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Three new sea cucumbers collected in the intertidal and subtidal zone of southern Japan, Taeniogyrus mijim sp. nov.,
Rowedota chippiru sp. nov., and R. motoshimaensis sp. nov., are described. All three species display a small body size (ap-
proximately 10-20 mm), light body colour (primarily a transparent solid colour), and a small number of digits in their
tentacles (one pair or two). They are easily distinguished from each other and from other congeners by the number of digits
and by ossicle size and shape. Among these species, the state of the tooth series on the inner margin of the wheel ossicles is
an important defining feature, i.e., a continuous row in Taeniogyrus but interrupted by concavities in Rowedota. Also, each
tooth is sharp in T. mijim, trapezoidal in R. chippiru, and semicircular in R. motoshimaensis. The number of teeth per radi-
ant is 7-16 (means of 10-13 in different specimens) in T. mijim, 7-15 (means 9-12) in R. chippiru, and 8-21 (means 11-19)
in R. motoshimaensis. Among these three new species, only R. chippiru has thick rod ossicles in the body wall.
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Introduction

Sea cucumbers of the order Apodida [or Synaptida; see
Smirnov (2012) regarding their higher-level classification]
were actively investigated in Japan in the past. Ohshima
(1914) reported on “the Synaptidae of Japan” over 100 years
ago and referred to 23 species, including most of those pres-
ently known in Japan. Especially in shallow waters, many
new species of macroscopic apodids, such as Scoliorhapis di-
anthus Solis-Marin et al., 2014 (q.v.), have recently attracted
the interest of researchers. In contrast, microscopically small
species have been neglected. Prototrochus minutus (Oster-
gren, 1905), a mere 4-6mm long and 2-3mm wide, was
found at a depth of 60-65m off the coast of Korea (Oster-
gren 1905) and is the smallest known apodid species. All
others described to date have been significantly larger, i.e.,
>30mm long, and no additional small species have been re-
ported.

Recently, small apodid holothurians have been collected
in sandy-gravel sediment in the intertidal zone of the coast
of southern Japan, and these include some species that ap-
pear distinct from all others reported in Japan. In this re-
port, three new species of the genera Taeniogyrus Semper,
1868 and Rowedota O’Loughlin and VandenSpiegel, 2010
are described.

Although there was considerable debate concerning the

genus Taeniogyrus until recent years, it is presently well-de-
fined morphologically (see below) and consists of 26 species
(O’Loughlin and VandenSpiegel 2010; Paulay 2013; Moura
et al. 2015; O’Loughlin et al. 2015). Originally, Semper
(1868) separated the type species, T. australiana (Stimpson,
1855), from Chirodota Eschscholtz, 1829, defining Taeniogy-
rus based on the primary features of the wheel ossicles and
sigmoid-hook ossicles in the skin of the body: wheel ossicles
aggregated and forming papillae, and sigmoid-hook ossicles
scattered uniformly. However, aggregations of wheel ossicles
have been observed in only a few species besides the type
species [e.g., Taeniogyrus cidaridis Ohshima, 1914 (q.v.); T.
heterosigmus Heding, 1931 (g.v.)], and not observed in oth-
ers. Therefore, some Taeniogyrus species that lack wheel pa-
pillae were thought to be better classified in the genus Tro-
chodota Ludwig, 1891, which differs from Taeniogyrus pri-
marily in the lack of aggregations of wheel ossicles (Ludwig
1898).

Both Taeniogyrus and Trochodota were considered valid
for a long time, although it was difficult to draw a definite
line of demarcation between them. Recently, O’Loughlin
and VandenSpiegel (2010) revised them and concluded that
Trochodota studeri (Theel, 1886), the type species of Tro-
chodota, is a junior synonym of Holothuria (Fistularia) pur-
purea Lesson, 1830. Furthermore, they placed H. (E) pur-
purea into Taeniogyrus, as T. purpureus (Lesson, 1830). This
action led to six species of Trochodota being transferred into

© 2017 The Japanese Society of Systematic Zoology



54 Yusuke Yamana et al.

Taeniogyrus, and the remaining four being placed in the
newly erected genus Rowedota O’Loughlin and VandenSpie-
gel, 2010. The difference between Taeniogyrus and Rowedo-
ta is the shape of the wheel ossicle: in Rowedota, the inner
margin of the wheel rim becomes narrower in the corners,
where the tooth series is interrupted by the resulting con-
cavities (O’Loughlin and VandenSpiegel 2007, 2010). At the
same time, aggregations of wheel ossicles were rejected from
the generic diagnostic of Taeniogyrus. Instead, the number
of tentacles (10 tentacles) was considered a good generic
diagnostic character for Taeniogyrus (O’Loughlin and Van-
denSpiegel 2010).

Materials and Methods

Animals were collected from the lower intertidal zone of
sandy-gravel shores at the following two sites in southern
Japan: (MOT) Motoshima Islet, Mera, Tanabe, Wakayama
(33°43'56.0"N, 135°20'58.0"E), 21 May, 17 June, 31 July,
29 August, and 29 September 2015, and 22 January 2016
(coll. Y. Yamana); (ARA) Araha Beach, Chatan, Okinawa
(26°18'08.9"N, 127°45'27.7"E), 14 September 2015 (coll. Y.
Yamana); and from the subtidal zone at a depth of approxi-
mately 5m in a sandy-gravel bottom at (NIS) Nishidomari,
Otsuki, Kochi (32°46'43.3"N, 132°43'55.1"E), 29 October
2014 (coll. S. Nakachi).

