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Cave water walker: an extremely troglomorphic Troglaphorura gladiator gen. et
sp. nov. (Collembola, Onychiuridae) from Snezhnaya Cave in the Caucasus
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Abstract
A new springtail genus and species of the family Onychiuridae, Troglaphorura gladiator gen. et sp. nov., is described
from deep Snezhnaya (Snow) Cave System (-1760 m) in the West Caucasus. Postantennal organ with only a single
unlobed vesicle, sense organ of third antennal segment with sensory rods of complex structure, foot complex with missing
empodia and extremely long thin claws as well as relatively long appendages, primitive dorsal chaetotaxy and presence
of 1+1 pseudocelli on the head posterior part are extraordinary characters within the family but diagnostic for new genus
and species. Extreme troglomorphy of new species is discussed. It was sampled in epineustonic habitats in bottom part
of the cave and represents a genuine example of troglomorphic neustonic and hygropetric collembolan life form—a cave
water walker.
Key words: springtails, Onychiurinae, taxonomy, new genus and species, troglomorphy, epineustonic and hygropetric
life form, deep cave, West Caucasus

Introduction
The West Caucasus comprises the deepest karst landforms on the planet. Four caves that crowd the top of the world
deepest caves list are located in Abkhazia: three in the Arabika Massif of the Gagra Mt Range (Veryovkina Cave:
-2212 m; Arabika Cave System: -2199 m; Sarma Cave: -1830 m) and one in the Khipsta Massif of the Bzyb Mt
Range (Snezhnaya Cave System: -1760 m). Recent biospeleological investigations of these caves resulted in the
discovery of several troglobitic invertebrate taxa at the extreme depths, e. g., Amphipoda (Sidorov et al. 2015, 2018;
Sidorov & Samokhin 2016), Diplopoda (Antić et al. 2018), Opiliones (Tchemeris 2013) and Collembola (Jordana
et al. 2012).
Snezhnaya (Snow) Cave System, which is in the focus of present study, was discovered in 1971 and since
then has intensively been explored by numerous speleological expeditions. However, up to date its fauna remains
poorly studied and includes only two described invertebrate species: troglophilic pseudoscorpion Roncus birsteini Krumpál, 1986 and troglomorphic hypogastrurid collembolan Typhlogastrura morozovi Babenko, 1987. Some
other species (Oligochaeta and troglobitic Pseudoscorpiones) were recorded but apparently, neither identified or
described (Mavlyudov 2016).
In August 2017 and 2018 we detected in the Snezhnaya Cave System representatives of several invertebrate
groups, including collembolan species from the families Hypogastruridae, Onychiuridae, Tomoceridae, Oncopoduridae, Isotomidae, Entomobryidae, Neelidae and Arrhopalitidae. The present paper deals with one of the onychiurid
species found at considerable depths in this cave.
Two cavernicolous Onychiurinae species have been described from the Caucasus up to date: Deuteraphorura
kruberaensis Jordana & Baquero, 2012 from Krubera Cave (Jordana et al. 2012), Abkhazia, and Argonychiurus
multiocellatus Djanashvili, Barjadze, Jordana & Burkhardt, 2014 from Tvishi Cave, Georgia. Both of them, as well
as other Onychiurinae recorded from the West Caucasian caves and listed in Barjadze et al. (2015), look like usual
edaphic Onychiurinae without constructive (progressive) troglomorphic traits.
Generally, Onychiurinae are euedaphic springtails inhabiting litter and deeper soil layers; they have short legs
and antennae and possess regressive adaptive characters such as lack of eyes, pigment and furca.
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Subfamily Onychiurinae includes 46 genera with about 680 species known up to date (Bellinger et al. 1996–
2019). Majority of its members possess postantennal organ with either simple or compound vesicles. Exceptions
are Cribrochiurus cribrosus (Gisin, 1957) and Cribrochiurus subcribrosus (Gisin, 1957), described from the Swiss
caves, Grotte des Dentaux and Hölloch Cave correspondingly; C. cribrosus has also been recorded in four caves of
the Limestone Alps in Austria (Christian & Spötl 2010). Based on the absence of postantennal organ (granulated
furrow instead of it), the separate tribe Cribrochiurini Weiner, 1996 was erected. Species of tribe Oligaphorurini
Bagnall, 1949 (57 species in 2 genera (Paśnik & Weiner 2017)) have a small postantennal organ with only a single
3–5 lobed vesicle. However, no taxa with a single vesicle without any lobes have been known yet.
Smooth sensory rods of antennal III organ are typical of Onychiurinae, while morel-like or fringed sensory rods
are unusual.
Similarly, the absence of empodial appendage on foot complex is rare in Onychiurinae. Only few species with
missing or strongly reduced empodia have been described, specifically Onychiurus gr. minutus sp. 2 (Beruete et
al. 1994: fig. 4b) (genus Micronychiurus according to modern systematics) from NE Spain and Thalassaphorura
brevisetosa Sun, Gao & Potapov, 2014 from NE China, both not cavernicolous.
Another character unusual for the subfamily is distinctly elongated slender (troglomorphic) claws. Hitherto,
the only known highly troglomorphic Onychiurinae species with extremely long claws, Ongulonychiurus colpus
Thibaud & Massoud, 1986, was described from Sima del Trave (Picos de Europa, Spain) at a depth of -550 m.
During our recent investigations of the West Caucasian caves, several troglomorphic Onychiurinae species
were discovered. These taxa presumably form an epineustonic-hygropetric troglobiont group—cave water walkers.
The species of this group described herein possess extraordinary traits not seen in any Onychiuridae genera known
to date: extremely simplified postantennal organ with a single unlobed vesicle, complicated sensory rods (with lateral extention) of antennal III organ, missing empodia and distinctly elongated thin claws. Therefore, the new genus
is proposed for this genuine troglobiotic species.

