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Identification of phyllosoma larvae of the slipper lobster (Family Scyllaridae).
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Abstract

Four species (Chelarctus aureus, C. crosnieri, C. cultrifer, and C. virgosus) have been
described in the genus Chelarctus of the subfamily Scyllarinae, of which mid to final stage
phyllosoma larvae in three species (C. aureus, C. crosnieri, and C. virgosus) have been reported.
Ueda et al. (2021) found phyllosoma larvae morphologically assigned to the genus Chelarctus
but having distinct DNA sequences from the above four species, designating ? Chelarctus sp-1.
Additional specimens (n = 8) of mid to final stage phyllosoma larvae of this species were
collected in the western North Pacific. The 16S rDNA sequence data supported ? Chelarctus
sp-1 to be a member of the genus Chelarctus. Based on the shape of the cephalic shield, the
ratio of the cephalic shield width and length, length of posterolateral spines on the telson, and
body size of each stage, mid to final stage phyllosoma larvae of ?Chelarctus sp-1 could be
discriminated from those of the other species of the genus reported to date.

Key words: phyllosoma larvae; slipper lobster; genus Chelarctus; DNA barcoding;
undescribed species
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T I = EF (Scyllaridae) (T 5 A&
= e ffifl (Scyllarinae) @Y /B A I VR

(Chelarctus) \ZIZBILE 4 8 2 & (Chelarctus
aureus, C. crosnieri, C. cultrifer cultrifer, C.
cultrifer meridionalis, C. virgosus) 7>Frak S 41T
# U (Holthuis 2002; Yang and Chan 2012;
WORMS 2022), Z#15® DNA {F#ITT—%
N—Z T EE STV D, Ueda et al. (2021)
(FAETE RO & B R CREE S Lo b
AEITEHEBOT 4 v =< HEICONT

2% DNA 1T —Z ~N— XM (K %
S U7z, M5 I3 R FECERES L 1 4
KIZI F =2 KU 7 DNA @ COI FFIZ 80
T C. crosnieri X bR TCH-12Z &b

(K2P FEEfE: 6.9 %) . C. crosnieri OHfifE & LT
Chelarctus crosnierisubsp. 1 & EFK LTz, £,
EVEREECTRE S LTz 4 fllfk LY /v Ak
I T EEOMEE L O K2P HEEA COl F
FNZFBUNT 15-21.9 %, 16S IDNA (2T 8.5~
169 % Tho7=Z Linb, Zhb 4 fHE%E
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JEAEIZERBORGEHEDO T 4 1Y —~
Wy & B X 2 helarctus sp-1 & EF L
72 ?Chelarctus sp-1 £ / & A& I = EEM
T > K2P FREEI R 8 SR o &P I &
LD THDHN, ?Chelarctus sp-1 3/ & A
EITZEREDLDNE D MNITMEE L TV
WD B4 DENZIMRHT BT,

Fx TRENME CRESNTZTT 7 b
URERDG | ER & JEER S T — R —IRIT R
STWHLEHEA b A Iz o@ElR o
HMUEED 7 4 1 Y —< Gk 2 @5 L DNA S
—A—=T A I DEREET o TET,
Z O T KRB W TRE S
FEARFZ?Chelarctus sp-1 & DNA BLF08MEIE
—HT HEEE BRI Lz, AdETiEe A
L = v ffiRBHT I T D ?2Chelarctus sp-1 D53 4R
TN EEZRFT 5 & & bIT, TEREREIC
DNTHODOY ) e A I ZEEHED LD
L L7z,

MR X OHE

AW THEA L7 4 v Y —~< AEEARIE,
AL VE A T I S AU T2 K BE T i SE R A BA
FERIT & 2 TR 26 A REAL RS A Z= T
HA T Yo~ EEFHE] (KY1405) KUY,
IKPEMFTE - B MR ET AR EIERIC L D

