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Identification of phyllosoma larvae of the slipper lobster (Family Scyllaridae).
8. Phyllosoma larva of Galearctus lipkei is the largest in the subfamily Scyllarinae
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Abstract

Of phyllosoma larvae of the subfamily Scyllarinae collected in the western North Pacific, 19
individuals (BL = 10.1-38.5 mm) having an onion-shaped cephalic shield were selected.
Phylogenetic analysis using partial mitochondrial 16S rDNA and COI sequences revealed that
these larvae were of Galearctus lipkei. Gilled (final) stage phyllosoma larvae (BL = 34.2-38.5
mm) of G. lipkei were the largest in this subfamily reported to date.

Key words: largest scyllarine phyllosoma larva; slipper lobster; Galearctus lipkei; DNA

barcoding; morphology

e

I =tF (Scyllaridae) 7 1 17 Y —<%))
AIIZERIZRD2 bORMENTEY, 1T
H U F U Hfifl (Ibacinae) OV 7 U TR
(Parribacus) <°% X = A} (Arctinae) D+
T bE (Scyllarides) TIIEAANEDRE
(body length: BL) 3% 11%41 80 mm & 50 mm
WZEET D 2 ENHE SN TS (Michell 1971;
Prasad et al. 1975; Johnson 1977a; Yoneyama and
Takeda 1998; Palero et al. 2016), —J5, b X%
I =Rl (Scyllarinae) D7 4 v Y —< 4
(2B L CIER A2 T b Table 1HIZHERT L7z
L ONIEF TR ERZ b DD, KREH
2330mm Kfiii CH L, EITERHOFTHE
At I T EHRHIRHICHER N Z V2T TR <
RIS DR THL LD, £D7

i)

A u Y =< HEOTRHBIIFFICE L, 7 o
1Y —< RO RE SIIRHERIO 7D DI
D=2 HF %5, il 21FE. Chow and
Yanagimoto (2022¢) 1LY/t Ak I b g

( Chelarctus ) @  Chelarctus
& 2Chelarctus sp-1 OHAEITIZREAIZHEELT 2
D, KRESUITE - TRkA T & 2 etk z2 R
LC\W%, Table | IZHIF =i il D 5 ek
#1723 30 mm % #8 % % 9 5% Table 2 ([ZHF L
72 D55, Seyllarus sp. 111 (BL=237 mm, fig.
14d in Prasad et al. 1975) (3 2 filif 23 550
TRV O LN B R ON4
Tho, 5 8HIDI BLFEBFFESINTND
DX Genis-Almero etal. (2017) 2 X 5 K
@ Scyllarus subarctus 7217 CThH V. A > F—K
D T FNZDWTIFEARFE S TUgn

crosnieri

Aquatic Animals 2022 | October 6 | Chow and Yanagimoto AA2022-19

o



Table 1. Body length (BL), cephalic shield length (CL), cephalic shield width (CW), and thorax width
(TW) of final stage scyllarine phyllosoma larvae reported to date.