Material and methods
Locality. Springtails were collected in deep parts of Snezhnaya Cave System belonging to the Gagra-Bzyb speleological region, speleological province of the Southern slope of the Caucasus Mountains. The cave system is located
in the Khipsta karstic massif (Figs 3–5) on the southern slope of the Razdel’nyi Ridge, a branch ridge of the Bzyb
Mt Range, the West Caucasus (administratively: Abkhazia, Gudauta District, 10 km north to Duripsh Village). The
system consists of six interconnected caves (Fig. 4) with entrances exposed at different altitudes (Illyuziya Cave,
2389 m a. s. l., Mezhennogo Cave, 2015 m a. s. l. and Snezhnaya Cave, 1970 m a. s. l. (Figs 6, 7)—in the mountain
meadow zone; Banka Cave, 1505 m a. s. l. (Fig. 8), Khrenova Yama Cave, 1329 m a. s. l. and Fantaziya Cave, 1318
m a. s. l.—in the forest zone) with a total spatial development of over 40.8 km and a total vertical amplitude (depth)
of 1760 m. Connection between system of upper (meadow zone) caves and lower (forest zone) caves were achieved
by speleo-teams of A. Shelepin and A. Shuvalov in very recent years. The cave system is formed in a large anticlinal
fold in limestones, dolomitized limestones and dolomites belonging to the complex of Upper Jurassic and Lower
Cretaceous carbonate rocks (Mavlyudov 2016). The air and water temperature in the system gradually increases
with depth from 0–2 °C to 6.5 °C and relative air humidity along the system is close to 100 % (Mavlyudov 2016;
our data).
Specimens were found in Snezhnaya Cave of the cave system at the depths between -1100 m (Crystal Meander)
to -1250 m (near Olimpiyskiy (Olympic) Waterfall; t = 6 oC) that corresponds to about -1600 m vertical from the
most higher entrance, Illyuziya Cave, and about -800 m vertical from the closest entrance, Banka Cave (Fig. 8),
through which we were entering the cave system. The main branch of Snezhnaya Cave (entrance on Figs 6, 7) during our visit in 2018 was blocked at the depth of ~40 m from entrance by the mighty snow mass.
Sampling. All individuals were sampled on the water surface of small pools (Fig. 10) usually scattered on the
walls along the cave river (Fig. 9), with a help of the mouth aspirator and preserved in 96 % alcohol; no specimens
fell into installed Barber’s traps.
Observation in situ and cameral study. Alive specimen was photographed and video documented in situ.
Eight specimens were cleaned in lactophenol for a few minutes and then mounted on permanent slides using Hoyer’s medium (Mercet 1912: 38). Mounted types were studied and photographed under the light microscope Zeiss
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Axio Imager M1 (Center of collective use of scientific equipment “Animalia” at Schmalhausen Institute of Zoology).
Images of alcohol specimens were obtained by use of Leica M165 C stereomicroscope. Figures were designed and
adjusted with a help of Helicon Focus 5.3, CorelDRAW Graphics Suite and Adobe Photoshop CC software.
Photographs and drawings were made by the author unless otherwise noted.
Measurements. Mounted body and its parts were measured from microscope (Zeiss Axio Imager M1) photographs using AxioVision 4.8.2 software. Values given in the text of “Description” section concern the holotype.
Measurement of body length excludes antennae. Claws were measured from the most basal proximal point of outer
margin to the tip. Measurements of adult specimens are given in Table 1 as well as length ratios between selected
structures. Body : claw ratio is considered as an index of the claw’s troglomorphy.
TABLE 1. Measurements (in μm) and ratios for body parts of adult types of Troglaphorura gladiator sp. nov.
Body part
Total (without antenna)
Head
Antenna
Ant I
Ant II
Ant III
Ant IV
Ant III organ rod
Ant III organ club
Ant III organ papilla (max)
Ant III organ ms
Ant IV ms
PAO vesicle
PAO smooth area
Tita I
Tita II
Tita III
Claw I
Claw II
Claw III
Microchaeta p1 of head
Microchaeta p1 of Th
Microchaeta p1 of Abd
Macrochaeta (max) of Ant IV
Macrochaeta (max) of dorsal head
Macrochaeta (max) of Th
Macrochaeta (max) of dorsal Abd
Mesochaeta (max) of ventral Abd
Chaeta of genital plate
Chaeta of ventral tube
Ant : head
Claw : Tita I
Claw : Tita II
Claw : Tita III
Body : claw (troglomorphy index)
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female, n=5
min–max
1448–1894
272–360
352–455
49–80
95–125
60–92
170–210
14–18
21–25
31–37
2.8–3
6.3–6.5
4.5–7.6
17–24
74–106
80–105
80–103
200–295
221–322
228–316
15–18
15–22
20–28
80–101
72–93
64–83
75–100
40–50
15–20
16–22
1.23–1.32
2.60–2.78
2.76–3.09
2.78–3.10
4.97–6.74