Several scoops of sediment taken approximately 30cm
below the bottom surface were quickly washed with sea
water in a bucket to suspend interstitial animals before the
water was filtered through a 40-100pum mesh sieve. The
specimens from these filtered samples were sorted alive
under a binocular dissecting microscope (Nikon SMZ).
Sorted specimens were fixed and preserved in 80% ethanol.
Some of them were fixed after anaesthetization in a menthol
solution (0.37g of menthol dissolved into 100mL of 99%
ethanol, this then being diluted to 3.0% with seawater) for
30 minutes.

All specimens in the type series were dissected and the
tentacles, Polian vesicles, ciliated funnels, and calcareous
rings were examined under a binocular dissecting micro-
scope (Nikon SMZ); drawings of the tentacles and calcar-
eous rings were made with a camera lucida. Ossicles from
four regions of the body wall (dorsal anterior, dorsal poste-
rior, ventral anterior, and ventral posterior) and the lateral
tentacles were observed. Ossicles of the tentacles and dorsal
anterior body wall were observed in all specimens; those in
the other parts of the body wall were extracted from just
three specimens of each species, thus avoiding major dam-
age to most specimens. To extract ossicles, small pieces of
tissue were isolated using sharpened ophthalmologic scis-
sors under the dissecting microscope, and dissolved using
sodium hypochlorite solution (NaClO, 5%). Ossicles ex-
tracted from all five body regions were mounted on glass
slides in polyester resin (Showadenko RIGOLAC) and ob-
served under a compound microscope (Nikon Optiphot).
Several ossicles from the tentacles and the anterior dorsal
body wall were rinsed with deionized water, dehydrated in

99% ethanol, mounted on aluminium stubs using conduc-
tive tape (Nisshin NEM Tape), dried at room temperature,
and observed using a scanning electron microscope (SEM)
(Hitachi Miniscope TM-1000).

The ossicles were classified into ‘wheels’ (i.e., wheel-like
ossicles with spokes and a series of teeth on the inner mar-
gin of the rim), ‘sigmoid-hooks’ (fishhook-like ossicles, with
an open pointed end and closed blunt end, with the point of
the hook turned outwards), ‘rods’ (rod-like ossicles, slightly
curved, sometimes distally branching or spreading, some-
times centrally spinous), and ‘thick rods’ (thick rod-like os-
sicles, slightly curved, distally blunt with many minute pro-
cesses). Measurements of 6-25 ossicles were taken for every
tissue sample, to the nearest micrometre. To compare these
measurements among individuals and among parts of the
body, Kruskal-Wallis tests were performed. The dissected
specimens, glass slides, and SEM material were deposited
in the Invertebrate Collection (INV) of the Wakayama Pre-
fectural Museum of Natural History (WMNH) in Kainan,
Wakayama, Japan, and two specimens of NIS were depos-
ited in the Echinodermata Collection (EC) of the Biological
Institute of Kuroshio (BIK), Otsuki, Kochi, Japan.

DNA extraction from small pieces of ethanol-preserved
tissue was performed using the DNeasy Blood and Tissue
Kit (Qiagen, USA) following the manufacturer’s protocol,
except that the elution volume was reduced from 200 pl to
100l because of the low expected amount of total DNA
in the specimens. Partial sequences of the mitochondrial
cytochrome ¢ oxidase subunit 1 (COI) gene were PCR-am-
plified using the universal primer set (LCO1490/HCO2198;
Folmer et al. 1994). This sequence region is the most com-
monly used for DNA barcoding to identify species (Hebert
et al. 2003; Bucklin et al. 2011). The 25 ul reaction mixture
contained 0.125pl of TuKaRa Ex Tag HS (TAKARA BIO
Inc., Japan), 2.5l of 10XEx Taq buffer, 2l of dNTP mix,
1yl of each primer (5pmoles each), 3ul of template DNA,
and 15.375ul of sterilized distilled water. The PCR protocol
included an initial denaturation step at 95°C for 2 min, fol-
lowed by 40 cycles of denaturation at 95°C for 20s, anneal-
ing at 42°C for 305, and extension at 72°C for 1 min, and a
final extension at 72°C for 10 min. Quantity and length of
the PCR products were checked by 1% agarose S (Nippon
Gene, Japan) gel electrophoresis, stained with ethidium
bromide. The products were purified for sequencing using
the FastGene Gel/PCR Extraction Kit (NIPPON Genet-
ics Co, Ltd, Japan) according to the manufacturer’s proto-
col. Sequencing (of both the forward and reverse reads)
was performed by Macrogen Japan Corp. (Tokyo) with the
same primers that were used for PCR amplification. A ho-
mology search of COI sequences was performed by BLAST
(Altschul et al. 1990, 1997) with the discontinuous Mega
BLAST program from the National Center for Biotechnol-
ogy Information (NCBI, http://blast.ncbi.nlm.nih.gov/Blast.

cgi).
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Taxonomy

Order Apodida Brandst, 1835 (sensu Ostergren, 1907)
Family Chiridotidae Ostergren, 1898
Subfamily Taeniogyrinae Smirnov, 1998
Genus Taeniogyrus Semper, 1868
Taeniogyrus mijim sp. nov.

