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Apseudes ranma sp. nov. (Tanaidacea: Apseudidae) found in a public aquarium,

with notes on phylogeny and a presumptive stridulatory organ
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Runnong title: Apseudes ranma sp. nov. found in an aquarium

ORCID: Keiichi Kakui, 0000-0003-4630-9065

Abstract

We describe Apseudes ranma sp. nov. from the Port of Nagoya Public Aquarium,
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Nagoya, Japan. It resembles two congeners, Apseudes curtiramus (Gutu, 2007) and
Apseudes orghidani Gutu and lliffe, 1989, in having the rostrum triangular, wider than
long, the carapace without lateral spines, distinct and round eye lobes, pereonites 3—6
with a pair of tongue-shaped anterolateral projections, and the pleotelson with two pairs
of lateral projections, but differs from them in having lateral setae on the anterolateral
margin of the carapace and a ventro-subproximal spine on the pereopod-1 basis, and in
the number of spiniform setae on articles of pereopods 2—4. We determined partial
nucleotide sequences for the cytochrome ¢ oxidase subunit I (COI) and 18S rRNA (18S)
genes in 4. ranma sp. nov. for future DNA barcoding and phylogeny reconstruction. In
an 18S tree, A. ranma sp. nov. was the sister taxon to Apseudes nipponicus Shiino,
1937, and this clade was the sister group to moderately supported Carpoapseudes clade.
We discovered a presumptive stridulatory organ in 4. ranma sp. nov. consisting of a
cylindrical protrusion and knobbly area on the inner surface of each of the left and right
chelipedal bases. The location of the protrusion and knobbly area suggests that these

may be a plectrum and pars stridens, respectively.
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Introduction

Apseudes Leach, 1814 is the most species-rich genus in Apseudidae, with 45
valid species worldwide (WoRMS 2024). Apseudes tanaidaceans are burrowers (cf.
Holdich and Jones 1983), and most have been reported from shallow waters. The genus
contains several species confirmed to be simultaneously hermaphroditic by examination
of external and internal morphology (Kakui and Hiruta 2023). To date, the only nominal
species reported from Japan was Apseudes nipponicus Shiino, 1937 (Kakui 2016).

A common source of undescribed species is public aquaria, from which species
in groups including sponges (e.g., Pinheiro et al. 2015), sea anemones (e.g., [zumi et al.
2019), acoel flatworms (e.g., Shannon and Achatz 2007), nemerteans (e.g., Wilfert and
Gibson 1974), nematodes (e.g., Kito and Nakamura 2001), and crustaceans (e.g.,
Wittmann and Abed-Navandi 2021) have been described. Among these captive animals,
some species are known only from the aquaria. This is especially the case for species
having small individuals that were unintentionally introduced into aquaria along with
larger animals for exhibition, or with substrates such as sand, live rocks, seagrasses, and
seaweed.

Apseudes sp. sensu Kakui and Hiruta (2013) is known only from aquaria, having

been first discovered in 2009 from the bottom sand in a tank housing giant clams (24—
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26°C) in the Port of Nagoya Public Aquarium (PNPA), Nagoya, Japan (Kakui and
Hiruta 2013). Several living Apseudes individuals collected in 2009 and 2010 and their
descendants have been maintained for over 10 years in our laboratory in Sapporo, Japan
(Kakui and Hiruta 2023). This species is a protandrous simultaneous hermaphrodite and
can self-fertilize (Kakui and Hiruta 2013), and is the only species known to undergo
selfing among the more than 67,000 extant species of Malacostraca (Ahyong et al.
2011). While this species thus may provide a good model system for investigating
malacostracan sexual and reproductive systems, its taxonomic status had not been
determined.

After observing the morphology of laboratory-maintained individuals, we
concluded that Apseudes sp. sensu Kakui and Hiruta (2013) was undescribed. Here we
describe this species as new, present partial sequences for its cytochrome ¢ oxidase
subunit [ (COI) and 18S rRNA (18S) genes, and present an 18S-based phylogenetic tree.
We also describe the morphology of presumptive stridulatory organs discovered on the

chelipedal bases.

Material and methods

The captive-bred individuals we studied were descendants of a single
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hermaphrodite isolated in March 2019 and maintained in a small aquarium at Hokkaido
University (25°C; 14h L/10h D; fed every 3 days; see Kakui and Hiruta 2013); the
hermaphrodite was a descendant of an individual collected at PNPA on 14 June 2009 or
12 April 2010 and maintained in the laboratory as just described. Individuals were fixed
and preserved in 99% ethanol. An ethanol-fixed specimen of Carpoapseudes spinigena
Bamber, 2007 collected on 7 November 2007 during a cruise of R/V Tansei-maru at
depths of 1028—1075 m (Station KT-07-29-K1; 42°35.0'N 144°48.0'E to 42°34.7'N
144°49.9'E) and one of A. nipponicus collected on 12 October 2017 from an
experimental aquarium at the Shimoda Marine Research Center (SMRC), University of
Tsukuba, Japan, were included in the study for determination of 18S sequences (the
exoskeletons could not be recovered). Methods used for dissection, preparation of
slides, light microscopy, scanning electron microscopy (SEM), and drawing were as
described by Kakui and Angsupanich (2012). Specimens studied were deposited in the
Invertebrate Collection of the Hokkaido University Museum (ICHUM), Sapporo, Japan.
Orientation and terminology here follow Larsen (2003), except that the term
‘plumose sensory seta(e)’ (PSS; Bird 2011) is used instead of ‘broom seta(e)’ and the
term ‘protopod’ is used instead of ‘basal article’ for pleopods and uropods. Body length

(BL) was measured from the base of the antennules to the tip of the pleotelson, and
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body width at the widest portion of the cephalothorax (CW, cephalothorax width).
Pleotelson length (PL) was measured between the anterior and posterior edges of the
pleotelson, and pleotelson width (PW) at the widest portion of the segment. Appendages
were measured in the holotype. Measurements were made axially from digital images
by using ImagelJ (Schneider et al. 2012): dorsally on the body, antennules, antennae,
pleopods, and uropods; laterally on the chelipeds and pereopods. The length and width
of congeners were measured from original illustrations if these measurements were not
provided in descriptions. Individuals were categorized into one of three sex classes:
“male-like,” having a genital cone but lacking a marsupium, marsupium scars, or
developing oostegites; “preparatory hermaphrodite,” having a genital cone and
developing oostegites (see Kakui and Hiruta 2013: fig. 1); and “ovigerous
hermaphrodite,” having a genital cone, and marsupium or marsupium scars.