male, n=1
mean
1657
316
400
60.0
111.8
77.4
189.6
16.7
22.4
34.4
3.0
6.4
6.0
19.0
92.0
92.4
91.8
247.8
268.2
268.0
16.2
18.0
23.2
88.6
80.4
70.0
87.6
46.6
18.0
18.0
1.27
2.69
2.89
2.91
5.86

1176
244
293
47
85
55
140
15
23
25
2.7
6.0
not seen
16
68
77
75
195
214
222
15
14
18
90
59
56
65
40
10
14
1.20
2.87
2.78
2.96
5.30
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Nomenclature. Labial types and chaetotaxy of labial palp after Fjellberg (1999), head chaetotaxy after D’Haese
(2003). The formulae of pseudocelli and pseudopores include their numbers per half (relative to the long axis of
the body) of head anterior and posterior parts and per half of each segment within thorax and abdomen, dorsally
and ventrally. Tibiotarsal chaetotaxy according to Deharveng’s (1983) scheme expressed as a formula with number
of chaetae in corresponding whorl: T/A/M/B/C/Y (whorl T, whorl A, chaeta M between whorls A and B, whorl B,
whorl C, chaeta Y). Chaetae on anal valves after Yoshii (1996).
Storage. Types of the new genus and species are held in the collection of Schmalhausen Institute of Zoology,
National Academy of Science of Ukraine, Kiev.
Abbreviations. Abd—abdominal segment; Ant—antennal segment; AOIII—sensory organ of third antennal
segment; d0—unpaired axial chaeta on area frontalis of the head; ms—microsensillum; PAO—postantennal organ;
p-chaeta—chaeta of row p; pso—pseudocellus; psp—pseudopore; Th—thoracic segment; Tita—tibiotarsus.

Taxonomy
Family Onychiuridae
Subfamily Onychiurinae
Tribe Oligaphorurini
Genus Troglaphorura gen. nov.
Type species Troglaphorura gladiator sp. nov.

Diagnosis of the genus. Body white, cylindrical, with broadened abdomen, Abd VI small, indistinctly separated
from Abd V, anal spines absent. Integument with fine and regular granulation. Pseudocelli present on dorsal but
absent on ventral side of body, head with 1+1 posterior pso, Th I with dorsal pso. Antennal III organ with 5 papillae,
morula-like sensory clubs and complicated sensory rods with lateral extensions. Postantennal organ with one simple
unlobed vesicle. Labial palp of 0-type, labrum with complete set of chaetae (4/9). Maxillary head with unmodified
lamellae. Head dorsum and terga paurochaetotic, with well differentiated pointed micro- and macrochaetae. Chaeta
d0 on head absent. Th II and III with lateral microsensilla. Furcal area indistinct, with 1+1 posterior microchaetae.
Thoracic sterna without chaetae. Tibiotarsi with 11 chaetae in distal whorl. Claws elongated, empodial appendages
absent.
Remarks. Pattern of PAO detaches Troglaphorura gen. nov. from any known tribus of Onychiurinae. However,
presence of only one vesicle in PAO, albeit without lobes, together with absence of d0 on head and presence of 11
chaetae on distal whorl of tibiotarsi rather indicate belonging of the new genus to Oligaphorurini with 56 species
in genus Oligaphorura Bagnall, 1949 and one in genus Chribellphorura Weiner, 1996. The shape of PAO (unlobed
vesicle), AOIII sensory rods (with complicated lateral extensions) and foot complex (absence of empodial appendage) strictly distinguish Troglaphorura gen. nov. from both genera of the tribe.
Etymology. ‘Trogl-’ derived from the Greek trōglē = cave. The nomen is formed in a similar and consonant
manner to the nomen Oligaphorura, the type genus of Oligaphorurini, and refers to troglobiont ecology and troglomorphic appearance of the representatives of the new genus.

