plates in the holotype with paired ventromedial 

setae and sensory spots (ventrolateral setae instead of ventromedial in the paratype); 

sensory spots lateral to the setae (Figs. 2A and 3B). Otherwise similar to preceding 

segment.  

Segment 4 similar to segment 3 but with paired lateroventral setae and one 

unpaired paradorsal sensory spot (left side in the holotype, right side in the SEM 

specimen) (Figs. 2A-B, 3A-B and 4E). Otherwise similar to preceding segment.  

Segment 5 with tergal plate similar to that of segment 3 but without subdorsal 

sensory spots (Figs. 2B, 3A, D and 4E). Sternal plates in the holotype and Paratype with 

paired ventromedial setae and sensory spots; sensory spots lateral to the setae, and with 

one pair of ventrolateral setae in the three studied specimens (Figs. 2A and 3B). 

Otherwise similar to preceding segment. 
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Segment 6 similar to segment 4 but without laterodorsal sensory spots (Figs. 2A-

B, 3A-B, D and 4E-F). Paradorsal sensory spot on the opposite site to that of segment 4 

(Figs. 2B and 3A). Otherwise similar to preceding segment. 

Segment 7 similar to segment 6 but without paradorsal sensory spot (Figs. 2A-B, 

3A-B, H and 4F). Otherwise similar to preceding segment. 

Segment 8 with unpaired paradorsal seta, two paired subdorsal sensory spots, 

mesial sensory spot almost in paradorsal position; plus laterodorsal and lateroventral 

setae (Figs. 2B, 3A, H and 4F). Sternal plates similar to those of preceding segments 

(Figs. 2A and 3B, H). Otherwise similar to preceding segment.  

Segment 9 with unpaired paradorsal seta, three pairs of subdorsal sensory spots, 

and one pair of laterodorsal setae (Figs. 2B, 3A, F and 4D). Protonephridial openings in 

paralateral position (Fig. 2A). Sternal plates similar to those of preceding segments 

(Figs. 2A and 3B). Otherwise similar to preceding segment. 

Segment 10 with unpaired middorsal seta, and paired subdorsal and laterodorsal 

sensory spots and paralateral setae on the tergal plate (Figs. 2B, 3A, F and 4A-B, D). 

Sternal plates with pairs of ventrolateral setae and ventromedial sensory spots, both near 

the posterior margin (Figs. 2A and 3B, G). Characteristic cuticular feature, pocket-

shaped, in paraventral position on the posterior most region of the plates (Figs. 2A and 

3G, I). Sternal plates with concave margins, extending posteriorly near the midventral 

junction in males, more straight in females (Figs. 2A, C and 3G). Otherwise similar to 

preceding segment. 

Segment 11 with one pair of lateral terminal spines (Figs. 2 and 4A-B). Tergal 

plate with at least one pair of subdorsal type 3 sensory spots and laterodorsal setae 

(Figs. 2B and 4D). Males with two pairs of penile spines and genital pores surrounded 

by a tuft of long hairs (Figs. 2A and 3G). 

Associated kinorhynch fauna: Pycnophyes cf. zelinkaei Southern, 1914 (4 specimens). 

 

3.1.5. Remarks 

The new species is assigned to Leiocanthus by the lack of middorsal structure 

specializations along the trunk segments, neither middorsal processes nor elevations. 

The genus currently accommodates 12 species (after Sánchez et al. (in press) 

synonymized L. fimbriatus (Higgins, 1982) with L. langi (Higgins, 1964), of which ten 

species have lateral terminal spines: L. chalgap (Sánchez et al., 2013); L. corrugatus 

(Higgins, 1983); L. ecphantor (Higgins, 1983); L. emarginatus (Higgins, 1983); L. 
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faveolus (Brown, 1999 in Adrianov and Malakhov, 1999); L. lageria (Sánchez et al., 

2014a); L. nagini (Sørensen et al., 2016); L. pardosi (Sánchez et al., 2013); L. 

parapardosi (Sánchez and Yamasaki, 2016); and L. sculptus (Lang, 1949). 

Leiocanthus bretti sp. nov. resembles L. corrugatus, L. ecphantor, L. faveolus, L. 

lageria, L. nagini, L. pardosi, L. parapardosi and L. sculptus by the lack of middorsal 

specialization on all trunk segments (L. faveolus is included in the list despite the 

information of middorsal specialization on segments 8 and 9 is unclear, see Adrianov 

and Malakhov, 1999). Of these, L. faveolus, L. nagini, L. pardosi and L. parapardosi 

are those with paradorsal setae on segments 2-9, plus middorsal/paradorsal on segment 

1 in L. faveolus. However, the new species can be distinguished from them by the 

distribution of paradorsal/middorsal setae. The four species present paired paradorsal 

setae on some segments, whereas Leiocanthus bretti sp. nov. has unpaired paradorsal 

setae from segments 2 to 9 but also middorsally on segment 10, and lacking on segment 

1. Leiocanthus bretti sp. nov can furthermore be distinguished from L. nagini, L. 

pardosi and L. parapardosi by the lack of longitudinal dorsal and ventral cuticular 

thickenings on segment 10 and the absence of irregularly posterior fringed shape on 

segment 11, as well as by its aligned ventral setae along the trunk.  