DNA was extracted from the whole body of one paratype (ICHUMS8634), and
one non-type individual each of C. spinigena and A. nipponicus, by using a NucleoSpin
Tissue XS Kit (Macherey—Nagel, Germany). Table 1 lists the primers used for PCR and
cycle sequencing. PCR amplification conditions for COI with TaKaRa Ex Tag DNA
polymerase (TaKaRa Bio, Japan) were 94°C for 1 min; 35 cycles of 98°C for10 s, 42°C

for 30 s, and 72°C for 50 s; and 72°C for 2 min. Conditions for 18S with KOD FX Neo
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polymerase (Toyobo, Japan) were 94°C for 2 min; 45 cycles of 98°C for 10 s, 52°C for
30 s, and 68°C for 75 s; and 68°C for 3 min. Nucleotide sequences were determined by
direct sequencing with a Big Dye Terminator Kit ver. 3.1 and a 3730 DNA Analyzer
(Life Technologies, USA). Segments were concatenated by using MEGA7 (Kumar et al.
2016). The sequences we determined were deposited in the International Nucleotide
Sequence Database (INSD) through the DNA Data Bank of Japan under accession
numbers LC791410, LC791411, LC791469, and LC791470. BLAST searches (Altschul
et al. 1990) of the INSD were conducted to find the known sequences most like those
we obtained.

The 18S dataset for phylogenetic analysis included the three sequences we
determined, and 16 apseudomorph sequences and an outgroup sequence from the INSD
(see Supplementary Material 1). Methods for alignment (1960 positions in the final
dataset; Supplementary Materials 2 and 3), selecting the optimal substitution model
(TIM+F+R4), the ML analysis, estimating clade support (analyses of 1000
pseudoreplicates for both SH-like approximate likelihood ratio tests [SH-aLRT] and
ultrafast bootstraps [UFBoot]), and drawing the tree were as described by Shimada et al.

(2023).
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Results
Systematics
Order Tanaidacea Dana, 1849
Suborder Apseudomorpha Sieg, 1980
Superfamily Apseudoidea Leach, 1814
Family Apseudidae Leach, 1814

Genus Apseudes Leach, 1814

Diagnosis.—Carapace as long as or longer than wide; rostrum projected; posterior region
of carapace swollen in dorsal view. Pereonites generally wider than long without
posterolateral spine. Pereonites 2—6 without lateral lamellar expansion. Pereonites 3—6
generally with anterolateral projection; lateral margin not divided into two lobes.
Pleonites without pair of ventral tubercles. Antennule: peduncular article 1 twice or more
longer than peduncular article 2, without mid-inner spine; inner flagellum with at least
four articles. Antenna with well-developed squama with many setae. Epistome spiniform,
not expanding in large individuals. Maxillipedal endite without leaf shaped seta. Well-
masculinized cheliped without large gap between fingers. Cheliped and pereopod 1 each

with exopod. Pereopod-1 dactylus and unguis not fused; dactylus narrow. Carpus as long

n=w
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as or shorter than propodus in pereopods 2 and 3. Pleopods biramous, well developed, in
five pairs.

Remakes.—As previously pointed out, Apseudes is considered a heterogenous
group that functions as a “garbage can” taxon (Jozwiak 2014). This genus contains
species which significantly differ from the type species 4. talpa (Montagu, 1808) (e.g., A.
levis Kudinova-Pasternak, 1985; Kudinova-Pasternak 1985) and insufficiently described
species (e.g., A. meridionalis Richardson, 1912; Richardson 1912), suggesting Apseudes

needs future revision.

Apseudes ranma sp. nov.
[New Japanese name: Ranma-apuseudesu]

(Figs. 1-6)

Apseudes sp.: Kakui and Hiruta (2013), p. 892; Kakui et al. (2021b), table 1, figs. 1, 4;
Shiraki and Kakui (2022), table 1, fig. 2G.

Apseudes sp. sensu Kakui and Hiruta (2013): Kakui et al. (2017), p. 2; Kakui et al.
(2019), fig. 5; Shiraki and Kakui (2022), p. 271; Kakui and Hiruta (2023), p. 24;

Kakui and Hiruta (2024).
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Type material.—Holotype: preparatory hermaphrodite, [CHUMS8627 (BL 6.53 mm, CW
1.45 mm), dissected, 16 slides; descendant of individual collected at PNPA on 14 June
2009 or 12 April 2010.

Paratypes: three preparatory hermaphrodites, ICHUMS8628, CW 1.18 mm, 14
slides; ICHUMS8629, BL 6.25 mm, CW 1.33 mm, 1 vial; ICHUMS8630, BL 6.58 mm,
CW 1.47 mm, 1 SEM stub); five ovigerous hermaphrodites (ICHUMS8631, CW 1.21
mm, 14 slides; ICHUMS8632, CW 1.14 mm, 14 slides; ICHUMS8633, CW 1.17 mm, 14
slides; ICHUM®8634, BL 5.39 mm, CW 1.18 mm, INSD accession numbers LC791470
(COI) and LC791469 (18S), 1 vial; ICHUMS8635, BL 6.02 mm, CW 1.34 mm, 1 vial

and 1 SEM stub); same collection information as for holotype.

