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Three new species of the ascothoracidan crustacean genus Dendrogaster Knipovich, 1890 (Dendrogasteridae) are de-
scribed from goniasterid sea-stars in Japan. Dendrogaster komatsuae sp. nov. and D. tobasuii sp. nov. were found respec-
tively in the coelomic cavities of Lithosoma japonica Hayashi, 1952 and two species of Mediaster: M. arcuatus (Sladen, 1889)
and M. brachiatus Goto, 1914 from the Kumano-nada Sea. Dendrogaster nagasakimaruae sp. nov. was similarly found in
Nymphaster euryplax Fisher, 1913 from the East China Sea. Partial DNA sequences of the cytochrome ¢ oxidase subunit I
and 168 ribosomal RNA genes were determined for D. tobasuii sp. nov. These findings represent the first records of Dendro-

gaster from the host family Goniasteridae in Japan.

Key Words: Bathyal zone, DNA barcoding, East China Sea, endoparasite, Kumano-nada Sea, prevalence.

Introduction

Ascothoracida Lacaze-Duthiers, 1880 is an infraclass of
the Thecostraca Gruvel, 1905 within the Crustacea Briin-
nich, 1772. They comprise a little more than 100 nominal
species divided among six families in two orders (Grygier
and Hoeg 2005; Grygier 2019a). All ascothoracidans para-
sitize echinoderms or cnidarians (Grygier and Hoeg 2005).
They are basically characterized by a bivalved carapace that
contains diverticula of the gut and gonads and encloses the
main body. The body fundamentally consists of a cephalon
with a pair of grasping antennules and an oral cone and an
11-segmented trunk with six pairs of thoracic limbs and a
penis. However, most ascothoracidans are highly modified
in form (Wagin 1976; Grygier and Hoeg 2005).

Dendrogaster Knipovich, 1890 is one of the genera in-
cluding highly modified form of ascothoracidan crusta-
ceans. Females are endoparasitic, occurring exclusively in
the coelomic cavity of sea-stars (Fig. 1). The carapace of
females is modified into a dendritic mantle that resembles
the gonads or pyloric caeca of the host. The mantle is usu-
ally filled with eggs or larvae. The dwarf males, on the other
hand, are shaped like a pair of dividers and live within the
female’s mantle cavity. The segmentation and appendages
of the trunk are well developed in males (Palmer 1997; Kol-
basov 2007), while those are vestigial in females (Grygier

1987; Grygier and Hoeg 2005). Dendrogaster comprises a
total of 31 species (Grygier 2019b) recorded from sea-stars
representing 13 different families (Grygier 1987, 1990; Jan-
goux 1987; Stone 1987; Palmer 1997). Five species have
been recorded from Japanese waters: D. astropectinis (Yosii,
1931) from Astropecten scoparius Miiller and Troschel, 1842

Fig. 1. Mediaster brachiatus Goto, 1914 (R 37mm, r unmea-
sured) infected with Dendrogaster tobasuii sp. nov., paratype ovig-
erous female, NSMT-Cr 26865, in the coelomic cavity with dorsal
body wall of the sea-star removed, dorsal view. Scale bar=10mm.
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and A. polyacanthus Miller and Troschel, 1842 (Astropec-
tinidae) (e.g., Yosii 1931; Fukui Kenritsu Takefu Kotogakko
Seibutsubu 2002); D. okadai (Yosii, 1931) from Coscinaste-
rias acutispina (Stimpson, 1862) (Asteriidae) (Yosii 1931;
Haramoto et al. 2007); D. ludwigi Le Roi, 1905 from Certo-
nardoa semiregularis (Miiller and Troschel, 1842) (Ophidia-
steridae) (Yosii 1931) and Echinaster luzonicus (Gray, 1840)
(Echinasteridae) (Grygier 1996), although the accuracy of
Yosii’s identification is doubtful (Grygier 1996); D. rimsky-
korsakowi Wagin, 1950 from Ctenodiscus crispatus (Bruze-
lius, 1805) (Goniopectinidae) (Ito et al. 2009); and D. mur-
manensis Wagin, 1950 from Crossaster papposus (Linnaeus,
1767) (Solasteridae) (Ito et al. 2009). Moreover, there seems
to be a few more unidentified species of Dendrogaster in the
sea-stars of the families Asteriidae, Astropectinidae, and
Echinasteridae according to some Japanese echinoderm re-
searchers (e.g., Nakagawa et al. 2012).

In the present paper, we report the discoveries of three
new species of Dendrogaster infecting Japanese goniasterid
sea-stars. The family Goniasteridae consists of over 60 gen-
era with over 250 species (Mah 2019), most of which inhabit
the deep sea (Saba et al. 2002; Kogure 2018). Only two spe-
cies of goniasterid sea-stars from North American waters
have been known as hosts of Dendrogaster species: Hippas-
teria californica Fisher, 1905 from Gull Islet off Santa Cruz
Island, California, USA, infected with D. arbusculus Fisher,
1911 (g.v., Grygier 1982) and H. phrygiana (Parelius, 1768)
from the St Lawrence Estuary off Rimouski, Canada, infect-
ed with Dendrogaster sp. (Hamel and Mercier 1994, 1999).
Here we describe the external morphology of the Dendro-
gaster species found in the Japanese goniasterid sea-stars.
DNA barcoding was employed to determine whether the
Dendrogaster females found in two congeneric sea-stars be-
long to the same species.

