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Identification of phyllosoma larvae of the slipper lobster (Family Scyllaridae).
10. Larvae of Crenarctus crenatus collected in the central North Pacific
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Abstract

We have performed DNA barcoding and morphological analyses for scyllarine phyllosoma
larvae. Five phyllosoma larvae having subrectangular-shaped cephalic shields with straight
posterior margins were selected from plankton samples collected in the central North Pacific.
Mitochondrial 16S rDNA sequence analysis indicated Crenarctus crenatus to be the closest
species for these larvae. Based on the nucleotide sequence divergence (K2P: 1.66 + 0.61 %)
between these five larvae and C. crematus and the geographic distribution of C. crenatus
restricted to the South Pacific, we tentatively determined these larvae to be a subspecies of C.
crenatus (designated as C. crenatus sub sp. 1).

Key words: Crenarctus crenatus sub sp. 1; DNA barcoding; morphology; scyllarine
phyllosoma larvae

i

)

Wb TS (5] 2.1% Table 1 in Booth et al.

b A I villif} (Scyllarinae) ¥ I =&
Bl (Scyllaridae) (231 2 KOHFERTH Y |
BUE 54 FEAGEH STV D (WoRMS 2022a) ,
AWAHIIRGEHEN L E L FHET DL LS
Z 5N THEY (Boothetal.2005), IT4ETHH
FEDOHAE DTS (Yang et al. 2008, 2017;
Yang and Chan 2010, 2011, 2012, 2020), - &=
EF B (Achelata) DAL T 4 1 Y —< LI
[F, R E SENFFRNZE b dH
. <O REEORHKAEENTE T, 7
U7 NUERIIBITO e AEI o EHEO
74 n Y =<YD RICET DR X

2005; Table 1 in Chow and Yanagimoto 2022a) .

FERFFE L L TOWMEN D220, SHIT,
HPAHL SN T THZDORANFHHETH D
LBeEbRond, Z0kH, E A EITE
BCHITHEIL DNA N—a—F ¢ 7 & Hn
TeFEHIBNZ BT D FEAH 2 o2 d % (Palero
et al. 2008, 2011; Genis-Armero et al. 2017, 2020,
2022; Wakabayashi et al. 2017, 2020; Ueda et al.
2021; Chow and Yanagimoto 2022a, b, ¢, d, e),

LA L7228 B RFCHFESS DNA 15 s Bk S
NTWRWRERET D Z &1E, DNA /N—=
—T 4 T EMWTHREOHBIATE RN
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EEREWL, EEE 20X RpIRN< oA
W STV D (Ueda et al. 2021; Chow and
Yanagimoto 2022d, e) .
EAEIZEHBTZTZANE A IR

(Crenarctus) @ Crenarctus crenatus (14472 L)
FENRC =2 ——TF  FihREE Voo
FERTOARIE SN TEY  (Holthuis 2002) .
Bk CIEfER S LT W eV, RRFFE T,
HAE R EECRE LT T 07 B UER
N HIREH, TEREMIIZC. crenatus AR & Tt
mEBZONDHBH - B 7 v Y —~4)
HErERHE Lo THET D,

MR X UHE

AR THEHA L7 4 v Y — < IAREARIL,
HER AL RSP IS 35U CHEHE S AL 7o K PE T CE
FRAMRBATEALC K D T2 74F BE AL R4
T A DRI ERA] CREINT
HDTHD, BEFETETE = —/H#IC
LOEXBRTHD, HEHASEICL > TKE
TENINTZT7 v —~hETo X ) —
THEE S 4L, KEGFRFZEET ik S,
FEREIZBW T AEIEHAO7 1Y
— <% % Chow and Yanagimoto (2021) Z%¢
S TEA LT, ZOHFNLIEFHNAINES
J& (subrectanglar-shape) “C-& D&FKDME— 3L
FOHEMKE RTH5EEEZHM L, 2 b
STE R DERAENE # A Table 1127~ L 72, Higa and
Shokita (2004) 127 > T{AE: (body length: BL)
SHHI#E  (cephalic shield length: CL) . 5HH &5
& (cephalic shield width: CW) . g #BiE (thorax