. . . BL CL cw ™
Original designation Reference Area n (mm) (mm) (mm) (mm)
Seyllarus delfini Biez (1973) SE Pacific fig.6 1 25 14.5 18
Scyllarus demani Barnett (1989) SW Pacific fig. 1 117 10.5-14.2
Scyllarus sordidus Barnett (1989) SW Pacific fig.2 66 11.7-149
Seyllarus rugosus Barnett (1989) SW Pacific fig.3 8 11.2-124
Seyllarus sp. A Barnett (1989) SW Pacific fig.4 38 10.7-132
Seyllarus sp. B Barnett (1989) SW Pacific fig.5 156 9.9-12.6
Seyllarus sp. C Barnett (1989) SW Pacific fig.6 1 13.1
Scyllarus sp. D Barnett (1989) SW Pacific fig. 7 32 11.1-129
Scyllarus sp. E Barnett (1989) SW Pacific fig.8 5 9.3-99
Seyllarus sp. F Barnett (1989) SW Pacific fig.9 1 19.9
Seyllarus sp. A Berry (1974) SW Indian Ocean fig.38 1 153 9.1 9.7
Seyllarus sp. B Berry (1974) SW Indian Ocean fig. 41 1 9
Seyllarus sp. C Berry (1974) SW Indian Ocean figs. 39,40 3 1.3 6.9 7
Scyllarus sp. D Berry (1974) SW Indian Ocean fig.49 1 324 19.5 238
Chelarctus virgosus Chow and Yanagimoto (2022a) NW Pacific figs. 8,9 2 21.1,21.7 12.1,128 154,16.1 79,8.0
Chelarctus aureus Chow and Yanagimoto (2022b) NW Pacific fig.1 1 23.8 14.3 222 9.5
?Chelarctus sp. 1 Chow and Yanagimoto (2022¢) NW Pacific figs. 7-9 3 23.1-248 13.7-148 18.5 204
Galearctus lipkei Chow and Yanagimoto (2022d) NW Pacific fig.7, figs. S10-14 6 34.2-38.5 21.0-23.0 25.5-29.3 12.0-13.9
Seyllarus arctus t Fernandez et al. (2010) Atlantic table 1 11 14.4-213
Scyllarus subarctus Genis-Almero et al. (2017) Atlantic fig.4 1 28.6 16.7 21
Seyllarus subarctus Genis-Almero et al. (2017) Atlantic 1 275 159 205
Seyllarus subarctus Genis-Almero et al. (2017) Atlantic 1 351 20.7 259
Seyllarus caparti Genis-Almero et al. (2020) Atlantic fig.5 19 19.8-228 11.3-13.2 12.7-145
Chelarctus aureus Genis-Almero et al. (2022) SW Pacific fig.7 5 21.6-243 13.2-14.7 20.5-22.8 8.9-10.3
Chelarctus crosnieri Genis-Almero et al. (2022) SW Pacific fig. 11 6 17.7-19.2 10.7-11.7 14.6-16.3 6.8-74
Chelarctus virgosus Genis-Almero et al. (2022) SW Pacific table 11 22
Crenarctus crenarcius Genis-Almero et al. (2022) SW Pacific table II 21.6
Seyllarus kitanoviriosus Higa and Saisho (1983) NW Pacific fig.2 9 16.6-21.1 10.1-13.0 10-12.6  5.6-7.0
Chelarctus cultrifer Higa and Shokita (2004) NW Pacific fig. 10 20.7 12.3 14.8 73
Galearctus kitanoviriosus ¥ Higa et al. (2005) NW Pacific fig.9 2 18.6-19.7 11.2-12.1 109-11.9 7.1-73
Scyllarus kitanoviriosus Inoue et al. (2000) Japan Sea 1 18.5
Seyllarus bicuspidatus Inoue et al. (2000) Japan Sea 7 12.5-143
Scyllarus kitanoviriosus Inoue et al. (2001) East China Sea 2 183,197
Chelarctus cultrifer Inoue et al. (2001) East China Sea 2 19,22
Seyllarus martensii Inoue et al. (2001) East China Sea 2 94,108
Seyllarus sp. e Inouc et al. (2001) East China Sea fig.6 1 9.8 5.6 5.4
Seyllarus sp. ¢ Inoue et al. (2004) NW Pacific 1 348
Seyllarus sp. d Inoue et al. (2004) NW Pacific 7 239-247
Seyllarus cultrifer Inoue et al. (2004) NW Pacific 16 21-24.2
Seyllarus martensii Inoue et al. (2004) NW Pacific 8 11.8-13.2
Seyllarus rugosus Inoue et al. (2004) NW Pacific 9 11-119
Seyllarus cultrifer Inoue et al. (2005) NW Pacific 29 21.0-233
Scyllarus sp. ¢ Inoue et al. (2005) NW Pacific 8  34-38.8
Chelarctus cultrifer Inoue and Sekiguchi (2006) NW Pacific fig. 15 30 21.0-23.3 12.2-14.0 15.0-17.3 7.3-8.7
Seyllarus biscupidatus Inoue and Sekiguchi (2006) NW Pacific fig. 10 7 12.5-143 7.3-8 8.3-94 4.3-49
Petrarctus demani T Ito and Lucas (1990) SW Pacific fig.8 4 97-11.0 5.85-6.45 6.3-7.00 3.65-4.10
Seyllarus sp. ? Johnson (1971a) Hawaii fig. 38 1 24 17.5 19.9
Seyllarus modestus Johnson (1971a) Hawaii fig. 18 1 13 1.5 9.6
Scyllarus timidus Johnson (1971a) Hawaii fig. 29 1 233 13.7 16
Seyllarus sp. A Johnson (1971b) South China Sea fig. 53 1 21 19.7
Seyllarus sp. A Johnson (1971b) South China Sea fig. 54 1 22
Seyllarus sp. B Johnson (1971b) South China Sea fig. 57 1 292 17.8 20.5
Seyllarus martensii Johnson (1971b) South China Sea fig.62 1 9.3 53 6.5
Seyllarus sp. C Johnson (1971b) South China Sea fig.65 1 12.1 7 7.8
Seyllarus sp. D Johnson (1971b) South China Sea fig. 68 1 18.1 11.6 11.1
Scyllarus delfini Johnson (1971¢) SE Pacific fig. 1 1 247 14.6 18.6 8.5
Seyllarus sp. Johnson (1977b) Hawaii fig.6 1 30.1 17.5 233 11.2
Seyllarus sp. Johnson (1979) NW Pacific fig.13 1 20.1 12 153
Petrarctus rugosus T Kumar et al. (2009) Indian Ocean fig.8 1 9.96 5.19 5.59
Seyllarus sp. A McWilliam et al. (1995) Gult of Carpentaria fig. 2a 19.5-233
Scyllarus sp. B McWilliam et al. (1995) Indian Ocean 1 12
Seyllarus sp. C MceWilliam et al. (1995) Indian Ocean fig. 3 17.3-19.2
Seyllarus sp. D McWilliam et al. (1995) Gulf of Carpentaria fig. 4 15.8-16.9
Seyllarus sp. E MeceWilliam et al. (1995) Indian Ocean fig. 5 9.4-11.4
Seyllarus sp. F McWilliam et al. (1995) Indian Ocean fig. 6 13.5-14.4

Aquatic Animals 2022 | October 6 | Chow and Yanagimoto AA2022-19



Table 1. continued.