Materials and Methods

Sampling and morphological examination. The go-
niasterid sea-stars, Lithosoma japonica Hayashi, 1952,
Mediaster arcuatus (Sladen, 1889), M. brachiatus Goto,
1914, and Nymphaster euryplax Fisher, 1913, were collect-
ed from the bathyal zone in Japanese waters. The former
three species were caught in the Kumano-nada Sea, Pacific
coast of central Japan, by the fishing trawlers Jinsho-maru
and Kiei-maru during surveys of the Kumano-nada marine
fauna carried out by the Toba Aquarium in 2014-2016. The
host sea-stars were transported alive to the Toba Aquarium.
Nymphaster euryplax was collected in the East China Sea by
TR/V Nagasaki-maru, Nagasaki University (cruise N321)
using a beam trawl and transported alive to a laboratory at
Tokyo University of Marine Science and Technology. Identi-
fications of the host sea-stars followed Goto (1914), Kogure
and Moritaki (2016), and Kogure (2017).

After being dead (at the aquarium) or anesthetized by
freezing (in the university laboratory), the dorsal body wall
of each host sea-star was removed to check whether Den-
drogaster was present in the coelomic cavity: the infection

was not usually detectable by the outward appearance. Once
found, the Dendrogaster specimens were isolated from their
hosts, photographed, and then preserved in 70 or 100% eth-
anol.

Morphological characters of Dendrogaster were observed
under a binocular dissecting microscope (Olympus X-II).
Measurements and drawings of all appendages were made
with the aid of a compound microscope (Olympus BHB-Tr)
equipped with a drawing tube. Drawings of entire females
were made by tracing the outline of specimens from photo-
copies made of them. Mantle size of the females was mea-
sured as the greatest distance across the branched mantle in
outstretched condition. Other measurements and terminol-
ogy for adults of Dendrogaster follow Grygier (1987), and
terminology for nauplius follows Karande and Oguro (1981)
and Stone (1987). Measurements of host sea-stars included
their radius (R) and interradius (r) (Imaoka et al. 1990).

The examined specimens of both Dendrogaster and host
sea-stars were deposited in the collections of the National
Museum of Nature and Science (NSMT), Tsukuba, Japan,
and at the Toba Aquarium Marine Biological Laboratory
(TAMBL), Toba, Japan.

DNA analysis. Commonly used barcoding genes, mito-
chondrial cytochrome ¢ oxidase subunit I gene (COI) and
16S ribosomal RNA gene (16S rRNA) (Hebert et al. 2003;
Vogler and Monaghan 2006; Hajibabaei et al. 2007; Bucklin
et al. 2011), were used for molecular comparisons among
the Dendrogaster specimens found from Mediaster. Muscle
tissue of the middle piece or the tips of terminal protuber-
ances were taken from preserved specimens for extraction
of genomic DNA using NucleoSpin Tissue (Lot# 1604006 M,
Macherey-Nagel, Germany) following the manufacturer’s
protocol. The COI (~707 bps) and 16S rRNA (~610 bps)
genes were amplified by polymerase chain reaction (PCR)
using the universal primer pairs LCO1490/HCO2198 (Fol-
mer et al. 1994) and 16Sar-L/16Sbr-H (Palumbi et al. 2002),
respectively. PCR was carried out in a 50 ul reaction mixture
using Blend Taq plus DNA polymerase (Toyobo, Japan).
The temperature regime for PCR was as follows: 10min at
94°C for initial denaturation, 40 cycles of 1min at 94°C,
I min at 50°C, 1 min at 72°C, and then 10min at 72°C for
final extension. The amplified DNA fragments were puri-
fied using a QIAquick gel extraction kit (Qiagen, Germa-
ny) after electrophoresis in 1.5% agarose gel (SeaKem ME
agarose, Lonza, Rockland, USA). Purified fragments were
used for cycle sequencing reaction with the same primers
as those used for PCR. Cycle sequencing was performed
in a 10yl reaction mixture using a BigDye Terminator v3.1
Cycle Sequencing Kit (Applied Biosystems, Foster City,
USA). The temperature regime for cycle sequencing was as
follows: 30 sec at 96°C, 15 sec at 50°C, and 4min at 60°C
for 25 cycles. Sequencing was carried out with a DNA se-
quencer (ABI 3130x] Genetic Analyzer, Applied Biosystems,
Foster City, USA). As references partial sequences of both
genes were also determined for D. okadai (NSMT-Cr 26856,
GenBank Nos. MN913411 for COI and MN955444 for
16S) and D. rimskykorsakowi (NSMT-Cr 26857, GenBank
Nos. MN913412 for COI and MN955445 for 16S) which
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were found in a coelomic cavity of Coscinasterias acuti-
spina collected from the rocky shore (0.5m) in Anamizu,
Ishikawa Prefecture, Sea of Japan on 12 October 2004 and
that of Ctenodiscus crispatus collected from Toyama Bay
(300-600m), Sea of Japan on 29 April 2006, respectively.
MEGA 7 (Kumar et al. 2016) was used to clean and align
the sequences, and then the nucleotide positions for analysis
were selected by Gblocks 0.91b (Castresana 2000). MEGA 7
was also used to compute the genetic distances estimated by
K2P model (Kimura 1980). The COI and 16S rRNA genes
sequences were deposited with the International Nucleo-
tide Sequence Database Collaboration through the National
Center for Biotechnology Information.