Troglaphorura gladiator sp. nov.
Figs 1, 2, 11–40, Table 1
Diagnosis. Corresponds to genus diagnosis. Besides: female length up to 1.9 mm. Antenna longer than head. Pso
formula dorsally: 21/122/22211; ventral pso absent. Subcoxa 1 of each leg with one pso. Sensory rods of AOIII with
dense lateral extention on stems (Fig. 28); 1 or 2 guard papillae usually bifurcated (Fig. 27); 7 guard chaetae present. PAO consisting of smooth area of primary granulation and small simple vesicle out of this area (Fig. 29). Head
dorsum with one unpaired and 5 paired macrochaetae; 2+2 p-chaetae between two inner posterior pso on head, Th I
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and Abd IV; 1+1 p-chaetae between inner pso on Th II, III and Abd I, II, III, V; Th I with 3+3 chaetae. Head ventral
side with 1+1 chaetae along linea ventralis; thoracic and Abd I sterna without chaetae, sternum of Abd II with 1+1
chaetae. Claws slender and over 2× longer than tibiotarsi.
Type material. Holotype on slide C-1060a-2: female (Fig. 19), W Caucasus, Abkhazia, Gudauta District, Bzyb
Mt Range, Khipsta Massif, Snezhnaya Cave (N43°15’53.3”; E40°43’05.6”; 1970 m elevation), at a depth of -1200
m, 23.viii.2017, R.S. Vargovitsh leg.

FIGURES 1–2. Troglaphorura gladiator sp. nov., habitus of alcohol specimens (1, lateral view; 2, dorsal view).
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FIGURES 3–4. Location of the type locality of Troglaphorura gladiator sp. nov. 3, general map with type locality in red rectangle; 4, enlarged map with location of the six entrances of the Snezhnaya Cave System.

Paratypes on slides: 3 females, 2 juv., together with holotype (slides C-1060a-1, C-1060a-3, C-1060a-4, C1060a-5, C-1060a-6). Male (slide C-1059-1), Snezhnaya Cave, Crystal Meander, at a depth of -1100 m, 22.viii.2017,
R.S. Vargovitsh leg. Female (slide C-1135), Snezhnaya Cave, Crystal Meander (Figs 10, 11), 27.viii.2018, R.S.
Vargovitsh leg.
Besides slides, 3 paratypes from sample C-1059 are kept in alcohol.
Etymology. The species name corresponds to Latin gladiator—Roman warrior armed with gladius (= sword).
The name reflects the visual association with a man fighting with swords or sabres (because of enormous claws
looking like weapons held in hands).
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Description. Body general aspects. Color white. Length of holotype (Fig. 19) 1.9 mm. Body shape slender,
cylindrical with abdomen broadened in middle-posterior part (Figs 1–2). Granulation of body surface fine and uniform, sometimes slightly coarser around pseudocelli. Antennal bases poorly marked. Appendages and ventral tube
somewhat elongated (Fig. 1). Anal spines absent.
Pseudocelli and pseudopores (Figs 12, 19, 20, 21). Formula of dorsal pso: 21/122/22211; ventral pso absent;
subcoxa 1 of each leg with one pseudocellus.

FIGURES 5–11. Type locality of Troglaphorura gladiator sp. nov. and specimen in situ. 5, landscape in the Khipsta Massif of
the Bzyb Mt Range; 6–7, entrance to the Snezhnaya Cave (7, photo: I. Pelkin); 8, entrance to Banka Cave (photo: A. Koval);
9, Snezhnaya Cave at a depth of -1200 m (photo: A. Shuvalov); 10, type habitat of T. gladiator sp. nov. at a depth of -1100 m
(specimen is in the center of black circle); 11, movements of T. gladiator sp. nov. in situ: A–B, walking on water surface, C–E,
“arch” pose (C, starting to take arch pose; D, fore legs and thorax uplifted; E, anterior and posterior parts of body uplifted).
TROGLAPHORURA GLADIATOR GEN. ET SP. NOV.
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200 µm