 

Genus Pycnophyes (Zelinka, 1907) 

3.2. Pycnophyes kukulkan sp. nov. 

ZooBank LSID: urn:lsid:zoobank.org:act:DFBDC3E9-60BE-480A-85FA-

B340086A1F7D 

(Figs. 5-7) 

 

3.2.1. Type material  

Holotype, adult male, collected on June, 6, 2014 in Casa Cenote, Ox Bel Ha cave 

system, Quintana Roo, Mexico: 20,267 o N, 87,391o W (Fig. 1A), at 15 m depth in 

muddy calcareous sediment; mounted in Fluoromount G®, deposited at NHMD under 

accession number NHMD-305399. Collectors: Alejandro Martínez and Brett C. 

Gonzalez. One adult male paratype, same collecting data as holotype, mounted in 

Fluoromount G® and stored at NHMD under accession number NHMD-305400. Two 

additional specimens mounted for SEM, one adult male and one adult with 

undetermined sex, storaged at the Meiofauna Laboratory, Dept. of Zoology and 

Anthropology, Universidad Complutense de Madrid.  
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3.2.2. Diagnosis 

Pycnophyes with tergal anterior margin strongly denticulated, as a barbed comb, 

followed by a cuticular ornamentation extending over the anterior half of the plate 

formed by a pool of depressed cuticular annuli, each one within a variable number of 

perforations. Middorsal elevations on segments 2-9, unpaired paradorsal setae on 

segments 4, 6, 8, paired laterodorsal setae on segments 2–9, lateroventral setae on 

segments 2, 4, 6–8, 10 (two pairs on segment 10), ventrolateral setae on segment 5 plus 

ventrolateral or ventromedial setae on segments 3-8, and ventromedial setae on segment 

9. Very long lateral terminal spines (LTS/TL above 38%).  

 

3.2.2. Etymology 

The species name refers to the Mesoamerican deity Kukulkan, the Feathered Serpent. 

 

3.2.4. Description  

Measurements summarized in Table 3; distribution of cuticular structures in Table 4.  

Head and neck. Nine long, thin, and flexible outer oral styles of similar size. 

Introvert with six rings of spinoscalids plus one ring of 14 trichoscalids, seven dorsal 

and seven ventral. Arrangement of spinoscalid unclear, except for the ten primary 

spinoscalids in Ring 01, arranged one by each sector and composed of two units. Neck 

with four dorsal and two ventral strongly sclerotized placids (Fig. 5A-B). Dorsal placids 

rectangular and similar in size, two medial dorsal placids anteriorly depressed at the 

central area. Ventral placids more elongated than dorsal ones. 

Trunk. Segment 1 with one tergal, two episternal and one trapezoidal midsternal 

plates; segments 2–11 with one tergal and two sternal plates (Figs. 5A-B, 6A-B and 7A-

B). Segment widths nearly constant, with maximum sternal width at segment 7. Hairy 

middorsal elevations on segments 2-9 (Figs. 5B, 6A and 7A). Segments 1–10 with 

inconspicuous oval glandular cell outlets in subdorsal and ventromedial positions (Fig. 

5A-B). Ventral glandular cell outlets on segment 1 unaligned with those in subsequent 

segments, located more laterally. Cuticular ridges poorly developed, except for 

ventromedial ridges on segment 2. Well-developed, regular sized ball and socket joints 

in segments 2-9 (Figs. 5A-B and 6A-B). Apodemes well-developed in segment 10 

(Figs. 5A and 6A-B). Tergosternal junctions on segments 2-10 covered by short hairs. 

Minute primary pectinate fringe. Four secondary pectinate fringes running almost 
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parallel across dorsal and ventral side on segments 2-10 (Figs. 5A-B and 6F). Sensory 

spots rounded to oval, with few cuticular papillae arranged in a ring surrounding a 

central pore (paradorsal ones with several rings of cuticular papillae). Reticulated 

cuticular ornamentation anterior to the first secondary pectinate fringe, both at the 

dorsal and ventral side (Figs. 5A-B and 6F-H). Dorsal and ventral cuticle of the anterior 

most region of each segment forms pointed posteriorly projecting dentations, in 

different degrees of development (Figs. 5A-B and 6E-F, H). 

Segment 1 without middorsal elevation or intracuticular atria (Figs. 5B, 6A, C 

and 7A). Tergal anterior margin strongly denticulated, as barbed combs followed by a 

characteristic cuticular ornamentation formed by a pool of depressed cuticular annuli 

extending over the anterior half of the plate (Figs. 5B and 6C). Each annulus with a 

variable number of intracuticular pores (Fig. 6D). Anterolateral margins of tergal plate 

projected as anterior horn-like extensions (Figs. 5A-B, 6C and 7A-C). Three pairs of 

dorsal sensory spots, one subdorsal and two laterodorsal arranged as a triangle (Figs. 5B 

and 6C). Anteriormost laterodorsal sensory spots reaching the border of the annulus 

area. Each episternal plate with ventrolateral sensory spot on the anteriormost region 

and ventromedial glandular cell outlet in the middle region (Figs. 5A).  