Etymology.—The specific name is an indeclinable noun referring to Ranma Saotome,
the lead character in the Japanese manga “Ranma 1/2” created by Rumiko Takahashi. In
the story, Ranma (originally male) changes “its” sex from male to female and vice versa
when doused with cold or boiling water. The hermaphroditic condition of the new

species was reminiscent of Ranma.
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Diagnosis.—Rostrum triangular, wider than long. Carapace without lateral spines;
anterolateral margin with 4-5 lateral setae. Eye lobes distinct, round. Pereonites 1-6
without lateral spines. Pereonites 3—6 with pair of tongue-shaped anterolateral
projections. Pleotelson with two pairs of lateral projections. Pereopod-1 basis with
ventro-subproximal spine. Pereopod-2 merus with three ventrodistal spiniform setae.
Pereopod-3 merus with three ventrodistal spiniform setae; carpus with outer distal
spiniform seta; propodus with three outer spiniform setae. Pereopod-4 merus with two
or three mid-ventral spiniform setae; propodus with three or four ventral spiniform

setae.

Description of preparatory/ovigerous hermaphrodites (based on holotype unless noted
otherwise).—Body (Figs. 1, 2A—-C) well calcified, dorsoventrally flattened, 4.50 times
as long as CW, slightly yellowish when alive (Fig. 1). Cephalothorax length 0.22 times
BL, 1.06 times as long as wide; anterolateral margin with five lateral setae; rostrum
triangular, wider than long; eye lobes distinct, round, white with reddish brown spots
when alive (Fig. 1); large, acute ventral keel (hyposphenium) present, posterior to
maxillipeds (not illustrated). Pereonites 1-6 with length ratio 1.00 : 1.10: 1.20: 1.13 :

1.21 : 0.98; each much wider than long, with numerous lateral plumose setae and
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hyposphenium. Pereonites 3—6 with pair of tongue-shaped anterolateral projections.
Pleon length 0.14 times BL. Pleonites narrower than pereonites; all wider than long,
similar in shape, with tiny hyposphenium; epimeron (Fig. 2B, C) projected, curved
ventroposteriorly, with pointed apex, and covered with numerous plumose setae.
Pleotelson (Fig. 2B) 2.51 times as long as wide, narrower than pleonites, with two pairs
of lateral projections, and covered with plumose setae.

Antennule (Fig. 2D-F) with 13-articulate outer flagellum and seven-articulate
inner flagellum. Combined length of peduncle and outer flagellum 4.29 times as long as
cephalothorax. Peduncular articles 1-4 with length ratio of 1.00 : 0.32 : 0.14 : 0.09;
article 1 with numerous denticles on inner margin, one outer-subdistal, one inner
subproximal, and one inner subdistal simple setae, ten outer and ten inner plumose
setae, twelve outer PSS, and numerous outer and inner proximal fine setae; article 2
with two (one long) inner distal simple setae, six outer and seven inner plumose setae,
and four ventrodistal PSS; article 3 with mid-inner simple seta, and three outer and five
inner plumose setae; article 4 with simple seta at insertion of inner flagellum and two
PSS at insertion of outer flagellum. Outer flagellum (Fig. 2D, E) 0.61 times as long as
peduncle; articles 1, 3, 5, 7, 9, and 11 naked; articles 2, 4, 6, 8, 10, 12, and 13 with two,

two, one, three, three, one, and four distal simple setae, respectively; articles 2, 4, 6, 8,
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10, and 12 each with distal aesthetasc. Inner flagellum (Fig. 2D, F) 0.62 times as long as
outer flagellum; articles 1-7 with three, one, one, one, two, one, and three distal simple
setae, respectively; articles 1-7 each with distal PSS.

Antenna (Fig. 2G) with 16 articles, 0.80 times as long as antennule; articles 1—
16 with length ratio 1.00 : 1.93 : 0.66 : 1.33 : 1.21:0.42:0.52:0.45:0.51: 0.58 :
0.57:0.42:0.43:0.45 : 0.35: 0.35. Article 1 with inner-distal rounded expansion
covered with serrations. Article 2 with mid-outer simple seta, three inner subproximal
spines, three inner distal spines, and five inner plumose setae. Article 3 with inner distal
simple seta. Article 4 with inner subproximal simple seta and two inner subdistal PSS.
Article 5 with two mid-inner and three (two long and one tiny) distal simple setae and
two mid-outer and four distal PSS. Article 6 with three outer bipinnate setae. Articles 7—
16 with two, one, four, three, three, two, two, three, two, and four distal simple setae,
respectively; article 7 with outer distal bipinnate seta; articles 9, 11, and 14 each with
distal PSS. Squama 0.15 times as long as antenna, narrow, with 14 simple setae (one
bipinnate).

Epistome thick, spiniform (not illustrated). Labrum (Fig. 2H) bipartite; proximal
part with distalolateral spines and 17 distal simple setae; distal part with distal setation

and distal fine setae.



233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

n=w

Accepted Manuscript @

14

Mandibles (Fig. 21, J) with inner setulation and outer serrations on body, and
well-developed molar process. Left mandibular incisor (Fig. 21) with four rounded
processes; setiferous lobe with sharp spiniform seta and five complex setae; lacinia
mobilis with four rounded processes. Right mandibular incisor (Fig. 2J) with two
rounded processes; setiferous lobe with sharp spiniform seta, five bifurcate setae, and
complex seta. Palp (Fig. 2I) with three articles; articles 1-3 with length ratio 1.00 :
2.90 : 1.06; article 1 with four simple setae; article 2 with simple seta and 17 pinnate
setae; article 3 with distal long simple seta and 16 pinnate setae.