R 20 4FEE H A VUSRI 35 1 2 P
7 v 7 u RO AR (SHU0803) &

ISR 24 FEREEEHITICB T 7~
2 AFHEf Y ARA ) (SHU1201) 128577
Y7 b Ut (IKMT Ry b, KPE e —
V) THREINTLLDOTHD, FFHEOMY
FHlLoTT7 vy —~<gEiEmEc=s
—/VIEE S 4L KEEBIRAFFERT ~at S vz,
IKEEE PRI FERT O F2BR = TRAF STV AR
725 Chow and Yanagimoto (2021) (24> T
EAEIT WMDY (v Y —< LA
L7, K& (body length: BL) ., BHH &

(cephalic shield length: CL) . 58/ #B1iE (cepha-

Fig. 1. Ventral view (A) and dorsal view (B) of whole body, anterior part of cephalic shield (C), and
posterior part of abdomen (D) of a stage VI phyllosoma larva (Cspl-2) of ?Chelarctus sp-1 collected in
the western North Pacific. UL: uropod length, PSL: length of posterolateral spine on the telson. BL = 13.1
mm. Scale bar =5 mm (A and B), 2 mm (C), and 1 mm (D).

Aquatic Animals 2022 | September 21, 2022 | Chow and Yanagimoto AA2022-18



lic shield width: CW) , g (thorax width: TW)
% Higa and Shokita (2004) & Palero et al. (2008)
2> CHIE L7z, 72, Fig. ID TR L2 &
ITRER (RWHOAMURE DI 55
S E CORE) (uropod length: UL) & &l
R (R OREMAKO ) b Jeii £ ¢
D &) (length of posterolateral spines on the
telson: PSL) Z 4L K7 & MIE L7z, [HERE
AREARBEARTE SR L, FEB, FHFHE,
HEHS O WG A 4 % . DNA il A I o> —
HA Y)Y Bt 7=, DNA filiHH & 16S rDNA HEiK
D3HTIZ-2V N TiL Chow and Yanagimoto (2021)
KON Uedaetal. (2021) (ZhE- 7=, HIERSI D
7 A A2 MZIiX MEGA6 (Tamura et al. 2013)
IZFEIN TV D Clustal W 2 N TITV, =
= a 7V TR AT o 72, BeSIRI O L E
#ik (K2Pdistance) DFHH., 7 /VER &R
W OVERIZIX MEGAG6 (Tamura et al. 2013)
R,

MRBIUEBE
DNA fRHTIZ & 2 FEHIR & R EB R R
R L7z 16S tDNA B8l 9 5 Ueda et al.
(2021) H3$45 L 7= ?2Chelarctus sp-1 DFELH)
(accession No. LC632678-LC632681) & 99%
ML ED—ER% 74 8 K% %) L7z (Table
Do 46 8 EIATHIE L7z 16S rDNA A5
(386 775 447 bp) AT —F _X— X |THEEL

38 1> 16S rDNA HEJEALS, K OSMEE LT
® I = v (Scyllarides squammosus) @ 168
tDNA Fi 1 % TR 2 1ERk L 7= (Fig. 2),
ARHFGETHHT L7= 8 fE{AR1E Uedaetal. (2021)
MR U T2 2Chelarctus sp-1 & & SIS LTz
7 L— RIZTBELTW%, Uedaetal. (2021) @
4R & ABFFED 8 AR IRTH D K2P130.3+£0.2 %
SETHho72Z b, OLNZFRETH S
EEZ BN, YV /e A I EEE &)
b A I =R OMIE L D K2P % Table 2
WRLTz, Y/ EAEIZEREO 5 fE (C
aureus, C. crosnieri, C. crosnieri sub sp. 1, C.
cultrifer, C. virgosus) TIZHRFIZ C. aureus 73t 4
MM & e R & 70 K2P fEZ =T (8.54-
12.83 %), —4. C. aureus ZFR< o> / &
AEITUERE 4 fEH O K2P 13 4.70-8.89 % T
HY., T 4FEE2Chelarctus sp-1 & @ K2P
(4.65-8.57 %) LHLT DHPHICH D, F72,
t#%3# OAEIZ?Chelarctus sp-1 L BRI O K2P
(1022-2331 %) D ENLE Y b/AhSvy, FA
bEA (ML) (Fig.2) & B4 15 (NJ) (not shown)
(N QRN i = O L C
crosnieri ﬁlﬁi% itk TR, 743k Ak
I =v)E (Crenarctus) & N7 A IR
(Acantharctus) OFENRY J B A I T EZD
L AT 2> TV D RTHOE LTV,
1t o J& DAL & BIERIZ DWW TR @ S 23D A2
o7z, AREFZETHZ 16S FFIRIZE 20

