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

12. Larvae of the genus Ibacus: A review
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Abstract

Eight fan lobster species have been described in the genus /bacus, two of which (/bacus
ciliatus and 1. novemdentatus) are observed in Japanese waters. Complete larval development
in the laboratory has been successfully achieved for these two species. However, the available
information on phyllosoma larvae of these species in plankton samples is fragmental,
insufficient to match with the reared specimens and to elucidate the distribution and recruitment
of the larvae. This review provides a comprehensive overview of the larval development,
species identification, distribution, and recruitment of /bacus phyllosoma.

Key words: phyllosoma larvae; fan lobster; /bacus; DNA barcoding; morphology; larval
distribution; species identification; review
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Haan (1850) 2 & > T Phyllosoma guerini & L

I bF (Scyllaridae) ., 7 F U T B iif}

(Ibacinae), VF U )& (Ubacus) \ZI% 8 Fl
DR SN TEY A FE~EREFEISo
3% (Holthuis 1985, 1991; WoRMS 2022), %+
DHHLHAERIWETIEY TV (U ciliatus) &
F AN F T (I novemdentatus) O 2 Tl
23, 541 (Harada and Holthuis 1965) . Rl 1E
HERA  REE~VEERE, BBV EA
FEE~TEE RIS M T2 L STV D

(Holthuis 1985,1991), HAIZEIT 5V F U =
EEO7 41 Y —<HEICET 5 W De

TR ENTHDHORRYTHY, #Hikd
D XD ITIEERENO Z TV TF UV ED
MELEFEZ BN D, RLIEE TIE Tokioka

(1954) 23 FEK LR B OMFISITH BT S
Wit Ixzefor vy —~hitEry
FUZEDOLDOEHEEL DD Phyllosoma
utivaebi & U T L CLIRE, RIRTRES N
ToREAR CRANMEAR) R E TR LI ZEA (f
BIEA) ZHWIARE, TRRECHE T A PE IR
T AN ER &4 CVWW 5 (Harada 1958;
Saisho and Nakaharal960; Shojima 1963, 1973;
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Tokioka and Harada 1963; Dotsu et al. 1966a, b;
Johnson 1971; Takahashi and Saisho 1978; #AH
5 1987, 1988; t~H « 1)1l 1989; Mikami and
Takashima 1993; Mikami et al. 1994; Inoue et al.
2001; Saito 2004; Motoh 2005; Motoh and Doi
2009; Motoh et al. 2012; Wakabayashi and Tanaka
2012; Wakabayashi et al. 2012a, b; Kamio et al.
2016; ##k 2016; Wakabayashi et al. 2016a, b; #5
#K 2017; Wakabayashi 2018; Ota and Wakabayashi
2020; AFF2022), 7z, #HAETIE=2—
— 7V RBREBEIOA—A T U T HETR
LINTTF U ERBIDEDORREARL LU
BB EARICET 2 #5235  (Ritzand Thomas
1973; Phillips et al. 1981; Atkinson and Boustead
1982; Marinovic et al. 1994) . =D 9 b [
alticrenatus & I peronii TITZ < Ih/F CHRES
AVIC RIRAEAR 2 IV TR 1 I & el
ETEHOFEAERM ) AfESATHD

(Ritz and Thomas 1973; Atkinson and Boustead
1982), 7272 L, RAREARDOHER & L TR
fEFC[AE STV D DI Tid/e < | Ritzand
Thomas (1973) (Z X % I peronii O 1 #] & ik
HishA (VIT ) 1% Atkinson and Boustead (1982)
DL U7z L alticrenatus DH D LY A AT
SRETHLRBPTWA Z ERERsTnD

(Marinovic et al. 1994),,

UFUTREEAFNYF U ETIEEE T
IZBWTE 1 MIshAED Dkl T —HEn 3
EBFENHE SN TR Y, #iE T v #1H
ZUME VI, #4E Cit VI B 50 i VI
HDHENBEIN TS (Takahashi and
Saisho 1978; #2 H - (LIl 1989; Mikami and
Takashima 1993; Wakabayashi and Tanaka 2012;
Wakabayashi et al. 2012b, 2016b) ,

HARFUC BT D 2 FEOLED B
FEIXRF ISP A I3 W) THR O TRV (Johnson
1971; Shojima 1973; Inoue et al. 2001; Inoue and
Sekiguchi 2005), —% . Z < i/ Tl Shojima

(1963) 75 Kl ¥k T OEAAT 2 V7oA T
IV #6503 V I b ROy FU e

WA % 85 ER% L. Shojima (1973) & [REAEIC
R TAANTF IO IH, IV H#], VI
W AEZ B L T 5, £72 Dotsuetal. (1966b)
AR R RIFICB W TREN S I VI # &
EBERONDNELEEEBNE (DF VL),
EENGIZVHIEE Z b DA & EEHL)
B (FANTFUEE) ZHRELTVD, hF
28T DV F U EBINEDTREFNZONT
13 2 AL 5 PAAMT & R SEPEA C U3 e IR DL
(Tokioka 1954; Tokioka and Harada 1963; Saito
2004) . HAMERITIZILIEREIR (85K 1979;
Sakai 1998; Motoh 2005; Motoh and Doi 2009;
Motoh et al. 2012; Ota and Wakabayashi 2020) T
WEFINSLMFELETREMTHD, F
AL DIEREHI 7 4 1 Y —~ S ED AR
LA BT S IChT o T, UF T L
FANTF T T8O RKDEREARITFH A
ZBNWTORNZ LTz, —E#OFA B
DIFRENE WA > T 72\ (Table 1) &5
TR TEREMANTH D, HAMEM & R
BAFE TREHISNE D BB RE SN TND D

Fig. 1. Ventral (A) and dorsal (B) views of whole
body, anterior part of cephalic shield (C), and
posterior part of abdomen (D) of a final stage

phyllosoma larva (D10-2) of [Ibacus
novemdentatus collected in the East China Sea.
BL = 30.0 mm. Scale bar =5 mm (A, B and C),
and 2 mm (D). Large and small spines on the
longitudinal crest are indicated by white and
black arrows, respectively.
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. NI AT L S U Wz,
& D \VNIR S O EPEINIECTHE L 729 E D3 ik
ELlbvicdbh~btksnsicdlnoiz
AR &7 TV % (Motoh and Doi 2009;
Motoh et al. 2012),

Ferlx, TR cRESNT-EI
ER T v Y =< WEORRIERFTOTU
TUEELERAOLNLEEK (FEAFES : D10-2)
ML (Fig. 1), ERE#IZE LU DNA 43471
BT ZAFANRYF U THDL I &
DRENT (HTHIE EAERITHE 1 28),
AR TILZ OEAR L E O, BUEE TITiTH
NTELUTF UV ZERNAEDOHESIERE, 4
BT DA Je e 2 H P U 5.

