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Neostygarctus lovedeluxe n. sp. from the Miyako Islands, Japan:
The First Record of Neostygarctidae (Heterotardigrada:
Arthrotardigrada) from the Pacific
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Kyoto University, Kyoto 606-8502, Japan
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A new species of the previously monospecific marine tardigrade family Neostygarctidae is described.
Neostygarctus lovedeluxe n. sp. was found from a submarine cave in Miyako Islands, Japan. This
is the first record of Neostygarctidae from the Pacific. The new species is easily distinguished from
the previously known N. acanthophorus by its number of dorsal spines, as N. lovedeluxe has two
spines each on the three dorsal body plates in contrast to one in N. acanthophorus. Furthermore
the morphology of the two clawed juvenile is reported for the first time in Neostygarctidae, provid-
ing new insights into the common sequence in some ontogenic traits.
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INTRODUCTION

Marine tardigrades are members of the marine meiob-
enthos inhabiting various types of sediments. Most of these
marine species are grouped into Arthrotardigrada, an order
considered to be the basal group of the class Heterotardi-
grada (Kristensen and Higgins, 1984). Among the Arthrotar-
digrada, the monospecific family Neostygarctidae has
attracted tardigradologists’ attention for its unique mor-
phology, and its phylogenetic position has been discussed
frequently (Moreno de Lucia et al., 1984; Kristensen and
Higgins, 1984; Grimaldi de Zio et al., 1987a; Bello and De
Zio Grimaldi, 1998).

Neostygarctus acanthophorus Grimaldi de Zio, D’Addabbo
Gallo and Morone De Lucia, 1982, the only previously
described Neostygarctidae species, has been reported from
the Mediterranean Sea and the Indian Ocean (Grimaldi de
Zio et al., 1982a; Grimaldi de Zio et al., 1990; De Zio
Grimaldi and Gallo D’Addabbo, 2001; Gallo et al., 2007). In
the present study, we describe the second species of the
Neostygarctidae from a submarine cave in the Miyako
Islands of the Ryukyu Arc, which is the first record of this
family from the Pacific Ocean. The common sequence of
some ontogenic traits is also discussed. The present study
is also the first investigation of submarine cave tardigrades
in the Northwestern Pacific, previously only recorded in
Mediterranean (Grimaldi de Zio et al., 1982b; Villora-Moreno,
1996; Sandulli et al., 1999; Gallo D’Addabbo et al., 2001)
and Australian waters (Boesgaard and Kristensen, 2001).
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MATERIALS AND METHODS

Sediment samples were collected from the entrance of the sub-
marine cave (Twin Cave) off Shimoji Island, in the Miyako Islands
by SCUBA diving (Fig. 1). The surface of the collection site was
covered with broken pieces of corals (> 20 mm) and beneath it was
a layer of sand. The sediment was carefully collected using a trans-
planting trowel. The collected sample was treated by the freshwater
shock technique (Kristensen, 1983), and the supernatant was
decanted through a 32-um mesh net. The sample was treated with
a graded ethanol series from 20% and preserved in 70%. Tardi-
grades were then sorted under a stereomicroscope. After a detailed
observation on the bucco-pharyngeal apparatus, the tardigrade
specimens were mounted in Hoyer’s medium for permanent slide
preparation. All observations were performed using a differential
interference contrast microscope (Nikon ECLIPSE E800). The type
series is deposited in the Seto Marine Biological Laboratory
(SMBL), Kyoto University, Shirahama, Wakayama, Japan.

RESULTS
Systematics

Order ARTHROTARDIGRADA Marcus, 1927

Family Neostygarctidae Grimaldi de Zio, D’Addabbo Gallo,
De Lucia Morone, 1987

Diagnosis (emended). Arthrotardigrades having five
dorsal plates each with dorsal and marginal spines; cephalic
region subdivided into six lobes, anterior pair bears internal
cirri, stout median cirrus near base of anterior pair, antero-
lateral pair bears external cirri and secondary clavae, lateral
pair bears lateral cirri and primary clavae; three body plates
with two conical lateral processes; caudal plate with two lat-
eral swollen lobes; ventral plates reduced to folds; complete
set of cephalic cirri; primary clavae slightly elongated; second-
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ary clavae globular and thick-walled; cirrus E with accordion-
plated articulation; legs with four tubular claws terminating in
triangular solid hooks, two medial ones with dorsal bristle; sty-
let supports absent; seminal receptacles as cuticular pouches
with long sinuous ducts opening close to female gonopore.

