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Identification of phyllosoma larvae of the slipper lobster (Family Scyllaridae).
9. An unidentified phyllosoma larva of the genus Galearctus
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Abstract

Of scyllarine phyllosoma larvae collected in the western North Pacific, a larva with a large
body length (28.1 mm) for a subfinal stage and having a large kidney-shaped cephalic shield
was selected. Mitochondrial 16S rDNA and COI sequence analyses indicated this larva to
belong to the genus Galearctus but failed to identify species. We tentatively designated the
species of this larva as Galearctus sp-A.

Key words: scyllarine phyllosoma larva; Galearctus; DNA barcoding; morphology;

unidentified larva
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Fig. 1. Ventral (A) and dorsal views (B) of whole body, ventral view of anterior part of cephalic shield
(C), and dorsal view of posterior part of abdomen (D) of a phyllosoma specimen SY18-1 collected in the
western North Pacific. Stage VIII. BL =28.1 mm. Scale bar = 5 mm (A and B), 2 mm (C), and 1 mm (D).

Table 1. Collection information, body length (BL in mm), cephalic shield length (CL), cephalic

shield width (CW), and thorax width (TW) of a scyllarine phyllosoma specimen SY18-1.

Cruise  St. Sa;‘g’le Date I(“;t) Lg’él)g' Stage BL CL CW TW
SYI804 13 SYIS-1 2018/9/16 3104 137.04 VII 281 179 253 99

SHHI#BHE  (cephalic shield width: CW) | g
(thorax width: TW) Z & L7z, SY18-1D#
LN & OV BB EHE 5L % Table 11T~ d, &
% B < el LDNAFH O 72 o I il o —
#2810 B> 72, DNAfH H (X Ueda et al. (2021)
IZfEo 72, 2 b= KU 716SrDNA (LA F16S)
& COIDER 3 I 2 PCRIGIE 5 720 D7 F
A ~ —1X16SUFm & 16SR4 &% (’DecaCOI-20F
& DecaCOI-945R % F \» 7= ( Chow and
Yanagimoto 2021), ¥ — 7 =¥ A% Ueda
etal. (2021) (ZfEo 70, HIERINDOT T4 A
> MZIZMEGAG6 (Tamuraetal. 2013) (2324
SN TWADClustal WE HWTITW, ~==7
VT AT o 7o, BAAIH o AL E =R

(K2P distance) DFFH, E 7 /VIER & R
DOYERIZIIMEGAG6 (Tamura et al. 2013) %
W72, DNAT — X R— R [ZHFE STV D
FBdAI & DR FIPER SR ICIENCBI (National
Center for Biotechnology Information) ®BLAST

(Basic Local Alignment Search Tool) % F\ 7=,

FE R
SY18-1 TYE L 7= 16S ¥ FEHELS (424 bp)
& COl HAERL%] (788 bp) %5 — & N— 2R
( DDBJ, EMBL, GenBank ) |2 % @& L 7=
(accession No. LC729784, LC729785) , SY18-
1 16S & COIl MR L 12X BT S ELF
L7 —H# R_R— R ZHE) > 7=, BLAST HiRIZ X
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SY18-1
Galearctus lipkei (LC720598)
G. avulsus (JN701719)
73 G. rapanus (JN701720)

G. aurora (JN701717)
—
005 1

G. yuanshi (MT365034)

G. timidus (IN701721)
E G. kitanoviriosus (JN701718)
Remiarctus bertholdii (JN701730)
Chearctus aureus (JN701711)

— 32 Ch. virgosus (LC632673)
_E Chelarctus sp-1 (LC717691)

94 Ch. crosnieri sub sp. (LC632682)
"— Ch. cultrifer (JN717712)

Crenarctus bicuspidatus (JN701713)

97 —E Acantharctus delfini (IN566209)
84 & Cr. crenatus (IN70170)

Scyllarus pygmaeus (DQ377973)

- — Scy. caparti (MT378204)

Scy. chacei (JN701734)
A. posteli (FJ174910)
Scy. arctus (AF502949)
Scy. depressus (JN701735)
90 L Sey. subarctus (MK421157)
Scammarctus batei (JN701731)