(Figs 1A, 2A, 3A, 4A, 5A, 6)

Material examined. Holotype: WMNH-2015-INV-1457
(MOT, 17 June 2015) (length 11.2 mm, width 1.0 mm). Para-
types: WMNH-2015-INV-1402 (MOT, 31 July 2015) (length
7.2mm, width 0.7 mm); WMNH-2015-INV-1456 (MOT, 17
June 2015) (length 9.4 mm, width 1.0mm); BIK-EC-T0200
(NIS, 29 October 2014) (length 6.0mm, width 0.4mm);
BIK-EC-T0201 (NIS, 29 October 2014) (length 8.5mm,
width 0.9 mm).

Other material: 5 specimens, WMNH-2015-INV-139-143
(MOT, 21 May 2015); 30 specimens, WMNH-2015-INV-
155-184 (MOT, 17 June 2015); 3 specimens, WMNH-2015-
INV-483-485 (NIS, 29 October 2014); 224 specimens,
WMNH-2015-INV-486-709 (MOT, 29 August 2015); 529
specimens, WMNH-2015-INV-868-1396 (MOT, 31 July
2015); 1 specimen, WMNH-2015-INV-1401 (MOT, 31 July
2015); 1 specimen, WMNH-2015-INV-1403 (MOT, 21 May
2015); 285 specimens, WMNH-2015-INV-1481-1765 (MOT,
29 September 2015); 1 specimen, WMNH-2016-INV-3
(MOT, 22 January 2016).

Description. Body small, anaesthetized length of larg-
est specimen (WMNH-2016-INV-3) 13.0mm (after pres-
ervation), cylindrical, slightly tapered toward posterior end
(Fig. 1A, Table 1). Body colour (of preserved specimens)
translucent, white to pink, sometimes greyish. Living speci-
mens translucent orange. Mouth anterior; anus posterior.
Oral disc inclined toward ventral side.

Ten tentacles non-retractile, slender, with smooth or,
rarely, bumpy skin. Each tentacle with one pair of digits;
sensory cups absent (Fig. 2A). Colour of tentacles white to
whitish-pink (preserved specimens), sometimes greyish.
Calcareous ring composed of five radial and five inter-radial
plates, these all being thin and weak, with distally flattened
ginglymus ends (Fig. 3A). Polian vesicle single (Table 1).
Stone canal undiscovered. Two long and unbranched tu-
bules of ovaries, and one or two long, unbranched tubules of
testis present. Testis tubules shorter than ovary tubules. One
ambiguous row of ciliated funnels situated in inter-radius of
middle to posterior body cavity, near right side of mid-ven-
tral longitudinal muscle.

Body wall containing wheel and sigmoid-hook ossicles
(Figs 4A, 5A, 6, Table 2). Wheel ossicles rounded-hexagonal
with six spokes. Inner margin of rim not parallel to outer
margin, and rim narrower at corners. Teeth sharp but short,
7-16 per radiant (means of 10-13 in different specimens);
often reduced in number and size at corners, but with no
discontinuities in tooth series there. Spokes broad, their
breadth amounting to 18-29% of wheel ossicle diameter
(means 22-26%) (Fig. 6). Wheel ossicles scattered sparsely

in ventral inter-radial body wall, dense in anterior and pos-
terior inter-radial body wall. Wheel ossicle aggregations
(wheel papillae) absent. Wheel ossicle diameter 52-81um
(means 63-71 um) in anterior dorsal side, 59-79 um (means
62-70um) in anterior ventral side, 50-78um (means
55-70um) in posterior dorsal side, and 55-70 um (means
61-64um) in posterior ventral side, differing significantly
among specimens (Kruskal-Wallis test, Ps<<0.05) in anterior
dorsal and ventral sides and posterior dorsal side but not in
posterior ventral side. Wheel ossicle diameter in two fully
checked specimens (WMNH-2015-INV-1456, BIK-EC-
TC200) significantly different among these four body parts
(Kruskal-Wallis test, Ps<<0.05), but not in third specimen
(BIK-EC-201).

Sigmoid-hook ossicles in body wall arranged in two single
rows in inter-radii, along both sides of longitudinal muscles,
with pointed end facing toward inter-radius and blunt end
facing toward longitudinal muscles (Fig. 4A). Outer edge of
bend without minute teeth (Fig. 6). Shank broadest at bend,
its length 65-84 um (means of 74-82um in different speci-
mens) in anterior dorsal side, 75-85um (means 76-81 um)
in anterior ventral side, 61-75um (means 64-70 um) in pos-
terior dorsal side, and 54-71 pm (means 64-69 pm) in poste-
rior ventral side. Shank length of sigmoid-hooks significantly
different among specimens (Kruskal-Wallis test, Ps<<0.05)
in anterior dorsal side and posterior dorsal and ventral sides
but not in anterior ventral region (Table 2). Shank length
in all three fully checked specimens significantly different
among four body parts (Kruskal-Wallis test, Ps<<0.05).

Tentacles containing rod ossicles (Figs 5A, 6, Table 3),
these spinous, most branching distally but lacking branches
elsewhere. Rod ossicle length 37-74 um, means of 55-64 pm
in different specimens, significantly different among them
(Kruskal-Wallis test, P<<0.01) (Table 3).

Distribution. In sandy-gravel sediment in calm inlets
along the Pacific coast of Wakayama and Kochi Prefectures,
Japan.

Etymology. The specific name mijim, a noun in apposi-
tion, is derived from the Japanese word meaning “particle”.