Genus Neostygarctus Grimaldi de Zio, D’Addabbo Gallo,
Morone De Lucia, 1982
Diagnosis. As the family.

Neostygarctus lovedeluxe n. sp.
(Figs. 2—4; Table 1)

Diagnosis. Neostygarctus with one medial dorsal spine
on cephalic and caudal plates; two dorsal spines on each of
three body plates.

Type material. All the specimens were collected at the
entrance of a submarine cave (Twin cave), off Shimoji
Island, Okinawa, Japan (24°48°11.7”N, 125°9°0.4”E; 15 min
depth) on 28 June 2012. Holotype: SMBL Type 456, adult
female. Paratypes: SMBL Type 457, four-clawed juvenile,
sex undetermined; SMBL Type 458, two-clawed juvenile,
sex undetermined.

Etymology. The specific epithet, lovedeluxe, refers to
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Fig. 1. Map of the sampling locality (solid circle).
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‘Love Deluxe’, the name of a supernatural power enabling
one to have complete control over one’s hair, which
appeared in JoJo’s Bizarre Adventure Part 4: Diamond Is
Unbreakable, a famous Japanese manga written and illus-
trated by Hirohiko Araki. The hairy appearance of the new
species appears as if affected by the power of ‘Love Deluxe’.

Description of holotype. Body 130 um in length, with
five segments (Figs. 2, 3); each segment having dorsal plate
with dorsal and marginal spines; surface of dorsal plates
covered with numerous minute spikes; ventral surface
smooth, with segmental folds.

Cephalic region subdivided into three pairs of lobes:
anterior pair protruding, basally bearing internal cirri (24 um
long); anterolateral pair less-protruding, bearing external cirri
(39 um long) with base and globular thick-walled secondary
clavae (7 um wide x 5 um long); lateral pair strongly protrud-
ing, bearing lateral cirri (38 um long) and primary clavae (4
um long) on long, robust cirrophorus (14 um long). Median
cirrus (37 um long) with cirrophorus directed dorsally inserted
anteriorly on cephalic plate. Robust mid dorsal spine (47 um
long) on medial lobe, positioned posteriorly on cephalic
plate. On caudal edge of plate, pair of roundish lateral lobes
with spines present. Eyes absent.

Mouth cone anteroven-
trally protruded on ventral
side of cephalic segment.
Bucco-pharyngeal appara-
tus (Fig. 4A) consisting of
buccal tube, three placoids,
pharyngeal bulb, and pair of
stylets with furca. Anterior
portion of bucco-pharyngeal
apparatus not suitable for
observation. Stylet supports
absent.

Three body segments,
each with pair of dorsal
spines and pair of conical lat-
eral processes. Pair of dor-
sal spines (first 17 um long,
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Table 1. Morphometrics of the type series (in um). Dashes (-) indicate unmeasured traits.
HOLOTYPE PARATYPE PARATYPE

Slide no. SMBL Type 456 SMBL Type 457 SMBL Type 458
Status ADULT FEMALE FOUR-CLAWED JUVENILE TWO-CLAWED JUVENILE
Body length 130 108 86
Median cirrus 37 23 23
Internal cirrus 24 23 9
External cirrus 39 36 12
Lateral cirrus 38 44 27
Primary clava 4 4 4
Secondary clava (width x length) 7x%x5 7%x5 3x3
Dorsal spine | 47 36 19
Dorsal spines Il 17 10 22
Dorsal spines llI 24 22 20
Dorsal spines IV - - 15
Dorsal spine V 15 7 5
Cirrus E 101 96 43
Leg IV appendage 6 5 6
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50 um

Fig. 2. Neostygarctus lovedeluxe n. sp. Dorsal view of the holotype. Abbreviations: cE, cirrus E; ds, dorsal spines; ec, external cirrus; ic,
internal cirrus; Ic, lateral cirrus; mc, median cirrus; pcl, primary clava; P4, leg IV appendage; scl, secondary clava.

second 24 um long, third not measured) each inserted on
slight lobe. Dorsal posterior portion of lateral process’s base
lobed with spines. Base of lateral process with small spikes
on ventral side.

Caudal region with mid-dorsal spine (15 um long), pair of
lateral lobes, and pair of cirri E (101 um long). Cirrus E with
accordion-plated articulation inserted on robust cirrophorus.