Segment 2 with hairy middorsal elevation and paradorsal sensory spots 

associated to intracuticular atria (Figs. 5B and 7F). Two laterodorsal pairs of sensory 

spots and one pair of setae, plus one pair of lateroventral setae (Figs. 5A-B and 6A, C). 

Laterodorsal setae between the two sensory spots. Sternal plates with one pair of 

ventromedial sensory spots (Figs. 5A, 6G and 7C). Males with paired ventromedial 

tubes mesially to the sensory spots (Figs. 5A, 6G and 7C). 

Segment 3 with hairy middorsal elevation and paradorsal sensory spots 

associated to intracuticular atria (Figs. 5B, 6A and 7A, F). Tergal plate with subdorsal 

sensory spots, plus laterodorsal setae and sensory spots, with the setae aligned with the 

mesial laterodorsal sensory spots of the preceding segment (Figs. 5B and 6A). Sternal 

plates with paired ventromedial setae and sensory spots, with the setae laterally to the 

sensory spots (Figs. 5A and 6B, G). The specific location of the ventromedial setae 

varies between ventrolateral and ventromedial position (Fig. 3G). Otherwise similar to 

preceding segment.  

Segment 4 with hairy middorsal elevation and paradorsal sensory spots 

associated to intracuticular atria (Figs. 6A and 7A, F). Tergal plate with unpaired 

paradorsal seta, pairs of subdorsal and laterodorsal sensory spots, plus laterodorsal and 
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lateroventral setae (Figs. 5B, 6A and 7F). Laterodorsal sensory spots laterally to the 

laterodorsal setae. Sternal plates with paired ventromedial setae and sensory spots, with 

the setae lateral to the sensory spots (Figs. 5A and 6B). The specific location of the 

ventromedial setae varies between ventrolateral and ventromedial position. Otherwise 

similar to preceding segment. 

Segment 5 with tergal and sternal plates similar to those of segment 3 plus 

ventrolateral setae (Figs. 5A-B, 6A-B, E and 7E). Otherwise similar to preceding 

segment. 

Segment 6 with tergal plate similar to that of segment 4 but without laterodorsal 

sensory spots (Figs. 5B and 6A, E). Sternal plates with ventromedial setae and sensory 

spots, with the setae lateral to the sensory spots (Figs. 5A, 6B, H and 7E).  

Segment 7 with middorsal elevation less conspicuous than those on preceding 

segments (Figs. 5B, 6A, F and 7A, D). Tergal plate with three pairs of sensory spots, 

one subdorsal and two laterodorsal, plus paired laterodorsal and lateroventral setae 

(Figs. 5A-B, 6A, F and 7D). Laterodorsal setae between the laterodorsal sensory spots. 

Sternal plates similar to those on segment 3 (Figs. 5A and 6B, H). Otherwise similar to 

preceding segment. 

Segment 8 with tergal plate similar to that of segment 4 but with an extra pair of 

laterodorsal sensory spots mesially to the laterodorsal setae (Figs. 5B and 6A, F). 

Sternal plates similar to those on segment 3 (Figs. 5A and 6B). Otherwise similar to 

preceding segment. 

Segment 9 with tergal plate similar to that of segment 7, but without 

lateroventral setae (Figs. 5A-B, 6A and 7G). Protonephridial openings in paralateral 

position (Fig. 5A). Sternal plates with ventromedial setae and sensory spots, with the 

sensory spots lateral to the setae (Figs. 5A and 6B, I). Otherwise similar to preceding 

segment. 

Segment 10 without middorsal elevations and with two pairs of subdorsal 

sensory spots and lateroventral setae at the tergal plate (Fig. 5A-B). Sternal plates with 

paired ventromedial sensory spots on the posterior third of the segment (Fig. 5A). 

Rounded and projected posterior ventral margin in males. Otherwise similar to 

preceding segment (Figs. 5A-B and 6I). 

Segment 11 with one pair of thin and very large lateral terminal spines (Figs. 

5A-B, 6A-B and 7A-B). Two pairs of subdorsal type 3sensory spots (Fig. 5B). Males 
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with two pairs of penile spines and genital pores surrounded by a tuft of long hairs (Fig. 

5A).  

Associated kinorhynch fauna: Centroderes barbanigra Neuhaus et al., 2014 (6 

specimens); Paracentrophyes sp (2 specimens). 

 

3.2.5. Remarks 

The features of Pycnophyes kukulkan sp. nov. do not fit any of the described 

pycnophyid genera (Sánchez et al., 2016). Leiocanthus is defined by the lack of 

middorsal elevations or processes at least on segments 7-10, and Cristaphyes has 

middorsal processes surpassing the posterior margins of segments 2–9, whereas the new 

species has middorsal elevations on segments 2-9. Pycnophyes and Higginsium may 

have middorsal elevation from 2-9 as the new species, as well as paradorsal setae on 

segments 4, 6 and 8. However Higginsium is characterized by having paradorsal setae 

also on segment 2, a feature absent in Pycnophyes kukulkan sp. nov.; and Pycnophyes is 

characterized by the presence of lateroventral setae on segments 2, 4, 6 and 8, but never 

on segment 7 as it occurs in the new species. Furthermore, lateral terminal spines are 

short in all Pycnophyes species (LTS/TL <20%), whereas the new species has some of 

the longest lateral terminal spines (range between 39-48% of LTS/TL) reported in the 

family. Pycnophyes kukulkan sp. nov. also differs from species of Setaphyes, which are 

characterized by paradorsal setae on all segments 2–9, and lateroventral setae on 

segments 2–10. Finally, the new species does not fit with the diagnosis of Krakenella 

either, which accommodates the largest pycnophyid species, with total trunk lengths 

above 800 µm, and are characterized by scarcity of setae as well. 