12

13

FIGURES 12–13. Troglaphorura gladiator sp. nov., body chaetotaxy. 12, dorsal side; 13, ventral side.
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FIGURES 14–18. Troglaphorura gladiator sp. nov. 14–16, chaetotaxy of legs (14, fore leg; 15, mid leg; 16, hind leg); 17,
maxillary palp; 18, labial palp.
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FIGURE 19. Troglaphorura gladiator sp. nov.: holotype, female, dorsal view (zoomable for details).
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Formula of dorsal psp: 00/011/11110; ventral: 00/011/00000; outer side of coxa of each leg with 1 psp; ventral
surface of area antennalis with 1 psp.
No distinct parapseudocelli (psx) observed.
Head. Antennae (Fig. 36) longer than head (Ant/head ratio = 1.2–1.3), separation between Ant III and IV indistinct. Length ratio of Ant I : II : III : IV = 1 : 1.5 : 1.2 : 2.5 (in all types: 1 : 1.5–2.2 : 1.2–1.5 : 2.5–3.9). Ant I with
10 chaetae. Ant II with 21–22 chaetae. Ant III with 19 chaetae.
Antennal III organ (Figs 26–28, 36B) composed of: two morel-like sensory clubs (~25 μm) (Fig. 28); two sensory rods (~18 μm) with dense lateral extensions along their stems rather resembling shape of sensory clubs (Fig.
28); five long (~36 μm) guard papillae, first (inner) and often third of them usually bifurcate (first one—subapically
and third one—subbasally) (Figs 27, 36B); seven guard chaetae (~34 μm) (Fig. 27); ms roundish, very small (~3
μm), as about 2 granules in size, located in row with guard chaetae immediately at base of first (inner bifurcated)
guard papilla (Figs 26, 27).
Chaetotaxy of Ant IV as in fig. 36A–B with several macrochaetae (up to 100 μm) on dorsal surface and many
hooked shorter chaetae on ventral surface. Subapical organite (~7 μm free and ~4.5 μm retracted) with knobbed and
indistinctly serrated apex and inserted into distinct pit (~11 μm in diameter) (Figs 23, 24). Lateral ms (6.3 μm) situated in middle of segment length or little higher with its apex oriented anteriorly (Figs 25, 36A).
Postantennal organ (Figs 29, 30) located in weakly marked furrow with elongated smooth (primary granulation)
area (24 μm) and one small (6 μm) unlobed ellipsoid vesicle at distance of 6–8 granules from the smooth area. The
smooth area usually weakly divided into two sections by subdiagonal row of very small granules and bordered by
one chaeta (~24 μm) at posterior margin.
Dorsal head chaetotaxy (Fig. 35A) paurochaetotic, chaetae well differentiated, one unpaired (a0) and 5 paired
macrochaetae (up to 85 μm) present; chaeta d0 absent; 2+2 p-microchaetae (17 μm) between posterior pso.
Ventral head chaetotaxy as in fig. 35B with 1+1 short (17 μm) postlabial chaetae along ventral groove.
Mouthparts. Labrum with 4 prelabral and 9 labral chaetae arranged as 4/522 (Fig. 35A). Labium: submentum
with 4 and mentum with 5 chaetae (Fig. 35B). Labial palp (Fig. 18) with 7 proximal chaetae; labial type 0—i. e.,
papillae A–E bearing not modified (not thickened or blunt) chaetae; 7 long and 4 spiniform guards present. Maxilla:
maxillary head with three-toothed ungulum and six lamellae (Fig. 31); maxillary palp with basal chaeta and two
sublobal hairs (Fig. 17). Mandible with well-developed molar plate and four apical incisor teeth.
Body chaetotaxy. Dorsal body chaetotaxy paurochaetotic (Figs 12, 19). Dorsal chaetae generally well differentiated into micro- and macrochaetae, sometimes asymmetrically arranged. Th I with 1 micro- and 2 macrochaetae
per side; 2+2 p-chaetae (1+1 macro- and 1+1 micro-) between pso. Th II and III with 3 micro- and 5 macrochaetae
and one lateral ms per side with apex oriented posteriorly, axial microchaetae arranged in two rows; 1+1 p-microchaetae between inner pso. Abd I, II, III with 2 micro- and 3 macrochaetae per side, microchaetae arranged in one
row; 1+1 p-microchaetae between inner pso. Abd IV with 2 micro- and 3 macrochaetae per side, microchaetae
arranged in two rows; 2+2 p-chaetae (1+1 micro- and 1+1 macro-) between pso. Abd V with 2 micro- and 3 macrochaetae per side, microchaetae arranged in one row; 1+1 p-macrochaetae between pso. Abd V and VI without
unpaired axial chaetae.
Ventral body chaetotaxy (Fig. 13). Ventral chaetae generally thicker than dorsal and weakly differentiated,
mainly as mesochaetae (~30–50 μm) and microchaetae (~20–25 μm) in middle parts of sterna and with several
macrochaetae (up to 90 μm) in lateral parts. Thoracic sterna without chaetae. Sternum of Abd I without chaetae
and Abd II with 1+1 chaetae; sterna of Abd III–VI plurichaetotic. Ventral mesochaetae of Abd thicker than dorsal
macrochaetae (width ~4 μm vs <3 μm correspondingly).
Ventral tube (Figs 1, 13, 40) relatively long, with about 11 chaetae (~18 μm) per side.
No trace of furca observed: on its place 1+1 microchaetae (16 μm) present (Figs 13, 34), sometimes asymmetrically.
Female genital plate (Figs 13, 32) with 17 microchaetae (14–22 in paratypes) (10–20 μm).
Anal valves chaetotaxy as in figs 13 and 33: each lateral valve with short chaetae a0 and 2a1; upper valve with
short axial chaetae a0 and b0.
Legs (Figs 14–16, 19). Subcoxae 1–2 of legs I, II, III with 3, 6, 5(6?) chaetae respectively. Coxa I, II, III with
3, 6, 9 chaetae respectively. Trochanter I, II, III with 10–11, 11, 10(9?) chaetae respectively. Femur I, II, III with 17,
18, 16 chaetae respectively. Tibiotarsus I, II, III with 21, 21, 19 chaetae respectively. Tibiotarsi I–II chaetotaxy: T/A/
M/B/C/Y = 4/7/1/7/1/1 (whorl T with 4 chaetae; whorl A with 7 chaetae; chaeta M between whorls A and B; whorl
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B with 7 chaetae; whorl C with 1 chaeta; chaeta Y). Tibiotarsus III chaetotaxy: T/A/M/B/C/Y = 4/7/1/5(6?)/1(0?)/1.
Pretarsus I, II, III with 2 microchaetae.
Foot complex. Claw very slender and extremely long (Fig. 37, Table 1): more than 10× as long as wide and over
2× longer than tibiotarsus. Small trilobed empodial tubercle of every leg does not bear any empodial appendages
(Fig. 38).