No spines or appendages on legs |-lll. Leg IV with prox-
imal and medial spines. Leg IV having slightly elongated
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papillae with short terminal spine.

Legs with four tubular claws terminated in triangular
solid hooks, two medial ones with dorsal bristle (Fig. 4B).

Rosette-like female gonopore positioned 3 um anterior
to anus (Fig. 4C). Two oval seminal receptacles with long
sinuous ducts present.

Remarks on juveniles. A four-clawed juvenile [SMBL
Type 457] and a two-clawed juvenile [SMBL Type 458] were
collected from the same sample as the holotype. The four-
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Fig. 3. Neostygarctus lovedeluxe n. sp. DIC micrograph of the holotype. (A) Dorsal view. (B) Ventral view. Scale bar = 50 um.
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Fig. 4. Neostygarctus lovedeluxe n. sp. (A) Bucco-pharyngeal apparatus of the holotype. (B) Claws of the fourth pair of legs of the holotype.
(C) Female gonopore, seminal receptacles and anus of the holotype. (D) Dorsal view of the paratypic two-clawed juvenile. Abbreviations: a,
anus; bt, buccal tube; d, duct; db, dorsal bristle; f, furca; g, gonopore; pb, pharyngeal bulb; pl, placoid; sr, seminal receptacle.
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clawed juvenile resembles the adult morphology, but without
a gonopore, seminal receptacles, or an anus. The two-
clawed juvenile (Fig. 4D) resembles the four-clawed one in
general morphology, but differs in the following aspects: the
number of claws; the subdivision of the cephalic region,
especially in the weakly developed anterior and the antero-
lateral lobes; the sparsely distributed marginal spines of the
dorsal plates; the sparsely distributed minute spikes on the
dorsal surface; the sparsely distributed spines on leg 1V; the
indistinct dorsal plates; and the indistinct boundary of the lat-
eral lobe and the cirrophorus bearing the lateral cirrus and
the primary clava.

DISCUSSION

Differential diagnosis

Neostygarctus lovedeluxe n. sp. differs from N.
acanthophorus by the number of robust dorsal spines on
the five plates: they show a 1-2-2-2-1 arrangement in N.
lovedeluxe, but a 1-1-1-1-1 arrangement in N. acanthophorus.
Another difference is the deeper incision between the ante-
rior and the anterolateral lobes in the new species.

Evolutionary significance of the ontogenic traits

The taxonomic position of Neostygarctus has been a
controversial subject since its discovery; it was originally
placed in the Stygarctidae by Grimaldi de Zio et al. (1982a),
moved to the Renaudarctidae by Kristensen and Higgins
(1984), and then Grimaldi de Zio et al. (1987a) established
the new family Neostygarctidae for this genus. The phyloge-
netic position of the family has been discussed based on the
adult morphology (Kristensen and Higgins, 1984; Grimaldi
de Zio et al., 1987a; Bello and De Zio Grimaldi, 1998), but
it remains unsettled.

A two-clawed juvenile of N. acanthophorus has been
reported from the Indian Ocean, but lacks a morphological
description (Gallo et al., 2007). In the present study, the
morphology of the two-clawed juvenile of Neostygarctidae
is described for the first time. Among the possible related
families (Neoarctidae, Renaudarctidae, and Stygarctidae),
ontogenic information including the morphology of the two-
clawed juvenile has been obtained only in Stygarctidae
(Renaud-Mornant and Anselme-Moizan, 1969; McKirdy et al.,
1976; Grimaldi de Zio et al., 1987b; Gallo D’Addabbo et al.,
2001). We observe the common sequence in ontogenic traits
between the new species and the members of Stygarctidae.

Cephalic lobes. In contrast to the later development
stages, the two-clawed juvenile of the new species has a
less-protruding anterior, and anterolateral lobes lacking an
incision between them. In Stygarctidae, the lateral lobes of
the cephalic region of Parastygarctus renaudae grow longer
during development (Grimaldi de Zio et al., 1987b). This
ontogenic sequence in the cephalic lobes agrees with one
of the evolutionary lines suggested in a cladistic analysis
using adult morphology by Bello and De Zio Grimaldi (1998),
in which the lobes protrude from a Neostygarctus-like state
(the lateral lobes more protruded than the anterior and the
anterolateral lobes) to a Parastygarctus-like state (all lobes
protrude to the same degree). Pseudostygarctus rugosus
displays, however, two opposing directions of sequence in
postembryonic development: One confirms the discussed
sequence in the sense that its division between the antero-
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lateral and lateral lobes are less evident in the two-clawed
juvenile. The second contradicts it in the sense that the two-
clawed juvenile has deep incisions between the anterior and
anterolateral lobes, but which disappear in later develop-
ment due to the fusion of lobes, leaving two closed rings
(Gallo D’Addabbo et al., 2001).