Labium (Fig. 2K) with lobe bearing inner setation. Palp setulate, with spines,
several short and long simple setae, and two furcate setae.

Maxillule (Fig. 3A) with biarticulate palp; second palp-article with fine setation
and six biserrate-tipped setae in distal half. Outer endite with 17 mid-outer and three
mid-inner simple setae, outer proximal setation, nine distal spiniform setae, and two
distal furcate setae. Inner endite with outer and inner fine setae, four inner proximal
spines, two distal plumose setae, distal setulate bifurcate seta, two distal setulate furcate
setae, and outer projection with four tiny spines.

Maxilla (Fig. 3B—D) with outer and inner subdistal, outer proximal, and

dorsodistal serrations and mid-outer fine setae on body. Inner lobe of fixed endite with
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ten serrate spiniform setae and 41 basally swollen setae. Outer lobe of fixed endite (Fig.
3C, D) with seven spiniform setae, three bipinnate setae, two trifurcate setae (Fig. 3D),
and serrate spiniform seta. Inner lobe of movable endite with nine basally swollen setae.
Outer lobe of movable endite with ten basally setulate pinnate setae.

Maxilliped (Fig. 3E—H) with naked coxa and basis. Endite (Fig. 3E, F; paratype
ICHUMS8628) with dorsal simple seta, fine setae, and serration in outer region; inner
region with four dorsal and one inner plumose setae; distal region with fine setae, nine
simple setae, six spiniform setae, and three bifurcate setae (Fig. 3F). Palp article 1 with
two distal simple setae and two outer distal spiniform setae; article 2 with several inner
proximal fine setae, 30 inner simple setae and seven inner subproximal pinnate setae,
and two outer distal spiniform setae; article 3 with nine inner simple setae, five inner
serrate setae (Fig. 3H) and two inner distal pinnate setae; article 4 with six distal simple
setae and seven distal pinnate setae. Epignath (Fig. 31) cup-shaped, with setulate
terminal seta.

Cheliped (Fig. 3J) with triarticulate exopod bearing five plumose setae at tip.
Basis 1.85 times as long as wide, with three ventroproximal, three ventro-subproximal,
and four ventrodistal simple setae, one mid-ventral spiniform setae; presumptive

stridulatory organ comprising cylindrical protrusion and knobbly area present in mid-
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inner region (Fig. 4, based on paratypes ICHUMS8630 and ICHUMS8635; not illustrated
in Fig. 3J; see Discussion). Merus with five mid-ventral, one mid-outer distal, and six
ventrodistal simple setae. Carpus 1.29 times as long as basis, 3.21 times as long as wide,
with three dorsoproximal, one mid-dorsal, one dorso-subdistal, two dorsodistal, four
ventroproximal, four mid-ventral, and five ventrodistal simple setae. Propodus with one
mid-outer, one outer mid-ventral, three mid-ventral, seven ventrodistal simple setae, and
triangular claw; dorsal region of palm with one middle and one distal simple setae; three
outer simple setae at insertion of dactylus; cutting surface with ten outer distal simple
setae, proximal large triangular process, and several denticles. Dactylus longer than
fixed finger, with five inner-subdistal simple setae and several ventral spiniform setae;
unguis pointed. Mesh areas present on inner distal surface of basis, merus, carpus, and
chelipedal palm (Fig. 4C).

Pereopods 1-6 with length ratio 1.00 : 0.86 : 0.68 : 0.70 : 0.73 : 0.83. Pereopod
1 (Fig. 5A) 0.47 times as long as BL, with length ratio of basis, ischium, merus, carpus,
propodus, and dactylus—unguis 1.00 : 0.11 : 0.57 : 0.46 : 0.52 : 0.42. Coxa with anterior
process bearing simple seta and five plumose setae; inner dorsal region with thirteen
plumose setae. Basis 2.36 times as long as wide, with 11 dorsal (two long), 11 ventral

(one long), and five ventrodistal simple setae, and one inner subproximal simple seta,
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one ventro-subproximal spine, ventrodistal spiniform seta, and dorso-subproximal PSS.

Ischium with six ventrodistal simple setae (two long). Merus with four inner tiny simple

setae, four outer dorsodistal, one inner dorsodistal, five mid-inner ventral, and two inner

ventro-subdistal simple setae, and one dorsodistal and one ventrodistal spiniform setae.

Carpus with four inner ventral tiny simple setae, two mid-dorsal, six dorsodistal, two

ventral, and three ventrodistal simple setae, six dorsodistal pinnate setae, and one

dorsodistal, one mid-ventral, and one ventrodistal spiniform setae. Propodus with four

inner tiny simple setae, five dorsal, three ventral, and two ventrodistal simple setae, two

dorsal and three ventral spiniform setae, inner dorsal PSS, and ventrodistal pinnate seta.

Dactylus with three mid-dorsal simple setae and four ventral serrations; unguis half as

long as dactylus, naked. Exopod triarticulate; article 3 with six plumose setae.

Pereopod 2 (Fig. 5B) with length ratio of articles from basis to dactylus—unguis

1.00:0.25:0.45:0.43 : 0.47 : 0:39. Coxa naked. Basis 4.06 times as long as wide, with

five dorsal (one long), four ventral (one long), and seven ventrodistal simple setae, two

dorsal and two ventral plumose setae, and two dorsal PSS. Ischium with six ventrodistal

simple setae and two dorsodistal pinnate setae. Merus with four dorsodistal, four

ventral, and two inner ventral simple setae and two dorsodistal, one mid-ventral, and

three ventrodistal spiniform setae. Carpus with dorsodistal row of nine simple setae,
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three mid-ventral and two ventrodistal simple setae, and one outer dorsodistal, one outer

ventro-subproximal, and two ventrodistal spiniform setae. Propodus with seven dorsal,

three ventral, one outer ventrodistal, and two inner ventral simple setae, two dorsal, two

ventral, and two outer spiniform setae, mid-dorsal PSS, and ventrodistal pinnate seta.