1. 74 vy —<HKLRE

Johnson (1970) 2V, F&iEE L -l %
BT 5BMARKIE Lz, BIfEE Clody
SNTWDLUFUTERINEIZEIT DA
Belg (1) TOMRKEZ Table 1 I[ZEH L7z, &
BENTSHME LIS EE2EREE CHE LA
17 U = v (Takahashi and Saisho 1978; #AH
5 1988; A H -+ )il 1989; Mikami and
Takashima 1993; Wakabayashi et al. 2016b) . 4
A3 F U ¥ (Takahashi and Saisho 1978;
Wakabayashi and Tanaka 2012; Wakabayashi et al.
2012b) . I peronii (Marinovic et al. 1994) @ 3
Tho, £lo. RBEARZANT I b
BAEH F T—E DI A B 1. alticrenatus &
I peronii THE I TV % (Ritz and Thomas
1973; Atkinson and Boustead 1982), —J7. K4X
ERTOYF UL EAANTF U EHE
DIEREZEFLHR L TV D 61X rE > THRE &
Nl A"y F U vV #4504 (Johnson 1971)
ERIFETHRESNIZA AN TF UL 11,
IV, VI #%h4 (Shojima 1973) LIAMTIEE A
I ©H 5 (Tokioka 1954; Dotsu et al.
1966b; Sakai 1998; Saito 2004; Motoh 2005;
Motoh and Doi 2009; Motoh et al. 2012; Ota and
Wakabayashi 2020) ,

7B 123V T Takahashi and Saisho (1978)
X7 v Y —<HKiconTyFUERn
VII #], A4y F el VI HTHD &
L., VFUZETIE VI HTH ORI
D—2ThHHFENR LN, Zhed HHEE
WD EHmELTND, FaH - (LI (1989) &
Mikami and Takashima (1993) & [REAkIC YT U
T EIZHEWT VI #ld 5 0% VI #6248 08
TOEAERH D Z EEBEL WD, —H,
Wakabayashi etal. (2016b) (X7 F V=t ® VII
S AEITIZEELAMC R & RIBRE AN 2 1
SHE24HE (nstar) HDHEEFRL, 245
HIZRENRNE T D RMEOGEITH BT 54
MR 7 BepE & 38 2 Tu> %, Wakabayashi et al.
(2016b) 1Tk VII #] 2 FHSNEDKEIL,
Takahashi and Saisho (1978) T X A fE A
VI #IRM&H & LTl S Tn a2 ofl
DRIRNEIFEARDRR & L<FHFET 5 (Table
1), REH 5 Wrd 41X, Takahashi and Saisho
(1978) 2& % VI & Wakabayashi et al.
(2016b) (2 XD VII i 2 5 HIFMFEITH 5
£ 912/ 25, Takahashi and Saisho (1978) 1%
VII #1 & VI Bigh AR o 2R 2 ) <D
METTND, 095 BB R &
EZHND5 O 2 /NEVIIH TV 58
VII TH7ZSRIZIER) . & 1 5 (VILHIT
TR VI TR J6 IOV 3 F (VT
T 558, VI T6458) Thb,

fiE FIZ3V T Wakabayashi et al. (2012b)
IFAF N F U EHAEIC VIL M e 5 &
HELTWDR, VIS OEENEY TH A
9 EFEZTWWD, Table 1 Tl Dotsu et al.
(1966b) . Shojima (1973) , Motoh et al. (2012)
BLOEADOF AR FUZE (D10-2) Dit
WIS EZ VI & Lz, hETIEZRS
DKM AEE VI L LziE o n
Wakabayashi et al. (2012b) D D L FA VT
%Y . Wakabayashi et al. (2012b) 23 hNAY7:
GHE LA AR F U ED VI ] (KR
34.74mm) (Table 1) 1% E D FRIREEAR D ek
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Vb RENZ &L VIHIAMINA 51T
b5 Z L &I FFT 5, £7-. Inoue and Sekiguchi
(2005) I THETRE LA NTFU
TEhAE VI Bl LTnha R, (hE (177
mm) HIEVHFY TH D, S 512, Shojima
(1973) IZk 2 A AT F U O RKINE
AR L O ENAEAROHRNIARM (Fig. 4
in Shojima 1973) 21XV i3 E< | VIHiZ V
H, VII 1% VI #1& L7215 2% Wakabayashi
etal. (2012b) DFER L BEEMENH 27217 T2
<. EREh#E S LY BARICRZ %, Takahashi
and Saisho (1978) IZ L B A A NTF T LY
AEDOREIIHIANIOWE LV H > TN D,
SMEFEDOFE Ti. Ritzand Thomas (1973) 73
L peronii \IZ VL #l& 5 & L, VIH & VIIH &
HIT RS FEE LMRELR H  EREIT VI ]
MBI 5 A L TWb, —F. Marinovic
etal. (994) 1% I peronii IZIZ VIS D & L,
Ritz and Thomas (1973) (2 & % VII #l1XBIFE (1.
alticrenatus) O DT D AREMENE WD &
% FEHi L T\ 5, Atkinson and Boustead (1982)
1% 1. alticrenatus Di#&H 4 VILHI & L, VI H]
THRATID D NMFEN R OND Z L%
HAE L T b, Marinovicetal. (994) O¥fEN
ELWET 5L L peronii 1213 VI #1, L
alticrenatus (21X VI Wl 5 Z L1272 %, Table
1 "G Phillips etal. (1981) (Z & % Ibacus sp. a
DEAINAEE VIL & Lo, Zhd KK
EATHDLZOEEO L ZAFIFRHATH S,
UED X527 4 vy —<HEHEIZHOW
TIHEEAP LRGBS TEY . BAJE
DB TORY A XL HICHBRIEOEE L
ZF D2 EDREEILTUVWD  (Shojima 1973;
Takahashi and Saisho 1978; Wakabayashi et al.
2012b), F7z. HARRBTHERERFIZL -
Tl Wakabayashi etal. (2012b; 2016b) 73 /~I1£
LTW5 &9 2 fHMegs B3 e 2 mlRetk
xHd, VFUVTEEAANNTFUTEL G
(RN EICET D HEROEFENLETH D,
Jif 5 \Z -2V T Takahashi and Saisho (1978)

X7V EREE L CyF U LA AT T
VT AL L, BRRICET D HEAH
HTS58-79 H, BET65-72 HTh-oT= Ll
HLTWD, AT FA A LG A HNT
UF U EH T LR - (L)1 (1989)
bEU LA FEEZREL WD, &6
Wakabayashi and Tanaka (2012) & Wakabayashi
etal. (2012b,2016b) IV F TV LA AT
FUTEHENT T TEOHBZEEL T
R -ARETEDILEEMDTHEIEL, VTV
TETI 65-70 Ak, AANNTUFUTE T
M1 r HERICERT D 2@ Lic, ¥
FUZENETIIT YU, A A FELREL
7236 (Takahashi and Saisho 1978; #AH ©
1988; faM - )11 1989) &2 Z SR A KET L
72354 (KA H 5 1988; Wakabayashi et al. 2016b)
THEHICBIT A RRICRERER I o7
(Table 1), 7H VU Zfaf LA AN F U
EHAEITRARERLDHALNIT/HI W
(Takahashi and Saisho 1978), —F5. 7 7 7%H
AR LA AN F U e AEDOEREIXT
B+ VU &K€L 7= %4 (Takahashi and Saisho
1978) K OB RE < RAEAR L btk
3720 (Wakabayashi etal. 2012b), LA ED &
INCUFUTEHHIIE > Tr 7/ HITEE,
BICTH D Z LIFRENRVD, FicA Ay
FU T EYEIC L o TUIRESCHESS T o
HBLICRKRE S BEZ KIFLTWDH LI TH D,