L N BL CL CW ™
Original designation Reference Area n o o ) )
Seyllarus sp. G McWilliam et al. (1995) Gulf of Carpentaria fig.7 2 145,150
Sevllarus sp. H McWilliam et al. (1995) Indian Ocean fig.8 1 14.3
Seyllarus sp. 1 McWilliam et al. (1995) Indian Ocean 11.0-12.6
Seyllarus sp. ] McWilliam et al. (1995) Indian Ocean fig. 9 12.6-13.8
Seyllarus sp. L McWilliam et al. (1995) Indian Ocean 13.9,14.4
Seyllarus sp. M McWilliam et al. (1995) Indian Ocean 1 13.2
Seyllarus sp. 1 Michel (1971) South Pacific fig. 6D 1 40
Seyllarus sp. 11 Michel (1971) South Pacific fig. 6E 1 30
Seyllarus sp. 1M1 Michel (1971) South Pacific fig. 6F 1 21.5
Seyllarus sp. IV Michel (1971) South Pacific fig.6G 1 12
Sevllarus sp. V Michel (1971) South Pacific fig. 6H 1 13
Seyllarus martensii Minami et al. (2001) NW Pacific 1 13.2
Seyllarus sp. d Minami et al. (2001) NW Pacific 2 239
Sevllarus pygmaeus Palero et al. (2008) Mediterranean Sea fig.1 3 252 14.4 19.1 8.7
Sevllarus arctus Palero et al. (2011) Mediterranean Sea fig.2 2 20-22 11.3-12.5 13-15 6.6-7.8
Seyllarus bicuspidatus § Phillips et al. (1981) Indian Ocean fig. 4 21.2
Seyllarus sp. af Phillips et al. (1981) Indian Ocean fig.5 24.0
Seyllarus sp. b Phillips et al. (1981) Indian Ocean fig. 6 17.7
Seyllarus sp. ¢ Phillips et al. (1981) Indian Ocean fig. 7 254
Seyllarus martensii Phillips and McWilliam (1986) Gulf of Carpentaria fig.9 56 8.0-105
Seyllarus sp. B Prasad and Tampi (1957) Indian Ocean fig. 12 1 14
Seyllarus sp. 1 Prasad and Tampi (1960) Indian Ocean fig.6 1 11.5
Seyllarus sp. 111 Prasad and Tampi (1960) Indian Ocean fig.9 1 19
Seyllarus sp. IV Prasad and Tampi (1960) Indian Ocean fig. 10 2 7.5,7.8
Seyllarides sp. Prasad and Tampi (1960) Indian Ocean fig. 11 1 9.5
Seyllarus cultrifer * Prasad et al. (1975) Indian Ocean fig.95 1 25
Seyllarus rugosus Prasad et al. (1975) Indian Ocean fig. 10 1 18
Seyllarus martensii Prasad et al. (1975) Indian Ocean fig. 111 1 9.25
Seyllarus batei Prasad et al. (1975) Indian Ocean fig. 127 1 25
Seyllarus sp. 1 Prasad et al. (1975) Indian Ocean fig. 14b 2 30,31 21 28.5
Seyllarus sp. 11 Prasad et al. (1975) Indian Ocean fig. 14c 1 11
Seyllarus sp. 111 Prasad et al. (1975) Indian Ocean fig. 14d 1 37
Sevllarus demani Ritz (1977) Indian Ocean fig.6 5 10.5-11.2
Sevllarus americanus T Robertson (1968) Gulf of Mexico fig. 12 8.3-10.2
Seyllarus americanus Robertson (1968) Gulf of Mexico 9.7-13.3
Seyllarus depressus Robertson (1971) NW Atlantic fig. 11 4  244-265
Seyllarus planorbis Robertson (1979) NW Atlantic fig.9 1 8.4
Prasad's Scyllarus sp. Saisho (1966) Indian Ocean fig.20 1 13.5
Prasad's Seyllarus sp. 11 Saisho (1966) Indian Ocean fig.21 1 11.8
Crenarctus bicuspidatus Saito (2004) Suruga Bay fig.2B 1 15
Seyllarus bicuspidatus Sekiguchi (1990) NW Pacific fig.2 1 25 143 25
Sevllarides sp. Shojima (1963) Nagasaki, Japan fig.7 1 11.6 6.9
Sevllarus sp. Shojima (1963) Nagasaki, Japan fig.8 1 20 11
Seyllarus rugosus Tampi and George (1975) Indian Ocean fig.36 1 14.2
Seyllarus martensii Tampi and George (1975) Indian Ocean fig.41 2 105,107
Chelarctus aureus Ueda et al. (2021) NW Pacific fig. 10 1 23.38 16.12 21.99 9.85
?Chelarctus sp. 1 Ueda et al. (2021) NW Pacific fig. 15 1 23.65 13.86 18.84 84
Chelarctus virgosus Ueda et al. (2021) NW Pacific fig. 7 1 20.7 12.3 15.97 7.76
Sevllarus kitanoviriosus Wada et al. (1985) Japan Sea 15.1-19.3
Eduarctus martensii Wakabayashi et al. (2017) Japan Sea fig. 11 3 11
Petrarctus brevicornis Wakabayashi et al. (2020) Japan Sea fig.2 4 14.5-158 8.7 8.36
Scyllarus sp. Z Webber and Booth (2001) SW Pacific fig. 10 126 18.6-30.5

*probably sub-final stage, freared, festimated from the figure. NW: northwest, SE: southeast, SW: southwest.
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Table 2. Final stage scyllarine shyllosoma larvae exceeding 30 mm in body length reported to date.
BL (body length), CL (cephalic shield length), CW (cephalic shield width), and TW (thorax width).

Original designation  area BL

Scyllarus sp. ¢ NW Pacific 34-38.8
Scyllarus sp. Hawaii 30.1
Seyllarus sp. 1 S Pacific 40
Seyllarus sp. 11 S Pacific 30
Seyllarus sp. Z. SW Pacific 18.6-30.5%
Seyllarus sp. 1 Indian Ocean 30, 31
Seyllarus sp. 1118 Indian Ocean 37
Seyllarus sp. D SW Indian Ocean 324
Seyllarus subarctus ~ Atlantic 35.1

CL CW TW Reference figure
Inoue et al. (2004, 2005)

17.5 23.3 11.2 Johnson (1977b) 2
Michel (1971) 6D
Michel (1971) 6L
Webber and Booth (2001) 10

21 285 Prasad et al. (1975) 14b

Prasad et al. (1975) 14d

195 238 Berry (1974) 49

20.7 259 Genis-Almero et al. (2017)

*probably a mixture of multiple species or lapsus. Snot scyllarid.
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Table 3. Sampling information and morphological measurements (mm) on the 19 scyllarine phyllosoma
larvae having an onion-shaped cephalic shield. Body length (BL), cephalic shield length (CL), cephalic

shield width (CW), and thorax width (TW).