?Chelarctus sp-1

7= (accession No. LC717690-LC717697), T —

HR=AZBEEENTWVWAE A I el

HwERRICLDEMRFED

attraction)

(long branch
AREMESC, % v T OIF/ED ML

Table 1. Collection information, body length (BL, mm), cephalic shield length (CL), cephalic shield
width (CW), thorax width (TW), uropod length (UL), and length of posterolateral spines on the telson
(PSL) of eight phyllosoma specimens of ? Chelarctus sp-1.

Lat.

Long.

Cruise St. Sample ID Date (N) (E) Stage BL CL CwW TW UL PSL
SHUO0803 19 Cspl-2 2008/6/29 27.00 130.00 VI 13.1 8.7 11.5 49 0.29 0.35
SHU1201 E3 E3-3 2012/6/17 2930 128.51 VII 169 109 151 6.8 0.55 0.56
SHUO0803 19 Cspl-3 2008/6/29 27.00 130.00 VII 17.1 108 153 6.7 0.47 0.45
SHUO0803 19 Cspl-1 2008/6/29 27.00 130,00 VII 183 119 162 6.8 0.56 0.58
SHU1201 El El-3 2012/6/16  29.07 129.06 VII 187 120 159 72 0.56 0.59
KY1405 MTO002 MT002-1 2015/1/14 3730 143.00 VII 231 137 185 84 1.45 0.66
SHU0803 19 StI9SP2  2008/6/29 27.00 130.00 VII 244 147 206 92 1.86 0.65
SHU1201 E3 E3-1 2012/6/17 2930 12851 VIII 248 148 204 89 1.43 0.54
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67| E3-3
Cspl-1
E3-1
Cspl-2
?Chelarctus sp-1 (LC632678)
MT002-1
- St19SP2
E1-3
Chelarctus crosnieri sub sp.1 (LC632682)
Ch. crosnieri (MZ460958)
Crenarctus bicuspidatus (JN701713)
Acantharctus delfini (JIN566209)
90 = (Cr. crenarctus (JN701705)
Ch. cultrifer IN717712)
Ch. virgosus (LC695007)
65 Ch. aureus ((JN701711)
Galearctus kitanoviriosus (JN701718)
Remiarctus bertholdii (IN701730)
G. tiimidus (JN701721
G. aurora (JN701717)
G. rapanus (JN701720)
75 G. avulsus (JN701719)
Scammarctus batei (JN701731)
Petrarctus brevicornis (JIN701723)
P veliger (JN701728)
P, rugosus (JN701726)
P. holthuisi (JN701725)
Eduarctus reticulatus (JN701716)
Gibbularctus gibberosus (JN701722)
Biarctus sordidus (JN701710)
P. demani (JN701724)
T{_< Bi. vitiensis (IN701709)
81 Petrarctus sp.nov. (JN701729)
Scyllarus pygmaeus (DQ377973)
Acantharctus posteli (FJ174910)
Scy. caparti (MT378204)
Scy. arctus (AF502949)
Scy. depressus (IN701735)
90 * Scy. subarctus (MK421157)

Scy. chacei (IN701734)
_1—:fdzlai‘clzl.v modestus (JN701715)
97 E. martensii (JN701714)
- Bathyarctus formosanus (JN701707)