DNA barcode sequence. A 650bp sequence of the mi-
tochondrial COI gene was obtained from a paratype speci-
men (WMNH-2015-INV-1402, GenBank accession num-
ber LC152965). Base frequency was A=19.1%, C=14.5%,
G=22.8%, T=43.7%.

Genus Rowedota O’Loughlin and VandenSpiegel, 2010
Rowedota chippiru sp. nov.
(Figs 1B, 2B, 3B, 4B, 5B, 7)

Material examined. Holotype: WMNH-2015-INV-
1476 (ARA, 14 September 2015) (length 10.8 mm, width
0.8mm). Paratypes: WMNH-2015-INV-1477 (ARA, 14
September 2015) (length 6.3 mm, width 0.5mm); WMNH-
2015-INV-1478 (ARA, 14 September 2015) (length 3.6 mm,
width 0.4mm); WMNH-2015-INV-1479 (ARA, 14 Sep-
tember 2015) (length 9.2mm, width 0.7mm); WMNH-
2015-INV-1480 (ARA, 14 September 2015) (length 6.6 mm,
width 0.6 mm).
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Fig. 1. Lateral views of Taeniogyrus mijim sp. nov. (holotype, WMNH-2015-INV-1457) (A); Rowedota chippiru sp. nov. (holotype,
WMNH-2015-INV-1476) (B); and R. motoshimaensis sp. nov. (holotype, WMNH-2015-INV-1767) (C). Abbreviations: ad, anterior dorsal;

av, anterior ventral; pd, posterior dorsal; pv, posterior ventral; te, tentacle.

Description. Body small, anaesthetized length of larg-
est specimen (WMNH-2015-INV-1476) 10.8mm (after
preservation), cylindrical, slightly tapered toward posterior
end (Fig. 1B, Table 1). Body colour (in preserved and living
specimens) transparent white to greyish-pink. Mouth ante-
rior; anus posterior. Oral disc inclined toward ventral side.

Ten tentacles non-retractile, slender, with bumpy skin.
Each tentacle with one pair of digits; sensory cups absent
(Fig. 2B). Colour of tentacles white to pink (in preserved
specimens). Calcareous ring composed of five radial and
five inter-radial plates, these all broad with distally flat-
tened ginglymus ends (Fig. 3B). Polian vesicle single (Table
1). Stone canal undiscovered. Two long and unbranched tu-
bules of ovaries; testis not observed. One ambiguous row of
ciliated funnels situated in inter-radius of middle to poste-
rior body cavity, near right side of mid-ventral longitudinal
muscle.

Body wall containing wheel, sigmoid-hook, and thick-rod

ossicles (Figs 4B, 5B, 7, Table 2). Wheel ossicles rounded-
hexagonal with six spokes. Inner margin of rim not paral-
lel to outer margin, and rim narrower at corners. Teeth
blunt, trapezoidal, 7-15 per radiant (means of 9-12 in dif-
ferent specimens), discontinuous at slight concavities of
rim at corners. Spokes not broad, their breadth amounting
to 11-21% of diameter (means 11-19%) (Fig. 7). Wheel os-
sicles scattered sparsely in ventral inter-radial body wall
but clearly arranged in longitudinal row in anterior ven-
tral region. Wheel ossicle aggregations (wheel papillae) ab-
sent. Wheel ossicle diameter varying widely even in same
tissue sample: 44-109pum (means 61-79um) in anterior
dorsal side, 49-88 um (means 59-83 um) in anterior ven-
tral side, 45-86 um (means 54-66pm) in posterior dorsal
side, and 46-87 um (means 54-60 um) in posterior ventral
side. Wheel ossicle diameter in anterior dorsal side signifi-
cantly different among five specimens (Kruskal-Wallis test,
P<0.05) but not in other body wall parts among three fully
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0.5 mm
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Fig. 2. Three left-side tentacles of Taeniogyrus mijim sp. nov. (ho-
lotype, WMNH-2015-INV-1457) (A); Rowedota chippiru sp. nov.
(paratype, WMNH-2015-INV-1480) (B); and R. motoshimaensis sp.
nov. (holotype, WMNH-2015-INV-1767) (C); all viewed from right
side with dorsal side above.

checked specimens (Table 2). In two of latter specimens
(WMNH-2015-INV-1477, -1479), wheel ossicle diameter
significantly different among four body parts (Kruskal-
Wallis test, Ps<<0.05), but not in third specimen (WMNH-
2015-INV-1480).

Sigmoid-hook ossicles thick and large, arranged in single
rows in inter-radii along both sides of longitudinal muscles,

with pointed end facing toward inter-radius and blunt end
facing toward longitudinal muscles. Outer edge of bend
with 2-5 minute teeth. Shank broadest at bend, suddenly
narrower distal to bend. Shank length 71-110um (means
75-101um) in anterior dorsal side, 71-100pm (means
76-92um) in anterior ventral side, 57-81um (means
66-77 um) in posterior dorsal side, and 51-77 um (means
55-72um) in posterior ventral side. Shank length signifi-
cantly different among five specimens in anterior dorsal part
and among three specimens in other parts (Kruskal-Wallis
test, Ps<<0.05) (Table 2). Shank length significantly differ-
ent among four body parts in two fully checked specimens
(WMNH-2015-INV-1477, -1479) (Kruskal-Wallis test,
Ps<<0.05), but not in other one (WMNH-2015-INV-1480).