D,E: 0.2 mm
F: 0.1 mm

Systematic Account

Family Dendrogasteridae Gruvel, 1905
Genus Dendrogaster Knipovich, 1890
Dendrogaster komatsuae sp. nov.
[New Japanese name: Yamatoishidatami-no-shidamushi]
(Figs 2, 3)

Material examined. Holotype: ovigerous female (mantle
size 46.3mm), NSMT-Cr 26858, removed on 18 October
2015 from coelomic cavity of Lithosoma japonica Hayashi,
1952 (Echinodermata: Asteroidea: Valvatida: Goniasteri-
dae) (R 50.0mm, r 25.3 mm), TAMBL-EC10, off Owase, Ku-
mano-nada Sea, Pacific coast of central Japan, about 300 m
depth, by Kiei-maru on 13 January 2014.

Paratype: one ovigerous female (fragmented into main

Fig. 2. Dendrogaster komatsuae sp. nov., holotype female, mantle size 46.3 mm, NSMT-Cr 26858, removed from coelomic cavity of Litho-
soma japonica (R 50.0mm, r 25.3mm), TAMBL-EC10, Kumano-nada Sea off Owase, Mie Prefecture, Pacific coast of central Japan, about
300m depth. A, whole animal, dorsal view; B, linear scheme to indicate a pattern of mantle branching; C, left anterior branches, unfurled; D,
left antennule, medial view; E, third and fourth segments of right antennule (terminal claw missing), lateral view; F, second maxillae. Abbre-
viations: bla, anterior primary branches; b2a, anterior secondary branches; bp, posterior branches; blp, posterior primary branches; cg, claw
guard; cl, terminal claw; eb, extra branch; fs, fusion seam; I-IV, segment numbers; mb, main branches; mp, middle piece; sp, rudimentary

proximal sensory process; tb, terminal branch.



78 Nobubhiro Saito et al.

body and 3 pieces of mantle), NSMT-Cr 26859, removed
from coelomic cavity of the same host specimen as holotype.

No males were found from both the holotype and para-
type.

Description of holotype female. Carapace (or mantle)
markedly branched, surface smooth (Fig. 2A, B): mantle
cavity filled with numerous eggs and nauplius larvae. Mid-
dle piece elliptical, 1.2 times as long as wide, subequal in
length to each main branch. Pair of main branches directed
laterally from base of middle piece, each 1.1 times as long
as wide and dividing into 2 (anterior and posterior) primary
branches. Primary branches quickly subdividing into cauli-
flower-like masses of short branches, with terminal branches
blunt and rounded (Fig. 2C). Extra branch present opposite
to middle piece, immediately dividing into pair of long pos-
terior branches with distal parts subdivided in same manner
as primary branches (Fig. 2A, B).

Antennules 4-segmented and subchelate (Fig. 2D, E). Sec-
ond article trapezoidal. Third article elliptical, with fusion
seam crossing proximal-dorsal angle and 2 short setae at
distal end of seam (broken in left antennule). Fourth article
rectangular, with movable terminal claw (missing in right
antennule), large, cylindrical claw guard, and rudimentary
posterior sensory process; bearing 3 short setae at dorsal,
ventral and lateral bases of terminal claw (maybe broken in
left antennule), 3 somewhat longer distal setae on cylindri-
cal claw guard, and 2 setae (1 of it surely undeveloped aes-
thetascs) on posterior process.

Oral cone formed by labrum ensheathing second maxil-
lae. First maxillae and mandibles absent. Second maxillae
(Fig. 2F) harpoon-like, right and left members of pair fused

medially for most of length but separate at distal end; termi-
nal prong bifid with sharp tips.

Rudiments of thoracopods absent.

Eggs present in mantle cavity spherical, 0.52mm in diam-
eter (n=20).

Nauplius larvae from mantle cavity (Fig. 3) with bowl-
shaped carapace, oval in dorsal view, 0.83X0.66 mm
(n=20); antennules, antennae, mandibles, labrum, and anal
spine present; frontal filaments and medial knob, nauplius
eye, maxillules, thoracic appendages, caudal appendages and
rami, and abdominal spines absent. Antennules uniramous
with 5 indistinct segments, bearing 3 terminal, 2 medial,
and 1 lateral setae. Antennae biramous; exopod with 12 in-
distinct segments, each of distal 5 segments bearing 1 long
seta; endopod with 5 indistinct segments, 4 setae at distal
end. Mandibles biramous; exopod with 13 indistinct seg-
ments, distal 5 segments bearing 1 long seta; endopod with
5 indistinct segments, 4 setae at distal end. Labrum pointed
posteriorly. No ascothoracid larvae were found.

Coloration. White to cream yellow (in ethanol-preserved
specimens).

Infection parameters. The single damaged host specimen
examined in the present study infected with 2 females.

Etymology. Named in honor of Emeritus Professor
Miéko Komatsu, University of Toyama, Japan, for her signif-
icant contributions to the knowledge of echinoderm biology.