width: TW) ZHE L7z, 2FZ B BEEL
DNAHhH D72 D IZ O —E 281 0 It 72,
DNAffiff{{ZUedaetal. (2021) (ZfE>72, I b
2 KU 7DNAD16SDNA (LLF16S) &COl
DES B ZPCREIE T 2 720 D7 T A <~ —
!X 16SUFm & 16SR4 K& T DecaCOI-20F &
DecaCOI-945R % A\ 7z (Chow and Yanagimoto
2021), ¥ — 7 = AT Uedaetal. (2021)
Wit to, WEBRSOT 74 AL MTIT
MEGA6 (Tamura et al. 2013) (Z3EE X T
% Clustal W& W TITW, == =2 7 L CHg
Batrolo, BAIFOHEIEEHR (Kimura’s
two parameter distance: K2P) DOFFHE, €7 /L%
P& RFR DOVERIZIZIMEGA6 (Tamura et al.
2013) Z MW7z, DNAT —# _X— R TGk S
T2 HE FLEC I & o F R PR SR 12 IXNCBI

(National Center for Biotechnology Information)
DBLAST (Basic Local Alignment Search Tool)
Wiz, 7ok, Fi4iXSekiguchi (2014) (2
-7z,

FERBLUEE
DNA fEHTIZ X B FEH 5 & RTLERREEIR
4 5 B CTYE L7 16S i FEELS (407-426
bp) & 3 E{ATYIE L7= COl HEHALS (764
bp) % DNA 5 — % ~X— =2 (DDBJ, EMBL,
GenBank ) 2 & &t L 7= ( accession No.
LC731812-LC731819) ., 5 ff{Kko> 16S FElAH]
D) K2P 1% 0.34 £0.20 % SE. 3 {EH{A COI
FCAI D) K2P 1% 0.22 £0.15 % Tdh - 7=,
IS OEIEFE O RIFENERE CBlIE I

Table 1. Collection information, body length (BL in mm), cephalic shield length (CL), cephalic shield width
(CW), and thorax width (TW) of five scyllarine phyllosoma specimens analyzed in this study.

BL CL CW TW

CW/CL CW/TW CL/BL

. Latitude Longitude
Specimen ID Date (N) W)
KY15-2-7-1 2016/1/20  31.00 170.00
KY15-2-7-2  2016/1/20  31.00 170.00
KY15-2-7-3  2016/1/20  31.00 170.00
KY15-2-6-7 2016/1/20  29.59 170.00
KY15-2-6-6  2016/1/20  29.59 170.00

20,0 129 165 7.9 1.28 2.09 0.65
210 133 167 79 1.26 2.11 0.63
212 135 17.0 8.0 1.26 2.13 0.64
215 137 16.7 85 1.22 1.96 0.64
288 169 204 102 1.21 2.00 0.59
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HEDOHFPHIZ N EL D ThH o722 &)
o (Hebert et al. 2003; Vences et al. 2005;
Lefébure etal. 2006; Kochziusetal. 2010) , 4f#
K%z FEfE L & 2 Group-A L EFL-, 5 A
7 16S AN xt4 % BLAST BRERIC LD b v
7t w hE C.ocrenatus TH Y, —ERIL
98.5-98.8 % Tdh » 7=,
Antipodarctus aoteanus (Fi4 72 L) O F &4,
T& % (Chanand Ahyong 2013) ,

_

0.1

Ko COol

. C. crenatus %

—77. 3

51 Galearctus lipkei (LC720598)
_IE?aiearcms sp-A (LC729784)
Ga. yuansi (MT365034)

Ga. aurora (JN701717)
Remiarctus bertholdii (IN701730)
Ga. timidus (JN701721)
Ga. rapanus (JN701720)
Ga. avulsus (INT01719)
Ga. kitanoviriosus (JN701718)
Chelarctus cultrifer (JN701712)
Ch. virgosus (LC632673)
Ch. aureus (JINT01711)
Chelarctus sp-1 (LC632681)
Ch. crosnieri sub sp. 1 (LC632682)
Ch. crosnieri (MZ460960)
renarctus bicuspidatus (JN701713)
Acantharetus delfini (JN566209)
92| Cr: crenatus (JN701705)*
Cr. crenatus (MZ460961)
KY15-2-6-6
KY15-2-6-7
KY15-2-7-3
KY15-2-7-1
KY15-2-7-2
Scammarcius batei (JN701731)
Petrarctus brevicornis (JN701723)
P veliger (JN701728)
P rugosus (JN701726)
P holthuisi (IN701725)
Scyllarus pygmaeus (DQ377973)
— Sey. chacei (JN701734)
Scy. caparti (MT378204)
Acantharctus posteli (F1174910)