Thick-rod ossicles arc-shaped, distally blunt, with approx-
imately 10-40 minute verrucae, arranged between wheel
ossicles and sigmoid-hook ossicles. Length of thick-rod os-
sicles 64-79 um (means of 68-73 pm in different specimens)
in anterior dorsal side, 55-79 um (means 63-71 um) in ante-
rior ventral side, 51-57 um (means 52-55um) in posterior
dorsal side, and 47-59um (means 50-54 pum) in posterior
ventral side. Length of thick-rod ossicles in anterior ventral
side significantly different among three specimens (Kruskal-
Wallis test, P<<0.05) but not those of anterior dorsal side
among five specimens and posterior ventral side among
three specimens (Table 2); posterior dorsal side not anal-
ysed statistically as thick-rod ossicles very rare. Length of
thick-rod ossicles in two fully checked specimens (WMNH-
2015-INV-1479, -1480) significantly different among four
body wall parts (Kruskal-Wallis test, Ps<<0.01) (Table 2);
other fully checked specimen (WMNH-2015-INV-1477)
not analysed due to its near lack of thick-rod ossicles in pos-
terior dorsal side.

Tentacles containing rod ossicles (Figs 5B, 7, Table
3), these spinous with low number of branches, length
41-78 um, means 51-68 um in five specimens, significantly
different among them (Kruskal-Wallis test, P<<0.01) (Table
3).

Distribution.
beach, Araha Beach, Okinawa Prefecture, southern Japan.

Etymology. The specific name chippiru, a noun in ap-
position, is derived from a Ryukyuan word for “something
that is small”.

DNA barcode sequence. A 650bp sequence of the mi-
tochondrial COI gene was obtained from a paratype speci-
men (WMNH-2015-INV-1479, GenBank accession num-
ber LC152967). Base frequency was A=16.3%, C=14.2%,
G=24.2%, T=45.4%.

In sand in lower intertidal zone of calm

Rowedota motoshimaensis sp. nov.
(Figs 1C, 2C, 3G, 4C, 5C, 8)

Material examined. Holotype: WMNH-2015-INV-1767
(MOT, 29 September 2015) (length 9.6 mm, width 0.8 mm).
Paratypes: WMNH-2015-INV-710 (MOT, 29 August 2015)
(length 5.6mm, width 0.7mm); WMNH-2015-INV-711
(MOT, 29 August 2015) (length 11.7mm, width 1.2mm);
WMNH-2015-INV-715 (MOT, 29 August 2015) (length
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B

Fig. 3.

One radial and one inter-radial plate each of calcareous ring of right side of Taeniogyrus mijim sp. nov. (paratype, WMNH-

2015-INV-1456) (A); Rowedota chippiru sp. nov. (paratype, WMNH-2015-INV-1479) (B); and R. motoshimaensis sp. nov. (paratype,
WMNH-2015-INV-715) (C); all viewed from right side with dorsal side above. Abbreviations: ip, inter-radial plate; rp, radial plate.

Table 1. Summary of measurements and counts for five specimens each of the new species of Taeniogyrus and Rowedota.
Registration No. Type Locality® Date 'of Anaesthetized Body size (mm) Counts Gonad type
status collection (+) ornot (=) Length Width Tentacles Tentacle digits Polian vesicles

T. mijim sp. nov.
WMNH-2015-INV-1402 paratype ~ MOT 31 July 2015 + 7.2 0.7 10 2 1 hermaphroditic
WMNH-2015-INV-1456 paratype ~ MOT 17 June 2015 + 9.4 1.0 10 2 1 hermaphroditic
WMNH-2015-INV-1457 holotype ~ MOT 17 June 2015 + 11.2 1.0 10 2 1 hermaphroditic
BIK-EC-T0200 paratype NIS 29 October 2014 - 6.0 0.4 10 2 1 hermaphroditic
BIK-EC-T0201 paratype NIS 29 October 2014 - 8.5 0.9 10 2 1 hermaphroditic

R. chippiru sp. nov.
WMNH-2015-INV-1476 holotype ~ ARA 14 September 2015 + 10.8 0.8 10 2 1 ovary
WMNH-2015-INV-1477 paratype ~ ARA 14 September 2015 + 6.3 0.5 10 2 1 ovary
WMNH-2015-INV-1478 paratype ~ ARA 14 September 2015 + 3.6 0.4 10 2 1 immature
WMNH-2015-INV-1479 paratype ~ ARA 14 September 2015 + 9.2 0.7 10 2 1 ovary
WMNH-2015-INV-1480 paratype =~ ARA 14 September 2015 + 6.6 0.6 10 2 1 ovary

R. motoshimaensis sp. nov.
WMNH-2015-INV-710  paratype ~ MOT 29 August 2015 + 5.6 0.7 10 4 1 immature
WMNH-2015-INV-711  paratype ~ MOT 29 August 2015 + 11.7 1.2 10 4 1 ovary
WMNH-2015-INV-715  paratype ~ MOT 29 August 2015 9.5 0.8 10 3-4 1 testis
WMNH-2015-INV-1400 paratype ~ MOT 31 July 2015 - 7.6 1.0 10 2 1 immature
WMNH-2015-INV-1767 holotype ~ MOT 29 September 2015 + 9.6 0.8 10 2-4 1 testis

*WMNH-INV: Invertebrate Collection of the Wakayama Prefectural Museum of Natural History, BIK-EC: Echinodermata Collection of the
Biological Institute of Kuroshio.? MOT: Motoshima Islet, Mera, Tanabe, Wakayama, NIS: Nishidomari, Otsuki, Kochi, ARA: Araha Beach, Chatan,

Okinawa.