Dactylus with three mid-dorsal simple setae and four ventral serrations; unguis half as

long as dactylus, naked.

Pereopod 3 (Fig. 5C) 3.28 times as long as wide, with length ratio of articles

from basis to dactylus—unguis 1.00 : 0.20 : 0.50 : 0.47 : 0.51 : 0.44. Coxa with simple

seta and four plumose setae. Basis with five dorsal and seven ventral tiny simple setae,

five ventrodistal and four outer simple setae, inner proximal plumose seta, and two

ventro-subproximal and one dorso-subdistal PSS. Ischium with six ventrodistal and one

inner distal simple setae and two dorsodistal pinnate setae. Merus with four ventral and

one inner mid-ventral simple setae, one mid-ventral and three ventrodistal spiniform

setae, and dorsodistal plumose seta. Carpus with eight dorsodistal, two mid-ventral, and

two ventrodistal simple setae and one mid-ventral, two ventrodistal, and one outer distal

spiniform setae. Propodus with five dorsal and three ventral simple setae, three dorsal,

two ventral, and three outer spiniform setae, mid-dorsal PSS, and ventrodistal pinnate

seta. Dactylus with two mid-dorsal simple setae and four ventral serrations; unguis half
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as long as dactylus, naked.

Pereopod 4 (Figs. 5D, 6A) 2.56 times as long as wide, with length ratio of
articles from basis to dactylus—unguis 1.00 : 0.14 : 0.39 : 0.49 : 0.37 : 0.25. Coxa with
simple seta and four plumose setae. Basis 2.58 times as long as wide, with four dorsal
and four ventral tiny simple setae, three ventrodistal simple setae, three outer and four
inner dorsal plumose setae, and three mid-dorsal and one ventro-subdistal PSS. Ischium
with seven ventrodistal simple setae and dorsodistal pinnate seta. Merus with four
ventral simple setae, three mid-ventral and five ventro-subdistal spiniform setae, and
dorsodistal plumose seta. Carpus with eight distal simple setae and three mid-ventral
and six distal spiniform setae. Propodus with one mid-dorsal, one dorsodistal long, three
ventral, and two outer simple setae, four ventral spiniform setae, dorsoproximal PSS,
and dorsodistal row of 26 pinnate setae. Dactylus with two mid-dorsal simple setae and
four ventral serrations; unguis half as long as dactylus, naked.

Pereopod 5 (Figs. SE, 6B) 2.72 times as long as wide, with length ratio of
articles from basis to dactylus—unguis 1.00 : 0.15: 0.50 : 0.46 : 0.38 : 0.41. Coxa with
six plumose setae. Basis 2.81 times as long as wide, with five dorsal and four ventral
tiny simple setae, five ventrodistal simple setae, six outer and nine inner dorsal plumose

setae, and three dorso-subproximal PSS. Ischium with two dorsal and four ventrodistal
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simple setae and dorsodistal pinnate seta. Merus with two dorsodistal, six mid-ventral,

one ventrodistal, and one inner subdistal simple setae, one dorsodistal and five ventro-

subdistal spiniform setae, and dorsodistal plumose seta. Carpus with three inner

subproximal tiny simple setae, three distal and three ventrodistal simple setae, five mid-

ventral, one ventrodistal, and two inner subdistal spiniform setae, and four dorsal

plumose setae. Propodus with two dorsal and two inner subdistal simple setae, six distal

and three ventral spiniform setae, dorso-subdistal PSS, and ventrodistal row of 15

pinnate setae. Dactylus with two mid-dorsal simple setae and four ventral serrations;

unguis half as long as dactylus, naked.

Pereopod 6 (Figs. SF, 6C) 2.57 times as long as wide, with length ratio of

articles from basis to dactylus—unguis 1.00 : 0.18 : 0.53 : 0.57 : 0.54 : 0.50. Coxa with

five plumose setae. Basis with one dorso-subdistal and one ventrodistal short simple

setae, 16 dorsal (three short), nine ventral, and four ventrodistal plumose setae, and four

dorso-subproximal PSS. Ischium with one dorsodistal and one ventrodistal simple setae,

dorsodistal pinnate seta, and five ventrodistal plumose setae. Merus with two ventral,

one ventrodistal, and one inner proximal simple setae, and five dorsal, six ventral, and

three inner distal plumose setae. Carpus with two mid-dorsal and five ventral simple

setae, one dorsodistal, one ventrodistal, one mid-inner, and two inner subdistal
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spiniform setae, and four dorsal, six ventral, and four inner subdistal plumose setae.
Propodus with three outer dorsal simple setae, three dorsal, two ventral, and three inner
subdistal spiniform setae, two inner distal plumose setae, and outer subdistal PSS; row
of 41 pinnate setae present from ventro-subproximal to dorsodistal margins. Dactylus
with two dorso-subdistal and one outer subdistal simple setae and three ventral
serrations; unguis one-third as long as dactylus, naked.

Pleopods (Fig. 5G-I) five pairs, all similar. Protopod biarticulate, narrow, with
three outer and five inner plumose setae. Exopod (Fig. 5G, H) uniarticulate, 1.36 times
as long as protopod, with 22 plumose setae. Endopod (Fig. 5G, I) uniarticulate, 1.30
times as long as exopod, with 20 plumose setae and one mid-inner hooked plumose
seta.