76

TR

Group-A

73

Sev. arctus (AF502949)
Secy. depressus (IN701735)
Sey. subarctus (MK421157)

Biarctus sordidus (JN701710)

BoHZ %3 % BLAST MiZZIC L % B

vt MEITF U EHEO Ibacus ciliatus
ThHoToN—EFIT82% LKL, MORET
FTREFEORRR T B TERDN ST, T
— A N2 TR SN TWVDE A I
FH4fE 0 16S K O COI fiddllZ L THMEE LT
tIxzbvHEFoOEI L
squammosus) D FEELY & H VT RETR & 1E
R L7z (Figs.1,2) . 16S ZftHIL, 2 b5

( Scyllarides

Fig. 1. 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.
HKY+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. *Originally
registered as Antipodarctus aoteanus.

Gibbularcius gibberosus (JN701722)

Bi. vitiensis (JN701709)
Petrarctus sp. n. (JN701729)

—‘_lj Bathyarctus formosanus (JN701707)
90
Ba. chani (JN701706)
Eduarctus reticulatus (JN701716)
4’—7: E. martensii (JN701714)
87 E. modesitus (JIN701715)

56 P demani (JIN701724)
79

Ba. rubens (JN701708)

Scvilarides sauammosus (JN701689.2)

Aquatic Animals 2022 | December 24 | Chow and Yanagimoto AA2022-21



81
0.2

Galearctus aurora (JN701672)
Ga. yuanshi (MT364924)
Ga. lipkei (LC720606)
Galearctus sp-A (LC729785)

o

Remiarctus bertholdii (JN701675)
Ga. kitanoviriosus (JF331658)

_|:Ga. avulus (JF331656)
73

Ga. rapanus (JF331657)

[&

95

100

—L

0 Ch. crosnier sub sp. (LC632947)
| KY15-2-7-3

KY15-2-7-1
851Ky 15-2-7-2

Chelarctus virgosus (1X262266)

Ch. cultrifer cultrifer (JX486082)
"h. cultrifer meridionalis (JX486085)

Chelarctus sp-1 (LC632953)
Ch. crosnieri (JX486086)

Group-A

Scammarctus batei (JE411066)

Seyllarus pygmaeus (FJ174965)

60

Scy. arctus (KC789473)

_|:Scy depressus (JIN701679)

Scy. posteli (FJ174967)

Scy. americanus (JIN701676)

Scy. chacei (IN701678)

Gibbularctus gibberosus (JN701674)

Petrarctus holthuisi (EU982696)

74

63

—1_,.

P. jeppiaari (MF468099)

P brevicornis (EU982701)
P veliger (MF468100)

Eduarctus martensii (JN701671)

—1

Acantharctus ornatus (JN701667)

Y

Biarctus vitiensis (JN701670)

————————— Ch. aureus (JF411065)
Bathyarctus chani (EU982703)
Ba. rubens (JN701669)

4'7 Ba. formosanus (JN701668)

Scyllarides squammosus (KX373667)

Fig. 2. 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.

fAER 72 "e A I RBICETHE LD
(2. C.crenatus [Cik b CTHDH T & &R L
TWw5s (Fig. 1) , "7 EAEITER