2. UF U LAFINRTF T ELEDH
il
U F U T E RO R RHEUI IR E A
% (bilobed) ToH V., FIHNZITI AT ¥ M
(pumpkin-shape) PO K & & b ) »F8
(apple-shape) & 72HZ L ThHDH, VFUTE
& FFifiFl (Theninae) DV F VT EE FFJ§
(Thenus) 1XRFMHNCIX Y F U VR &tz
TIERWA, SEDOREIZ Y F VT CRHE
ERTWD, L LM 2 THELLH
32 X 9IS KR WaEmg & B S hE oD b

Aquatic Animals 2023 | August 7 | Chow et al. AA2023-16



%5 MOS0 58 R
HNdHD,
UFUTEEFANTFU T EYEDEIE
EBREIZ BT 5P REAZIZ DU TlE Takahashi
and Saisho (1978) 73 I #17> & fefb ] & C il
DEE DA DV TEHIZ IR LT 5203,
F AR F U EHEORE Z RN LTV
W2 D R FHT PR [E A3 & %, Harada
(w%)ﬁ?%via®ﬁﬁ%$1%%$i
LTWaHn, B+ H5K912 XA AT
FUx I:“O)Aj]@é’(“&)of:ﬁfﬁb‘l‘{iiﬁly%b‘o Dotsu
etal. (1966a) 237 F U= & OfRFEHHAE 1 HH
5 11 #, Saisho and Nakahara (1960) 7237 F
U T EOFRBESHE TS IV ], Dotsu et al.
(1966a) XA A/N\TF U OELAE 1 H]
O IVHIE CORREBEHRE L T D, RIRKIE
ARTEYF U EDRMKILEICONTELS
DWMENRHY . AANTF U EOEEHL)
EIZ DUV TIE D10-2 % 8 Dotsu et al. (1966b)
L Motoh et al. (2012) 2L DHEND D,
Takahashi and Saisho (1978) X ifEL)E DL HE
72L& LTIRE, »EEF'ﬁBHIJr%E?&n‘%q:‘ﬂ%ﬁB@%

\ZHAR 7n 7

S F AR & i P i o k. SRR A
DR, ERICKHT 2R RO, 8%
& AT B ONERMR, 5 5 Ml & 2 Dok
DIFEFLE 22517 T 5, Dotsu etal. (1966a)
IFERRAZROTEH T, Table 1 ITHRSN
T3 LI ICHREIZ L - THEO KB DK
RH#IICERPRE LS, —EDOMEM A 720
720, MOBEIZOWTHAEE THE SN
BHWERE L) A TEHITLICEDELD
7=, TEREDMEMIX Table S1 ICF & H=H D
A Lo, M. RS T OERRKITEE R
XD EE LK TH 5,

1# (Figs. 2,3)

SHH AR - M CEE R ERITA O
W,

SE % 4% HH UL - Harada (1958) O 7 F 7 =
EAE TR ~E AT S (Fig. 2A). — .
Saisho and Nakahara (1960) , Dotsu et al. (1966a)
Takahashi and Saisho (1978) (Z&L BV F U E
AR TIEHE ST~ T 5 (Fig. 2C, D, F),
A AN F U = LA OB ER i T SR

D E

Fig. 2. Stage I phyllosoma larvae and 5th pereiopod of Ibacus ciliatus (A to G) and 1. novemdentatus
(H and I). A, B: redrawn from Harada (1958); C: redrawn from Saisho and Nakahara (1960); D, E:
redrawn from Dotsu et al. (1966a); F, G: redrawn from Takahashi and Saisho (1978); H, I: redrawn
from Dotsu et al. (1966a). A, C, F: dorsal view; D, H: ventral view.
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AT ~BAT % (Fig. 2H)
AP R R & A B O B B4% : Harada (1958)
DY F T YA TITBEFEAZA N 1 K
\2Jm < (Fig. 2A), —J7. Saisho and Nakahara
(1960) (Fig. 2C). Dotsu etal. (1966a) (Fig.
2D) . Takahashi and Saisho (1978) (Fig.2F) @
VU EAETITE RS 3 FERIC
Ji<, AANTF U A CIIEER % %
251 s < (Fig. 2H),
55 5 i & Z DA D 7 EFRE  Harada (1958)
DUFU T EHETIEE 5 IR < 4 o4
6725 (Fig.2B), —77. Saisho and Nakahara
(1960) . Dotsu et al. (1966a). Takahashi and
Saisho (1978) O 7 F U = L4 TILE 5 Ml
X EiE9 4V (Fig. 2C, E, G), Dotsu et al.
(1966a) DA A/NTF T T ELhAEDE 5 falf
X 4 #5720 (Fig. 21), Takahashi and
Saisho (1978) DA AU F U T EHhAETILS
SHEI D7D, SMEIZ DWW TE Saisho and
Nakahara (1960) @ 7 F U = B 44 T3 ME <
(Fig. 2C) . Takahashi and Saisho (1978) ® v
FUZEHETITERTH D (Fig. 2G),
Harada (1958). Dotsuetal. (1966a) ®©vF T
= %4 (Fig. 2B, E) 35 & Y Dotsu et al. (1966a)
DA F R F Uz e (Fig. 21) TIFAER
RRFEL TV D,

0.95 7

I'4
]
(o]
O
0.85 1 Co
= o
= o]
3 ’
L ] e O
0.75 . ° .
o®
[ ]
0.65 : . ‘ ‘ . . . :
2.0 2.4 2.8 32 3.6
BL (mm)

Fig. 3. Ratio of cephalic shield width to body
length (CW/BL) plotted against body length (BL)
of stage I phyllosoma larvae of Ibacus ciliatus
(closed circle) and 1. novemdentatus (open circle).
An arrow indicates Harada’s (1958) phyllosoma.

