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

Seventeen phyllosoma larvae (BL = 21.6 to 74.8 mm) of slipper lobster of the genus Parribacus were
extracted from plankton samples collected in the western Pacific and Atlantic Ocean. DNA barcoding and
phylogenetic analyses using 16S rDNA and COI sequences successfully determined species for 10
phyllosoma larvae from western North Pacific, in which five were Parribacus antarcticus and five were P,
Japonicus. No notable difference was observed in the sampling locations between these two species
phyllosomas. No distinct morphological difference was observed between species, while the ratio of
cephalic shield width to thorax width of P. japonicus phyllosomas was slightly but significantly larger than
those of P. antarcticus. This is the first report on P, japonicus phyllosomas with certain identity.

Key words: phyllosoma larvae; slipper lobster; genus Parribacus; DNA barcoding
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SEENH D (Michel 1971; Prasad et al. 1975;
Yoneyama and Takeda 1998; Booth et al. 2005;
Paleroetal. 2014), FILEI = RHIET D&
S bvE (Seyllarides) ODHMEBLERTHY |
BRLWRHIBET DI 00b b, WmED
HAETTEEIICRSETVWD, £, #
EOMRTITRFASIN T DEE R HDH Z &
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TR I CREOTHLUEONAEITE 4
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Jjaponiicus) & P caledonicus 0 3 FED T %
(Table 1), X+ Y 7 U= O AEITIA <,
A ¥ R—HPEE R T2 T < PEERR AT
120435 (Holthuis 1991; Webber and Booth
2007), TPy 7Y ZEROT 4 1Y —~
HEFAFEDO G D & RRESNDHENE L
BEETIZ 6 2O#HEDNH D (Prasad et al.
1957; Saisho 1962; Johnson 1971; Tampi and
George 1975; Sekiguchi 1990; Palero et al. 2014)
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Table 1. Distribution, larval description, and mtDNA gene sequences of six species of the genus Parribacus.

The genus Parribacus distribution'  larval description 16S rRNA COI
P. antarcticus (Lund, 1793) Indo-Pacific, Saisho  (1962)%,  Johnson 0 o
W Atlantic (1971a,b)>, Berry (1974,

Prasad et al. (1975)%, Tampi and

George

(1975)%,  Sekiguchi

(1990)%, Palero et al. (2014)

P, caledonicus Holthuis, 1960 South Pacific

P. holthuisi Forest, 1954 South Pacific
P, japonicus Holthuis, 1960  NW Pacific
P. periatus Holthuis, 1967 Easter Island

P. scarlatinus Holthuis, 1960  tropical Pacific

Coutures (2001)*, -

Yoneyama and Takeda (1998)° -

|
0 0 0 0

ldistribution follows Holthuis (1991); *first to third stage phyllosoma; 3species identify is not confirmed;

“first stage phyllosoma.

X 51T Palero et al. (2014) XA > REEROUK
VETECHAR S U I AT S T 72
D6 RS AE DTERE S Parribacus sp. & LT
FEH LTS, A ¥ REE REFFEICIEI 2
YO VZEDOHRNGAATHESN TS Z L
75 (Holthuis 1991) | Paleroetal. (2014) 2347
MLIZZNOOERIZIIF IV ETH
% ATReMEA SV, E 72, Saisho (1962) (1fFH
T COALSHAEIT OV THE TN S T HISh A
DI EZHREL TS, ZnblAMIIFI
YUY ENE ) PEHER S TR,
Yoneyama and Takeda (1998) IXFEFESND
IWNERGER L THRELEER 7 v Y —~
PERBELLS Y VY ZETHY, BHEEE
g O b, B AT R O TERIZ D
WCIFIV O IZEDT vy —<ihEL
DEWVERELTWVDLD, L0 EZLOERD
SMRE L L TWb, YU EREDT 1
1Y =< AEOHREITMIZ S H DD (Johnson
1951; Sims 1964, 1965, 1968; Saisho 1966;
Robertson 1968; Michel 1971; Berry 1974;
Yoneyama and Takeda 1998) ., \ 341 % Fli )3 [F]
EINTNDHOTIEARN, UlEnkoicy
VITERT Y —<hEOBERET S
72D OREREIEIXIE & A CBfi ST
WEEZ D,