Lateral processes. A common ontogenic sequence in
the lateral processes of body segments can be detected
from the following observations on the postembryonic devel-
opment. The new species preserves a pair of conical lateral
processes for each body segment throughout the develop-
ment. Parastygarctus renaudae has a similar developmen-
tal pattern with the increasing length of the processes
during the development (Grimaldi de Zio et al., 1987b). In
Stygarctus bradypus, the conical lateral processes of the
two-clawed juvenile change into the funnel-shaped ones in
later developmental stages (Renaud-Mornant and Anselme-
Moizan, 1969). Pseudostygarctus triungulatus has small,
and Stygarctus lambertii has no lateral processes in the two
clawed juvenile, but these become well-developed in later
stages (McKirdy et al., 1976; Grimaldi de Zio et al., 1987b).
These ontogenic traits suggest the following sequence for
lateral processes: The most basic state is the absence of
lateral processes (in Megastygarctides) followed by the
possession of a pair of conical ones (in some species of
Parastygarctus and Neostygarctidae), and the funnel-
shaped processes (in Stygarctus) or the processes with thin
short membranes (in Pseudostygarctus) represent a more
advanced state. Bello and De Zio Grimaldi (1998) sug-
gested, however, a reverse sequence, based on their cladis-
tic analysis of adult morphology.

Body plates. The body plates of the two-clawed juvenile
in the new species are indistinct in comparison to those of
the later stages. In Stygarctidae, the two-clawed juvenile of
Stygarctus bradypus has no distinguishable plates (Renaud-
Mornant and Anselme-Moizan, 1969) and that of S. lambertii
lacks intersegmental plates (Grimaldi de Zio et al., 1987b).
These observations suggest that the presence of distinct
plates is an advanced state. Guldberg and Kristensen (2006)
indicated the same sequence of traits based on the intrage-
neric comparison of Megastygarctides adults, whereas
Kristensen and Higgins (1984) and Bello and De Zio
Grimaldi (1998) indicated the reverse, also based on the
adult morphology. The former study dealt with Heterotardi-
grada, and the latter with Neoarctidae, Neostygarctidae,
Renaudarctidae, Stygarctidae and Halechiniscus (a mem-
ber of Halechiniscidae used as an outgroup).

Studies on the ontogeny and phylogeny of tardigrades
are still at an early stage, and the common sequence of
traits suggested in the present study are often in disagree-
ment with those in previous studies. Accumulation of mor-
phological and ontogenic data as well as a more reliable
molecular phylogenetic tree with broader taxon sampling are
required to unravel the evolution and phylogeny of the Neo-
stygarctidae and other tardigrades.

ACKNOWLEDGMENTS

We would like to thank the two skilled SCUBA divers Mr.
Keisuke Egawa and Mr. Tomoyuki Agematsu for the collection of
the sediment samples in submarine caves; Mr. Ayato Tamura,
Karakara’s Diving School Miyakojima and Dr. Tomoki Kase,



Neostygarctidae from the Pacific 419

National Museum of Nature and Science for the kind arrangement
of this research; Dr. Akihisa Kitamura, Shizuoka University for the
valuable technical advice on the method for sampling of sediments.
Thanks are also due to Mr. Yosuke Makita for the useful comments
on the nomenclature. This research was supported by a Sasakawa
Scientific Research Grant from The Japan Science Society.