R 2 B E0E O b (cephalic shield
width/body length: CW/BL) (Fig.3) : v F U=
ESh A T3 0.689-0.911 (4 0.756 £ 0.058 SD) |
FANYF U ELAETIE 0.803-0.888 (F-
0.836 £ 0.044) ThH V., AEMLAENALNIZ
(student’s t-test, p<0.005) , Harada (1958) @
UFU T EYEOHBBEEICREVEERT
(CW/BL=0.911) (Fig. 3 arrow),

I1# (Figs. 4, 5)
SEFFERRIRR U F U = 44 TlE Dotsu et al.
(1966a) 12k 5 1} (Fig. 4C) LIS CI
AT ~Z2H U722V (Fig. 4A,E), A AN F U
T B TIIRITT~ZEHT 5 (Fig. 4G).
SHR R RES . v F U EHETIIR S
~RRRZET 5 (Fig. 4A,C,E), AR F T
T EHAETIIRTT~NEAT D (Fig. 4G).
SHA%G & MBI O ERG - v T U=
A TITEHR I # RN S 3 S AE S (Fig.
4A, C,E), A AT F U Ll TR
BixANE 1 iicizEST 5 (Fig. 4G),

Fig. 4. Stage II phyllosoma larvae and 5th
pereiopod of Ibacus ciliatus (A to F) and L
novemdentatus (G and H). A, B: redrawn from
Saisho and Nakahara (1960); C, D: redrawn from
Dotsu et al. (1966a); E, F: redrawn from
Takahashi and Saisho (1978); G, H: redrawn from
Dotsu et al. (1966a). A: dorsal view; C, E, G:
ventral view.
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%S Mo & F 0T DR EFRRE © Dotsu et al.

(1966a) DU F U = LG AETILE 5 ML 4
S EIN S 72 % )8 (Fig. 4D) | Saisho and Nakahara
(1960) (Fig. 4B) & Takahashi and Saisho (1978)
DTFU T EHETIEE 5 KT 5 5~
72% (Fig.4F), A4\ F T D 5 Hght
1% 5 558N H 72 5 (Fig. 4H) . AMIC W TR
MR B 2 2 R IT R o7 (Fig. 4B, D,
E,H), L. 55 5 WD TIREei: L2,
REATKI T 25RO b (CW/BL) (Fig. 5) :
7 F U T BTG TIE 0.740-0.799 (¥ 0.767 £
0.019SD), A A\ F U AT 0.820—
1.007 (%5 0.922 + 0.066) TH 0 A E /RN
F.b417c (student’s t-test, p < 0.001),

1.05 1
o]
O
0.95 1 ©
- °0
S
7 0.85 1 o
o]
L ]
. $ o
0.75 1 L . .
3.7 4.1 4.5 49

BL (mm)

Fig. 5. Ratio of cephalic shield width to body
length (CW/BL) plotted against body length (BL)
of stage Il phyllosoma larvae of Ibacus ciliatus
(closed circle) and 1. novemdentatus (open circle).

I # (Figs. 6,7)

SHHERRIRR © U F U = B A TIERETE ~D %
H2SBEZE Tl < 5 2 filf JLE R & o BlhiA
BT (Fig. 6A-C), AN F T EEh/AE
TIEATGT ~DOZRHNBBEET 72 0 5 2 il BT
il & OEIFVAZ DL 725 (Fig. 6D),
SRR R LSS - v F U T B AETIIR S
~RRZET 5 (Fig. 6A, B, C), A AT F
U B OB R T B II AT A~ A
9% (Fig. 6D),

SH H R 4% & AT IR o7& BA4% ¢ Saisho and
Nakahara (1960). Dotsuetal. (1966a) 75
U B A TIREA S A5 1 M s 2

72 73 (Fig. 6A, B) . Takahashi and Saisho (1978)
DOUFUZEHETITmL (Fig 6C), A A
U F U T E YA TR R ANE 2 MRS
i< (Fig. 6D).,

A ; ;

Fig. 6. Stage III phyllosoma larvae of Ibacus
ciliatus (A to C) and I. novemdentatus (D). A:
redrawn from Saisho and Nakahara (1960); B:
redrawn from Dotsu et al. (1966a); C: redrawn
from Takahashi and Saisho (1978); D: redrawn

from Dotsu et al. (1966a). A: dorsal view; B, C, D:
ventral view.

Rk 28R EE Ot (CW/BL) (Fig. 7) :
7 F U T BGhAE TIE 0.773-0.841 (¥ 0.807 £
0.024), A AN F U T AT 0813
0.998 (“F#50.931 +0.077) TH Y HERZEN
R0z (student’s t-test, p <0.01),

1.05 4

o)
e
0.95 4
_
a
= o)
Q
0.85 .
b .
e® L ©
* .
0.75 . - - .
4.0 5.0 6.0 7.0

BL (mm)

Fig. 7. Ratio of cephalic shield width to body
length (CW/BL) plotted against body length (BL)
of stage III phyllosoma larvae of lbacus ciliatus
(closed circle) and I. novemdentatus (open circle).

Aquatic Animals 2023 | August 7 | Chow et al. AA2023-16



IV # (Figs. 8,9)

SHFERATE « v F U = A TIERIT~ D%
SRR CldZe < 55 2 filf L & o BIiviA
HITE (Fig.8A,B), —hH ., AT F U
ESAE TR ~DZE N EHE TH D 5 2 fil
£ EEERH & OBIFIAZ 3 (Fig. 8C),
SHR ISR &t vV F UV EhAETIEZ O
TR A U (Fig. B, arrow) | & #BFEE AR
Rz 3-4 oFEwELR NS, AANNTTFTUT
EGh A TIIRER AR DY 220,

Fig. 8. Stage IV phyllosoma larvae of Ibacus
ciliatus (A and B) and 1. novemdentatus (C). A:
redrawn from Saisho and Nakahara (1960); B:
redrawn from Takahashi and Saisho (1978); C:
redrawn from Dotsu et al. (1966a). A, B: dorsal
view; C: ventral view. Arrow in B indicates
longitudinal crest.

SHHE iR - T U = U AE IR
~RREH TS (Fig. 8A,B) A ANRNTF U
E S AE DB i R EBIXAT S ~BAT S
(Fig. 8C),
SRk & AT B B o i & BE4% : Saisho and
Nakahara (1960) ® 7 F 7 = & 44 C X8 F
itk 1 Mc)m < (Fig. 8A). — 7,
Takahashi and Saisho (1978) @ v F U = v 4h4:
TIXF % &Z A 2 Mz s < (Fig. 8B).
F AR FU Y TIIEERE %GNS 2
Moz 7% 5 (Fig. 8C),

REATd 2 BHEE o B (CW/BL) (Fig. 9) :
7T U T EHAE TIE 0.844-0.944 (-1 0.897 +
0.036SD), A AT F T EhAETIE0.811-

0.964 (¥ 0.916 +0.053) Th VA AL
x> 7= (student’s t-test, p > 0.05),

1.00
o
0.95 1 .
OO o
5 e © .
E 0.90 1 L]
Q
.
0.85 1 .
0
0.80 T " T T r - : . ‘
6.5 7.5 8.5 9.5 10.5
BL (mm)

Fig. 9. Ratio of cephalic shield width to body
length (CW/BL) plotted against body length (BL)
of stage IV phyllosoma larvae of Ibacus ciliatus
(closed circle) and I. novemdentatus (open circle).