Petrarctus brevicornis (JN701723)
P, veliger (JN701728)
P rugosus (JN701726)

57

P. holthuisi (JN701725)

59 Petrarctus sp. n. (JN701729.1)
69 Biarctus vitiensis (JN701709)
6o P. demani (IN701724)
51

———— Bi. sordidus (JN701710)
Gibbularctus gibberosus (JIN701722)

_|— Bathyarctus formosanus (JN701707)
98

Ba. rubens (JN701708)

Ba. chani (JN701706)
Eduarctus reticulatus (JN701716)
k. martensii (JN701714)
49“‘: E. modestus (JN701715)
Scyllarides squammosus (OK353666)

Fig. 2. Maximum-likelihood (ML) phylogenetic tree of the partial 16S rDNA sequences of scyllarine
species available in the database. Scyllarides squammosus was used as a root. TN93+G was selected as
the optimal substitution model. Accession numbers are presented in the parenthesis. Bootstrap values of
> 50 % (from 1000 replicates) are shown at each node.
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SY18-1
Galearctus lipkei (LC720607)
G. yuanshi (MT364924)
G. aurora (GU289680)
@ _L(}.fimidus (JN701673)
Remiarctus bertholdii (JN701675)
T ——— G. kitanoviriosus (JF331658)
<6 _:; avulus (JF331656)
81 G. rapanus (JF331657)
98 Chelarctus cultrifer cultrifer (JX486082)
Ch. ¢. meridionalis (1X486085)
Ch. virgosus (JX262266)
Chelarctus sp-1 (LC632953)
94 _E Ch. crosnieri sub sp. (LC632947)
99— Ch. crosnieri (JX486086)
Scyvllarus americanus (JN701676)
Seammarctus batei (JF411066)
Gibbularctus gibberosus (JN701674)
M Scy. chacei (JN701678)
Scy. pygmaeus (FJ174965)
60 ——— Scy. arctus (KC789473)
57 _|:Scy. depressus (JN701679)
Scy. posteli (F1174967)
Eduarctus martensii (JN701671)

Acantharctus ornatus (JIN701667)

Biarctus vitiensis (JN701670)

E'j Petrarctus holthuisi (EU982696)
65

P. rugosus (MF669474)

60

P, veliger (MF468100)

39 ﬂ P. brevicornis (EU982701)
P, jeppiaari (MF468099)

Ch. aureus (JF411065)

_|:b’athyarcms chani (EU982703)
55

Ba. rubens (JN701669)
Ba. formosanus (JN701668)

Scyllarides squammosus (KX373667)

Fig. 3. Maximum-likelihood (ML) phylogenetic tree of the partial COI sequences of scyllarine species
available in the database. Scyllarides squammosus was used as a root. GTR+G+I was selected as the
optimal substitution model. Accession numbers are presented in the parenthesis. Bootstrap values of >
50 % (from 1000 replicates) are shown at each node.

by by hiZ 165 & COl &Iz COl Az L CHARELTEI DL
Galearctus lipkei Th b, —HRITZzh T (Scyllarides squammosus) g FEFc %1 & FH
934%, 86.3% ThH o7z, 7 —HFN—AITHEk TR L7RHHHT SY18-1 2" 7 h e Ak
SINTNDHE AEIZEHEBEMED 16S KO I tE (Galearctus) I[CJE 35 Z & AR L,
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Table 2. Percent Kimura’s two parameter distance (K2P) in 16S (lower diagonal) and COI (upper

diagonal) sequences between species of the genus Galearctus.

1 2 3 4 5 6 7 8

1. SY18-1 16.44 2082 1841 1634 18.58 17.27 16.96

2. G. aurora 7.33 1765 18.63 1587 1923 1635 1497

3. G. avulsus 7.90 6.89 1756  21.01 16.61 1988 17.09

4. G. kitanoviriosus 8.77 8.68 9.18 18.04 1923 17.51 19.50

5. G. lipkei 5.26 7.10 8.36 9.28 2070 16.48 16.99

6. G. rapanus 786 7.88  6.13 1048 894 19.10 17.79

7. G. timidus 7.57 6.48 7.77 7.66 7.14 8.17 16.27

8. G. yuansi 841 7.88 9.15 1032 857 11.26 9.06
F7-G. lipkei LiLfETH D Z & &R L7z (Figs. (CL/BL) 1%0.64 ThHolz, ZibHDE %R
2,3) . 7 b AEIZERICITHIE 8 N D G. lipkei  (Chow and Yanagimoto 2022) &