(Acantharctus) @ 1 fECd 5 Acantharctus
delfini (Fn&4 72 L) BR7 X N\ AEIZERED

e AN TIREEIZ 72 > TV D 23, Genis-
Armero etal. (2020,2022) 12 & % & A. delfini 1X
TZHENE A I ERIZET D AREMEA E
EWVWo, 7THENEAEIZERICITEE C.
crenatus & C. bicuspidatus (7 # /3t A& I =
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) @O 2 FENFLHE STV S (Holthuis 2002;
WOoRMS 2022b) ., Crenarctus crenatus i 2 {#
H (m2—Y—F Fe=a—HL =TT
) @ 16S BlFI7S DNA 77— & _— R TX
I TH Y (IN701705, MZ460961) . 7 ¥
NEAEIZETIE 1 BAEKOBEEND D
(JN701713) , 16S B2 1F 5 Group-A. C.
crenatus, A.delfini BL O 7 e A&Ixt
MDY K2P % Table 2 (Z/x L7z, 7 X\t
A ¥ I v A delfini, C. crenatus [ D - K2P
fi1% 2.63-7.22% T ¥ | Lefébure etal. (2006)
(2K 2 RO & RER O K2P o il
(3.7-6.9%) L kFBteta—E T 5, Group-A &
C. crenatus [ %) K2P fE (1.66 + 0.61 %)
IX. Lefébureetal. (2006) (Z & % H#%¥H D [FIFE
fEAR D K2P O HAE (2.1-2.6 %) LLTIZUL
F5, LL2Rs, fiid L7z X 5 icde ek
TlX C. crenatus O filIfER I N TE LT
(Holthuis 2002) . Group-A & Fg =Bk TEREE &
7= C. crenatus [E] > K2P fi i Group-A @ 5 i
(RO -] K2P fi (0.34 £ 0.20 %) (2H:_ T
K&V, ZD7=%, Group-A i C. crenatus @
WA H 2 VBRI R D EEEEE kD b
DT 2% AraetED @ < (AMWFSE Tl C. crenatus
DOWifE L 72 L, C.crenatussubsp. 1 & 26
%, —7J7.COl it 52 BT Group-A & BLAST
kv 7e v N TH 7z L ciliatus il D ¥ K2P
E1X2145+211% TH Y . Z DOfEIT Group-A
TR R T DG RN T — Z RX—= TN &
EEWT S, SHITT7AAREARIZEREK
VA, delfini @ COI EdFI{E#H A DNA 7 — &
— ZZ1F72 <. COIl &#etsf Tl Group-A 25t

BT 5B PR OBRFIITE R o2
(Fig. 2) ., AHF7ETH 547 COl EFIL 7 &
NEAEIZEREBTEMDTLERD,
Crenarctus crenatus sub sp. 1 O 23 ¥EF AN E %
K0 EECRRTT B 720X, dEREREICR
i} % C. crenatus sub sp. 1 DR DI K& O
REFHY, BIRFHOTDBLETH D,

TERBHYREK

4 5 E{R D {4 % Figs. 3-7 (27~ L7z, Inoue
and Sekiguchi (2006) & Uedaetal. (2021) (2
o T, 4K (KY15-2-6-7, KY15-2-7-1~3)
DIEA B % VI ] (BL =20.0-21.5 mm) (Figs
3-6) . 1 fE{K (KY15-2-6-6) DIEAEEREE VNI
W (Fcikd) (BL=28.8mm) (Fig.7) &)
ELT, VIL B L7z 4 fEkD > B 1 fEk

(KY15-2-7-1,Fig.3) ™% 5 i, ML, AL
XD 3 ERICEEAS TORRERE N/ E |
AR BEO FHENEIL D 203, REICH# M
DIRNTZD VI ] EHE LTe, 25 1 filfg &5
2 fikfy 2 X LzdRREBIC L, &b 5 odeumn
ANCALE T D08 L= & 2 A VI I
1 fify NSRS 2 A Seis & IZIER U v
SUVITALE L, 5 1 Al AR SERI 35S 2 i
Jetin L0 RRBITALE Lo, VI B TIEEE 1
il 8 PN Sl L 58 2 il S K 0 oeRinSfz
B, 5 1AM eI 2 ik i L v
RRRINLE LTz, & 2 A IZS9EITIZITH
Bl EH L, EREITIALE T I

(subrectangular-shape) T &I —CF DA
FRRTH D2, RN DT DNIE T ~ZEH
T %, Tablel ORIEE LV FHHE L7 SHH G

Table 2. Mean Kimura’s two parameter distance (% K2P) (lower diagonal) and standard error (upper
diagonal) between 16S rDNA sequences of four scyllarine species.

species Group-A C. crenatus  C. bicuspidatus A. delfini
Group-A* - 0.61 1.74 0.92
Crenarctus crenatus 1.66 - 1.41 0.80
Crenarctus bicuspidatus 7.22 6.31 - 1.42
Acantharctus delfini 2.60 2.63 6.37 -

*Five larvae examined in the present study. Database accessions are JN701705 and MZ460961 for
Crenarctus crenatus, IN701713 for Crenarctus bicuspidatus, and IN566209 for Acantharctus delfini.

Aquatic Animals 2022 | December 24 | Chow and Yanagimoto AA2022-21



Fig. 3. 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 KY15-2-7-1 collected
in the central North Pacific. Stage VII. BL =20.0 mm. Scale bar = 5 mm (A and B) and 2 mm (C and D).