Pycnophyes kukulkan sp. nov. shows a unique combination of characters, which does 

not fit any other describe genus of Pycnophyidae. It mostly resembles Fujuriphyes in 

the presence of long lateral terminal spines and paradorsal setae only on even-numbered 

segments. But it also differs at several point: (1) the new species presents lateroventral 

setae on even-numbered segments as well as on segment 7, whereas Fujuriphyes species 

bear lateroventral setae only on even-numbered segments; and (2) the distribution of 

ventrolateral setae, always present on both anterior (3 or/and 4, plus 5) and at least on 

one posterior segment (from 6 to 9) in (Sánchez et al., in press). The paratype specimen 

fits this pattern perfectly, as it has ventrolateral setae located very close to the 

tergosternal junctions on segments 3-5 and 7-8; but the holotype has some of these setae 

(3-4, and 7-8) in ventromedial position. Unfortunately, we could not confirm with 
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accuracy this character in the only available SEM due to the orientation of the animal 

(they are not located near the tergosternal junctions as in the holotype but more closer to 

the ventromedial area, but we can not confirm if they are in ventrolateral or 

ventromedial position). Despite this variability, all our specimens shared the remaining 

diagnostic features (setae, sensory spots and glandular cell outlets) as well as the 

possible autapomorphic pool of cuticular annuli on the anterior tergal plate of segment 

1, which confirms that they all belong to the same species. Based on this, we 

provisionally assign Pycnophyes kukulkan sp. nov. to the genus Pycnophyes following 

the same reasons as in Sánchez et al. (2016), until more specimens or molecular data 

allow us to resolve its status. 

Together with Pycnophyes kukulkan sp. nov., the pycnophyids with the longest lateral 

terminal spines (average of LTS/TL ca. or above 40%) are Fujuriphyes longispinosus 

Sánchez and Yamasaki, 2016 (ca. 45%), Higginsium dolichurum Sánchez et al., 2011 

(ca. 42-45%); and Krakenella farinelli Sánchez et al., 2014 (ca. 41-50%). However, 

these three species are easily distinguished from the new one due to the lack of ventral 

tubes on segment 2 in males (Sánchez et al., 2011, 2014b; Sánchez and Yamasaki, 

2016) - a feature present in Pycnophyes kukulkan sp. nov.. 

Regarding additional morphological characters, eight pycnophyid species resemble to 

Pycnophyes kukulkan sp. nov. in the distribution of paradorsal setae, present only on 

segments 4, 6 and 8: Pycnophyes aulacodes Sánchez et al., 2011; Pycnophyes 

beaufortensis Higgins, 1964 (presence/absence of seta on segment 8 unknown, see 

Appendix S1 in Sánchez et al., 2016); Pycnophyes communis (Zelinka, 1908); 

Pycnophyes frequens Blake, 1930; Leiocanthus langi (see Higgins, 1964), Leiocanthus 

mainensis (Blake, 1930) (presence of seta on segment 8 confirmed in the type material, 

see Appendix S1 in Sánchez et al., 2016); Pycnophyes paraneapolitanus 

(Sheremetevskij, 1974); and Pycnophyes schornikovi Adrianov, 1999 in Adrianov and 

Malakhov, 1999. Nevertheless, none of them have lateroventral setae on segment 7 and 

their lateral terminal spines are short (<20% LTS/TL). In fact, L. mainensis and L. langi 

have no lateral terminal spines at all (Blake, 1930; Higgins, 1964). Moreover, P. 

aulacodes, P. communis, P. frequens, P. paraneapolitanus and P. schornikovi show a 

midventral pointed projection on the midsternal plate of segment 1, absent in the new 

species (Adrianov, 1999; Blake, 1930; Sánchez et al., 2011; Sheremetevskij, 1974; 

Zelinka, 1908). 
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Finally, Pycnophyes kukulkan sp. nov. shares the presence of lateroventral setae only on 

segments 2, 4, 6-8 and 10 combined with the absence of paralateral setae on segment 1 

with a  single species within the family: Leiocanthus parapardosi (Sánchez and 

Yamasaki, 2016). However, males of this species lack ventral tubes on segment 2 and 

both genders have paradorsal setae on segments 2-9, paired on segment 9. Even though 

the information of Leiocanthus ecphantor about the presence/absence of lateroventral 

and paralateral setae in the aforementioned segments is not clear, it can be easily 

discriminated from Pycnophyes kukulkan sp. nov. by other features. Males of L. 

ecphantor lack ventral tubes and paradorsal setae are present on most of the segments in 

both genders (specifically on segments 2, 4-8) (Higgins, 1983; Sánchez et al., 2016 

Supplementary material).    