Uropod (Fig. 6D, E) with protopod bearing nine outer and five inner distal
plumose setae. Exopod with 11 articles; articles 1, 2 naked; articles 4, 6-11 with two,
two, one, two, two, two, and three simple setae, respectively; articles 3, 5, and 7 with
three, three, and one plumose setae, respectively. Endopod 3.93 times as long as
pleotelson (Fig. 2C), with 41 serially repeated articles bearing simple setae, plumose

setae, and PSS as illustrated (Fig. 6E); distal article with four simple setae.
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Variation and stability.—In addition to the holotype, four paratypes (ICHUMS8628,
ICHUMS631, ICHUMS8632, and ICHUMS8633) were dissected, and selected characters
were observed (see Supplementary Material 4). All specimens shared the same state for
the following characters (only selected characters are presented here; for all characters
observed, see Supplementary Material 4): rostrum with obtuse apex; carapace without
lateral spines; anterolateral margin of carapace with four or five setae lateral setae;
distinct, round eye lobes; pair of tongue-shaped lateral projections on pereonites 3—6;
pleotelson with two pairs of lateral projections; pereopod-1 basis with ventro-
subproximal spine; pereopod 2 merus with three ventrodistal spiniform setae and carpus
with dorsodistal row of nine simple setae; pereopod 3 merus with three ventrodistal
spiniform setae, carpus with one outer distal spiniform seta, and propodus with three
outer spiniform setae.

The following setae and articles varied in number among specimens (only
selected characters are presented here; for all characters observed, see Supplementary
Material 4) (ranges in parentheses): long simple setae on antennal articles 6-9 (0-2, 0—
1, 0-1, 0-1, respectively); bipinnate setae on antennal articles 6 and 7 (1-3, 0-1,
respectively); bipinnate setae on squama (0—4); dorsodistal pinnate setae on ischium of

pereopods 2—6 (0-2, 1-2, 1-2, 0-2, 0—1, respectively); mid-ventral spiniform setae on
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merus of pereopods 2 and 3 (0—1); dorsal simple setae on pereopod-2 propodus (7-8);
mid-ventral spiniform setae on pereopod-4 merus (2—3); ventral spiniform setae on
pereopod-4 propodus (3—4); distal pinnate setae on propodus of pereopods 4—6 (21-26,
13-17, 32-41, respectively); ventrodistal plumose setae on pereopod-5 basis and
ischium (0—1, 0—1, respectively); dorsodistal plumose setae on pereopod-5 merus (0—1).
The proximal large triangular process on the cutting surface of the cheliped was
observed in large individuals that had laid eggs one or more times (see Kakui and Hiruta

2023).

Genetic information and phylogenetic analysis.—A partial COI sequence (654 bp,
encoding 218 amino acids; INSD accession number LC791470) and the nearly complete
18S sequence (2157 bp; LC791469) were determined from paratype ICHUMS8634. The
sequences in the INSD most similar to our sequences, determined by BLAST searches,
were from Apseudes sp. from Hawai‘i, USA (MW284787; identity score 96.02%, query
cover 100%; Paulay et al. unpublished) for COI and from Carpoapseudes varindex
Bamber, 2007 (AB618177; identity score 92.39%, query cover 98%; Kakui et al. 2011)
for 18S. Kimura (1980) 2-parameter distances for 18S among 4. ranma sp. nov. (AR),

A. nipponicus (AN), and C. spinigena (CP) were 1.6% (AR—-AN), 6.8% (AR—CP), and
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6.8% (AN-CP).

In an 18S tree (Fig. 7), A. ranma sp. nov. is the sister taxon to 4. nipponicus,
which together form a moderately supported clade (SH-aLRT = 85.6%; UFBoot = 77%)
with a clade comprising two species in Carpoapseudes Lang, 1968. Apseudidae,

Apseudinae, and Leviapseudinae were not monophyletic in the tree.

Discussion

Apseudes ranma sp. nov. closely resembles the two congeners Apseudes
curtiramus (Gutu 2007) and Apseudes orghidani Gutu & lliffe, 1989 in having the
rostrum triangular and wider than long, the carapace without lateral spines, distinct and
round eye lobes, pereonites 3—6 with a pair of tongue-shaped anterolateral projections,
and the pleotelson with two pairs of lateral projections. Apseudes ranma sp. nov.
differs from these species in the combination of eight character states listed in Table 2.
In addition to the features in Table 2, A. ranma sp. nov. differs from 4. curtiramus in
having the pereopod-2 carpus with a dorsodistal row of nine simple setae (six in 4.
curtiramus) and the pereopod-2 propodus with seven or eight dorsal simple setae (four
in A. curtiramus) (Gutu, 2007); and from A. orghidani in having antennal article 2 with

three inner distal spines (spines lacking in A. orghidani), the pereopod-2 carpus with a
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dorsodistal row of nine simple setae (six in A. orghidani), the pereopod-2 propodus
with seven or eight dorsal simple setae (four in 4. orghidani), and lateral plumose
setae proportionally shorter than ones in A. orghidani (Gutu and lliffe 1989). Apseudes
ranma sp. nov. also differs from 4. nipponicus, the only Apseudes species previously
reported from Japan, in having shorter body (larger body, about 12—16 mm in 4.
nipponicus), carapace without lateral spines (with anterolateral spines in A.
nipponicus), and pleotelson with two pairs of lateral projections (projections lacking in
A. nipponicus) (Shiino 1937). Kakui and Hiruta (2023, 2024) provided differences in
the chelipedal shape and manca size between A. ranma sp. nov. and A. nipponicus.
Our 18S-based tree was largely consistent with previous results from Kakui et
al. (2011, 2021b) in showing three clades: Kalliapseudidae, Sphyrapodidae, and a clade
comprising all the other apseudoideans. As with Kakui et al. (2021b), Apseudes formed
the sister clade to Carpoapseudes, although with only moderate support; this
relationship was fully supported in Kakui et al. (2021b) based on transcriptome data.
None of the other apseudid genera formed a moderately or strongly supported clade
with any confamilial genera, and the subfamilies Apseudinae and Leviapseudinae were
thus not monophyletic in our tree. The validity of these subfamilies based on

morphology has long been debated (e.g., Gouillieux et al. 2023). Lack of support for the



449

450

451

452

453

454

455

456

457

458

459

460

461

462

463

464

465

466

n=w

Accepted Manuscript @

26

basal nodes in our tree indicates the limits 18S for investigating relationships in
Apseudidae and its allies, and larger datasets including additional molecular markers
will be necessary for this purpose.