FIGURES 20–34. Troglaphorura gladiator sp. nov. 20, pseudocellus on Th II; 21, pseudopore on Th III; 22, microsensillum
on Th III (oriented backward); 23–24, subapical organite of Ant IV (in 24, inner part shown); 25, microsensillum on Ant IV
(oriented forward); 26–28, antennal III organ (26, whole organ; 27, guard chaetae, papillae and ms; 28, sensory clubs and rods);
29–30, postantennal organ (29, left; 30, right); 31, head of maxilla; 32, female genital plate; 33, anal valves; 34, furcal area.
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Male. Single specimen smaller than females (Table 1). Chaetae on ventral tube somewhat shorter and thicker
than in females (Figs 39–40) (~5–6× as long as wide in male vs 8–10× in female) and apparently represent male
ventral organ.
Variability. 1st and 3rd papillae of AOIII usually forked, correspondingly subapically and subbasally, however,
this bifurcation sometimes is weak or replaced by undivided swelling or even absent. One female possesses 2+1
postlabial chaetae along ventral groove instead of 1+1. Ventral tube of adults with 7+9 to 11+11 chaetae. Some tergal chaetae might be asymmetrically shifted or absent; chaetotaxy of abdominal sterna is often asymmetrical.
Bionomy. All specimens were found on water surface in small pools along the cave river at the depth between
1100–1200 m of Snezhnaya Cave (correspondingly, -570 to -700 m from the closest entrance (Banka Cave) or down
to -1600 m from the upper entrance (Illyuziya Cave). They co-occur with highly troglomorphic Typhlogastrura
morozovi, Arrhopalites sp., Pygmarrhopalites sp., Pseudosinella sp. as well as with moderately troglomorphic Onychiuridae, Isotomidae and Neelidae.
The feeding habits of the new species are unknown, but presumably its diet includes organics transited by water,
cadavers of cave invertebrates, as well as bacteria and fungi feeding in turn on dead invertebrates on wet walls or
water surface.
Density of collembolan occurrence in these parts of the cave system is extremely low.
Behaviour. The locomotion on the water surface was video and photo documented. While walking, claws alternately entirely submerged in water, perforating the surface film, and then completely removed from water rising
above its surface (Fig. 11A, B). The type of alteration was not uniform during observation what might be caused by
a disturbing factor (warm and mechanic impact from the observer, flashlight and closely (~1 cm) located camera).
The first type of walking resembled the usual locomotion of onychiurids on firm substrates with equal alternate
involving of all legs. Another type was more frequent alternate movement of fore legs while claws of mid legs were
anchored in water for a longer time and then alternatively or sometimes simultaneously uplifted and down lifted;
the same was true for the hind legs but in other phase of locomotion. Periodically, the disturbed animal took a specific (defensive?) pose, arching the body and lifting its fore legs and thorax above the water (Fig. 11C, D) or rarely
simultaneously lifting the front and back of the body (Fig. 11E).
Generally, the effectiveness (speed) of walking on water is low due to very slender shape of claws and rather
resembles riding the boat with just thin sticks instead of paddles. In the same time, deep anchoring of claws possibly
provides somewhat higher resistance against blowing out from the water surface by the air movement. The essential
advantages of thin elongated claws are realized in hygropetric biotopes while walking in the contact with subvertical and negative tilt rock surfaces washed by thin layer of moving water, what I observed on several troglomorphic
Tomoceridae, Arrhopalitidae and Neelidae species.