REFERENCES

Bello G, De Zio Grimaldi S (1998) Phylogeny of the genera of the
Stygarctidae and related families (Tardigrada: Heterotardigrada).
Zool Anz 237: 171-183

Boesgaard TM, Kristensen RM (2001) Tardigrades from Australian
marine caves. With a redescription of Actinarctus neretinus
(Arthrotardigrada). Zool Anz 240: 253-264

De Zio Grimaldi S, Gallo D’Addabbo M (2001) Further data on the
Mediterranean Sea tardigrade fauna. Zool Anz 240: 345-360

Gallo M, D’Addabbo R, De Leonardis C, Sandulli R, De Zio Grimaldi
S (2007) The diversity of Indian Ocean Heterotardigrada. In
“Proceeding of the Tenth International Symposium on Tardi-
grada” Ed by G Pilato, L Rebecchi, J Limnol 66(Suppl. 1): 60—
64

Gallo D’Addabbo M, De Zio Grimaldi S, Sandulli R (2001) Heterotar-
digrada of two submarine caves in S. Domino Island (Tremiti
Islands) in the Mediterranean Sea with the description of two
new species of Stygarctidae. Zool Anz 240: 361-369

Grimaldi de Zio S, D’Addabbo Gallo M, Morone De Lucia RM
(1982a) Neostygarctus acanthophorus, n. gen. n. sp., NUOVO
tardigrado marino del Mediterraneo. Cah Biol Mar 23: 319-323

Grimaldi de Zio S, D’Addabbo Gallo M, Morone De Lucia RM,
Vaccarella R, Grimaldi P (1982b) Quattro nuove specie di
Halechiniscidae rinvenute in due grotte sottomarine dell’ltalia
meridionale (Tardigrada: Heterotardigrada). Cah Biol Mar 23:
415-426

Grimaldi de Zio S, D’Addabbo Gallo M, Moreno De Lucia MR (1987a)
Adaptive radiation and phylogenesis in marine Tardigrada and
the establishment of Neostygarctidae, a new family of Hetero-
tardigrada. Boll Zool 54: 27-33

Grimaldi de Zio S, D’Addabbo Gallo M, Morone De Lucia MR,

Downloaded From: https://bioone.org/journals/Zoological-Science on 26 Apr 2024
Terms of Use: https://bioone.org/terms-of-use

Daddabbo L (1987b) Marine Arthrotardigrada and Echiniscoidea
(Tardigrada, Heterotardigrada) from the Indian Ocean. Boll Zool
54: 347-357

Grimaldi de Zio S, D’Addabbo Gallo M, Morone De Lucia MR, Troccoli
A (1990) New description of Neostygarctus acanthophorus
(Tardigrada, Arthrotardigrada). Cah Biol Mar 31: 409-416

Guldberg HJ, Kristensen RM (2006) The ‘hyena female’ of tardi-
grades and descriptions of two new species of Megastygarctides
(Arthrotardigrada: Stygarctidae) from Saudi Arabia. In “The
Biology of Tardigrades” Ed by JR Garey, DR Nelson, PB Nichols,
Hydrobiologia 558: 81-101

Kristensen RM (1983) Loricifera, a new phylum with Aschelminthes
characters from the meiobenthos. Z Zool Syst Evol 21: 163—
180

Kristensen RM, Higgins RP (1984) A new family of Arthrotardigrada
(Tardigrada: Heterotardigrada) from the Atlantic coast of Florida,
U.S.A. Trans Am Microsc Soc 103: 295-311

McKirdy D, Schmidt P, McGinty-Bayly M (1976) Interstitielle fauna
von Galapagos XVI. Tardigrada. Mikrofauna Meeresb 58: 409—
448

Morone De Lucia MR, Grimaldi De Zio S, D’Addabbo Gallo M (1984)
Description of Parastygarctus biungulatus n. sp. and the
hypothesis of phylogeny in the Stygarctidae family (Heterotardi-
grada: Arthrotardigrada). Oebalia 10: 85-94

Renaud-Mornant J, Anselme-Moizan MN (1969) Stades larvaires du
tardigrade marin Stygarctus bradypus Schulz et position systé-
matique des Stygarctidae. Bull Mus Natl Hist Nat 2e serie 41:
883-893

Sandulli R, Gallo D’Addabbo M, De Lucia Morone MR, D’Addabbo
R, Pietanza R, De Zio Grimaldi S (1999) Preliminary investiga-
tions on meiofauna of two caves in San Domino Island (Tremiti
Archipelago, Adriatic Sea). Biol Mar Medit 6: 437—440

Villora-Moreno S (1996) A new genus and species of the deep-sea
family Coronarctidae (Tardigrada) from a submarine cave with
a deep-sea like condition. Sarsia 81: 275-283

(Received September 18, 2012 / Accepted November 29, 2012)