We found presumptive stridulatory organs on the inner surface of the chelipedal
bases in 4. ranma sp. nov. (Fig. 4), with complementary structures opposing one
another on the left and right chelipeds. The organs in A. ranma sp. nov. are similar in
location to presumptive stridulatory organs in the apseudid Paradoxapseudes
shimojiensis Kakui & Fujita, 2020 (Kakui and Fujita 2020, fig. 5), but the components
are slightly different. Each organ in A. ranma sp. nov. comprises a cylindrical protrusion
(Fig. 4B-E) and knobbly area (Fig. 4B-D, F), with the protrusion bearing apical
tubercles at its distal end, whereas that in P. shimojiensis consists of similar serial
ridges. We interpret each protrusion in 4. ranma sp. nov. to function as a plectrum, and
the knobbly area as a pars stridens, with movement of the chelipeds causing each
protrusion to rasp the knobbly area on the opposite basis, thus producing sound. This is
the first known instance of presumptive stridulatory organs comprising a plectrum and
pars stridens in Tanaidacea; all organs previously reported contain only similarly shaped
serial ridges (Menzies 1953; Kakui and Shimada 2017; Kakui and Fujita 2020; Kakui

and Hiruta 2022). We observed mesh areas on the inner distal surface of the basis,
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merus, carpus, and chelipedal palm; the function of these areas is unclear.

To date, Apseudes ranma sp. nov. has been found only in artificial environments,
and information is lacking on its distribution in the wild. However, as demonstrated by a
jellyfish species that had been reported only from aquaria and subsequently found from
wild environments (Eirene lacteoides Kubota and Horita 1992; Crow et al. 2023), DNA
barcoding studies of wild-caught Apseudes individuals or environmental DNA samples
may someday elucidate its natural range. Considering that it was found in coral sand in
an aquarium tank containing live rocks and giant clams, 4. ranma sp. nov. may be a

shallow-water, subtropical or tropical species.
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Table 1. List of PCR and cycle sequencing (CS) primers used in this study.
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Marker  Primer Reaction  Primer sequence Source

18S 18S-alF  PCR GGYGAAACCGYGAAWGGYTC Kakui et al. (2011)
18S-b3F  CS CCTGAGAAACGGCTACCACAT é%kl‘;i)and Shimada
18S-b3R  CS ATGTGGTAGCCGTTTCTCAGG é%kzuzi)and Shimada
18S-b4F  CS TGCGGTTAAAAAGCTCGTAGTTG Kakui etal. (2011)
18S-b4R  CS TCCAACTACGAGCTTTTTAACC Kakui et al. (2011)
18S-bSF  CS GATCGAAGGCGATYAGATACC Kakui et al. (2021a)
18S-b6F  CS CCTGCGGCTTAATTTGACTC Kakui et al. (2011)
18S-a6R  CS AACGGCCATGCACCAC Kakui et al. (2011)
18S-b8F  CS GGTCTGTGATGCCCTTAGATG Kakui et al. (2011)
188-a9R  PCR CCTTGTTACGACTTTTAGTTCC Kakui et al. (2011)

Col LCO1490 EgR & GGTCAACAAATCATAAAGATATTGG  Folmer et al. (1994)
HC02198 PCR& 1A AACTTCAGGGTGACCAAAAAATCA  Folmer et al. (1994)

CS

n=w
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Table 2. Comparison of selected characters among Apseudes ranma sp. nov. and two similar congeners. SS, spiniform seta.

Characters Apseudes ranma sp. nov.  Apseudes curtiramus  Apseudes orghidani
Carapace Anterolateral margin: lateral setae present present absent
Pereopod 1 Basis: ventro-subproximal spine present absent present
Pereopod 2 Merus: ventrodistal SS 3 2 1
Pereopod 3 Merus: ventrodistal SS 3 1 no data
Carpus: outer distal SS 1 0 no data
Propodus: outer SS 3 0 no data
Pereopod 4 Merus: mid-ventral SS 2o0r3 1 1
Propodus: ventral SS 3or4 2 0

37



n=w

Accepted Manuscript @

38

Figure legends
Figure 1. Live Apseudes ranma sp. nov., paratype ICHUMS8629, dorsal view.

Figure 2. Apseudes ranma sp. nov., holotype; A body, dorsal view; B pleon and
pleotelson, dorsal view; C body, left view; D left antennule, ventral view (setae on outer
and inner flagella omitted); E left antennule, outer flagella, ventral view; F left
antennule, inner flagella, ventral view; G left antenna, ventral view; H labrum; I, J

mandible, left and right distal portions; K labium.

Figure 3. Apseudes ranma sp. nov. (A-D, I, H holotype; E, F paratype ICHUMS8628); A
outer and inner endites of right maxillule; B left maxilla (most setae on outer lobe of
fixed endite omitted), anterior view; C same, outer lobe of fixed endite, anterior view; D
bifurcate seta; E left maxillipedal endite; F bifurcate seta; G left maxilliped (endite
omitted); H serrate seta; I right epignath; J left cheliped, outer view (cylindrical

protrusion and knobbly area on inner surface omitted).

Figure 4. Apseudes ranma sp. nov., (A, B paratype ICHUMS8630; C—F paratype
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ICHUMS635); SEM images; A ventral view of chelipeds, with box indicating region
enlarged in B; B pair of cylindrical protrusions and knobbly areas; C right cheliped,

inner view; D enlargement of mid-inner region of basis from C, showing cylindrical
protrusion and knobbly area; E cylindrical protrusion from D; F part of knobbly area

from D. Arrowheads, cylindrical protrusions; arrows, knobbly areas.