latitude longitude

cruise St. ID No. date (N) (E) stage BL CL CW TW Fig.
SHU0803 19 GR1 2008/6/29  27°00" 130°00" V101 72 84 3.6 3
SHUI1201 C15 C15-3  2012/6/7 25°42' 127°21' V106 74 83 41 Sl
SHU0703 21 st21-1 2007/6/13  24°02' 127°01' VI 131 95 10,5 52 4
SHU1201 El El-5 2012/6/16  29°07" 129°06' VI 134 95 11.1 50 S2
SHU0803 19 GR2 2008/6/29  27°00" 130°00" VI 134 99 11.1 52 S3
SHUO0803 19 StI9GR3 2008/6/29  27°00' 130°00" VII 17.7 129 147 6.7 5
SHU1201 El El-4 2012/6/16  29°07" 129°06" VII 183 133 141 69 S4
KY1604 2A3 2A3 2016/10/19  24°01' 131°01' VIII 235 166 200 98 S5
SHU0703 21 st21-2 2007/6/13  24°02' 127°01' VII 244 168 19.7 92 S6
SHU1201 Cl15 Cl15-2 2012/6/7 25°42'  127°21' VIII 248 17.0 200 92 S7
SHU1201 Cl15 Cl15-4 2012/6/7 25°42' 127°21' VII 250 169 20 9.7 S8
SHU0401 71 St71-1 2004/5/29  22°00" 125°00" VIII 250 17.2 205 98 S9
SHUO0803 19  StI9GR4 2008/6/29  27°00" 130°00" VIII 25.6 175 214 102 6
SHU0703 7 st7-1 2007/6/6 21°59"  124°29" 1X 342 21.1 255 120 7
SHU1201 El El-2 2012/6/16  29°07" 129°06' IX 346 210 265 126 SI10
SHU1201 E3 E3-2 2012/6/17  29°30" 128°51' IX 352 218 274 128 Sll
SHU1201 C15 C15-5 2012/6/7 25°42' 127°21' IX 356 223 289 131 SI2
SHUO0301 Tr2 Tr2-ID1 2003/5/21 na* na* IX 373 227 284 132 S13
SHU0401 124  Stl124-1 2004/6/6 26°48' 129°39'" IX 385 230 293 139 Sl4

*western North Pacific.
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Fig. 1. Maximum likelihood phylogenetic tree of the subfamily Scyllarinae with partial 16S rDNA
sequences. Scyllarides squammosus was used as an outgroup. GenBank accession numbers are shown in
the parenthesis. TN93+G+I was adopted as the best fit model. Bootstrap values of > 50 % (from 1000
replicates) are shown at each node. Red bracket indicates a conglomerate of species of the genus
Galearctus.
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Fig. 2. Maximum likelihood phylogenetic tree of the subfamily Scyllarinae with partial COI sequences.
Scyllarides squammosus was used as an outgroup. GTR+G was adopted as the best fit model. GenBank
accession numbers are shown in the parenthesis. Bootstrap values of > 50 % (from 1000 replicates) are
shown at each node. Red bracket indicates a conglomerate of species of the genus Galearctus.
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Table 4. Mean Kimura two parameter distance (% K2P) of 16 S (upper diagonal)
and COI (lower diagonal) between species of the genus Galearctus.

Galearctus 1 2 3 4 5 6 7

1. G. aurora - 71 89 73 83 6.7 8.1
2. G. avulsus 176 - 92 84 64 78 9.1
3. G. kitanoviriosus 18.6 17.6 - 93 10.8 7.7 10.3
4. G. lipkei 159 21.0 180 - 89 7.1 86
5. G. rapanus 19.2 166 192 20.7 - 82 11.5
6. G. timidus 20.0 229 216 206 233 - 9.1
7. G. yuanshi 150 17.1 195 170 178 21.7 -

Sequence data of Galearctus species (1-3, 5—7) were derived from Yang et al.

(2012) and Yang and Chan (2020).

CHHRE RO (CW/CL) 1ZEE & & b ITHE
oz EEINT AEICH Y . CW/CL X 1.06
25 130, FHIE 1.19 £ 0.06 SD. TH - 7=
(Table 5, Fig. 8a), V #7226 VILHIICEKIT 5
G E ORI TTTEHIR T 528 (Figs. 3-
5, Figs. S1-S4) | VIII #]CIEH JLB 3 R0/
~[WZ (Fig. 6, Figs S5-89) . IX HiTIZM A48
S HIZEAFEIZ /2~ 7= (Fig. 7, Figs. S10-S14),
SH IR & MEmE o (CW/TW) 13X 2.02 2
5 233, ¥ 213 +£0.08 THo7z (Table 5
Fig.8b), B & AR D (CL/TL) &K
Rl EBITEDT 2l RmICHY | & T 0.60,
B T0.74, F113.0.68 £ 0.05 Td> - 7= (Table
5, Fig. 8¢), RBMIE V HI T3 ol L
(Fig. 3, Fig. S1), VI I THABRIZ 3k L 1%
Sl ZALFPE o m < (Fig. 4, Figs. S2, S3),
ST VIL B CIT P %&IcE L (Fig.
5,Fig. S4) . VIII #] CTHLPf #4452 K& <z
(Fig. 6, Figs. 85-89) . IX ¥ CREi#&mIZE
3% (Fig.7,Figs.S10-S14), EEIMIEIT V #
26 VI ME TIRBHETH D2 (Figs. 3-5,
Figs. S1-S4) . VII #TIZe0m< 720 (Fig.
6, Figs. S5-89) . IX I TIZEHICHELS RV E
lzfEn % (Fig. 7, Figs. S10-S14),

E8
AL ZfEETE /7 b A
TERDOT 4 v Y —~vhAE L L TIE Higa and
Saisho (1983) K (fHigaetal. (2005) 2k 5