9.5 mm, width 0.8 mm); WMNH-2015-INV-1400 (MOT, 31
July 2015) (length 7.6 mm, width 1.0 mm).

Other material: 3 specimens, WMNH-2015-INV-712-714
(MOT, 29 August 2015); 2 specimens, WMNH-2015-INV-
1397, 1398 (MOT, 31 July 2015); 1 specimen, WMNH-2015-
INV-1404 (MOT, 21 May 2015); 1 specimen, WMNH-2015-
INV-1455 (MOT, 17 June 2015); 1 specimen, WMNH-2015-
INV-1766 (MOT, September 2015); 2 specimens, WMNH-
2016-INV-1, 2 (MOT, 22 January 2016).

Description. Body small, anaesthetized length of larg-
est type specimen (WMNH-2015-INV-711) 11.7mm (after
preservation), cylindrical, slightly tapered toward posterior
end (Fig. 1C, Table 1). Body colour (in preserved and liv-

ing specimens) white to light brown, not very transparent.
Mouth anterior; anus posterior. Oral disc inclined toward
ventral side.

Ten tentacles non-retractile, slender, with bumpy skin.
Each tentacle with two pairs of digits; sensory cups absent;
distal two digits longer than subdistal two digits (Fig. 2C).
Subdistal digits sometimes absent from individual tentacles.
Colour of tentacles white (in preserved specimens). Calcare-
ous ring composed of five radial and five inter-radial plates,
these all thin and weak, with distally flattened ginglymus
ends (Fig. 3C). Polian vesicle single (Table 1). Stone canal
undiscovered. Male and female systems observed in differ-
ent specimens, both ovary and testis consisting of two long,
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0.1 mm

Fig. 4. Microphotograph of anterior ventral skin contain-
ing ossicles of Taeniogyrus mijim sp. nov. (holotype, WMNH-
2015-INV-1457) (A); Rowedota chippiru sp. nov. (holotype,
WMNH-2015-INV-1476) (B); and R. motoshimaensis sp. nov.
(holotype, WMNH-2015-INV-1767) (C); all in preserved state fol-
lowing fixation with anaesthesia. Abbreviations: Im, longitudinal
muscle; sh, sigmoid-hook; tr, thick rod; wh, wheel.

unbranched tubules. One ambiguous row of ciliated funnels
situated in inter-radius of middle to posterior body cavity,
near right side of mid-ventral longitudinal muscle.

Body wall containing wheel and sigmoid-hook ossicles
(Figs 4C, 5C, 8, Table 2). Wheel ossicles rounded hexagonal
with six spokes. Inner margin of rim not parallel to outer
margin, and rim narrower at corners. Teeth small and blunt,
mostly semi-circular, 8-21 per radiant (means of 11-19 in
different specimens), discontinuous at concavities of rim
at corners. Spokes not broad, their breadth amounting to
14-23% of diameter (means 16-22%) (Fig. 8). Wheel os-
sicles scattered sparsely in ventral inter-radial body-wall.
Wheel ossicle aggregations (wheel papillae) absent. Wheel
ossicle diameter varying widely even in same tissue sam-
ple: 61-133 um (means 84-103 um) in anterior dorsal side,
56-110pm (means 70-95um) in anterior ventral side, 56—
107 um (means 81-85um) in posterior dorsal side, and 53-
103 um (means 70-75um) in posterior ventral side. Wheel
ossicle diameter in anterior dorsal side significantly different
among five specimens (Kruskal-Wallis test, P<<0.05), but not
in other parts among three fully checked specimens (Table
2). In two of latter specimens (WMNH-2015-INV-711,
-715), wheel ossicle diameter significantly different among
four body wall parts (Kruskal-Wallis test, Ps<<0.05), but not
in third specimen (WMNH-2015-INV-710).

Sigmoid-hook ossicles thick and large, arranged in single
rows in inter-radii along both sides of longitudinal muscles,
with pointed end facing toward inter-radius and blunt end
facing toward longitudinal muscles. One to three additional
ambiguous rows of sigmoid-hook ossicles scattered in in-
ter-radii, facing different ways. Outer edge of bend without
minute teeth (Fig. 8). Shank broadest on proximal side of
bend, and gradually thinning through bend. Shank length
70-104um (means of 78-95um in different specimens) in
anterior dorsal side, 73-96 um (means 75-91 pm) in ante-
rior ventral side, 61-93 um (means 74-85um) in posterior
dorsal side, and 61-94pm (means 71-82pum) in posterior
ventral side. Shank length significantly different among five
specimens in anterior dorsal part and among three speci-
mens in other parts (Kruskal-Wallis test, Ps<<0.05) (Table
2). Shank length in each of latter three specimens signifi-
cantly different among four body wall parts (Kruskal-Wallis
test, Ps<<0.05).

Tentacles containing spinous rod ossicles (Figs 5C, 8,
Table 3), most being branched distally and some with cen-
tral branches. Length 37-88 um, means 58-70 pum, signifi-
cantly different among five specimens (Kruskal-Wallis test,
P<0.01) (Table 3).

Distribution. In sandy-gravel sediment of lower in-
tertidal zone in calm inlet along Pacific coast of Wakayama
Prefecture, Japan.

Etymology. The specific name motoshimaensis is de-
rived from the name of the type locality islet, Motoshima.