T TN CRIEESh T T 7 b
FEAD5, Chow and Yanagimoto (2021) 23R

L7ERENEEREICESE, YU U UE

(Parribacus) Db D EEZEZ HNH7 41/ —
~ %A L7=, DNA Z38ric L 2 fphl &
1Tolcte. EABOBEEIZ OV THRET LTz
Rz HmET D,

MBEE Fik

AEFFRTHEM LIz 7 4 v Y —~hAEEARIT
IKPETT 1 SR A AR BRVE AL & PRI L, K EERFFJE -
BEBEREREMEELIC L 2MERKOR
OB OBEFRICRESNTZHDOTH
%o AMWFFE TN 1T EEARDELENG R % Table
2R LT 1T 8 A EDREARILIKMT % > b
MOHT % b, HE b — L TREINT D
DTHY . BZl FIEHEOEHRIC, FKI1 1T4EHHE
WA TREIS N LD THDL, 7402V —
B E T ) —VEE D D VTR L.
FEREICRHDBIRY . BRERITIZ Y ) —
(80 %) TEE L7, Yo U =N EDE
BN, 55 2 i < I L Tnad Z b
JaER etz A ~KE AZATND Z &

95 EESH S R AIE LT\ D 2 &
55 BN E R/ Z L &fRE L L= (Phillips
et al. 1981; Palero et al. 2014; Chow and
Yanagimoto 2021), KPEIFEFETHRE I N7 1
fE (BZ1) & Wi ek CHREE Sz
1A (FK1) PSR o> 15 (AT 4 TR R F
HECTREINTZLOTHD, BEEEAZKE
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Table 2. Information of Parribacus phyllosoma samples analyzed in this study. BL: body length, CL:
cephalic shield length, CW: cephalic shield width, TW: thorax width (mm).

cruise vessel st. ID No. date coordinate BL CL CW TW
SY2000 RV Shoyo Maru L12 BZ1 2000/11/4 4.168,17.24W 748 536 452 354
- Fukuichi Maru - FK1 2003/11/30  2.118,16725E 555 422 325 288
SYUO05 RV Shunyo Maru MNA8  MNAS-1 2006/1/23  30.00N, 149.00E 334 264 229 180
SYU05 RV Shunyo Maru MNAS  MNAS-3 2006/1/23  30.00N, 149.00E 357 284 236 189
SYU08 RV Shunyo Maru  St4NS1 St4NS1 2008/4/20  27.53N, 143.08E 51.0 402 36.0 26.7
SHUO803 RV Shunyo Maru MNAS St1972 2008/6/29  27.00N, 130.00E 709 528 51.3 357
KY10 RV Kaiyo Maru  MT33N  MT33NI 2011/3/1 34.56N, 159.04E 357 29.1 229 19.7
KY10 RV Kaiyo Maru MT33N  MT33N2 2011/3/1 34.56N, 159.04E 468 374 315 246
KY10 RV Kaiyo Maru  MT33N  MT33N3 2011/3/1 34.56N, 159.04E 399 321 280 218
SHU1201 RV Shunyo Maru D10 D10-1 2012/6/15  30.29N, 129.00E 42.0 332 26.1 222
KY13 RV Kaiyo Maru  2-34-2 KY13-2342  2013/7/9 13.09N, 141.39E 61.0 46.6 41.1 309
SY13-3 RV Shoyo Maru ~ A04s  SY13-3-33  2013/9/23  19.57N, 130.59E 23.6 189 13.6 11.5
KY1604 RV Kaiyo Maru 1G7 1G7 2016/10/7  20.29N, 13230E 216 179 130 124
KY1604 RV Kaiyo Maru 2A1 2A1 2016/10/19  24.59N, 131.00E 327 26.0 233 169
KY1604 RV Kaiyo Maru 2D6 2D6 2016/10/30  22.59N, 12959E 283 20.0 18.8 150
KY1604 RV Kaiyo Maru 2E2 2E2-1 2016/11/7  23.43N,12430E 324 268 208 17.1
KY1604 RV Kaiyo Maru 2E2 2E2-2 2016/11/7  23.43N, 12430E 50.7 398 334 271

ARTE L L, &g, 55, o 4
ik 4#% . DNA it Mgl oo —&6 2 5] 0 Heo
7z DNA filifth & 43, e H1 ) oD Mg AL (& R

(K2P-distance) DFFAEL & RFMHAEITIZ OV T
I% Chow and Yanagimoto (2021) }2 O® Uedaetal.