FH B ABIZEHRWVT 2HIHERDTE
TR, B A I EHEBTIIRKKE 2
57 481 Y —<44A Yang and Chan (2010)
\Z & o THMERRHE S 7z G. lipkei D H D TH
L2 EEWLMNT LI, BA—EEE KK
TRLNDE A I EEHFHIIE 11 FEAH
HINTHD (A5 2009 . 205 H0A
—BJbeAEITEEANATA, HRLKOEK
PHEDOEAZEICTHBESINTZDTH LN
(Holthuis 1982) . Yangand Chan (2010) {2 &
WEBB—HAREBCTA—r I Azl
ELTHESNTE L bDODL 134 50558
FEFCH L7- G. lipkei TH D EWV ), ZhZ
MOTHARDE A I EILAEHICAA T
% ‘Chelarctus cultrifer’ & SHLTW R, B
—HARMR T A I oL ENTEEHD
% Yang and Chan (2012) 7N#FFEFC#E L 72
Chelarctus virgosus Td % Z & 2307 7= Ff5]
LR LT THH (Yangand Chan 2012; Ueda et al.
2021; Chow and Yanagimoto 2022b)
Inoue et al. (2004, 2005) NEEHIT~7 1
Ve Y o7 S A~ B Scyllarus sp. ¢
ELTHE L7 vy —~< AT E& o
BE2 34 mm 725 388 mm (272570 G.
lipkei T 2 FIREMEDS FW, 2 51X Z O AED
SRRICOWTIRR LS OB E 25tk LTz
WA, NT A I Scyllarus sp. (fig. 38 in
Johnson 1971a) | 7 > K@ Scyllarus sp. D (fig.
49inBerry 1974) M O% ‘Scyllarus cultrifer’ (&
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Fig. 3. Ventral (A) and dorsal views (B) of whole body, and ventral views of anterior part of cephalic
shield (C) and posterior part of abdomen (D) of a phyllosoma specimen GR1 (Galearctus lipkei) collected
in the western North Pacific. Stage V. BL = 10.1 mm. Scale bar = 5 mm (A and B) and 1 mm (C and D).

Fig. 4. Ventral (A) and dorsal views (B) of whole body, and ventral views of anterior part of cephalic
shield (C) and posterior part of abdomen (D) of a phyllosoma specimen St21-1 (Galearctus lipkei)
collected in the western North Pacific. Stage VI. BL = 13.1 mm. Scale bar =2 mm (A), 5 mm (B), and 1
mm (C and D).
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Fig. 5. Ventral (A) and dorsal views (B) of whole body, and ventral views of anterior part of cephalic
shield (C) and posterior part of abdomen (D) of a phyllosoma specimen St19GR3 (Galearctus lipkei)
collected in the western North Pacific. Stage VII. BL = 17.7 mm. Scale bar = 5 mm (A and B), 2 mm (C),
and 1 mm (D).

Fig. 6. Ventral (A) and dorsal views (B) of whole body, and ventral views of anterior part of cephalic
shield (C) and posterior part of abdomen (D) of a phyllosoma specimen St19GR4 (Galearctus lipkei)
collected in the western North Pacific. Stage VIII. BL = 25.6 mm. Scale bar = 5 mm (A and B), 2 mm
(C), and 1 mm (D).
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Fig. 7. Ventral (A) and dorsal views (B) of whole body, and ventral views of anterior part of cephalic
shield (C) and posterior part of abdomen (D) of a phyllosoma specimen St7-1 (Galearctus lipkei)
collected in the western North Pacific. Stage [X. BL = 34.2 mm. Scale bar = 5 mm (A and B) and 2 mm

(C and D).

I3RHEE)  (fig. 9inPrasadetal. 1975) & [A LU
FEEZTND, ZNHOHETETHE 1 it
AN 2 il detn KD ORRRNINLET D
SHHE N~ XX EET DLV I 1T G
lipkei & 7559 %75, Prasadetal. (1975) |2k
% ‘S.cultrifer’ OEHHERL D M A (LB T
ROWRBETRRS, RRICE LT, Berry
(1974) @ Scyllarus sp. D 1Z5#4H T 32.4 mm
(Table 2) . Johnson (1971a) @ Scyllarus sp.
& Prasadetal. (1975) @ ‘S.cultrifer’ [Tvd°
ALH BT & b 5 N ENERED 24
mm & 25mm TH ¥ AT 30 mm 288 2
HEHEESIND Z D5 G. lipkei EFFET 5,
O, FEPEAREED B &7z Scyllarus
sp. | & Scyllarus sp. 111 (fig. 6D, E in Michel 1971)
(Table 2) & filify Jes D FECiE . §HF IR &
MEEIZEBWT G. lipkei & &8T5, £72.
FA > UED D Sav7z Scyllarus sp. B (fig.
57 in Johnson 1971b) (34 TR 23 29.2
mm & g R & < JERERIIC S G. lipkei (2

HRILTWD, —F, NT AN HHE S
M7= AR [F EFE (Scyllarus sp.) D& HIShA: (fig.
6 in Johnson 1977b) XA 30.1mm T % 73,
SHH I IRIEA LR S (sub-rectangular) T
FEEHMABE AN B IRV & 5 5T G, lipkei &
AL HER D, MEEEN DG S
7= Scyllarus sp. Z (fig. 10 in Webber and Booth
2001) (TEMEHCTOY A X2 30mm ZiEx 5
B8 525, 18.6 mm A5 30.5 mm & DIF
DD, BEEOERE &2 VIO
FLHl I AOAREMEN B S (Table 2) . F7z,
Scyllarus sp. Z OEIFETEIRITH LA (sub-
pentagon) “C R i fAllk I LB |2 = < FTERERICI
b AE I (C.virgosus) (ZHERLT 5 2 &
© (Uedaetal. 2021; Chow and Yanagimoto 2022b)
Bl 520 G. lipkei Tid7Zevy, BLEIZEF 2K
BNZBb e A I #lifl 7 o0 Yy —<oh4t
D 9 BLIERERIZ G. lipkei EFAETHHONE
BRZEO THDLTHDLBIE, ARfEIZAV F—
KRS AT 52 Lic b, BED L
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Fig. 8. Ratios of cephalic shield width to length
(CW/CL) (a), cephalic shield width to thorax
width (CW/TW) (b), and cephalic shield length
to body length (CL/BL) (¢) plotted against body
length of phyllosoma larvae of Galearctus lipkei.
Developmental stages (V to IX) of the larvae
were defined with reference to those of Galerctus
kitanoviriosus determined by Higa et al. (2005).
Correlation coefficients in CW/CL and CL/BL
are significant (p < 0.001).