It is noteworthy that Pycnophyes kukulkan sp. nov. is the only pycnophyid species with 

a cuticular structure formed by depressed cuticular annuli at the dorsal side of segment 

1. Only Leiocanthus lageria (Sánchez et al., 2014) has a similar structure but 

resembling candle wax drops with a net-like internal ornamentation (Sánchez et al., 

2014a), whereas the annuli of Pycnophyes kukulkan sp. nov. have intracuticular 

perforations.  

 

4. Discussion 

4.1. Cave-dwelling kinorhynchs.  

Our two new species and three newyl recorded specimens increase the number of 

scalidophoran species recorded from caves to 14 (plus some unidentified specimens to 

species level), and the number of cave kinorhynchs to eight (plus Paracentrophyes sp) 

(see Table 5 for detailed information). Whereas E. dujardinii, M. macracanthus, P. 

zelinkaei, and C. barbanigra have been reported in multiple localities at marine 

environments, E. cavernus, R. iejimaensis, L. bretti sp. nov., and P. kukulkan sp. nov. 

are exclusively known from caves (Sørensen et al., 2000; Yamasaki, 2016; this issue). 

Most cave kinorhynchs, including L. bretti sp. nov., have been found in caverns formed 

along the coast line with a continuous input of sea flow, yet often hosting cave 

exclusive fauna for other groups of animals (Chiu, 2016; Heiner et al., 2009; Kano and 

Kase, 2009).  

In contrast, Pycnophyes kukulkan sp. nov. is the first kinorhynch collected from an 

anchialine cave. Anchialine caves are flooded by land-locked water with marine origin 

partially isolated from the ocean (Stock et al., 1986). Casa Cenote opens directly to a 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
mangrove area, but the water exchange is limited to the brackish water layers, while the 

deeper marine layers remain isolated. Eyed copepods and amphipods as well as 

clitellates were recovered from the sediments in the brackish layer, near the entrance of 

the cave, where kinorhynchs were absent. Kinorhynchs were only found from sediments 

in fully marine waters, ca. 150 m inside the cave and in total darkness. The stygobitic 

annelid Fauveliopsis n. sp. and few harpacticoid copepods, presumably marine species, 

were found in the same sample. The presence of kinorhynchs in that section of the cave 

could be related to the salinity, but also to the amount and nature of the organic matter 

in these sediments. The amount of organic matter in other cave systems shows a 

negative gradient from the entrance to the dark zones (Pohlman, 2011). While the 

amount of organic matter was probably too high at the entrance favoring the presence 

typical mangrove fauna; conditions appear to be optimal in the deeper section of the 

cave. Samples collected even at deeper sections in the same cave system were depleted 

of fauna. Samples from other cenotes, such as Taj Mahaa, Carwash, and Cenote 

Crustacea did not contain kinorhynchs but harbor other interesting meio- and 

macrofaunal groups (Gonzalez et al., 2012; Rubio et al., 2016). 

 

4.2. Kinorhyncha morphological adaptations to cave life.  

Pycnophyes kukulkan sp. nov. from Casa Cenote has an area with cuticular 

ornamentation consisting of annuli. Even though the presence of pores needs to be 

confirmed using SEM and TEM studies, cuticular annuli with terminal pores are found 

in other meiofaunal ecdysozoans, such as halacarids or crustaceans with sensory 

function (Benfatti et al., 1989). Enhancement of non-visual sensorial structures has been 

recursively proposed as an adaptation to cave life in other groups, as they favor the 

navigation through the darkness as well as the location of food sources in the 

oligotrophic environment (Culver and Pipan, 2009; Romero, 2009). While enhancement 

of sensory structures has been better described in crustacean and fish (Romero and 

Paulson, 2001; Mejía-Ortiz et al., 2006), they have been recently reported to annelids, 

both for sensing and suspension feeding (Gonzalez et al., 2018; Martínez et al., 2014, 

2017; Worsaae et al., in press).  

Unusual morphological traits have been also reported in the cave mud dragon 

Ryuguderes iemajiensis, which presents little and densely arranged filiform cuticular 

elements extending from both sides of the oral styles (Yamasaki, 2016). This brush-like 

structure may favor the collection of organic thinner particles, giving access to different 
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sources of food than other co-occurring species. This exploitation of different sources of 

organic matter, known as niche partitioning, has been suggested in the macrofaunal 

communities present in other caves in Quintana Roo, based on different stable isotope 

traces in different species, as well as on the presence of different traits in the feeding 

parts related to select different types of features (Pohlman et al., 1997). Specifically, 

brush-like structures are present in the feeding appendages of shrimp of the genus 

Typhlatya, and the thermosbaenaceans Tulumella unidens, which might aid collecting 

small bacteria accumulated in the halocline (Pohlman et al., 2000), where bacterial 

chemoautotrophy have been demonstrated (Brankovits et al., 2017). Whether similar 

processes occur in the sediment of other caves remains unknown, but the presence of 

putative adaptations to feed on different sources of carbon in meiofauna opens up 

interesting question worth exploring in the future.  