Diagnostic remarks. The presence of a bifid branch on
the mature female opposite the middle piece links Dendro-
gaster komatsuae sp. nov. to three other congeneric species
that also possess an ‘extra branch’ of some kind in this lo-
cation: D. arbusculus; D. dogieli Wagin, 1950 from Pteraster

Fig. 3. Dendrogaster komatsuae sp. nov., nauplius, carapace length 0.87 mm, from holotype female. A, whole animal, ventral view; B, left
portion of body, ventral view. Abbreviations: al, antennule; a2, antenna; md, mandible. Scale bar=0.3 mm.
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obscurus (Perrier, 1891) (Pterasteridae); D. otagoensis Palm-
er, 1997 from Diplodontias miliaris (Gray, 1847) (Odon-
tasteridae) (Fisher 1911; Wagin 1950, 1976; Grygier 1982;
Palmer 1997). Dendrogaster komatsuae sp. nov. can be sepa-
rated from D. otagoensis by the immediate split of the extra
branch into a pair of long posterior branches; D. otagoensis
has just an unbranched rounded knob, mistakenly referred
to as the ‘middle piece’ by Palmer (1997). Dendrogaster kom-
atsuae can be separated from D. dogieli by the ramification
pattern of the rest of the mantle, namely by the presence
of anterior and posterior primary branches. In the main
branches of D. dogieli are uniaxial with a bilateral series of
distally smaller and simpler secondary branches. Dendro-
gaster komatsuae most closely resembles the Californian
species D. arbusculus (see Fisher 1911; Grygier 1982) but is

Q

distinguished from it by the number of primary branches
divided from main branch (two pairs in D. komatsuae sp.
nov. vs. three pairs in D. arbusculus), the length of the pos-
terior branches on the extra branch (considerably longer in
D. komatsuae), and the condition of the terminal branches
(blunt and rounded in D. komatsuae vs. conical and scat-
tered in D. arbusculus).

Dendrogaster tobasuii sp. nov.
[New Japanese name: Yumiherigokaku-no-shidamushi]
(Figs 1, 4-6)

Material examined. Holotype: ovigerous female (man-

tle size 59.9mm, Fig. 4), NSMT-Cr 26860, removed on 31
October 2015 from coelomic cavity of Mediaster arcuatus

E

A:10.0 mm

C,D; 0.2 mm
E: 0.1 mm

’

Fig. 4. Dendrogaster tobasuii sp. nov., holotype female, mantle size 59.9 mm, NSMT-Cr 26860, removed from coelomic cavity of Mediaster
arcuatus (unmeasured), Kumano-nada Sea off Owase, Mie Prefecture, Pacific coast of central Japan, about 300m depth. A, whole animal,
dorsal view; B, linear scheme to indicate a pattern of mantle branching; C, left antennule, medial view; D, fourth segment of right anten-
nule, lateral view; E, second maxillae. Abbreviations: bla, anterior primary branches; b2a, anterior secondary branches; b3a, anterior tertiary
branches; blp, posterior primary branches; cg, claw guard; cl, terminal claw; fs, fusion seam; I-IV, segment numbers; mb, main branches;

mp, middle piece; sp, rudimentary proximal sensory process.
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Fig. 5. Dendrogaster tobasuii sp. nov., allotype male, total length ca. 6 mm, NSMT-Cr 26861, removed from the main branch of holotype
female. A, right lateral view (arrowhead indicating point of breakage of isolated left posterior process); B, isolated left posterior process; C,
main body, left lateral view (long setae of thoracic limbs and furca omitted); D, right antennule, medial view; E, left first thoracic limb (thora-
copod 2), lateral view. Abbreviations: ab, abdominal segments; bs, basis; cg, claw guard; cl, terminal claw; cx, coxa; en, endopod; ex, exopod;
fr, furcal rami; fs, fusion seam; I-IV, segment numbers; mx, second maxillae; sp, rudimentary proximal sensory process; th, thoracomeres.

(Sladen, 1889) (Echinodermata: Asteroidea: Valvatida: Go- 300 m depth, by Kiei-maru on 29 October 2015.
niasteridae) (unmeasured), Kumano-nada Sea off Mikizaki, Allotype: male (total length ca. 6 mm, Fig. 5), NSMT-Cr
Owase, Mie Prefecture, Pacific coast of central Japan, about 26861, removed from main branch of holotype female.
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Fig. 6. Dendrogaster tobasuii sp. nov., A-B, infecting Mediaster arcuatus. A, immature female (NSMT-Cr 26862, mantle size 11.68 mm); B,
transparent medium-sized female (NSMT-Cr 26870, mantle size 19.2mm). C-E, infecting M. brachiatus; C, non-ovigerous female (NSMT-
Cr 26873, mantle size 16.0 mm), middle piece tends to be expanded laterally particularly; D, immature female (NSMT-Cr 26875, mantle size
4.0mm); E, ovigerous female (NSMT-Cr 26876, mantle size 66.7 mm). Abbreviations: bla, anterior primary branches; b2a, anterior second-
ary branches; b1p, posterior primary branches; mb, main branches; mp, middle piece.

Paratypes in coelomic cavity of M. arcuatus: one im-
mature female (mantle size 11.68 mm, Fig. 6A), NSMT-Cr
26862, removed on 12 October 2015 from damaged host,
Kumano-nada Sea off Mikizaki, Owase, 200-420m depth,
coll. T. Moritaki on 29 September 2015; one juvenile (mantle