Discussion
Systematic position. Postantennal organ formed by one vesicle, the absence of chaeta d0 on the head dorsum and
prominent antennal III organ of the new species correspond with diagnosis of Oligaphorurini. However, according
to phylogenetic study of Paśnik & Weiner (2017) the tribe monophyly was supported by two unambiguous character
changes: PAO composed of one vesicle and PAO vesicle divided into three to five lobes. The second character does
not correspond to Troglaphorura gen. nov. whose PAO is formed by single unlobed vesicle. Several additional characters challenge tribal belonging of the new genus: complicated sensory rods of antennal III organ, presence of only
1+1 pseudocelli on posterior margin of head dorsum, lack of empodia in all legs. Paurochaetosis of dorsal head and
body chaetotaxy as well as small number of pseudocelli both on head and body (21/122/22211 dorsal pso) are also
among remarkable characters of taxonomic value. Future study of several yet undescribed species of this Caucasian
group supposed to shade more light on the taxonomy of this peculiar lineage.
Troglomorphy. Onychiurinae are generally edaphic animals, living in a dark and humid environment, they
are blind and unpigmented, and thus presumably well preadapted to subterranean cave conditions. Indeed, they are
usual, diverse and often numerous cave dwellers. Despite sharing the darkness, which is responsible for regressive
reduction of visual apparatus and pigmentation, soil and cave habitats (from biological not anthropomorphic point
of view) differ in several important aspects. Unlike the soil, which is bordered by epigean environment and has
only micro spaces between particles, the deep cave zone is characterized by the higher stability of temperature and
humidity, often drastic oligotrophy, the presence of open water surfaces and large open-air spaces. These factors
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cause progressive evolution of troglobionts expressed by development of constructive troglomorphic traits. In case
of Collembola these are several morphological (appendages elongation, modifications of foot complex, shape of
tibiotarsal chaeta, mucro and sense organs shape, etc. (Christiansen 1961, 2012)) and ecophysiological (more stenothermic, more penetrating cuticle, increased body fat, shift from R-strategy in epigean to K-strategy in cavernicolous, etc. (Thibaud & Deharveng 1994)) adaptations. Regarding Troglaphorura gladiator sp. nov. the troglomorphy
is expressed through the both evolutionary progressive and regressive traits, such as somewhat generally elongated
appendages (antennae longer than head, somewhat elongated legs and ventral tube), reduction of PAO, complication
of Ant III organ, considerable modification of the foot complex.
Foot complex. Apart from long antennae, the most significant collembolan troglomorphic character is elongated
claw. The main function of thin, sharply pointed and long claw is facilitation in its penetration through water film
either in hygropetric microbiotope (speleothems washed by thin water layer, wet clay etc.) or in epineustonic (surface of cave water bodies) (Christiansen 1965). This character has convergently evolved in dozens of species from
several collembolan families, the most spectacular examples of which are Ongulogastrura longisensilla Thibaud &
Massoud, 1983 (Hypogastruridae), Ongulonyhiurus colpus Thibaud & Massoud, 1986 (Onychiuridae), Bessoniella
procera Deharveng & Thibaud, 1989 (Orchesellidae), many Pseudosinella species, e. g. P. bessoni Deharveng,
1988 (Deharveng 1988a), Tritomurus veles Lukić, Houssin & Deharveng, 2010 (Tomoceridae), Oncopodura lebretoni Deharveng, 1988 (Oncopoduridae) (Deharveng 1988b), Arrhopalites macronyx Vargovitsh, 2012, Pygmarrhopalites kristiani (Vargovich, 2005) and Troglopalites stygios Vargovitsh, 2012 (Arrhopalitidae), Megalothorax
draco Papáč & Kováč, 2013 and Neelus lakovici Papáč, Lukić & Kováč, 2016 (Neelidae), etc. The relative length
of claw in troglomorphic springtails has been often estimated in relation to corresponding tibiotarsus length (e. g.,
Babenko 1987, Deharveng & Thibaud 1989, Papáč et al. 2016, Vargovitsh 2009, 2012). This is useful index to measure troglomorphy inside certain group either on genus or even family level; however, comparing indexes among
different groups is complicated due to significantly different relative length of tibiotarsi (shorter in Poduromorpha,
longer in Entomobryomorpha and especially in Symphypleona). In sense of troglomorphy measuring, the length ratio body : claw seems to be more reliable and comparable index when highly troglomorphic species are considered.
This body/claw index for some most troglomorphic springtails with elongated claws is equal to ~11 in Ongulogastrura longisensilla, ~7.5 in Bessoniella procera, ~8 in Tritomurus veles, ~7 in Arrhopalites macronyx, 5.2–6.3 in
Ongulonychiurus colpus and 5.0–6.7 in Troglaphorura gladiator gen et sp. nov. (with max claw length 322 μm in
specimen of 1.72 mm: Fig. 37B). The smaller the value of index, the more troglomorphic claw is. Another adaptive
modification of foot complex is shortening and thinning of empodial appendage (regarding to epigean species of
corresponding taxonomical groups)—the tendency is clear in majority of species with elongated claw, including