25 G. lipkei ORAITRE & AARREZ T T
ERIN TS Z &5 (Yang and Chan
2010) . SEZT TR EEOSMRA N L
EFN b,

XX AEITZEORKEH T 1Y —
~HAEIFEREN 151210 mm THDHZ E»
> (Higa and Saisho 1983; Wada et al. 1985; Inoue
et al. 2000; Higa et al. 2005), K& 7 ¢ v v —
~HAEFA T b Ak I T EBEKORKK
VI DT TRV, FFX L EAEIZED

SHF S v X X2 2T 50, HFEHE &
SHR IR ONFIER UA, 2 WITEEFEE O
E o BREL, BERE®R&EIIH T~ T 5
RTH G lipkei & %72 % (Higa and Saisho
1983; Higa et al. 2005), RHHE CTIIH~7 bk
AEITUROMBIIHLBEDOE L ED &
I3 (Figs. 1,2 FRFEIN) | RECEHFE O
REVSTERENPRIFPELT T X B
AEIxTE L G lipkei MK E 072N A5
ND, ZOZEEFREFEOE A I = L ilif
D Scyllarus J& THFEIERTH Y | S. americanus
DR ITEE IR L 0 B 5 v kRE W
73 (Robertson 1968) . S. pygmaeus <° S. subarctus
T FE R O1E 2 3 D i K& W0
(Palero et al. 2008, 2011; Genis-Armero et al.
2017), F£7=. S. americanus O fx &A= 1T
RKTH 133 mm (2T & 72725 (Robertson
1968) . S. subarctus <Ti¥ 35 mm (ZiET 5
(Genis-Armero et al. 2017), ZiuiE, KEX
FHH OGRS Rl &2 3 2 TR Tl /e
W2 EERLTNDEOD, D5WIXTHEDS
TR T (Yang et al. 2012; Davis et al.
2015; Wakabayashi et al. 2017; Ueda et al. 2021)
Galearctus J&=° Scyllarus JBTE 1 T < <
ONDJBOHERTHENRIF SN THRN T
EEBENRH DD LIV,

BEr

ARHFFE TR L 72 AR AR OERE I STz
TN T K PEIT IR ETIA M BITEAL & KPERFTE -
BB PR TR A AN 2 T AL O T A PR 4
PATEH N LET, M L72AEAR (NSMT-
Cr30872-30890) DIRE T J1\ N T2 72 T2 [E S
B AR O/ MATEILE - | R OARRRICA
MOEER TER, TR VTSIV Tk E
BEIROTIERT O/ N — [ R O 2 44 D&
RGN 2 L E T, RBFZEIE. KEEDFSE - 3
B, KEGIRMSCT ORI [KPE
GIOT ) DEROUNLE « B - IEH ) TIT
iz,

Aquatic Animals 2022 | October 6 | Chow and Yanagimoto AA2022-19



51 FI3CER

Baez, P. R. (1973). Larvas phyllosoma del Pacifico

sur oriental (Crustacea, Macrura, Scyllaridea).

Revista de Biologia Marina, Valparaiso 15:
115-130.

Barnett, B. M. (1989). Final-stage phyllosoma
larvae of Scyllarus species (Crustacea:
Decapoda: Scyllaridae) from shelf waters of
the Breat Barrier Reef. Invertebr. Taxon. 3:
123-134.

Berry, P. F. (1974). Palinurid and scyllarid lobster

larvae of the Natal coast, South Africa. Invest.

Rep. Oceanogr. Res. Inst. South Africa 34: 1—
44,

Booth, J. D., Webber, W. R., Sekiguchi, H.,
Coutures, E. (2005). Diverse larval
recruitment strategies within the Scyllaridae.
N. Z. J. Mar. Freshwater Res. 39: 581-592.

Chow, S., Yanagimoto, T. (2021). Identification of
phyllosoma larvae of the slipper lobster
(Family Scyllaridae). 1. General remark.
Aquat. Anim. 2021: AA2021-10. (In
Japanese with English abstract).

Chow, S., Yanagimoto, T. (2022a). Identification of
phyllosoma larvae of the slipper lobster
(Family Scyllaridae). 5. Chelarctus virgosus
CH Yang and TY Chan, 2012. Aquat. Anim.
2022: AA2022-6. (In Japanese with English
abstract).

Chow, S., Yanagimoto, T. (2022b). Identification
of phyllosoma larvae of the slipper lobster
(Family Scyllaridae). 6. Chelarctus aureus.
Aquat. Anim. 2022: AA2022-15. (In
Japanese with English abstract).

Chow, S., Yanagimoto, T. (2022c¢). Identification of
phyllosoma larvae of the slipper lobster
(Family Scyllaridae). 7. Undescribed species
of the genus Chelarctus. Aquat. Anim. 2022:
AA2022-18. (In Japanese with English
abstract).

Davis, K. E., Hesketh, T. W., Delmer, C., Wills, M.
A. (2015). Towards a supertree of
Arthropoda: a species-level supertree of the
spiny, slipper and coral lobsters (Decapoda:
Achelata). PLoS ONE 10: e0140110.