size 1.39mm), NSMT-Cr 26863, removed on 13 October
2015 from host (R 23.6mm, r 12.3mm), same collection
information as NSMT-Cr 26862; one female (mantle size
42.8mm), NSMT-Cr 26864, removed on 22 October 2015
from host (R 47.0mm, r 23.4mm), same collection infor-
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mation as NSMT-Cr 26862; one ovigerous female (mantle
size 49.1 mm, Fig. 1), NSMT-Cr 26865, removed on 19 No-
vember 2015 from host (R 37mm, r unmeasured), same
collection information as NSMT-Cr 26862; one female
(mantle size 33.5mm), NSMT-Cr 26866, removed on 19
November 2015 from host (R 33mm, r 18 mm), same col-
lection information as NSMT-Cr 26862; one female (mantle
size 33.5mm), NSMT-Cr 26867, removed on 23 January
2016 from host (R 40 mm, r 24 mm), Kumano-nada Sea off
Mikizaki, Owase, 242-436 m depth, coll. T. Moritaki on 12
January 2016; one female (mantle size 38.8 mm), NSMT-Cr
16868, removed from the same host specimen as NSMT-Cr
26867; one non-ovigerous female (mantle size 21.8 mm),
NSMT-Cr 26869, removed on 29 January 2016 from host
(R 35mm, r 13.5mm), Kumano-nada Sea off Mikizaki,
Owase, 242-436m depth, coll. T. Moritaki on 12 January
2016; one non-ovigerous female (mantle size 19.2mm, Fig.
6B), NSMT-Cr 26870, removed on 15 February 2016 from
host (R 51 mm, r 29mm), Kumano-nada Sea off Mikizaki,
Owase, about 300m depth, by Kiei-maru on 13 February
2016; one immature female (mantle size 9.5 mm), NSMT-Cr
26871, removed on 27 February 2016 from host (R 53 mm,
r 26 mm), same collection information as NSMT-Cr 26869;
one female (mantle size 57.9mm), NSMT-Cr 26872, re-
moved from the same host specimen as NSMT-Cr 26871.

Paratypes in coelomic cavity of M. brachiatus: one non-
ovigerous female (mantle size 16.0 mm, Fig. 6C), NSMT-Cr
26873, removed on 18 January 2016 from damaged host
(R unmeasured, r 10 mm), Kumano-nada Sea off Mikizaki,
Owase, about 300m depth, coll. T. Moritaki on 12 January
2016; one ovigerous female (mantle size 21.5mm), NSMT-
Cr 26874, removed on 29 May 2016 from damaged host
(R 36 mm, r 10mm), Kumano-nada Sea off Kii-nagashima,
300m depth, coll. T. Moritaki on 29 May 2016; one im-
mature female (mantle size 4.0mm, Fig. 6D), NSMT-Cr
26875, removed on 3 June 2016 from damaged host (R
36mm, r 11 mm), same collection information as NSMT-
Cr 26874; one ovigerous female (mantle size 66.7 mm, Fig.
6E), NSMT-Cr 26876, removed on 22 July 2016 from host
(R 67mm, r 22mm), Kumano-nada Sea off Kii-nagashima,
200-300m depth, coll. T. Moritaki on 26 June 2016; one
male (total length 5.5mm), NSMT-Cr 26877, removed from
main branch of female (NSMT-Cr 26876).

Description of holotype female. Carapace (or mantle)
markedly branched, surface smooth (Fig. 4A, B): mantle
cavity filled with numerous eggs. Middle piece elliptical,
about twice as long as wide, 1.5 times as long as each main
branch. Pair of main branches directed laterally from base of
middle piece, each 1.1 times as long as wide, dividing into 2
(anterior and posterior) outspread primary branches. Each
anterior primary branch giving off 3 alternately placed sec-
ondary branches on each side, these in turn giving off short
tertiary branches with quaternary branches and terminal
protuberances, most branches arising alternately and be-
coming smaller distally (first anteriorly directed secondary
branch the largest). Posterior pair of primary branches elon-
gate, extending backwards, each with 3 or 4 pairs of usually
alternatively arising, rather small secondary branches on

distal half, with some tertiary branches and terminal protu-
berances.

Antennules 4-segmented and subchelate (Fig. 4C, D).
Second article rectangular. Third article elliptical, with fu-
sion seam crossing proximal-dorsal angle and 2 stout, spini-
form setae at distal end of seam. Fourth article rectangular,
with movable terminal claw, large, cylindrical claw guard
(irregularly in left antennule), and small vestigial proximal
sensory process; bearing 2 setae at dorsal and ventral base of
terminal claw (dorsal one missing in left antennule), 4 distal
setae on claw guard (one of them irregularly undeveloped
in left antennule), and 1 seta and 1 aesthetasc on vestigial
proximal process (1 seta missing in left antennule).

Oral cone formed by labrum ensheathing second maxil-
lae. First maxillae and mandibles absent. Second maxil-
lae (Fig. 4E) harpoon-like, right and left members of pair
fused medially for most of their length but separate at distal
end; apex bifid, with distal prong and straight ventral hook
reaching to tip of distal prong.

Rudiments of thoracopods absent.

Eggs present in mantle cavity semi-oval, undeveloped,
0.54X0.51 mm (n = 20).

Neither nauplius nor ascothoracid larvae found in mantle
cavity.

Description of allotype male. Carapace with pair of long,
thick, more or less cylindrical posterior processes (Fig. 5A,
B); longer left process dissected free, about 6 times as long
as wide. Body composed of antennules, oral cone, 6-seg-
mented thorax with 5 pairs of limbs on segments 2-6, and
5-segmented abdomen terminating in pair of furcal rami
(Fig. 5C).

Antennules similar to those of female (Fig. 5D): 2 long
spiniform setae at distal end of seam on third article; fourth
article with 3 setae, one at dorsal base of movable terminal
claw and other 2 on lateral and medial side of segment; 3
setae on cylindrical claw guard; and single long aesthetasc
on rudimentary proximal sensory process.

Ventral hooks of bifid second maxillae tip reflected back-
wards.

Thoracomeres 2 to 6 each bearing pair of biramous thora-
copods with large coxa and basis, 2-segmented exopod, and
3-segmented endopod in first 4 pairs (2-segmented in fifth
pair), all limbs with 4 detail setae (Fig. 5E). Penis invisible
on first abdominal segment.