The presence of unusual kinorhynchs in marine and anchialine caves suggests that deep 

lineages of mud dragons might be waiting to be discovered in this type of environments, 

perhaps challenging our understanding of the character evolution of the phylum. This 

has been the case of other groups with basally splitting lineages restricted to caves, such 

as Copepoda, Peracarida, or Hexapoda (Boxshall and Jaume, 2000; Khodami et al., 

2017), and strongly encourages future research on cave kinorhynchs.  
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Fig. 1. Map showing the caves where specimens were collected: (A) Casa Cenote, Ox 

Bel Ha anchialine cave system (Yucatan Peninsula); (B-C) Punta Prieta submarine cave 

(Tenerife, Canary Island). Circles in (A) and (C) indicates the place of the caves. 

Fig. 2. Line art illustrations of Leiocanthus bretti sp. nov. (A) male, ventral view; (B) 

male, dorsal view; (C) female, ventral view of segments 10–11. Abbreviations: a, 

apodeme; co, cuticular ornamentation, pocket-shaped; gco, glandular cell outlet; ldse, 

laterodorsal seta; ldss, laterodorsal sensory spot; lvse, lateroventral seta; mdse, 

middorsal setae; pdse, paradorsal seta; pdss, paradorsal sensory spot; po, 

protonephridial opening; ps, penile spine; sdss, subdorsal sensory spot; spf, secondary 

pectinate fringe; vlse, ventrolateral seta; vlss, ventrolateral sensory spot; vmse, 

ventromedial seta; vmss, ventromedial sensory spot. 

Fig. 3. Differential interference contrast photographs of the male holotype of 

Leiocanthus bretti sp. nov. (A) dorsal overview; (B) ventral overview; (C) ventral view 

of segments 1–2; (D) dorsal view of segments 5–6; (E) detail of the left anterior most 

lateral region of segment 3, showing the punctuated cuticular ornamentation; (F) 

middorsal, paradorsal, subdorsal and laterodorsal view of segments 9–11; (G) ventral 

view of segments 10–11; (H) left lateroventral region and left sternal plates of segments 

7–8; (I) detail of the pocket-like structure of the right sternal plate of segment 10. 

Dashed circles indicate sensory spots. Solid circlets indicate setae. Number after 

abbreviations refers to segment number. Abbreviations: a, apodeme; gco, glandular cell 

outlet; ldse, laterodorsal seta; ldss, laterodorsal sensory spot; lvse, lateroventral seta; 

mdse, middorsal seta; pdse, paradorsal seta; pdss, paradorsal sensory spot; ps, penile 

spine; sdss, subdorsal sensory spot; vlse, ventrolateral seta; vmse, ventromedial seta; 

vmss, ventromedial sensory spot; vpl, ventral placid. 

Fig. 4. SEM micrographs of paratypic of gender unknown of Leiocanthus bretti sp. nov. 

(A) dorsal view; (B) laterodorsal view; (C) dorsal view of segments 1–3; (D) middorsal 

and left laterodorsal view of tergal plates, segments 8–11; (E) middorsal and left 

laterodorsal view of tergal plates, segments 3–6; (F) middorsal and right laterodorsal 

view of tergal plates, segments 6–8. Dashed circles indicate sensory spots. Solid circlets 

indicate paradorsal setae. Number after abbreviations refers to segment number. 

Abbreviations: cr, cuticular ridge; ldse, laterodorsal seta; lvse, lateroventral seta; mdse, 
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middorsal seta; pdse, paradorsal seta; plse, paralateral seta; spf, secondary pectinate 

fringe. 

Fig. 5. Line art illustrations of Pycnophyes kukulkan sp. nov. (A) male, ventral view; 

(B) male, dorsal view. Abbreviations: a, apodeme; ca, area of cuticular annuli; co, 

cuticular ornamentation; gco, glandular cell outlet; ldse, laterodorsal seta; ldss, 

laterodorsal sensory spot; lvse, lateroventral seta; mde, middorsal elevation; pcs, 

pointed cuticular structure; pdse, paradorsal seta; pdss, paradorsal sensory spot; po, 

protonephridial opening; ps, penile spine; sdss, subdorsal sensory spot; spf, secondary 

pectinate fringe; vlse, ventrolateral seta; vlss, ventrolateral sensory spot; vmse, 

ventromedial seta; vmss, ventromedial sensory spot. 

Fig. 6. Differential interference contrast photographs of Pycnophyes kukulkan sp. nov. 

(A–B, D, F, H–I) Holotypic male. (C, E, G) Paratypic male. (A) dorsal overview; (B) 

ventral overview; (C) dorsal view of segments 1–2; (D) detail of annuli at the anterior 

tergal margin of segment 1, showing the perforations; (E) dorsal view of segments 6–7; 

(F) dorsal view of segments 7–8; (G) ventral view of segments 2–3; (H) ventral view of 

segments 6–7; (I) left sternal plates of segments 9–11. Dashed circles indicate sensory 

spots. Solid circlets indicate setae. Number after abbreviations refers to segment 

number. Abbreviations: co, cuticular ornamentation; gco, glandular cell outlet; ldse, 

laterodorsal seta; lvse, lateroventral seta; pcs, pointed cuticular structure; pdse, 

paradorsal seta; spf, secondary pectinate fringe; t, tube; vlse, ventrolateral seta; vmse, 

ventromedial seta. 