(2021) LW~ Te, YUV TERT 4 1Y —
~ SHAE OB OV T 12 (Sims 1965; Prasad
etal. 1975), & 2T XI HILARE | i i 1]

(subfinal) & &Ml (final) 225 &35 5
Ji& Y (Yoneyama and Takeda 1998; Palero et
al.2014) HE— AR 22V AREFZECIX 12 &
L7,

DNA fEHTIC & R4

16S rDNA #EI# % %t 522 PCR S & 1T -7
& A BZ1 LIS 16 {8 A& THIER A 2315 5
iz, 205 B 10 ER TR Ry — 7 2 A
FERNE S, 386-425 bp DY & RETE
7= (GenBank accession numbers: OK341205—
0OK341213; DDBJ accession number: LC685179)
BLAST #58 Tl 10 BFID b v 7w b

SFIV UV ETHom, MHEMESFE W
T N—TF RN T V=T iz, BUED
LAY 7Y ZEJET 16S tDNA ELHIH %5 &k
ENTWHRFIIFIVIIZEDARTH D,
BUET — A _R—R B INTNWDH U F T
iRl (Ibacinae) & 7 F U= b RXxifif
(Theninae) £F EAFELE LTI W
(Scyllarides squammosus) @ 16S tDNA EZ51 %
AWTREMEZ N 25, 273V T
T B 12 fER & ARMFTETHONT LT 5 EIRCHE
END 7 L— KA LZOhitkEECchH D7 L
— RKB2BRON (Fig 1), 7 L— FBIEA
WFFECodT Lz 5 EIR720 THER S v Tz,
7 L—FRADSEEKET =2 X=2An657
IFIV YU 12 Bl O M L
F (K2P-distance) 13 0.263 + 0.099 % (+ SE)
Tholz, 7 L— KB OS5 RO
EHRIT 0243 £0.172 % TH o7z, 7 L—F
A & B [H O EHL 1T 6.573 £ 1.302 %
ThHoT,

COI fEl & xR IZ PCR i & v —27 = A
ZATo72E 2 A 3 fiik  (D10-1, MNAS-1,
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61 Parribacus antarcticus (MF490150) ]
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100 77 orientalis (LK391947)
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Fig. 1. Neighbor-joining phylogenetic tree based on TN93+G best fit model of partial 16S rDNA
sequences between nine Parribacus phyllosomas analyzed in this study, 11 species of the
subfamily Ibacinae, and Scyllarides squammosus as an outgroup. Accession numbers are shown
in the parenthesis. Bootstrap values of > 50 % (out of 1000 replicates) are shown at the nodes.

St19Z2) 128\ T 627-659 bp DELHI| & I 7E T
% 72 (GenBank accession number: OK341215-
OK341217), BLAST ## TiL D10-1 ® kv 7
ty MEFINRIF IV IV EThotz—K,
MNAS-1 & St19Z2 D 2 fEH{KD kv 7'& v R
XY 7 U e Th -7z, 16SDNA Afiksf &
[ARIZ COl BLANIZ L DR Ch 2 7 L— K
(A, B LER) DA LN (Fig.2), 7 L—
KA 28175 DI0-1 & T — X _XR—ANL
I IV U Y = eESIE O K2P 13 0.745
+£0239 % Tholc, ZLV— R B IZEBITH
St19Z2 }x (NMNAS-1 & 7 —Z X— AN 5157
YU U = EEAIE O K2P 1T 0.158 +
0.108 % CdH -7z, 7L —FK A & B RO
ML EHARIE 12,728 £1.526 % TH - 7=,

D 16S rDNA ELHIIZ 31T % [F] @ FL Ak fH]