several species mentioned above. The extreme expression of this tendency is a complete reduction of empodium
as seen in Troglaphorura gladiator gen et sp. nov. Body/claw index together with the absence of empodium allow
considering the foot complex of the new genus and species as the most troglomorphic among all cave Collembola.
Postantennal organ. The function of PAO is hypothesised as chemo-, thermo- or hygroreception (Karuhize
1971; Altner & Thies 1976) and it reaches the highest level of the development and complexity in euedaphic Onychiuridae. Its drastic reduction in extremely troglomorphic ancient form as is Troglophorura gladiator sp. nov. can be
considered as a result of regressive evolution. In very deep and distant (from the surface) part of Snezhnaya Cave the
temperature and humidity apparently are so stable during long period of time that necessity and usefulness of PAO
as hygro- or thermoreceptor here possibly is not of such a great importance as in soil habitats influenced by external
factors. Consequently, the weakening of PAO functionality in unchangeable conditions could lead to simplification
and reduction of this organ. However, the opposite trend, PAO more compound than in related epigeic forms, is also
observed in some strongly troglomorph Collembola, e. g. Typhlogastrura morozovi, Anurida stereoodorata etc.
Antennal III organ. In contrast with PAO, the morphology of Ant III organ of Troglaphorura gladiator sp.
nov. seems to undergo constructive development and complication and thus is a result of progressive (constructive) evolution: the organ is relatively large itself but the most impressive is modification of its sensilla (sensory
rods transformed to complicated structure). Ant III organ is assumed to function as chemoreceptors and in strongly
oligotrophic cave environment its structural and functional improvement hypothetically provides vital advantages
in search for scarce food.
Life form. The strict confinement of Troglaphorura gladiator sp. nov. to subterranean water bodies and their
edges corresponds to highly specialized morphology (foot complex as described above) which can be defined as
hygropetric-epineustonic troglobiont life form—a cave water walker.
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FIGURES 35–40. Troglaphorura gladiator sp. nov. 35, head (A, dorsal view; B, ventral view); 36, antenna (A, dorsal view; B,
ventral view); 37, distal part of leg (paratypes) (A, tibiotarsus and claw; B, the longest claw in type series: 322 μm in 1.72 mm
specimen); 38, pretarsus and base of claw (A, inner side; B, outer side); 39–40 chaetae of ventral tube (39, male; 40, female).
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Ongulonychiurus colpus is the only onychiurid species of the same life form representing the similar level of
troglomorphy, unusual for Onychiurinae. While comparing these specialized species, several parallel and different
evolutionary trends could be outlined.
a) The basic trend for both taxa is acquiring of troglomorph appearance as a result of convergent progressive evolution through the general elongation of antennae (1.3 times longer than head), legs and ventral tube.
b) The prominent indicator of troglomorphy and hygropetric-neustonic mode of life for both species is modified
slender and distinctly elongated claw without inner tooth (body/claw index about 6). The tendency of empodium reduction is apparently common for these species, although the reduction is at different stages: in O.
colpus empodium is short and thin (3 times shorter than claw); in T. gladiator—completely reduced.
c) Both species demonstrate similar general patterns of chaetotaxy: paurochaetosis of dorsal head and body with
clear differentiation into macro- and microchaetae on the one hand, and plurichaetosis of III–VI ventral abdominal sterna without clear chaetae differentiation on the other hand; besides, presence of elongated chaetae
on the fourth antennal segment is also characteristic.
d) Complication of antennal III sense organ happened in both species through exclusive among Onychiurinae but
different ways: in O. colpus: doubling the number of guard papillae (10) with other sense structures remaining normal; in T. gladiator gen et sp. nov.: modification of sensory rods (steam with numerous outgrows),
bifurcation of some guard papillae and increased number of guard setae (7 setae vs 5 papillae).
e) Postantennal organ undergoing opposite morphological changes: well-developed compound in O. colpus and
strongly reduced in T. gladiator gen et sp. nov.
f) Pseudocellar patterns in two species are inverse: pso number is strongly multiplicated in O. colpus and clearly
reduced in T. gladiator gen et sp. nov. The adaptive role of the polarization of this character in terms of troglobiont mode of life is poorly understood.
Involving the additional yet undescribed onychiurids of the same life form into the comparative analysis of their
evolutionary trends would probably expend the understanding of correspondence between morphological patterns
of specialized characters and their adaptive role for life on water and wet substrates in subterranean realm.
Deeply modified troglomorphic appearance, life at considerable depth together with absence of epigean close
relatives (congeners) allow considering the described species as a relictual “living fossil” sensu Jeannel (1943).
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