LR SN TEY

(WoRMS 2022) ., 16S & COI

g L= & 2 A.SYI18-11ZCW/CL & CW/TW

OIEFFNT — X 1L 7 FETHEHEINL TS
(Yang et al. 2012; Yang and Chan 2020; Chow
and Yanagimoto 2022) . SY18-1 # &b~
Fe At Iz vBMER O K2P X 16S T
526 %75 11.26 %, COIl T 1497 %56
2101 % TH Y, SY18-1 & F/MEZE /RTFEIT
16S & COl & H1Z G. lipkei TH-7= (FnE
1 526%L 16.34%) (Table2) , LA ED#ER
X SY18-1 A7 heE A I EREOM L
THETHLHZ LERT,
SY18-1 (TR A L & v, IEEIE
I 2 DikT 28 F XAkl
(Galearctus kitanoviriosus) <° G.lipkei O Fi%&
) (IX) %74 (Higa and Saisho1983; Higa et al.
2005; Chow and Yanagimoto 2022) D& DIE E
FEL TV, BRI L HEELAKOR
s X R EI % LV RIT I & B DI D% i IE
RHEi%MIET S0kl x 5 (Fig. 1D),
VIED Z L b &R & & 2 VI & H)E
L7z 55 1 AR 388 2 il ol L 0 %0
BNCALE S S (Fig. 1A, B, C), 55 2 filtf i3
HA (P %58 LIS RITISIEEMICEHT 5
(Fig. 1C), BAFHENIIE Y (kidney-shape) T
&V FxIIATT ~BHZEIZMTe (Fig. 1B), Table
1 ORIEM X FEH L2 SE R L SR E
okt (CW/CL) 1 1.41, SEF NG & Mg o
e (CW/TW) 1F2.56, BERER SRR OL

WZBWT G lipkei £V HREWVEZRLE

(Fig. 4), F7=. SY18-1 DIKEX G. lipkei D
RASETHI O E (23.5-25.6mm) LV &K&W
(Fig. 4), % 5 Mpscum 3B EithumcET 5
(Fig. 1A, B), RBEIAMRIE < | 2 D5eimid)E
e cE T 2 RRE TH Y BRERICIZIERENLD
DER» S IR TE 5 (Fig. 1D),

EE

BUEN 7 PEAEIZERTHMLNATND
8FHD 9 B Galearctus umbilicatus TDF 16S &
COI [l 7 DELHI DI Gk S LTy, S18-1 13
G. umbilicatus D7 4 1V —<h4EThH 5 A e
PEIEH 205, RO BURIZZN 7 TD 57
A S TH Y (Holthuis 1997,2002) . -t
KFFETOSAMITHER ST, £
DHERTIE S18-1 Z X7 FeAEITEJED
AL L. BEWIZ Galearctus sp-A &3 5,
Chow and Yanagimoto (2022) 1% G. lipkei D
KHISAEN e A I vl TRAHR E L
D3, Galearctus sp-A DEALHTSNEIL G. lipkei
DEMEATHNAE LY KRE W, DD,
Galearctus sp-A OEFEIANAENT G lipkei D
KA DY A X% BIE D FTREMED N EV, K
ROMRAERITHIC 28 mm Ak, AT 35 mm
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HROT 4 1Y —<hET, B EIIE
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Fig. 4. Ratios of cephalic shield width to cephalic shield length (CW/CL: diamond), cephalic shield
width to thorax width (CW/TW: circle), and cephalic shield length to body length (CL/BL: triangle)
plotted against body length (BL). Open symbols are of Galearctus lipkei (adopted from Chow and
Yanagimoto 2022) and closed symbols are of SY18-1 (Galearctus sp-A). These larvae are
segregated into five stages (V to IX) according to the body size and morphological characteristics
(see Higa and Saisho1983; Higa et al 2005; Chow and Yanagimoto 2022).
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