In abdomen, segment 4 short, 20% as long as segment 5
(telson). Furcal rami flat and square, with 4 short distal setae
on apex and 5 long medial setae.

Variation. Mantle ramification pattern of largest female
paratype from M. brachiatus, NSMT-Cr 26876 (Fig. 6E), dif-
fering from that of holotype: primary branches considerably
thicker in this paratype and secondary branches more nu-
merous on both anterior and posterior primary branches, 6
or 5 pairs, respectively, vs. 3 or 4 in holotype, mostly arising
alternately in holotype but in places oppositely.

Development. In immature female specimens from both
host species, NSMT-Cr 26862 and 26875 (Fig. 6A, D), the
middle piece about 2.5 times as long as main branch, and
the secondary and tertiary branches on the two pairs of pri-
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mary branches undeveloped. Middle pieces of small female
specimens from M. brachiatus, NSMT-Cr 26873 (Fig. 6C)
and 26874, expanded laterally, mushroom-like, either equal-
ly wide as long or somewhat wider.

Coloration. Live immature females (NSMT-Cr 26862,
Fig. 6A; 26873, Fig. 6C; and 26875, Fig. 6D) white to light
yellow brown, live mature females (NSMT-Cr 26860; 26876,
Fig. 6E; and 26874) pink to reddish orange. One female
(NSMT-Cr 26870, Fig. 6B) transparent in life, possibly spent
after spawning.

Infection parameters. Prevalence was 30.6% on Media-
ster arcuatus (11/36 specimens) and 1.4% on M. brachiatus
(4/280 specimens). Mediaster arcuatus and M. brachiatus
were infected with 1 to 2 and 1 females, respectively.

Genetic information. Partial COI gene sequences de-
termined from holotype (NSMT-Cr 26860, GenBank
No. MN913413) and two paratypes (NSMT-Cr 26864,
GenBank No. MN913414; NSMT-Cr 26870, GenBank No.
MNO913415) infecting Mediaster arcuatus, and two para-
types (NSMT-Cr 26873, GenBank No. MN913417; NSMT-
Cr 26876, GenBank No. MN913416) infecting M. brachiatus
being 97.4-100% identical to each other, generally implying
a high possibility of conspecificity in crustaceans (Lefébure
et al. 2006). In contrast, 22.4-32.4% nucleotide differences
in COI gene found between these specimens and the other
two species of Dendrogaster (D. okadai and D. rimskykorsa-
kowi). Partial 16S rRNA gene sequences determined from
the holotype and two paratype specimens from M. arcu-
atus (GenBank Nos. MN955446-MN955448) being 99.1%
identical, the two paratypes from M. brachiatus (GenBank
Nos. MN955449-MN955450) being 100% identical, and
the specimens from the different host sea-stars being 99.1-
100% identical, also implying a high possibility of con-
specificity in crustaceans (Lefébure et al. 2006). In contrast,
6.2-16.6% nucleotide differences in 16S rRNA gene found
between these specimens and the other two species of Den-
drogaster.

Etymology. The specific name of the new species is a
Latin genitive noun, referring to the nickname “Tobasui” of
the Toba Aquarium, which organized the present survey of
the fauna of the Kumano-nada Sea.

Diagnostic remarks. The elongated posterior primary
branches and the well-developed secondary branches on the
anterior primary branches of the mantle in female Dendro-
gaster tobasuii sp. nov. are reminiscent of three other con-
generic species, D. astropectinis, D. iwanowi Wagin, 1950
from Leptasterias fisheri Djakonov, 1929 (Asteriidae), and
D. psilasteri Stone, 1987 from Psilaster andromeda (Miiller
and Troschel, 1842) (Astropectinidae) (Yosii 1931; Wagin
1950, 1976; Stone 1987). The new species can be differenti-
ated from them by its smooth mantle surface (vs. a mantle
with prominent chitinous papillae in D. astropectinis and
weak papillae in D. iwanowi) and by the number of pairs of
secondary branches on each anterior primary branch (three
to six in D. tobasuii vs. seven or more in D. psilasteri). In the
present species, the middle piece of females tends to be ex-
panded laterally particularly in younger specimens (NSMT-
Cr 26873 and 26874).

Dendrogaster nagasakimaruae sp. nov.
[New Japanese name: Otohimegokaku-no-shidamushi]
(Fig. 7)

Material examined. Holotype: mature female (mantle
size 22.0mm), NSMT-Cr 26878, removed from a coelomic
cavity of Nymphaster euryplax Fisher, 1913 (Echinoder-
mata: Asteroidea: Valvatida: Goniasteridae) (R 60.0 mm,
r 14.6mm), East China Sea southeast of the Danjo Islands,
Nagasaki Prefecture, Japan (31°51.73'N, 128°29.13'E), 247-
257m depth, 6 March 2011, coll. K. Wakabayashi.

Allotype: male (total length 4.5mm), NSMT-Cr 26879,
removed from main branch of holotype female.

Description of holotype female. Carapace (or mantle)
markedly branched, surface smooth (Fig. 7A, B): mantle
cavity filled with undeveloped eggs. Middle piece ellipti-
cal, 1.5 times as long as wide, 1.3 times as long as each main
branch, and only 60% as wide basally as at point of greatest
width. Pair of short, thick main branches directed laterally
from base of middle piece, subequal in length to pair (ante-
rior and posterior) of rather short, thick, widely outspread
primary branches on each side. Each anterior primary
branch giving rise to 2 (left) or 4 (right) secondary branches,
arising alternately right sides and dichotomously on termi-
nal of anterior primary branches. Short tertiary branches
with lobe-like quaternary branches arising alternately on
the second branches. Posterior primary branches extending
laterally or posteriorly, 3 short secondary branches similar
manner as anterior secondary branches arising alternate-
ly on each of the posterior primary branches. Ends of all
branches bluntly rounded, without terminal protuberances.