DY FLE R 2-7 %R, FNE AR
TIX026%ERFE SN TS (Lefébure etal.
2006; Kochzius et al. 2010), F7=, 4D COI
FEHNZ 31T 5 [F) 8 S A [ oD SR M FL i 4 1
5-20 %DOHFPFIZH Y 3 NRENFTREEZ S
LTV % (Hebert et al. 2003; Lefébure et al. 2006;
Kochzius et al. 2010), E7z, HBHA+MHE O
COI BN I1F 2 [F) FRAE (A K ONF) 8 S A )
DI EHRITZ NI 0.285-1.375 % K
W 6.376-20.924 % DO &EIFHIZ H 5 (Matzen da
Silva et al. 2011), A EDOZ B 7 L— KA
FIFIvyoyxze, JL—FKBiIvyovl=x
EThDHEEZ BN,

7 4 u Y —<hAEDOREM S
74 m Y =< GEAEAR DR S % Fig. 3
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Parribacus antarcticus (KJ150680) ]
99 | P. antarcticus (KJ150679)
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100 = P perlatus (MW699537)

Evibacus princeps (JN701658)

1{ Ibacus alticrenatus (MG551493)
1. ciliatus (KM488334)
63 1. novemdentatus (JX502993)

98 —:chacei (JN701663)
99
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Scyllarides squammosus (MK783265)

Fig. 2. Neighbor-joining phylogenetic tree based on TN93+G best fit model of partial COI
sequences between three Parribacus phyllosomas analyzed in this study, 11 species of the
subfamily Ibacinae, and Scyllarides squammosus as an outgroup. Accession numbers are shown
in the parenthesis. Bootstrap values of > 50 % (out of 1000 replicates) are shown at the nodes.

R Lz, YU bED7 vy —<34E 5
EEORENEII@®, IFIVU D7
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BRAENEIZATRLE, YU UZELEIF
YUY EDT v Y —vHhEOREMSIC
KERERIA LN,

TERE

B OHFSEE (Johnson 1951;
1957; Johnson 1971a,b; Tampi and George
1975: Sekiguchi 1990; Yoneyama and Takeda
1998; Paleroetal. 2014) =&E (2, L%
HO(VILD S XID ShA DT RERRFE A FEBE L

Prasad et al.

7z (Table3), #IOZFITEEARICHTRD & I
Tt (Chow et al. 2022) LB TWAHD
D, %5 S VI TT CICRRTHD Z
L BIRIRIC T E DRI 2 filA . B,
Bk &b, ARICENTIFIV I
v L RE &z 5 RO {4 % Figs. 4-8 1Z7%
L7z, 2?09 H, 1G7 (BL=21.6mm) (Fig.4)
X VI & e Sz (58 2 fikfg 13w
JeoRITE 1 ik O 2 b dicim < | MR &
FRIASEBR) ., SY13-3-33 (29.5mm) (Fig. 5,
Fig.S1) & 2E2-1 (32.4mm) (Fig.6) 1% IX i
(B8 2 Al id o3 Z 43I UAeisid s 1 fik
AOHE 3 HilcE <. EEIZOT T ok,
T T i LA d R e R 2| < ) L D10-
1 (42.0mm) (Fig.7) & 2E2-2 (50.7mm) (Fig.
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Fig. 3. Map showing catch location of 16 phyllosoma larvae of the genus Parribacus. Open
circle: Parribacus antarcticus, closed circle: P. japonicus, red triangle: unidentified
Parribacus sp. One larva (BZ1) collected in the Atlantic (see Table 2) is not included.

Table 3. Morphological characteristics to determine VII to XII stage phyllosoma larvae of
Parribacus.

stage antenna pleopod uropod gill bud

VII reaching antennule 2nd segment, none bud none
no lateral process

VIII  reaching middle of antennule 2nd  bud bud none
segment, no lateral process

IX reaching antennule 3rd segment,  slightly bilobed, reaching middle  none

rudimental lateral process bilobed of telson

X reaching antennule primary bilobed almost reaching posterior none
flagellum, lateral process pointed margin of telson

XI exceeding middle of antennule bilobed exceeding posterior none
primary flagellum margin of telson

XII exceeding antennule, lateral bilobed exceeding posterior present
process widens margin of telson
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Fig. 4. Whole body (A), anterior part of cephalic ~ Fig. 5. Whole body (A), anterior part of

shield (B) and posterior part of thorax (C) of a cephalic shield (B) and posterior part of

phyllosoma  specimen  1G7  (Parribacus thorax (C) of a phyllosoma specimen SY 13-

antarcticus). Stage VIII. BL = 21.6 mm. Scale 3-33 (Parribacus antarcticus). Stage 1X. BL

bar=5 mm (A) and 2 mm (B and C). =29.5 mm. Scale bar= 10 mm (A) and 5 mm
(B and C).
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Fig. 6. Whole body (A), anterior part of cephalic
shield (B) and posterior part of thorax (C) of a

phyllosoma  specimen  2E2-1  (Parribacus
antarcticus). Stage IX. BL = 32.4 mm. Scale bar=
Smm (A) and 2 mm (B and C).