V# (Figs. 10, 11)

SRR : v F U EHETIRRTT A~ D2
MBESESEDIZ72Y | 5 2 il & o
UiaAA bR 72 % (Fig. 10A), A7 F
U = ENAE TR~ & DICZEH LRI AL
DIX DRI IZET 5, (Fig. 10B),
SHAMERCAR & o 0 T U = B Sh A TIEHR
MR EOSRHE AN 6-7 T2 5, AT F
U EHAETIEZ O THRERNAET, %I
PR B2 12 OEEA R 5D,
SHFERR G GRS - 7T U = e ShA TIEZEH
NWNEL 2D, TANRTF U EHEDER

Fig. 10. Stage V phyllosoma larvae of Ibacus
ciliatus (A) and I. novemdentatus (B). A: redrawn
from Takahashi and Saisho (1978); B: redrawn
from Johnson (1971).
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L R R ~ KR E B AT D (Fig.
10B),

SHHE iR & RO ERG : vF U=
YR CIXBER iR 23 2 Mz e < (Fig.
10A), —JF. AANNUF T4 CILER
%NS 3 M A% S (Fig. 10B),
TR T 2BHAAMEO, (CW/BL) (Fig.
11) : vF U= EhAETIE 0.851-0.922 (F)
0.881+0.026 SD), A AU F U T YA TlE
0.818-1.029 (*F-#J 0.934+0.104) TH VA&7
1Z72 7> 7= (student’s t-test, p > 0.05)

1.05 1
o
o

1.00
— 0.95 1
S .
%wm

o *.°
0.85 1 4
o}
0.80 " " . : )
9.0 11.0 13.0 15.0 17.0 19.0
BL (mm)

Fig. 11. Ratio of cephalic shield width to body
length (CW/BL) plotted against body length (BL)
of stage V phyllosoma larvae of Ibacus ciliatus
(closed circle) and I. novemdentatus (open circle).

VI #] (Figs. 12, 13)

FANRTF U EED VI L SN D
TG STV,

FEFERTE . v F U e A TR~ DR
HA S BICBAE IR VIR ET D & &
HITH 2 A LM & OUIAR S VLD
W<72% (Fig.12), —hH. ANNUFUTEY)
AETIERIT~ORHPR LV BFETHY . IRIA
FEOIX 2 HIFISET D,
SHFERMERCAR & o 0 T U = e ghA Tkl
FRETIRIZ 1 ;O E#HE 2 A S (Fig. 12, arrow) |
HEREEAR EOSEHR AL 8-10 I X 5, A4
NG F U EHETORE MR EIEE LI
3-4,

SR G R IRES © U F U = A TIEOR
i ~NBAT D, — . AT F TS,
ETIHRIHT~DOBAITE L KEW,

SHF A& &R O ERG : vF U=
A CIZBEH %A 3 Ml 2% > (Fig.
12), AT F U T EH A TILEE R %
%4 N ET 5,

R 2BF gD (CW/BL) (Fig.
13) : U F U AT 0.745-0.879 (CF#)
0.809+0.058 SD) , A A/ 37 F U AT
0.734-1.038 (°F-#J 0.915+0.160) T 0 457
17272 7= (student’s t-test, p > 0.05) .

Fig. 12. Stage VI phyllosoma larvae of Ibacus
ciliates redrawn from Takahashi and Saisho
(1978). Arrow indicates a large spine at the anterior
end of the longitudinal crest.

1.10
je) o]
1.00
o]
= o
£ .90
= . 5
O
o O © O
0.80 | o Q o
] o .
0.70 : : —ao 0
13.0 18.0 23.0 28.0 33.0
BL (mm)

Fig. 13. Ratio of cephalic shield width to body
length (CW/BL) plotted against body length (BL)
of stage VI phyllosoma larvae of Ibacus ciliatus
(closed circle) and I. novemdentatus (open circle).
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CW/BL

Fig. 14. Stage VII phyllosoma larvae of Ibacus ciliatus (A) and 1. novemdentatus (B, C). A: redrawn
from Takahashi and Saisho (1978); B, C: redrawn from Dotsu et al. (196b). A, C: ventral view; B:
dorsal view. A large spine at the anterior end of the longitudinal crest and a smaller spine behind are
shown by white and black arrows, respectively. Serrations at the posterior part of the longitudinal

crest are shown by asterisk.

VII #] (Figs. 1, 14, 15)

SHREHIRR : 7T U = EHAE TR~ D%
28 S BT T2 0 5 2 fiify B & o)
AT b S HIZHELS 725 (Fig. 14A), A AN
UFU T EAETIERTS A~ DRI LY B
THY ., IRHESOIZ L0015 ICET D E L
HIZE 2 il R & OUIARIZT Y F U =
S L VW (Figs. 1, 14B, C),
SHFRMERAR E o 0 T U = e gh A Tl
FRATEGIC 1 PO B, #EbEE# B2 9-11 @
AR OND, AFNTF U EHAETIE
e B BRATEG I | XEO B & 2 D% I 1 %t

1.05 5
0.95 1 o
A
J 0 A A
0.85 o o] a o A “‘ N
% o A A
0.75 1 aa 4 a
e it
™ A 4
0.65 1 N
°
0.55 T T T T ; T |
25.0 35.0 45.0 55.0
BL (mm)

Fig. 15. Ratio of cephalic shield width to body
length (CW/BL) plotted against body length (BL)
of stages VII larvae of Ibacus ciliatus (closed
circle) and I novemdentatus (open circle), and
stage VIII larvae of I ciliatus (closed triangle).

D/ (Figs. 1, 14B, arrows) . & #BFEEAR L2
7-9 OFEHE R 53D (Fig. 14B, asterisk) .
SHFRE GRS T U = A TIIR S
~OTPICENT D, AN F TG
TR ~KREEBAT S (Figs. 1, 14B),
SHFR%G% & AR ONLERGR - v Ty
YVECIIBHR SR 3 M4 & 5> (Fig.
14A), A AN F U T S TILEE P %%
D5 Ml A7 5 (Figs. 1, 14C),

R 2B g O (CW/BL) (Fig.
15) : U F U BG4 T 0.595-0.823 (P
0.700£0.074 SD) , A A\ F T = EHAETIE
0.705-1.039 (°F-#4 0.830+0.094) T » A& 72
ZZMH BTz (student’s t-test, p < 0.01),

VI # (Figs. 15, 16)

THH S HIT#% : Takahashi and Saisho (1978) |2 X
% U F U T A TIERTT ~ D5 SR &
KZ720 )8 (Fig. 16A) . Tokioka (1954) . Dotsu
etal. (1966b). Saito (2004). Motoh (2005).
Motohand Doi (2009). Motohetal. (2012) T
LU F U EHATIIE HICZEH LR
EOIX DD HIAICET D (Fig. 16B,C),
SRR LR & - RSP BIZ 10-12 O
a2y L 5% (Fig. 16A, B, asterisks) ,
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PR IES - BT~ TR 5
(Fig. 16A, B),