Fig. 4. 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 KY15-2-7-2 collected
in the central North Pacific. Stage VII. BL = 21.0 mm. Scale bar =5 mm (A and B) and 2 mm (C and D).
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Fig. 5. 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 KY15-2-7-3 collected
in the central North Pacific. Stage VII. BL =21.2 mm. Scale bar = 5 mm (A and B) and 2 mm (C and D).

Fig. 6. 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 K'Y 15-6-7 collected in
the central North Pacific. Stage VII. BL = 21.5 mm. Scale bar =5 mm (A and B) and 2 mm (C and D).
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Fig. 7. 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 KY15-6-6 collected in
the central North Pacific. Stage VIII. BL = 28.8 mm. Scale bar = 5 mm (A and B) and 2 mm (C and D).

CHAEF RO (CWICL) 13 1.21-1.28, HHH
i & iR ot (CWITW) 1% 1.96-2.13, B8
HEFR & AE Dt (CL/BL) 1% 0.59-0.65 TH
T2, 55 MRSEEE VI B CREER ST
(\ZiZE L (Figs.3-6) . VII FACREFEICZET
% (Fig.7) . RE®%ZIZI ST VI CITR
Az 528 (Figs.3-6D) . VI T
Rtz ITE ey (Fig. 71D) . RBHit%#x
IhAEET D, BEABIIEHETH Y, VI
WozoRk I3 EREE (Figs. 3-6D) .
VI $I TR LY L 722 032 OSeimIRH
Bk E+oICBxRBREICEND Z & ixen
(Fig. 7D) .

SHH R AR AR — U CTEARIR & v D
B A I v FSAECRLT AT
HOZ 40y —<hAESRTHLIEFITE LY,
S BT, SRR O M AR I TR
RN IR <L B D RR A 20 mm %
ZHEWVWHIEMEMZD L, %4 T DRk

Tqa = PEOREIIANT A TERES
7= Seyllarus sp.  (Fig. 2in Johnson 1977) | =
2 —Y—7 v R CEEE S U7 Seyllarus sp. Z
(Fig. 10 in Webber and Booth 2001) ., I~V i#
TEEE S 172 S. delfini (= A. delfini)  (Fig. 1in
Johnson 1971; Fig. 6 in Baez 1973) @ 4 fi»3z&
FHh b, B Ak T B (Chelarctus virgosus)
SEPYIEREIC 3 - SR NP UAYIRG 3 IV I
ROROHT G M A BRI L LA T2 (Ueda
etal. 2021; Chow and Yanagimoto 2022b) . i 4
BNZDUNTIEL DNA FRATIC & » THEDSHERE S
NTWD DI TiEZzV a3, Genis-Armero et al.
(2022) W==2—H L F=T#HTHLE L DNA
fiEATIZ & > T C. crenatus Db D & [RE LT- 7
@ 1Y —<HEDFREIX Scyllarus sp. Z & [A]—
Th s E ST 5D, Genis-Armeroetal. (2022)
1% C. crenatus O] Z i L T g7 o
AT 4 BlORKEIASE L g9 5 & B O
JEARIZT Tl <. M deinoflE, R
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Table 3. Body length (BL) and morphometrics (CW/CL, CW/TW, CL/BL) of final stage scyllarine
phyllosoma larvae having subrectangular-shape cephalic shield with straight posterior margin reported to

date.

Specimen Collection location ~ Fig. BL (mm) CW/CL CW/TW CL/BL
KY15-2-6-6* Central North Pacific 7 28.8 1.21 2.00 0.59
Seyllarus sp. Hawaii 2 30.1 133 2.08 0.58

Seyllarus sp. 7° New Zealand 10 18.6-30.5 129  2.52%  0.59*
Crenarctus crenatus? New Caledonia 21.6 1.25 0.53
Acantharctus delfini® off Chile 1 247 1.27  2.19 0.59
Acantharctus delfini off Chile 6 25.0 124 2.07*  0.57*

present study, ®Johnson (1977), “Webber and Booth (2001), Genis-Armero et al. (2022), ¢Johnson

(1971c), Baez (1973). *Estimated from the figure.

R, BEIIRORHE T H KY15-2-6-6 & EE{EL
LTW5, ZhbDRi&HYE L KY15-2-6-6
DOIERERHAIE % Table 3 (ZE#) L7, Scyllarus
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