9% I Ba. rubens (JN701708)
57 Ba. chani (JN701706)

Scyllarides squammosus (IN701689)

78

0.1

62

55

w
¥}

Fig. 2. Phylogenetic tree of the partial 16S rDNA sequences of 38 scyllarine species. The tree was created
using maximum-likelihood method (ML). Scyllarides squammosus was used as a root. Accession numbers
are presented in the parenthesis. The best fit model was determined to be TN93 + G. Bootstrap values of
> 50 % (from 1000 replicates) are shown at each node. Eight specimens used in the present study are
shown in red. The phylogenetic tree using neighbor-joining method (NJ) showed similar relationships
between the genera Chelarctus, Crenarctus, and Acantharctus, but the tree topology for the other genera

was different.
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Table 2. Kimura two parameter distance (% K2P) for 16S rDNA sequences among species of the genus Chelarctus
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Y /e AEI=ROREE L TH-> THR
BTV E s iclbnsg,

TERERIHFK

?Chelarctus sp-1 % 8 fEIA D18 % Figs. 1, 3—
9 |27k L 7=, Inoue and Sekiguchi (2006) & Ueda
et al. (2021) 1ZHE-> TZ D DEIKDIEA B
MEa VI H#1 (Fig. 1) (BL = 13.1 mm), VII #j
(Figs. 3-6) (BL=16.9-18.7mm). VIII #] (&%
#H1) (Figs.7-9) (BL=23.1-248mm) & &%
L7z, 251 filify &5 2 filfl 2 L 7R BB LS
L. &6 0 OEMmMAHNIALET 5 DR LT,
VI #1785 VI #1258 U CH 1 il e i ss 2
filf8 S L0 SORCRNCNLE T 5, VI HIClk
55 2 fil A ZEE 3 OR0RT T ~ME S I3 B D
D, FEABME A LT 2 i lZe I XTE
FRUCE LE 2 il HA (P 229
5, B EHIL BN (kidney-shaped) TH&%H
PRI ET ST ~M e, 5HFERIE & BE R
(CW/CL) 1% 1.32-1.42 Tdh 7= (Table 1),
SE R ERIE & g e (CW/TW) 1% 2.20-2.38 ©
& o7z (Table 1), RBIEBIMHIIORKR D, R
il d VI B TP s fic iz L, VI T
PR 2k % . VIII CRE®%BIT < IZE#ET
%, REMAIRE (PSL) 1T VI # Cli3 2B E (UL)
L VB ENIZEL (Table 1, Fig. 1), VII T
FEKE P L S 2 E S22 Y (Table 1,
Figs. 3-6), VIII I CIFRKEE XV EL o7
(Table 1, Figs. 7-9) . FREMAIBRIZ #2138 L T
BHETHY ., REHTHLRRKICEND Z &%
720y (Figs. 7-9), &< b R EIMAIEE D Je i
DREH IR L 0 SIS AITALE T B E R
(Figs. 7,8) & RBHithin & [\ U L-LIThiE 9
ZMEE (Fig.9) BB, FENERZRD
DAEFER RARIC L D% K72 & DT & 5
TRV, PLEOFHEIL, Uedaetal. (2021) 723
W4s L7 ?2Chelarctus sp-1 & —E3 5, Fi,

Genis-Armero etal. (2022) N#&EL7= C
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Fig. 3. Ventral view (A) and dorsal view (B) of whole body, anterior part of cephalic shield (C), and

posterior part of abdomen (D) of a stage VII phyllosoma larva (E3-3) of ?Chelarctus sp-1 collected in
the western North Pacific. BL = 16.9 mm. Scale bar = 4 mm (A and B), 2 mm (C), and 1 mm (D).