SHH i fx & AT IR DAL 8 BAfR - BEH L i
WNEE 3 M A D HDVIEE 4 M )E <
(Fig. 16C) ,

R 2BH gD (CW/BL) (Fig.
15) : v F U= VI #HE4ETIiX 0.637-0.889
() 0.789+£0.068) ThH W 7 F U =& VII H#]
ELITERRZENR LN (student’s t-test,
p<001), AANNTFUTE VI #gh4d & i
BZENRD > 1= (student’s t-test, p > 0.05),
b, vF Uz eAA "y FU i
MO RERZE R & 5|52 L7223, Harada (1958)
kD UF U I MgERT Aoy FU
T AR & R RINICE R D, B R R
BRI ~BAT D, B MEZEE 1
W2 <. PRERROFSEE L7255 T 4 A il
57225 CW/BL M FFEAIIZ R Z 1 (0.911) (Fig.
3, arrow) . & WD ZOEIROR BT A AT
FUTEHEDORME —ET 5, Saisho and
Nakahara (1960) . Dotsu et al. (1966a) . Takahashi
and Saisho (1978) (2L 2 U F U= b 1 44
DB EB R LB 7 ~22 ) L2 5 Ml

(X5 #2372 (Fig. 2B-F) , Dotsu et al. (1966a)
% Harada (1958) v F Ut [ HighEN A
FNTF T YRS 2 L AR L
TU\%, Harada and Holthuis (1965) (X~ T
FANTFUZERHRIZEGMT DI LN
R S ALHLARNCIX, U F UV B DHN A6
THELEEZLN TV, FD7-% ., Harada
(1958) 2L 5 1 HgEIEA AN F Iz
ThoTerlighErd b, ZORBEEL, Bl
EE THE SN T WS A OFEFHR O
HTZhb 2 FEAEEICHRTE DR EE
Table2 ICEH L7z, ZNH2HOT7 11/ —
~ AL, SR AT IS L OVE A %
ORI, BB EERE & AT B OAE R,

S MO ERE (1 HoA), FEF Y
Pefdt Lot IV HILEE) Z/Matd 22L& T
HBITE D, LOLRBL, 2D OO
ZAIEHBEANPLELNTZLDOTHY , K
SRINAAEA TIL 3 D 3 A BEPE D T e R s
fii> TWZRNZ & FPE TR K9 1T fE
EOMIEICER R D DR L H D Z 0D
RIRNEIZBT HIEROEPMLETH D,

Fig. 16. Stage VIII phyllosoma larvae of Ibacus ciliates redrawn from Takahashi and Saisho (1978)
(A) and Dotsu et al. (1966b) (B and C). A, B: dorsal view; C: ventral view. Arrows indicate a large
spine at the anterior end of the longitudinal crest. Serrations at the posterior part of the longitudinal

crest are shown by asterisks.
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Table 2. Selected morphological characteristics to discriminate larvae of Ibacus ciliatus and |.
novemdentatus. CP*: cephalothorax.

stage  morphological characteristics I ciliatus 1 novemdentatus
| posterior central margin of CP*  slightly projecting posteriorly concaving anteriorly
posterior margin of CP reaching to the 3rd maxilliped reaching to the st pereiopod
Sth pereiopod short and no segmentation 4 or 5 segments
exopod of 5th pereiopod none or bud extended bud
11 anterior margin of CP not projecting anteriorly projecting anteriorly
posterior central margin of CP slightly projecting posteriorly concaving anteriorly
posterior margin of CP covering the 3rd maxilliped reaching to the 1st pereiopod
5th pereiopod 4 to 5 segments 5 segments
m anterior margin of CP slightly projecting anteriorly eminently projecting anteriorly
central margin of CP projecting posteriorly concaving anteriorly
posterior margin of CP reac]_ung or not reaching to the Ist reaching to the 2nd pereiopod
pereiopod
I\Y anterior margin of CP slightly projecting anteriorly eminently projecting anteriorly
posterior central margin of CP slightly projecting posteriorly concaving anteriorly
posterior margin of CP reachlng o the I*or 2nd covering the 2nd pereiopod
pereiopod
longitudinal crest of CP present with 3 to 4 serrations absent
A% anterior margin of CP projecting anteriorly eminently projecting anteriorly
posterior central margin of CP slightly projecting posteriorly eminently concaving anteriorly
posterior margin of CP reaching to the 2nd pereiopod covering the 3rd pereiopod
Jongitudinal crest of CP 6 to 7 serrations at the posterior 1 to 2 serrations at the posterior
part part
VI anterior margin of CP fﬁ?gg;ngf; :;:1(1)11;?1; reaching to eminently projecting anteriorly
posterior central margin of CP slightly projecting posteriorly eminently concaving anteriorly
posterior margin of CP covering the 3rd pereiopod reaching to the 4th pereiopod
. a pair of large teet_h on the anterior 3 to 4 serrations at the posterior
longitudinal crest of CP end, 8 to 10 serrations at the i
posterior part part
L . . eminently projecting anteriorly,
VII anterior margin of CP 5{01 ecting anteriorly, reaching to cxcecdiné l:'arjbcyongd the basey
e base of antenna
of antenna
posterior central margin of CP slightly projecting posteriorly eminently concaving anteriorly
posterior margin of CP covering the 3rd pereiopod covering the 5th pereiopod
a pair of large teeth on the anterior a pait oflafige .tgfth on thef
longitudinal crest on CP end, 9 to 11 serrations at the a.mtenor enc with @ pait o
. smaller teeth behind, 7 to 9
posterior part serrations at the posterior part
eminently projecting anteriorly,
VIIT*  anterior margin of CP exceeding far beyond the base of

antenna

posterior central margin of CP

slightly projecting posteriorly

posterior margin of CP

covering the 3™ pereiopod or
reaching to the 4th pereiopod

longitudinal crest on CP

a pair of large teeth on the anterior
end, 10 to 12 serrations at the
posterior part

*or 2nd instar of stage VII
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3. 74 u Y —<HEDST Lk
BEFTCICHEINRTWI U F U e LA
AT F U EHAEOREMSIZ OV T Fig.
17 128K L, RO HEET Y F U= e
W ORI VB T S N a7z
HTHY . RIS H T O RKEFNIA S 5y
HTAHZENL T 4 m Y —<hELREDS
MazT2b0EEZ LTS (Shojima
1973) . H A JLES « FE S0 B A B RSP
Mo E s KO SELTIETZ 7 b
VIRENEBEI TN TS 2 E D, I
SO TIIVF VT EHEHD 7 4 1Y —<%)
ERFEALESH LN DO EBbD, A
AN D B AR & R FEEM O Z < IR TR
UFUZEHONENRESINTEY, 1FE

o ENEAEHI TH S (Tokioka 1954; Tokioka
and Harada 1963; £3K 1979; Saito 2004; Motoh
2005; Motoh and Doi 2009; Motoh et al. 2012; Ota
and Wakabayashi 2020) , H AVl CILRER - 5
HMTAANRNTF U EENRESNTND
D KFEFERD S IZA AT TF U L AED
WED2, WA (VF U= T
BERLIFE, AAANTF U BRELIR)
(Harada and Holthuis 1965; PN¥ES 1981; =%
1982) #FET LT 1 v Y —<DEDHT
BEMENZ EXRWME SN TN &35
HThsro, —F, WLl oyFrze
BHOD AR HE STV D T CIEARMF
FETHMT L7z D10-2 ZBRE . HAMI AR
X NTZREkD 2\, Shojima (1973) 23H