Fernandez, L., Garcia, C., Alborés, 1. (2010).
Morphological changes in the larval
development of the lesser slipper lobster
Scyllarus  arctus. 9th  Larval Biology
Symposium, 23-27 August 2010, Wellington,
New Zealand.

Genis-Armero, R., Guerao, G., Abello, P,
Gonzélez-Gordillo, J. I., Cuesta, J. A,
Corbari, L., Clark, P. F., Capaccioni-Azzati,
R., Palero, F. (2017). Possible amphi-
Atlantic dispersal of Scyllarus lobsters

(Crustacea: Scyllaridae): molecular and
larval evidence. Zootaxa 4306: 325-338.

Genis-Armero, R., Gonzalez-Gordillo, J. 1., Cuesta,
J. A., Capaccioni-Azzati, R., Palero, F.
(2020). Revision of the West African species
of Scyllarus Fabricius, 1775 (Decapoda:
Achelata: Scyllaridae), with the description
of three phyllosoma stages of S. caparti
Holthuis, 1952 and an updated identification
key. J. Crust. Biol. 40: 412-424.

Genis-Armero, R., Btazewicz, M., Clark, P. F.,
Palero, F. (2022). Chelarctus and Crenarctus
(Crustacea: Scyllaridae) from Coral Sea
waters, with molecular identification of their
larvae. Eur. Zool. J. 89: 446-466.

Higa, T., Saisho, T. (1983). Metamorphosis and
growth of the late-stage phyllosoma of
Scyllarus kitanoviriosus Harada (Decapoda,
Scyllaridac). Mem. Kagoshima Univ. Res.
Center S. Pac. 3: 86-98.

Higa, T., Shokita, S. (2004). Late-stage phyllosoma
larvae and metamorphosis of a scyllarid
lobster, Chelarctus cultrifer (Crustacea:
Decapoda: Scyllaridae), from the
Northwestern Pacific. Spec. Divers. 9: 221—
249.

Higa, T., Fujita, Y., Shokita, S. (2005). Complete
larval development of a scyllarine lobster,
Galearctus kitanoviriosus (Harada, 1962)
(Decapoda: Scyllaridae: Scyllarinae), reared
under laboratory conditions. Crust. Res. 34:
1-26.

Holthuis, L. B. (1982). A new species of Scyllarus
(Crustacea Decapoda Palinuridea) from the
Pacific Ocean. Bulletin du Muséum national
d’Histoire naturelle, Paris, (4) 3(A3): 847—
853.

Inoue, N., Sekiguchi, H., Nagasawa, T. (2000).
Distribution and identification of phyllosoma
larvae in the Tsushima Current region. Bull.
Jpn. Soc. Fish. Oceanogr. 64: 129—-137. (In
Japanese with English abstract).

Inoue, N., Sekiguchi, H., Yeh, S. P. (2001). Spatial
distributions ~ of  phyllosoma  larvae
(Crustacea: Decapoda: Palinuridae and
Scyllaridae) in Taiwanese waters. J. Oceanogr.
57:535-548.

Inoue, N., Minami, H., Sekiguchi, H. (2004).
Distributions ~ of  phyllosoma larvae
(Crustacea: Decapoda: Palinuridae,
Scyllaridae and Synaxidae) in the western
North Pacific. J. Oceanogr. 60: 963-976.

Inoue, N., Sekiguchi, H (2005). Distribution of
scyllarid phyllosoma larvae (Crustacea:
Decapoda: Scyllaridae) in the Kuroshio
subgyre. J. Oceanogr. 61: 389-398.

Inoue, N., Sekiguchi, H (2006). Descriptions of

Aquatic Animals 2022 | October 6 | Chow and Yanagimoto AA2022-19



phyllosoma larvae of Scyllarus bicuspidatus
and S. cultrifer (Decapoda, Scyllaridae)
collected in Japanese waters. Plankton
Benthos Res. 1: 26-41.

Ito, M., Lucas, J. S. (1990). The complete larval
development of the scyllarid lobster,
Scyllarus demani Holthuis, 1946 (Decapoda,
Scyllaridae), in the laboratory. Crustaceana
58:144-167.

Johnson, M. W. (1971a). The phyllosoma larvae of
slipper lobsters from the Hawaiian Islands
and adjacent areas (Decapoda, Scyllaridae).
Crustaceana 20: 77-103.

Johnson, M.W. (1971b). On palinurid and scyllarid
lobster larvae and their distribution in the
South China Sea (Decapoda, Palinuridea).
Crustaceana 21: 247-282.

Johnson, M. W. (1971c¢). The phyllosoma larva of
Scyllarus  delfini (Bouvier) (Decapoda,
Palinuridea). Crustaceana 21: 161-164.

Johnson, M. W. (1977a). The final phyllosoma
larval stage of the slipper lobster Scyllarides
squamosus (H. Milne Edwards) from the
Hawaiian Island (Decapoda, Scyllaridae).
Bull. Mar. Sci. 27: 338-340.

Johnson, M. W. (1977b). On a hitherto unknown
phyllosoma larval species of the slipper
lobster Scyllarus (Decapoda, Scyllaridae).
Pac. Sci. 31: 187-190.

Johnson, M. W. (1979). On a North Pacific
Scyllarus phyllosoma larva with a forked
telson (Decapoda, Scyllaridae). Bull. Mar.
Sci. 29: 592-592.

Kumar, T. S., Vijayakumaran, M., Murugan, T. S.,
Sreeraj, G., Muthukumar, S. (2009). Captive
breeding and larval development of the
scyllarid lobster Petrarctus rugosus. NZ J.
Mar. Freshwat. Res. 43: 101-112.

McWilliam, P. S., Phillips, B. F., Kelly, S. (1995).
Phyllosoma larvae of Scyllarus species
(Decpoda, Scyllaridae) from the shelf waters
of Australia. Crustaceana 68: 537-566.