DNA barcode sequence. A 650bp sequence of the mi-
tochondrial COI gene was obtained from a paratype speci-
men (WMNH-2015-INV-1400, GenBank accession num-
ber LC152968). Base frequency was A=16.8%, C=13.8%,
G=24.8%, T=44.6%.



60 Yusuke Yamana et al.

Fig. 5. SEM images of ossicles from a tentacle and anterior dorsal body wall of Taeniogyrus mijim sp. nov. (paratype, WMNH-
2015-INV-1456) (A); Rowedota chippiru sp. nov. (paratype, WMNH-2015-INV-1479) (B); and R. motoshimaensis sp. nov. (paratype,
WMNH-2015-INV-715) (C). Abbreviations: ro, rod from tentacle; sh, sigmoid-hook from body wall; tr, thick rod from body wall; wh, wh;
external and internal sides of wheel from body wall, respectively.
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Taeniogyrus mijim sp. nov., ossicles from a tentacle and four parts of the body wall, and diagrams of their measurement axes, from
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Table 3.
Rowedota.

Counts and measurements (mean=sd) of rod ossicles from tentacles of five specimens each of the new species of Taeniogyrus and

Ossicles of tentacles

Number of branches

Registration No.* - Length Breadth of stem
(pm) (pm)° Distally Centrally
T. mijim sp. nov.
WMNH-2015-INV-1402 (12) 56.6*=8.7 4.8%0.8 32*1.0 0
(Range) (45-72) (4-6) (2-4) (0)
WMNH-2015-INV-1456 (10) 64.14.9 5.6*0.8 4.5*1.1 0.3+0.5
(Range) (57-72) (5-7) (3-6) (0-1)
WMNH-2015-INV-1457 (11) 54.9+8.1 4.8+0.8 3.7+0.8 0.2+0.6
(Range) (45-67) (4-6) (2-5) (0-2)
BIK-EC-T0200 (16) 58.1+8.7 57*x1.2 53*14 0.1x0.3
(Range) (47-74) (4-8) (3-7) (0-1)
BIK-EC-T0201 (10) 56.9%10.6 4.0*£0.9 3.7*x1.3 0
(Range) (37-72) (3-6) (2-6) (0)
R. chippiru sp. nov.
WMNH-2015-INV-1476 (11) 67.5+7.0 7.2*1.3 2.3+0.6 0.1x0.3
(Range) (55-78) (5-10) (2-4) (0-1)
WMNH-2015-INV-1477 (8) 58.0+5.3 4.5%0.5 2 0.1+0.4
(Range) (51-64) (4-5) ) (0-1)
WMNH-2015-INV-1478 (10) 55.1*+2.8 5.3+0.7 2 0
(Range) (51-61) (4-6) 2) (0)
WMNH-2015-INV-1479 (11) 57.9%6.6 5.3%0.9 2.1*0.3 0.4+0.9
(Range) (51-72) (4-7) (2-3) (0-3)
WMNH-2015-INV-1480 (11) 50.5%5.5 4.8%0.8 2.8%£0.9 0.3%0.5
(Range) (41-59) (4-6) (2-4) (0-1)
R. motoshimaensis sp. nov.
WMNH-2015-INV-710 (6) 65.5%7.7 52%2.1 2 1.7£2.0
(Range) (54-73) (3-9) 2) (0-4)
WMNH-2015-INV-711 (11) 60.2*x5.7 5.9%0.7 45*1.4 2.0*1.5
(Range) (50-68) (5-7) (3-8) (0-4)
WMNH-2015-INV-715 (13) 58.4+9.7 5.1*0.6 3.0*+1.2 1.3*£14
(Range) (37-69) (4-6) (2-6) (0-4)
WMNH-2015-INV-1400 9) 66.7+9.2 58*1.0 39*1.8 1.1+1.3
(Range) (55-81) (4-7) (2-6) (0-3)
WMNH-2015-INV-1767 17) 69.6x11.2 4.8%£0.9 32*1.0 1.6£1.7
(Range) (42-88) (3-6) (2-5) (0-5)

*WMNH-INV: Invertebrate Collection of the Wakayama Prefectural Museum of Natural History, BIK-EC: Echinodermata Collection of the Bio-
logical Institute of Kuroshio. ® Values were measured near the center while ignoring any side branches (see Figs 6A, 7A, 8A).

Discussion

In Japan, four species of Taeniogyrus have been reported
before now, and none of Rowedota: Taeniogyrus cidaridis
Ohshima, 1914 from the Goto Islands, off Sagami Bay, and
in the Uraga Strait (Ohshima 1914, 1915); T. misakien-
sis (Ohshima, 1919) from oftf Sagami Bay (Ohshima 1914,
1919); T. japonicus (Marenzeller, 1881) from Sagami Bay
(Marenzeller 1882; Ohshima 1914) and several places in
central and southern Japan (Utinomi 1965; Imaoka 1995);
and T. roseus (Ohshima, 1914) from Okinawa (Ohshima
1914).