Antennules 4-segmented, subchelate (Fig. 7C). Second
article rectangular. Third article elliptical with curved ven-
tral margin, fusion seam crossing proximal-dorsal angle,
and 2 stout, spiniform setae at distal end of seam. Fourth
article elliptical, with movable terminal claw, large, cylindri-
cal claw guard, and rudimentary proximal sensory process;
1 seta at lateral to terminal claw, 3 distal setae on claw guard,
and 2 setae (1 of it surely undeveloped aesthetascs) on rudi-
mentary proximal process.

Oral cone formed by labrum ensheathing second maxil-
lae. First maxillae and mandibles absent. Second maxillae
harpoon-like (Fig. 7D), with right and left members of pair
fused medially for most of length but separate distally, each
with distal prong and ventral hook at apex. Distal prongs
recurved laterally with medially bent tips, ventral hooks re-
flected backwards.

Rudimentary thoracopods absent.

Neither nauplius nor ascothoracid larvae found in mantle
cavity.

Description of allotype male. Carapace (Fig. 7E) giving
rise to pair of long, narrow posterior processes 6.2 times as
long as wide, with lobes on basal part. Main body collapsed;
abdomen and some thoracic limbs found, but antennules
and oral cone missing.

Abdomen 5-segmented (Fig. 7F). Segments 1 and 2 rect-
angular, latter 1.5 times as long as former, penis invisible on
first abdominal segment; segment 3 rectangular, subequal in
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Fig. 7. Dendrogaster nagasakimaruae sp. nov., A-D, holotype female, mantle size 22.0mm, NSMT-Cr 26878, removed from coelo-
mic cavity of Nymphaster euryplax (R 60.0mm, r 14.6 mm), East China Sea southeast of Danjo Islands, Nagasaki Prefecture (31°51.73'N,
128°29.13'E), 247-257 m depth. A, whole animal, dorsal view; B, linear scheme to indicate a pattern of mantle branching; C, left antennule,
medial view; D, second maxillae, posterior view. E-F, allotype male, total length 4.5 mm, NSMT-Cr 26879, removed from the main branch
of holotype female. E, whole animal, right lateral view; F, abdomen. Abbreviations: bla, anterior primary branches; b2a, anterior secondary
branches; b3a, anterior tertiary branches; blp, posterior primary branches; b2p, posterior secondary branches; b, basal lobe; cg, claw guard;
cl, terminal claw; fr, furcal rami; fs, fusion seam; I-IV, segment numbers; mb, main branches; mp, middle piece; pp, posterior processes; sp,
rudimentary proximal sensory process.
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length to segment 1; segment 4 short, one quarter as long
as segment 3; segment 5 rectangular, 5 times as long as seg-
ment 4.

Furcal rami square and 4 longitudinal ridges on lateral
surface, with 4 short distal setae on apex and 4 long medial
setae.

Coloration. Female orange in life.

Infection parameters. One of 5 individuals of Nympha-
ster euryplax collected off southeast of Fukue-jima, the Goto
Islands (a depth of 236-237m) in October 2010 was infect-
ed (the parasite lost). One specimen of N. euryplax collect-
ed in 2011 was infected with the type series. Each of those
hosts infected with single female.

Etymology. The specific name is a Latin genitive noun
honoring the ship TR/V Nagasaki-maru, with the feminine
ending appropriate for any ship.

Remarks. Dendrogaster nagasakimaruae sp. nov. can be
clearly distinguished from the other species of this genus by
the unique ramification pattern of the female mantle. This
features 1) short and stout main branches, 2) thick roots of
the two pairs of primary branches, and 3) alternate position-
ing of all secondary and tertiary branches. Furthermore, the
proximal basal lobes on the posterior processes of male car-
apace are characteristic for this new species.

Discussion

In the present paper, three new species of Dendrogas-
ter parasitic in four species of goniasterid sea-stars are de-
scribed. With these included, a total of eight species of Den-
drogaster have been recorded in Japanese waters from 11

different species of sea-stars in seven families (see Introduc-
tion).

Species of Dendrogaster have successfully dispersed into
diverse environments together with their host sea-stars.
They are horizontally distributed from the tropical waters
near the equator to the Arctic and Antarctic, and also verti-
cally ranged from the coast to the deep-sea (Grygier 1985,
1987, 1990). This ecological and biogeographical diversity
can be seen even in Japanese waters. The hosts of the eight
Dendrogaster species so far recorded in Japan include tropi-
cal, temperate, and cold-water species (Saba et al. 2002;
Kogure 2018). Three out of the eight Dendrogaster species
(D. astropectinis, D. okadai, and D. ludwigi) infect sea-stars
that inhabiting the intertidal to subtidal zone (usually up to
100m in depth) (Saba et al. 2002; Kogure 2018), whereas
the remaining five species, including the three new species
described herein (D. murmanensis, D. rimskykorsakowi, D.
komatsuae sp. nov., D. tobasuii sp. nov., and D. nagasaki-
maruae sp. nov.) infect sea-stars living in the bathyal zone
(Saba et al. 1982; Ito et al. 2009; Kogure and Moritaki 2016;
Kogure 2017). In fact, the two host sea-stars of the new
species, Lithosoma japonica and Nymphaster euryplax, are
rarely encountered bathyal species: only five (Hayashi 1952;
Kogure and Moritaki 2016) and eight (Kogure 2017; present
study) specimens have ever been recorded from Japan, re-
spectively. In as much as 254 species of sea-stars are known
to exist in Japanese waters (Kogure 2018), a great number
of still unknown species of Dendrogaster surely remain to be
discovered there.