Fig. 7. Whole body (A), anterior part of cephalic
shield (B) and posterior part of thorax (C) of a
phyllosoma  specimen DI10-1  (Parribacus
antarcticus). Stage X. BL =42.0 mm.Scale bar= 10
mm (A) and 2 mm (B and C).
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Fig. 8. Whole body (A), anterior part of
cephalic shield (B) and posterior part of thorax
(C) of a phyllosoma specimen 2E2-2
(Parribacus antarcticus). Stage X. BL = 50.7
mm. Scale bar=5 mm (A) and 4 mm (B and C).

Fig. 9. Whole body (A), anterior part of cephalic
shield (B) and posterior part of thorax (C) of a
phyllosoma specimen 2D6 (Parribacus japonicus).
Stage VIII. BL = 28.3 mm. Scale bar= 5 mm (A) and
2 mm (B and C).
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Fig. 10. Whole body (A), anterior part of cephalic
shield (B) and posterior part of thorax (C) of a

phyllosoma  specimen  2Al (Parribacus
japonicus). Stage IX. BL = 32.7 mm. Scale bar=5
mm (A) and 3 mm (B and C).

Fig. 11. Whole body (A), anterior part of cephalic
shield (B) and posterior part of thorax (C) of a
phyllosoma  specimen MNAS8-1  (Parribacus
Jjaponicus). Stage IX. BL = 33.4 mm. Scale bar= 10
mm (A), 5 mm (B) and 2 mm (C).
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Fig. 12. Whole body (A), anterior part of  Fig. 13. Whole body (A), anterior part of cephalic
cephalic shield (B) and posterior part of shield (B) and posterior part of thorax (C) of a
thorax (C) of a phyllosoma specimen phyllosoma specimen St19Z2  (Parribacus
MNAS-3 (Parribacus japonicus). Stage IX.  japonicus). Stage XI. BL=70.9 mm. Scale bar= 10
BL=35.7 mm. Scale bar= 10 mm (A), S mm mm.

(B) and 2 mm (C).

I  E ..
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Fig. 14. Whole body (A), anterior part of cephalic ~ Fig. 15. Whole body (A), anterior part of cephalic
shield (B) and posterior part of thorax (C) of a  shield (B) and posterior part of thorax (C) of a
phyllosoma specimen MT33N1 (Parribacus sp.).  phyllosoma specimen MT33N3 (Parribacus sp.).
Stage IX. BL = 35.7 mm. Scale bar= 10 mm (A) Stage IX. BL =39.9 mm. Scale bar= 10 mm (A) and
and 5 mm (B and C). 5 mm (B and C).
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Fig. 16. Whole body (A), anterior part of Fig. 17. Whole body (A), anterior part of
cephalic shield (B) and posterior part of cephalic shield (B) and posterior part of
thorax (C) of a phyllosoma specimen thorax (C) of a phyllosoma specimen
MT33N2 (Parribacus sp.). Stage X. BL =  St4NS1 (Parribacus sp.). Stage X. BL=51.0
46.8 mm. Scale bar= 10 mm (A) and 5 mm  mm. Scale bar= 10 mm (A) and 5 mm (B and
(B and C). O).

I  E ..
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Fig. 18. Whole body (A), anterior part of cephalic
shield (B) and posterior part of thorax (C) of a
phyllosoma specimen FK1 (Parribacus sp.). Stage
X.BL=55.5 mm. Scale bar= 10 mm (A) and 5 mm
(B and C).