40°N
Sea of Japan
® 9
: East China Sea o... ~o Pacific Ocean

® o 20 3/

30°N | > .
e, oo

o &
® 4
(o]
®
120°E 130°E 140°E

Fig. 17. Summary of catch locations of /bacus phyllosoma larvae in adjacent waters of Japan. Red and
yellow symbols indicate I. ciliatus and I. novemdentatus, respectively. Stars indicate the final stage
larvae. Drawn with reference to data from Tokioka (1954), Shojima (1963, 1973), Dotsu et al. (1966b),
Sakai (1998), Inoue et al. (2001), Saito (2004), Inoue and Sekiguchi (2005), Motoh (2005), Motoh and
Doi (2009), Motoh et al. (2012), and Ota and Wakabayashi (2020).
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FHENHHE L v F U = EEHONAEEAR T
KEREZHDH0NT 50 m EBENS OMEAIR X
TRESNT-LDOTHDH, A—AT VT A
v v (Panulirus cygnus) D7 4 1Y —<Y)
A TIT R EB S CHOMIRE N R 5 2 L2Vl
HIN TS (Rimmer and Phillips 1979), ¥
FUTEEONEBE L & bICOMEEN
EL< b0 ThhIEETOT 77 b U
ETEHBEMNEPRESINIZS VO E LIl
AN

UFUTEHHT 41 Y —<SEOEEICO
W, Dotsu et al. (1966b) XU FEHEFIZH]
B a KRBT a0y —~hAEL, RIERZRE
TOHRFWENERE B2 TWD, RIS,
H AR C B 2 SR AN AR & KRR RIS
Ko THEPDEXREEND D& ORMAFEITS
VN (FERS - 1IRF 1961; A 5 1996; Motoh and
Doi 2009; Motoh et al. 2012), HARFIE D HA
WEA & RSEPERI 0 & < R Tl ik sh 4
(—EBIAERTH) 72 NBAED & 2 Ak &
NTCWHZ EBENEXFTDHLIITHRD,
L LN, MAENDDOENETHD &
LTh, G EORERNERETHL Z &
IZARAECTH %, Dotsu et al. (1966a) M AH
PRI T IR B RO R IR
RKEVSTZ I HETREEINTZHDOTHY |
Motoh and Doi (2009) XA TAA T F
Uz EOEIMEREZHEE L TWDH, I HIZ
Shojima (1973) (ZRIGHENTHHIHISHAE (11
) ZELTVWAEZEND, T BETE
EENER LW D AREE S+ b b, AR
FlJEs 0> H AU & KPRl <R Ty F
U = B EE I A O REFI S OB R, 7
€A1 Y =< WAEBIROGAEEMRNZ &
RIS/ EIRIESE R S S < W2 & S ATRE M
LLTEXLND, VFUZEHORMMAEILK
Bt X QWA R AR T 208, 207
gu Y=< ELNEICEEINDS Z L2
FRIL Il & EE D M0 5 DTk
WEAI D, UFUZEEHT 4 u Y —~<ihE

OEEIZBET B HMEZ L VIR 5720121,
WY TR A2 RENOLEIEEIZDES T
T v N U L OVH AL ORI
Bl & BARMRENSFICB T AT T 7 b oBE
OB NEEHRTHE L HICHREINTT T
I N UKERDIEENVLETH D,

4. R 1 (D10-2 D)
FTarnnotrLicy vy —<HAEER
(D10-2) 1Z/KPEMFIE « A P IR E TR A AR 122

JEAIZ XD 2012 47K T B i it ol A5

HedEXH R FE (MREEMPIck 57 n~ 7
EAFHER A ) THRES NI D TH D,

FAEHIT 201246 A 15 A, (L@ XH T

HEB AL 30 FE 29 43, HURE 129 £ 00 43, &
MoOERE e —LICLD2bDTHD, A
BEICL o TR SNTZT 41 Y —~< I

it bz ) — L EE S, KEGIRHFZERT

~THfi% & 7=, Chow and Yanagimoto (2021)
> CouFvmtHERO7 41y —<ih4
LEZ BN 1 K (D10-2) ZHV LT
(Fig. 1) . Higaand Shokita (2004) (2> T

& (body length: BL) . BHHIBE (cephalic

shield length: CL) . SHH #BilE (cephalic shield

width: CW) . ai#iE (thorax width: TW) %

E LT, MBREHREHE, 2L RWwHEL
DNA fhiii D7z DIl —# 2810 B 72,
DNA it i Ueda et al. (2021) (2t~ 7=, 2
k=2 KU 7 DNA @ 16S rDNA (LLF 16S)
& COl OERsriElk %A PCR HIET 572D~
T A ~—IXFNZI 16SUFm & 16SR4 (Chow

and Yanagimoto 2021) ¥ X U' LCO1490 &

HC02198 (Folmeretal.1994) T# %, PCR 5
F OV —7 = RIS Uedaetal. (2021) 1

Mo Teo 13 DNTHEERANHALL T D RS D

W % 12 1T NCBI
Biotechnology Information) @ BLAST (Basic
Local Alignment Search Tool) % FV 7z, Mtk

Bl DT T A4 A L GENETYX ver. 12
(GENETYX Co., Tokyo) IZHEE I TS

( National Center for
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Clustal W Z FIWNTITVY, ~ = =2 7 /L CTHSaHEE
L7o, BLAIf o ER SR (Kimura’s two
parameter distance: K2P) DFFHE, £F /L8IR &
SR OVERIZ I MEGAG (Tamuraetal. 2013)
Wz,

D10-2 OB EHE EETTIIE 1 D E &
ZDOH%ITIZEBIT 1 RO/ NH D (Fig. la,
arrows) , 5 5 MR £ CERRIC B DD

(Fig. 1a, b) . Z 4L 5 OFKF#EIEL Dotsu et al.