Fig. 4. Ventral view (A) and dorsal view (B) of whole body, anterior part of cephalic shield (C), and
posterior part of abdomen (D) of a stage VII phyllosoma larva (Csp1-3) of ?Chelarctus sp-1 collected in
the western North Pacific. BL=17.1 mm. Scale bar = 5 mm (A and B), 2 mm (C), and 1 mm (D).
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Fig. 5. Ventral view (A) and dorsal view (B) of whole body, anterior part of cephalic shield (C), and
posterior part of abdomen (D) of a stage VII phyllosoma larva (Cspl-1) of ?Chelarctus sp-1 collected in
the western North Pacific. BL = 18.3 mm. Scale bar = 5 mm (A and B), 2 mm (C), and 1 mm (D).

Fig. 6. Ventral view (A) and dorsal view (B) of whole body, anterior part of cephalic shield (C), and
posterior part of abdomen (D) of a stage VII phyllosoma larva (E1-3) of ?Chelarctus sp-1 collected in the
western North Pacific. BL = 18.7 mm. Scale bar = 5 mm (A and B), 2 mm (C), and 1 mm (D).
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Fig. 7. Ventral view (A) and dorsal view (B) of whole body, anterior part of cephalic shield (C), and
posterior part of abdomen (D) of a stage VIII phyllosoma larva (MT002-1) of ?Chelarctus sp-1 collected
in the western North Pacific. BL = 23.1 mm. Scale bar = 6 mm (A and B) and 2 mm (C and D).

Fig. 8. Ventral view (A) and dorsal view (B) of whole body, anterior part of cephalic shield (C), and
posterior part of abdomen (D) of a stage VIII phyllosoma larva (St19SP2) of ? Chelarctus sp-1 collected
in the western North Pacific. BL = 24.4 mm. Scale bar = 10 mm (A and B), 5 mm (C), and 2 mm (D).
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Fig. 9. Ventral view (A) and dorsal view (B) of whole body, anterior part of cephalic shield (C), and
posterior part of abdomen (D) of a stage VIII phyllosoma larva (E3-1) of ?Chelarctus sp-1 collected in the

western North Pacific. BL = 24.8 mm. Scale bar = 5 mm (A and B) and 2 mm (C and D).

crosnieri DINAEDFHEIX?Chelarctus sp-1 Db
D EIEFITE KD D, C crosnieri D A&
W & BB OE RN ZNEI 13.1-17.5 mm,
17.7-19.2mm T& Y | ?Chelarctus sp-1 (£iLZ
A 16.9-18.7 mm, 23.1-24.8 mm) L ¥ /NS UM
MAH %,

Chow and Yanagimoto (2022a) [X8HFH O
K& CW/ICL IZ & - T C. aureus D~ &
PIENFBMENSXFITEDZ & E2mR LT,
ZZT, BHEETIZHE SN TN Y /B X
T = BRI A D~ A& T O SRR AR
& CW/CL IZHOWTHRES L7z, ), Ueda et al.

(2021) @ C. crosnierisub sp. 1 (V #) iX Genis-
Armeroetal. (2022) (2 X% C. crosnieri |28 &
72o FE72. Genis-Armero et al. (2022) 2L 5
table 11 & JEREMERL I IZBIEE A% & 5 72 91X %
WrikE & U7z, FEAE BB & DXl Fl R o kb
& 1T> 72 & Z A, ?2Chelarctus sp-1 ™ CW/CL
1L C. crosnieri AN OFEEBBEEZNH -T2

(Table 3, Steel-Dwass-test, p <0.05), C. aureus
? CW/CL OB H e b K = < | ?Chelarctus
sp-1 & C.virgosus & XA E AN & > 7= (Table

Table 3. Body length (BL: mm) and the ratio of
cephalic shield width and length (CW/CL) of
mid- to final stage (V to VIII) phyllosoma
larvae of four species of the genus Chelarctus.