Fig. 19. Whole body (A), anterior part of cephalic
shield (B) and posterior part of thorax (C) of a
phyllosoma specimen KY13-2342 (Parribacus
sp.). Stage XI. BL =61.0 mm. Scale bar= 10 mm
(A) and 5 mm (B and C).
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JedmlEES 1 kA OMEETICE < . MERIT =5
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St4NS1 (51.0mm) (Fig.17) & FK1 (55.5mm)

(Fig. 18) 1% X &L HIE S iz, KY13-2342
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Bzl (74.8mm) (Fig.20) (X XII #&HESh
7o (BF 2 il 1358 1 filf 2 B 2 RIZE S ELR
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AFZERER BB O, BUEE TICHEINT
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5 X HORFEZ DUV CHEHEL L 7= (Tabled) ,
ZIXY VY e BIERERTHLZ L&
AL, RFFROEARL bW T OERRIZKE
RTINS WL DR E S TRl 5 H
HN® D, Sims (1964) (2 & D PFEHIREHED
Parribacus A & B (Sims 1964, figs. 1, 2) [Xfiff
SRR D V5 2 Al AN 1 ik 2B R D720
B S 2T (XID S Tdh 2 AR
NZ1 36,0 mm & 41.2 mm (23 & 72, Sims

(1964) |2 X 2 WEE K EED Parribacus C

(Sims 1964, fig. 3) &5 2 iM% 1 filif X
0 RRR < BEISeIm AN 5 MR 2R < 72
D XIMEEZ LNDBMEED 334 mm Th
b, & 5|2 Tampiand George (1975) (12X 251
YREOIFIVYIzvEEnNs 7 nY
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Fig. 20. Whole body (A), anterior part of cephalic shield (B) and posterior part of thorax (C) of
a phyllosoma specimen BZ1 (Parribacus sp.). Stage XII. BL = 74.8 mm. Scale bar= 10 mm (A)

and 5 mm (B and C).
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Table 4. Body length (mm) of VII to XII stage phyllosoma larvae of the genus Parribacus.

stage VII VIII IX X XI XII
P. antarcticus
present study 21.6 324 42.0-50.7
Berry (1974) 23.0 54.0
Johnson (1951) 70.0
Johnson (1971a) 16.4 19.0 31.5 41.8 57.2
Johnson (1971b) 16.6
Palero et al. (2014)* 13.0-15.4 19.0-21.0  33.3-34 48.8 65.7 74.0-74 .4
Prasad et al. (1975) 67.0 80.0
Sekiguchi (1990) 68.0
Tampi and George (1975) 30.0
P. japonicus
present study 28.3 32.7-35.7 70.9
Yoneyama and Takeda (1998) 60.8 80.0
Parribacus sp.
present study 35.7-39.9 46.8-55.5 61.0 74.8
Johnson (1951) 70.0
Michel (1971) 83.0
Robertson (1968) 13.0 24.0 65.0
o in Saisho (1966) 36.9
f in Saisho (1966) 47.2 64.0
Ain Sims (1964) 36.0
B in Sims (1964) 41.2
C in Sims (1964) 334
D in Sims (1964) 36.5
Sims (1968) 69.0
Yoneyama and Takeda (1998) 19.1 73.0

*Specimens of stages X to XII were determined to be P. antarcticus.

TRVATREPED BV, BUED & 2 ARWEHEL A
VREZEFIFIV UV ERETNSAT S
& ENTWDHA (Holthuis 1991; WoRMS 2021) .
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Saisho 1966, fig. 17) X% 2 fif 2355 1 filfg
oy oM A RBEIEIRIZE 5 MIEE A
W2 WD IXMEB2 6D, £/, BD
9 BAKE 47.2 mm OfE {4 (Saisho 1966, fig. 18)
RHE RS 5 MEELER I Jm < 72 XM,
64.0 mm DAL (Saisho 1966, fig. 19) I XI H
TH Y, Saisho (1966) HIk-~<TW\5 L HIZ[H
CRED R AR DENTH HAREM S 5 5,
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Fig. 21. Ratio of cephalic shield width to thorax width (CW/TW) plotted against body length of
phyllosoma larvae analyzed in this study. Closed circles: Parribacus japonicus, open circles:
Parribacus antarcticus, red triangles: undetermined Parribacus sp. No significant difference
was observed between the regression line slopes of P. japonicus and P. antarcticus (p > 0.5),
while the heights of the regression lines were significantly different (p < 0.05). Latitude is
accompanied for unidentified larvae. One sample (asterisk) was collected in Atlantic.
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