Figure 5. Apseudes ranma sp. nov., holotype; A—F left pereopods 1-6 (basis partly
broken in B), G left pleopod 1 (setae on exopod and endopod omitted); H same, left

exopod; I same, left endopod.

Figure 6. Apseudes ranma sp. nov., holotype; A merus, carpus, propodus, and dactylus
of pereopod 4; B same, pereopod 5; C propodus and dactylus of pereopod 6; D left

uropod, protopod; E same, overall view (setae on protopod omitted).

Figure 7. ML tree for Apseudoidea, based on 18S sequences. Numbers at nodes are SH-
aLRT value / UFBoot value; only values of SH-aLLRT greater than 60% and UFBoot

greater than 70% are show
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Captions for Supplementary Materials

Supplementary Material 1. List of species included in the molecular phylogenetic

analysis and their INSD accession numbers.

Supplementary Material 2. Aligned 18S sequences before trimming the length and

removing alignment-ambiguous sites.

Supplementary Material 3. Aligned 18S sequences used for the maximum-likelihood
analysis, trimmed in MEGA10 to the shortest length among them, and reduced to 1960
positions by removing alignment-ambiguous sites with Gblocks under “relaxed”

parameters.

Supplementary Material 4. Variation in characters among dissected specimens of

Apseudes ranma sp. nov.



Figure1

Accepted Manuscript @

n==w



https://www2.cloud.editorialmanager.com/bms/download.aspx?id=23606&guid=de44d51a-f437-4776-916f-f89ceaa4abce&scheme=1
https://www2.cloud.editorialmanager.com/bms/download.aspx?id=23606&guid=de44d51a-f437-4776-916f-f89ceaa4abce&scheme=1

Figure2

Accepted Manuscript



https://www2.cloud.editorialmanager.com/bms/download.aspx?id=23607&guid=4a888f85-ad8f-4ed2-9c23-f8b9143544cb&scheme=1
https://www2.cloud.editorialmanager.com/bms/download.aspx?id=23607&guid=4a888f85-ad8f-4ed2-9c23-f8b9143544cb&scheme=1

whd
&
fu
U
n
=2
c
T
=
o
V]
wd
o
(V)
v
¥
<

Figure3


https://www2.cloud.editorialmanager.com/bms/download.aspx?id=23608&guid=1b730289-c33a-4402-952c-d9ec9cd97905&scheme=1
https://www2.cloud.editorialmanager.com/bms/download.aspx?id=23608&guid=1b730289-c33a-4402-952c-d9ec9cd97905&scheme=1

Accepted Manuscript



https://www2.cloud.editorialmanager.com/bms/download.aspx?id=23609&guid=3695feea-1076-4984-8890-e8faa83d3bd8&scheme=1
https://www2.cloud.editorialmanager.com/bms/download.aspx?id=23609&guid=3695feea-1076-4984-8890-e8faa83d3bd8&scheme=1

Accepted Manuscript

Figure



https://www2.cloud.editorialmanager.com/bms/download.aspx?id=23610&guid=e3b3e17b-444c-44b1-b576-d69fab0c2327&scheme=1
https://www2.cloud.editorialmanager.com/bms/download.aspx?id=23610&guid=e3b3e17b-444c-44b1-b576-d69fab0c2327&scheme=1

m=n

Accepted Manuscript

Figure6



https://www2.cloud.editorialmanager.com/bms/download.aspx?id=23611&guid=d32e6a9a-6c6b-4998-bd0a-01bce3363180&scheme=1
https://www2.cloud.editorialmanager.com/bms/download.aspx?id=23611&guid=d32e6a9a-6c6b-4998-bd0a-01bce3363180&scheme=1

0n=w

Figure7 Accepted Manuscript @

Phoxokalliapseudes sp.

— Pseudosphyrapus malyutinae
+ Pseudosphyrapus quintolongus

Pseudosphyrapus aff.quintolongus

Fageapseudes brachyomos I Leviapseudinae

Macrolabrum sp.

Leviapseudes sp. Leviapseudinae
96.8/9| | 5757700 p p J Leviapseudi

Apseudes ranma sp. nov.

81.5/78

j Apseudinae
88/76---.... B Apseudes nipponicus

Carpoapseudes varindex

Leviapseudinae
Carpoapseudes spinigena

i— Atlantapseudes sp. I Apseudinae
Parapseudes arenamans
! —{E Parapseudes algicola
Longipedis fragilis
Apseudomorpha sp.
| Paradoxapseudes shimojiensis
4{ Paradoxapseudes bermudeus Apseudinae

Paradoxapseudes littoralis

Asellus hilgendorfii (outgroup) 0.08



https://www2.cloud.editorialmanager.com/bms/download.aspx?id=23612&guid=c9024121-5796-4511-ae5d-6b249cf0509d&scheme=1
https://www2.cloud.editorialmanager.com/bms/download.aspx?id=23612&guid=c9024121-5796-4511-ae5d-6b249cf0509d&scheme=1

	Title: Apseudes ranma sp. nov. (Tanaidacea: Apseudidae) found in a public aquarium, with notes on phylogeny and a presumptive stridulatory organ
	Authors: Matsushima Y, Kakui K
	DOI: https://doi.org/10.5343/bms.2024.0030
	Date submitted: 8 February, 2024
	Date accepted: 18 April, 2024
	Available online: 19 April, 2024
	Citation: Matsushimaa Y, Kakuib K. In Press. Apseudes ranma sp. nov. (Tanaidacea: Apseudidae) found in a public aquarium, with notes on phylogeny and a presumptive stridulatory organ. Bulletin of Marine Science. https://doi.org/10.5343/bms.2024.0030
	Special issue: 