stage species n BL CW/CL
C. aureus - -
v C. crosnieri® 1 6.6 1.26
?Chelarctus sp-1* 1 9.6 1.26
C. virgosus™* 2 84,115 1.13,1.14
C. aureus® 1 94 1.4
VI C. crosnieri - -
YChelarctus sp-1* 2 13.1,13.7 1.30,1.32
C. virgosus™® 6 12.7-16.3 1.09-1.25
C. aureus™® 3 169-198 1.49-1.353
C. crosnieri® 2 13.1,17.5 143,149
Vit ?Chelarctus sp-1*¢ 5 169-18.7 1.33-1.47
C. \-‘irgm‘m""d 2 169,186 1.20,1.21
C. aureus™b< 4 21.6-243 1.53-1.59
C. crosnieri® 2 177,192 135,143
Vil YChelarctus sp-1*¢ 4 23.1-248 1.35-1.40
C. virgosus™? 3 20.7-21.7 1.21-1.27

“Ueda et al. (2021), ®Genis-Armero et al. (2022),
°Chow and Yanagimoto (2022a), ‘Chow and
Yanagimoto (2022b), °present study. Significant
differences (Steel-Dwass -test, p < 0.05) were
observed in CW/CL between ?Chelarctus sp-1
and the others species (except for C. crosnieri),
between C. aureus and the other species (except
for C. crosnieri), and between C. virgosus and the
other species.
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3, Steel-Dwass-test, p < 0.05), C. virgosus ™
CW/CL I3 b/NE <MD 3L ITAELENH
-7z (Table 3, Steel-Dwass -test, p<0.05), {KE

(BL) & & 12 CW/CL 2NN 2 [ 234
TR B, C aureus & C. virgosus (Z81F 5
BRI T A E CThH -7 (Fig. 10, p <0.001),
(] B AR O X ICFE O B 21X 5 7o

(ANCOVA, p > 0.2), —7J5. BIFIZoWTIE
C. aureus & ?Chelarctus sp-1 &% U* C. virgosus ],
% LC C. virgosus & fthl 3 FEMICAHEZEN RS
7= (ANCOVA, p<0.0001), SEHEARIZDS
W T C oaureus D MK I (sub-
rectangular) . C. crosnieri & ?Chelarctus sp-1 73
I (kidney-shaped) . C. virgosus 23 H.
72 (sub-pentagonal) &\ 9 ZR A 515 (Fig.
10), ?Chelarctus sp-1 & C. crosnieri D7 4 1
V=< BRI REMICEL L T . BHF
JEAR & CW/CL TIZXHIT & 22y, BARHIIC b
B 2 EITEWERICH T2 L L VS
9% (Fig. 2, Table 2),

1.6 1

CW/CL

L b o T RE 1) 5 & 8 & B9 BRI 3 5
& . 2Chelarctus sp-10 H 7~ & f #4013 58
ERIAR ST (kidney-shaped) TH 25 Z &
CW/CL31.321-1417TRETH H Z & JREil
ARV L. LTI NDOBECKEIT
X 72UNC. crosnieri L IZEHTOREN R D
ZETHUEETICHRESh TW Aoy /&
AEIvRHENLKRFITEX B,

HFE

ARAFFE TR LI AR AR ORI )N T2 72
WK PETT IR A AL BRIV AL & K EERFZE - 2
B ICE TR A AL 2 6 L o0 A BIARE AL K&
OAERICEAL TEHEERZER, ZHERHEZW
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Fig. 10. Ratio of the cephalic shield width and length (CW/CL) plotted against body length of phyllosoma
larvae of Chelarctus aureus (closed triangle), C. crosnieri (open circle), ?Chelarctus sp-1 (closed red
circle), and C. virgosus (open triangle), and diagrammatical illustration of cephalic shield (A: C. aureus,
B: C. crosnieri and ?Chelarctus sp-1, and C: C. virgosus). No significant difference was observed between
the regression line slopes. The height of the regression line of C. aureus was significantly different from
those of ?Chelarctus sp-1 and C. virgosus. The height of the regression line of C. virgosus was

significantly different from those of the other species.
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