Among them, Taeniogyrus misakiensis was first men-
tioned, as Trochodota dunedinensis (Parker, 1881), by Ohshi-
ma (1914); Ohshima, however, pointed out some differ-
ences between his specimen from Japan and Parker’s (1881)

New Zealand form of Tr. dunedinensis, and suggested that
the former may be a distinct species. Afterwards, Ohshima
(1919) did indeed propose Tr. misakiensis as a new species,
and the name is available by indication because he cited his
own (Ohshima 1914) previously published description of it
as Tr. dunedinensis. Unfortunately, Ohshima’s (1919) taxo-
nomic act has been overlooked by all researchers to date,
probably because that work was published in the Japanese
language for the most part. Later, in a dichotomous key,
Clark (1921) diagnosed a new species, Tr. diasema Clark,
1921 (currently Ta. diasemus), for Ohshima’s (1914) sup-
posed Tr. dunedinensis. This new species was based on the
same single holotype specimen on which Ohshima’s (1919)
Tr. misakiensis had been based, but with no mention of the
latter nominal species. Since Ohshimas (1919) report was
published before 1931, his nomenclatural act is considered
valid under Articles 11 and 12. 2. 1 of the International
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pd, posterior dorsal; pv, posterior ventral; te, tentacle.

Code of Zoological Nomenclature (International Commis-
sion on Zoological Nomenclature 1999), and Ta. diasemus is
judged to be a junior objective synonym of Ta. misakiensis,

which has priority.

None of them agrees morphologically with any of the

present three new species. In T. cidaridis, aggregations of
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wheel ossicles were observed, different from the present new
species (Ohshima 1914). In T. misakiensis, wheel ossicles
are confined to the three dorsal inter-radii (Ohshima 1914),
which is different from the present new species. Although
the descriptions of T. japonicus and T. roseus lacked detailed
information, the following aspects were different from those
of the present three new species. For T. japonicus, the co-
lour in life “bloody red”, and the tentacle digits numbering
“14-16" (Marenzeller 1882); and for T. roseus, “colour in life
pink’, “tentacle with three pairs of digits”, ossicles in tentacle
“the same as in those of T. purpurea”, and ciliated funnels in
“mid-dorsal and left dorsal inter-radii” (Ohshima 1914).

The new Taeniogyrus species, T. mijim, has one pair of
digits in each tentacle. Only two congeners have one pair
of digits in each tentacle (or sometimes more): Taeniogyrus
furcipraedita (Salvini-Plawen, 1972) (g.v.), and T. inexpec-
tatus (Smirnov, 1989) (q.v.). Among these, T. inexpectatus
from the Sea of Okhotsk was reported to have sometimes
two or three pairs of digits on each tentacle, and the ossicles
in the tentacles to have no spinous processes at all (Smirnov
1989). These features were not observed in T. mijim. The
European species T. furcipraedita was reported to have ex-
tremely thin and weak spokes of the wheel ossicles, their
breadth as measured from Salvini-Plawens (1972) figure
amounting to less than 10% of the diameter, and the tentacle
ossicles had no spinous processes at all. These features were
not observed in T. mijim.

Of the present two new species of Rowedota, R. chippiru
has one pair of digits on each tentacle and thick-rod os-
sicles in the body wall. The only other species of Rowedota
with one pair of digits on each tentacle is Rowedota vivipara
(Cherbonnier, 1988), from which thick-rod ossicles were
not reported (Cherbonnier 1988). Only one congeneric spe-
cies, R. mira (Cherbonnier, 1988) has been reported to have
thick-rod ossicles in the body wall, but it differs from R.
chippiru in having 3-4 pairs of digits in each tentacle even
in a very small specimen approximately 4mm long (Cher-
bonnier 1988). The thick-rod ossicles in R. mira have previ-
ously been considered contamination (see O’Loughlin and
VandenSpiegel 2010), but we confirmed their presence in
R. chippiru, which implies that they may have been present
naturally in R. mira as well. Most tentacles of Rowedota mo-
toshimaensis had four digits, but this sometimes varied and
two or three digits were also observed. We speculate that the
tentacles with two or three digits were not yet fully grown.
The number of tentacle digits in Rowedota may be highly
variable even among specimens of the same species. Even
the recent generic diagnosis (O’Loughlin and VandenSpie-
gel 2010) indicates that there may be 1-4 pairs of digits in
the tentacles. Nevertheless, no species of Rowedota with just
two pairs of digits as the maximum is known at present.
Rowedota vivipara sometimes has three digits, but usually
fewer and occasionally up to four digits. Its pattern of digit
branching (Cherbonnier 1988) is apparently different from
that of R. motoshimaensis: in R. vivipara with three digits, a
central unpaired digit is flanked by a pair of digits.

In the present study, measurements of ossicles varied
within a limited range. Within these ranges, however, the

measurements of ossicle size from different body regions
were sometimes significantly different among individuals,
and ossicle size alone is not sufficient for a diagnosis. Reli-
able diagnoses must be based on both the range of sizes and
the types of ossicles. In the wheel ossicles, at least the ranges
of the diameter, number of teeth along the inner rim, and
spoke breadth should be used for diagnosis. Future stud-
ies may show that additional detailed measurements (e.g.,
maximum and minimum breadth of rim, height and width
of teeth, efc.) are also required.

Contrary to this, aside from a few species with distinctive
sigmoid-hooks [e.g., Taeniogyrus yvonnae Moura et al., 2015
(g.v.)], the sigmoid-hooks of many chiridotid species are
very similar. Their detailed shapes have not been thorough-
ly investigated, however. In the present study, aside from
shank length, the shape of the sigmoid-hook in each species
could not be quantified for possible use as a diagnostic fea-
ture because on slides they are not oriented all in the same
plane. However, several features may distinguish the species,
e.g., the width and angle of the bend and the breadth of the
shank. A quantitative understanding of these features is a
subject for future study.
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