The following nine species of goniasterid sea-stars were
found in the bathyal zone of the Kumano-nada Sea during
a series of faunal survey by the third author (TM): Anthenoi-

Table 1. Prevalence ratios of Dendrogaster to the sea-stars of the world based on the literature and the present study.

Number of
; Preval
Species of Dendrogaster Host specimens re\(x‘; ;nce Literature
- 0
Total Infected
D. argentinensis Grygier and Anasterias antarctica (Liitken, 1857) (Asteriidae) 326 5 1.5 Grygier and Salvat (1984)

Salvat, 1984 (as A. minuta)

Allostichaster insignis (Farquhar, 1895) (Asteriidae) 152 147 96.7  Palmer (1997)
D. astropectinis (Yosii, 1931) Astropecten scoparius Miiller and Troschel, 1842 250 5 2.0 Yosii (1931)
(Astropectinidae)
19 7 36.8  Fukui Kenritsu Takefu Koto-
gakko Seibutsubu (2002)
Astropecten polyacanthus Miiller and Troschel, 1842 145 11 7.6 Fukui Kenritsu Takefu Koto-
(Astropectinidae) gakko Seibutsubu (2002)
D. hymenasteri Stone, 1987 Hymenaster pellucidus Thomson, 1873 (Pterasteridae) 731 77 10.5  Stone (1987)

(as H. membranaceus)

D. ludwigi Le Roi, 1905 Echinaster luzonicus (Gray, 1840) (Echinasteridae) 68 5 74  Grygier (1996)
D. nagasakimaruae sp. nov. Nymphaster euryplax Fisher, 1913 (Goniasteridae) 6 2 33.3  present study
D. otagoensis Palmer, 1997 Diplodontias miliaris (Gray, 1847) (Odontasteridae) 159 124 78.0  Palmer (1997)

(as Asterodon miliaris)

D. tasmaniensis Hickman, 1959  Allostichaster polyplax (Miiller and Troschel, 1844) 116 26 22.4  Hickman (1959)
(Asteriidae)
D. tobasuii sp. nov. Mediaster arcuatus (Sladen, 1889) (Goniasteridae) 36 11 30.6  present study
Mediaster brachiatus Goto, 1914 (Goniasteridae) 278 4 1.4  present study
D. zoroasteri Stone, 1987 Zoroaster fulgens Wyville Thomson, 1873 101 4 4.0  Stone (1987)
(Zoroasteridae)
Dendrogaster sp. Hippasteria phrygia (Parelius, 1768) (Goniasteridae) 7 1 143 Hamel and Mercier (1994)
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des epixanthus (Fisher, 1906), Hippasteria imperialis Goto,
1914, Lithosoma japonica, Mariaster giganteus (Goto, 1914),
Mediaster arcuatus, M. brachiatus, Pseudarchaster parelii
(Diiben and Koren, 1846), Rosaster sp. 1, and Rosaster sp. 2
(Y. Kogure and T. Moritaki, unpublished). Among these sea-
stars, seven species except the two species, P. parelii and Ro-
saster sp.1, were examined for the infection by Dendrogaster
spp., but only three species explicitly noted herein as hosts
of new species were infected. Hippasteria imperialis is one
of the most common sea-stars in the Japanese bathyal zone
(Goto 1914). In the present study, we examined 17 speci-
mens of H. imperialis and found none infected with Den-
drogaster, although the two congeners, H. californica and H.
phrygiana, are known as hosts of two species of Dendrogas-
ter (Grygier 1982; Hamel and Mercier 1994) and H. phry-
giana is infected with Dendrogaster sp. with a prevalence of
14.3% (Table 1, Hamel and Mercier 1994) in North Ameri-
can waters.

The prevalence of D. tobasuii in Mediaster arcuatus was
much higher than in M. brachiatus (30.6% vs. 1.4%, respec-
tively) even though the number of M. brachiatus collected
was always greater than that of M. arcuatus at the surveyed
sites in the Kumano-nada Sea: a few individuals of M. ar-
cuatus per catch vs. 20-30 or sometimes over 100 individu-
als of M. brachiatus per catch (T. Moritaki, personal com-
munications). This might suggest that D. tobasuii infects M.
arcuatus selectively, at least in the area surveyed. Similarly,
the prevalence of Dendrogaster astropectinis infecting sea-
stars of Astropecten was reported as 36.8% in A. scoparius
and 7.6% in A. polyacanthus, respectively in northern part of
Fukui Prefecture, Japan (Fukui Kenritsu Takefu Kotogakko
Seibutsubu 2002). Prevalence data were reported so far for
ten species of Dendrogaster (Table 1). In New Zealand, prev-
alence ratios of D. argentinensis Grygier and Salvat, 1984
(96.7%) and D. otagoensis (78.0%) in their respective hosts
were exceptionally high (Palmer 1997), but for the other
eight species the ratios were lower, ranging from 1.4% to
36.8% (Table 1). The prevalence of D. astropectinis was less
than 2.0% in A. scoparius in the original description (Yosii
1931), much lower compared with that in the recent record
in Fukui Prefecture.
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