Fig. 7. SEM micrographs of paratypic Pycnophyes kukulkan sp. nov. (A, D, F–G) 

Specimen of unknown gender. (B–C, E) Male. (A) dorsal view; (B) ventrolateral view; 

(C) ventrolateral view of segments 1–2; (D) middorsal to laterodorsal regions, right side 

of tergal plate, segment 7; (E) left sternal plates, segments 5–6; (F) middorsal to 

subdorsal view of tergal plates, segments 2–4; (G) middorsal to laterodorsal regions, 

right side of tergal plate, segment 9. Dashed circles indicate sensory spots. Number after 

abbreviations refers to segment number. Abbreviations: mde, middorsal elevation; pdse, 

paradorsal seta; t, tube; vmse, ventromedial seta. 
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Table 1. Measurements (µm) and proportions of Leiocanthus bretti sp. nov. Numbers in 

the first column indicate the corresponding segment. Abbreviations: LTS, lateral 

terminal spine; MSW, maximum sternal width, measured on segment 8; S, segment 

length; SW, standard width, measured on segment 10; TL, total trunk length. 

 

 Holotype♂ 
TL 540 

MSW 8 130 
MSW/TL 24% 

SW10 113 
S1 75 
S2 52 
S3 50 
S4 52 
S5 55 
S6 58 
S7 55 
S8 53 
S9 66 

S10 65 
S11 37 
LTS 177 

LTS/TL 33% 
 

Table 2. Summary of relevant cuticular characters and positions of Leiocanthus bretti 

sp. nov. Abbreviations: LD, laterodorsal; LV, lateroventral; MD, middorsal; PD, 

paradorsal; PL, paralateral; SD, subdorsal; VL, ventrolateral; VM, ventromedial; gco, 

glandular cell outlet; lts, lateral terminal spine; po, protonephridial opening; ps, penile 

spine; se, seta; ss, sensory spot; ss3, type 3sensory spot; ♂, male condition of sexually 

dimorphic characters; * indicates unpaired structures. 

 
Position 
Segment MD PD SD LD PL LV VL VM 

1 
  

gco, ss ss, ss  
 

se, ss gco 

2  
se* gco, ss ss, se  se se ss, gco 

3  
se* gco, ss se, ss  

  
ss, se, gco 

4  
se*, ss* gco, ss se, ss  se 

 
ss, se, gco 

5 
 

se* gco se, ss  
 

se ss, se, gco 

6  
se*, ss* gco, ss se  se 

 
ss, se, gco 

7 
 

se* gco, ss se  se 
 

ss, se, gco 

8  
se* ss, gco, ss se  se 

 
ss, se, gco 

9 
 

se* ss, gco, ss, ss se po 
  

ss, se, gco 

10 se* 
 

gco, ss ss se 
 

se ss, gco 

11 
  

ss3 se  lts 2ps(♂) 
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Table 3. Measurements (µm) and proportions of Pycnophyes kukulkan sp. nov. 

Numbers in the first column indicate the corresponding segment. Abbreviations: LTS, 

lateral terminal spine; MSW, maximum sternal width, measured on segment 7; S, 

segment length; SW, standard width, measured on segment 10; TL, total trunk length. 

 

 Holotype♂ Paratype♂ 
TL 553 605 

MSW 7 130 137 
MSW/TL 21% 23% 

SW10 114 119 
S1 74 85 
S2 48 55 
S3 49 55 
S4 52 58 
S5 54 61 
S6 57 64 
S7 62 65 
S8 62 64 
S9 62 65 

S10 79 75 
S11 - 30 
LTS 213 230 

LTS/TL 39% 48% 
 
Table 4. Summary of relevant cuticular characters and positions of Pycnophyes 

kukulkan sp. nov. Abbreviations: LD, laterodorsal; LV, lateroventral; MD, middorsal; 

PD, paradorsal; PL, paralateral; SD, subdorsal; VL, ventrolateral; VM, ventromedial; 

ce, cuticular elevation; gco, glandular cell outlet; lts, lateral terminal spine; po, 

protonephridial opening; ps, penile spine; se, seta; ss, sensory spot; ss3, type 3sensory 

spot; t, tube; ♂, male condition of sexually dimorphic characters; * indicates unpaired 

structures. 

 
Position 
Segment MD PD SD LD PL LV VL VM 

1  
 

gco, ss ss, ss  
 

ss gco 

2 ce ss gco ss, se, ss  se 
 

ss, gco, t(♂) 

3 ce ss gco, ss se, ss  
  

se, ss, gco 

4 ce se*, ss gco, ss se, ss  se 
 

se, ss, gco 

5 ce ss gco, ss se, ss  
 

se se, ss, gco 

6 ce se*, ss gco, ss se  se 
 

se, ss, gco 

7 ce 
 

gco, ss ss, se, ss  se 
 

se, ss, gco 

8 ce se*, ss gco, ss ss, se, ss  se 
 

se, ss, gco 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

3 
 

9 ce 
 

gco, ss ss, se, ss po 
  

ss, gco, se  

10  
 

ss, gco, ss 
 

 se, se 
 

ss, gco 

11  
 

ss3, ss3 
 

 lts 2ps(♂) 
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Table 5. Checklist including all records of scalidophoran species from caves around the world. 
 