(1966b) & Takahashiand Saisho (1978) 2 &
HAFNTF T EORKET 1 1Y —<4)
EDHDE XLFET 5, D102 DIEE (BL)
(3 30.0mm, SAFERE (CL) 1% 18.8 mm, ZHH
g (CW) X 21.2mm, FEmE (TW) 1£9.8

mm T& 5,D10-2 DKL 1T Dotsu et al. (1966b) |

Shojima (1973), Motohetal. (2012) P H#&HA
F & Y Wakabayashi etal. (2012b) (2L % VI #]
DFFRTFITTEDT 41— EH
A9 % (Table 1),

D10-2 TYIE L7z COI HiAEHELS (658 bp) &
16S HiFEl 5] (389 bp) % DNA 7 —H ~_— X
{2 % &k L 7= ( accession No. OK341214,
0K341218), D10-2 @ COI HIEHIZ5%4 5
BLAST 53T & 5 — B 1 (LT EpED A A
NFUTE (JX502993) (Kimetal.2012) T
HY, —HRITIS% TH-oT=, —HKFK2-4

PIXHET 7 VI EOA AN FUZE
(MK624965-MK624967) ( Groeneveld et al.
2019) TH Y, —EFIL96.4-96.6 % T > 7,
—J7. AARTFUTED 16S HIERSIZT
— A R—= 2 THHFINTE 5T, D10-2 D 16S
HEREANCxd D BLAST BRI L% 8%
BALIZIE L chacei & I peronii I8V A NT > 7
S, —HFEIX 96.1 15 973 % ThoTz,
D10-2 ® COI & 16S 5 &= &, vF U
B8 FED H B 5 FRIZ OV T WEAS T DECHIIE
WRBEEINTWVWD, T b0 Col B
F OV 16S BB D K2P (%) fi% Table 3 (2,
KA D R #ikt % Fig. 18 & Fig. 19 (Z- LT,
777 L. 16S EHID WL 27> (accession No.
HMO015413-HMO015420, NC_025581) (22T
FHERIEN D LW ENBBA LT, v
U ERFED COI & 16SFlsl & HicA A
FU T L BRI TR X BRI A
% I chacei & I peroni T&H V| Fx b WFEN
UFUZETHDHI EERLTNDH,DI0-2 &
REIEPEA AN F U = v COI BLAI R o K2P
fEIZ0.15 % CTH Y FENEROFFH TH -7z,
—J7. D102 BIOEEEA AN F U
EHRET TV HEOTANTF U D
COI iz &1+ 5 K2P f (3.38-3.55%) 1%+
B T ol & RAER O fe/ME (4.92%) (Costa

Table 3. Mean Kimura’s two parameter distance (% K2P + SE) between Ibacus species for 16S (above
diagonal) and COI (below diagonal) sequences.

1 2 3 4 5 6 7

1.D10-2 - - - 8.05+1.48 3.72+0.97 13.61x1.93 3.73+0.97
2. I. novemdentatus (Korea) 0.15+£0.16 - - - - - -
3. I novemdentatus (cast Africa)  3.55+0.70  3.38+0.69 - - - - -
4. I alticrenatus 14.65+1.61 14.65+1.61 15.46+1.69 - 6.52+1.21 11.18+1.64 5.88+1.13
5.1 chacei 9.57£1.20 9.75£1.21 10.98+1.35 15.62+1.66 - 12.98+1.74 1.71£0.58
6. I ciliatus 15.74x1.65 15.74£1.65 14.85£1.62 14.95+1.57 15.00£1.72 - 12.43£1.70
7. I peronii 9.37£1.22  9.55£1.23 11.30£1.38 16.22+1.76  4.26£0.83 16.53=1.77 -

Database accession numbers of COI sequences used are NC 041153, JN701659 and JN701660 for I
alticrenatus, IN701662 and JN701663 for 1. chacei, IN701661, JX502991, and JX502992 for I. ciliatus,
JX502993, MK624965, MK624966, and MK624967 for I. novemdentatus, and IN701664 and JIN701665
for 1. peronii. Database accession numbers of 16S sequences used are IN701694, IN701695, MG551493,
and NC 041153 for I alticrenatus, IN701697 and IN701698 for I. chacei, IN701696 for I. ciliatus, and
IN701699 and JN701700 for I peronii. 16S sequences of HM015413-HMO015420, KM488334, and
NC_ 025581 were not included due to the uncertainty of species identification.

Aquatic Animals 2023 | August 7 | Chow et al. AA2023-16



etal. 2007) LY/ HoOO, FENREKRET
BRI NDEKME (2.57 %) (Costaetal. 2007)
L REW, yFUEFEO COI EH| % Hu
TR T, D102 LEEEEA A ANTFU
TEEGEL I TAX—LHHT 7 BEOA
FNRUF U EEGT s T A —BHRIC S
ivs (Fig. 18), VF U LR TIEA ANy
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Fig. 18. Maximum-likelihood (ML) phylogenetic tree of the partial COI sequences of Ibacus species
available in the database. Evibacus princeps was used as a root. T92+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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Fig. 19. Maximum-likelihood (ML) phylogenetic tree of the partial 16S sequences of Ibacus species
available in the database. Evibacus princeps was used as a root. HKY+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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5. 2 (VFUTEYREUVFUTEE RS
BHHEDZER)
UFUxEE REAA (Theninae) OV F U
T EE NXJE (Thenus) 13R7#FEAKRE LTI Y
FU = EHliF &30 < 220 AS (Yang etal. 2012;
Davisetal. 2015), 7 4 1 Y —<AEDHEEX
TFUZEHEDOEL O LTS (Johnson
1971), RERMERL LT, YFUVTEEFR
FBYETIE IV HIL R ER BREEHT
20 mm BRETH D Z & RAEHETE 5 M
(CHME DS 2N 2 & & T b IR D SRR
FENME < 3 LT W2 & Th B (Prasad
and Tampi 1957; Johnson 1971; Barnett 1984;
Mikami and Greenwood 1997; Kizhakudan and
Krishnamoorthi 2014; Wakabayashi and Phillips
2016), i, Prasadetal. (1975) (XA > R¥ET
BEINIRE 41.5 mm ORKEM 7 11 Y —
~ R TF T T EE KX (Thenus orientalis)
OHLOELTHELTWDA (Fig. 15d in
Prasad et al. 1975), AEDSBD TRENT &
MR LS BELTND I END, ZiUTY
FU xR ORI & B 2 TRIEV RV,
ShiZ, VFUVTEREVFUTEE FXRE
DT 4 1Y =~ GERNT IR IR & 7oA
ERPNHDLZENTRINTWS (Fig. 3 in
Baisre 1994), BlEE TloHE IR TWH U F
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Fig. 20. Ratio of thorax width to cephalic shield
width (TW/CW) plotted against body length (BL) of
phyllosoma larvae of the genera Thenus (red circle)
and Ibacus (yellow circle).

UTPERBLUFUTEE RFED I 40 ) —
~ BT D RERIE E A H T (Table
S1) . KR H 3 2 M EBie & 51 H e o kb
(TW/CW) % Fig.20 \ZR L7z, v F U TR
D7 4a Y —<HETITIFE A EORAME
KO T TW/ICW 1T 50 %Ki THDH—J7, 7
FUZTEERFREDOT 1Y —<h4t T
50 %L ETH D,

HiEE

AW T LA DL IR Wi
WNTZIKPERFTE - OB B IFCETR AR R IE L D
A BIRE AL, SCHRIEE IS Sy e 72Tz
S HERFOREE—EEZ, KEGIRMFZERT O
HOEFR, £ L CARMOUGETICE L THE
IRHBNE W2 TN 34 O FEE 1T < I
BT LET, ARBFRIL. KENE - HEH
1, IKEGIRAFZERT ORI 5tE [KEGIR
DT MERONE - EH - JEH) TIThbh
7=

51 A TR
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