 
 
 

Species 
Cave 

exclusive 
Locality Locality Country References 

P
ri

ap
ul

id
a 

Tubiluchus lemburgi  
Schmidt-Rhaesa et al., 2013 

no 

Deep crevices in 
submarine lavafield 

La Restinga, El Hierro, Canary Islands Spain Garcia-Herrero et al., 2018 

Cueva de los Cerebros Playa San Juan, Tenerife, Canary Islands Spain Schmidt-Rhaesa et al., 2013 

Cueva de la Anemona Los Abades, Tenerife, Canary Islands Spain Martinez, pers. obs. 

Túnel de la Atlántida Malpais de la Corona, Lanzarote, Canary 
Islands 

Spain Garcia-Valdecasas, 1985;  
Martínez et al., 2016 

Jameos del Agua Malpais de la Corona, Lanzarote, Canary 
Islands 

Spain Martinez, pers. obs. 

Cueva de La Catedral Playa Carmen, Lanzarote, Canary Islands Spain Martinez et al., submitted 

Cueva de las Gambas Playa Carmen, Lanzarote, Canary Islands Spain Martinez et al., submitted 

Cueva del Agujero Azul Playa Carmen, Lanzarote, Canary Islands Spain Martinez and Gonzalez, pers. obs 

Tubiluchus troglodytes 
 Todaro and Shirley, 2003 

no Grotta del Ciolo Santa Maria di Leuca, Lecce, Puglia Italy Todaro and Shirley, 2003 

Tubiluchus cf. troglodytes no Costa Paraddiso, tunnel Playa Paradiso, Sardinia Italy Martinez, pers. obs. 
Tubiluchus australensis  
van der Land, 1985 

no deep cave at 6 m deep Lizard Island, Queensland Australia Todaro and Shirley, 2003 

Tubiluchus corallicola  
van der Land, 1968 

no Walsingham Cave Hamilton Parish Bermuda Iliffe, com. Pers. 

L
or

ic
if

er
a Australoricus oculatus 

 Heiner and Kristensen, 2009 
yes Jim's Cave Tuncurry, New South Wales Australia Heiner et al., 2003 

Fish Rock Cave Smoky Cape Lighthouse, New South Wales Australia Heiner et al., 2003 

Pliciloricus cavernicola 
 Heiner and Kristensen, 2009 

yes Jim's Cave Tuncurry, New South Wales Australia Heiner et al., 2003 
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Rugiloricus sp. - unk New South Wales Australia Kristensen, pers. com 
K

in
or

hy
nc

ha
 

Echinoderes cavernus  
Sørensen et al., 2000 

yes 
Jim's Cave Tuncurry, New South Wales Australia Sørensen et al., 2000 

Fish Rock Cave Smoky Cape Lighthouse, New South Wales Australia Sørensen et al., 2000 

Ryugyuderes iejamiensis 
Yamasaki, 2016 

yes Daidokutsu cave Iejima, Okinawa, Ryukyu Islands Japan Yamasaki, 2016 

Echinoderes dujardinii  
Claparède, 1863 

no 
marine cave  
marine cave 

Banyuls-sur-mer, Occitanie  
Napoli, Campania 

France 
Italy 

Riedl, 1966 
Riedl, 1966 

Meristoderes macracanthus 
Herranz et al., 2012 

no Grotta di Nereo Capo Caccia, Alghero, Sardinia Italy Dal Zotto and Todaro, 2016 

Leiocanthus bretti n. sp. yes Punta Prieta marine 
cave 

Punta Prieta, Tenerofe, Canary Islands Spain Here 

Pycnophyes cf. zelinkaei 
Southern, 1914 

- Punta Prieta marine 
cave 

Punta Prieta, Tenerofe, Canary Islands Spain Here 

Pycnophyes kukulkani n. sp. yes Casa Cenote, Ox Bel Ha 
cave system 

Tulum, Quintana Roo Mexico Here 

Centroderes barbanigra Neuhaus 
et al., 2014 

no Casa Cenote, Ox Bel Ha 
cave system 

Tulum, Quintana Roo Mexico Here 

Paracentrophyes sp. - Casa Cenote, Ox Bel Ha 
cave system 

Tulum, Quintana Roo Mexico Here 

Kinorhyncha indet. - 

Cueva de la Catedral Capdepera, Mallorca, Baleares Spain Cruz-Palacin and Masalls, 1986;  

Cueva de los Cerebros Playa San Juan, Tenerife, Canary Islands Spain Riera et al. 2018 

Grotte Trois-Pepes Marseille, Bouches-du-Rhone France Janssen et al 2013 

Blue Hole of Faanu 
Madugau 
 

Ari Atoll Seychelles Sandulli et al 2014; 2015 
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vlss

spf

lvse

vmss

vlse

vmse

po

vlse

spf

ldse

ldss

ps

pdss

sdss

ldse

100 µm

a

gco

pdse

gco

B

C

A

mdse

ldse

cop
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A B

vlss

spf

vmss

vlse

gco

co

gco

ca

ldss

ldse

ldselvse

pdss

pdse

vmse

ps

mde

100 µm

pcs

a

vmse

sdss

spf

sdss

po
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