Michel, A. (1971). Note sur les puerulus de
Palinuridae et les larves phyllosomes de
Panulirus homarus (L). Cah. ORSTOM Ser.
Oceanogr. 9: 459-473.

Minami, H., Inoue, N., Sekiguchi, H. (2001).
Vertical distribution of phyllosoma larvae of
palinurid and scyllarid lobsters in the western
North Pacific. J. Oceanogr. 57: 743-748.

Palero, F., Guerao, G., Abello, P. (2008).
Morphology of the final stage phyllosoma
larva of Scyllarus pygmaenus (Crustacea:
Decapoda: Syllaridae), identified by DNA
analysis. J. Plank. Res. 30: 483—488.

Palero, F., Guerao, G., Clark, P. F., Abello, P.
(2011).  Scyllarus  arctus  (Crustacea:

Decapoda:  Scyllaridae)  final  stage
phyllosoma identified by DNA analysis, with
morphological description. J. Mar. Biol.
Assoc. UK 91: 485-492.

Palero, F., Genis-Armero, R., Hall, M. R., Clark, P.
F. (2016). DNA barcoding the phyllosoma of
Scyllarides squammosus (H. Milne Edwards,
1837) (Decapoda: Achelata: Scyllaridae).
Zootaxa 4139: 481-498.

Phillips, B. F., Brown, P. A, Rimmer, D. W,
Braine, S. J. (1981). Description, distribution
and abundance of late larval stages of the
Scyllaridae (slipper lobsters) in the South-
eastern Indian Ocean. Aust. J. Mar. Freshwat.
Res. 32: 417-437.

Phillips, B. F., McWilliam, P. S. (1986).
Phyllosoma and nisto stages of Scyllarus
martensii Pfeffer (Decapoda, Scyllaridae)
from the Gulf of Carpentaria, Australia.
Crustaceana 51: 133-154.

Prasad, R. P, Tampi, P. R. S. (1957). On the
phyllosoma of Mandapam. Proc. Nat. Inst.
Sci., India B 23: 48-67.

Prasad, R. P., Tampi, P. R. S. (1960). Phyllosomas
of scyllarid lobsters from the Arabian Sea. J.
Mar. Biol. Ass. India 2: 241-249.

Prasad, R. P., Tampi, P. R. S., George, M. J. (1975).
Phyllosoma larvae from the Indian Ocean
collected by the DANA Expedition 1928-
1930. J. Mar. Biol. Ass. India 17: 56-107.

Ritz, D. A. (1977). The larval stages of Scyllarus
demani Holthuis, with notes on the larvae of
S. sordidus (Stimpson) and S. timidus
Holthuis (Decapoda, Palinuridae).
Crustaceana 32: 229-240.

Robertson, P. B. (1968). The complete larval
development of the sand lobster, Scyllarus
americanus (Smith), (Decapoda, Scyllaridae)
in the laboratory, with notes on larvae from
the plankton. Bull. Mar. Sci. 18: 294-342.

Robertson, P. B. (1971). The larvae and postlarva
of the scyllarid lobster Scyllarus depressus
(Smith). Bull. Mar. Sci. 21: 841-865.

Robertson, P. B. (1979). Larval development of the
scyllarid lobster Scyllarus planorbis Holthuis
reared in the laboratory. Bull. Mar. Sci. 29:
320-328.

Saisho, T. (1966). Studies on the phyllosoma larvae
with reference to the oceanographical
conditions. Mem. Fac. Fish. Kagoshima Uniyv.
15:177-239.

Saito, N. (2004). Records on some scyllarid larvae
(Crustacea, Decapoda, Scyllaridae) collected
from Suruga Bay, Pacific coast of Honshu,
Japan. Nankiseibutsu 46: 109-114. (In
Japanese).

B 75 < - ARFTIE— « 3£ F3KEE (2009). AFE K

Aquatic Animals 2022 | October 6 | Chow and Yanagimoto AA2022-19



OIS L ORED b At I =
4FE. Z 7Y 26: 1-11.

BMEOHkR (2014). At bE &I EOM
NZDNT. Z 7 W 37:36-45.

Shojima, Y. (1963). Scyllarid phyllosomas’ habit
of accompanying the jelly fish. Bull. Jpn. Soc.
Sci. Fish. 29: 349-353.

Tampi, P. R. S., George, M. J. (1975). Phyllosoma
larvae in the IIOE (1960-65) Collections-
Systematics. Mahasagar 8: 15—44.

Tamura, K., Stecher, G., Peterson, D., Filipski, A.,
Kumar, S. (2013). MEGA6: molecular
evolutionary genetics analysis version 6.0.
Mol. Biol. Evol. 30: 2725-2729.

Ueda, K., Yanagimoto, Y., Chow, S., Kuroki, M.,
Yamakawa, T. (2021). Molecular
identification of mid to final stage slipper
lobster phyllosoma larvae of the genus
Chelarctus (Crustacea: Decapoda:
Scyllaridae) collected in the Pacific with
descriptions of their larval morphology. Zool.
Stud. 60: 75.

Wada, Y., Kuwahara, A., Munekiyo, M., Sobajima,
N. (1985). Distribution and larval stages of
the phyllosoma larvae of a scyllarid lobster,
Scyllarus  kitanoviriosus, in the western
Wakasa Bay. Bull. Kyoto Ocean. Fish. Sci. 9:
51-57. (In Japanese with English abstract).

Wakabayashi, K., Yang, C. H., Shy, J. Y., He, C. H.,,
Chan, T. Y. (2017). Correct identification and
redescription of the larval stages and early
juveniles of the slipper lobster Eduarctus
martensii  (Pfeffer, 1881) (Decapoda:
Scyllaridae). J. Crust. Biol. 37: 204-219.

Wakabayashi, K., Yang, C. H., Chan, T. Y., Phillips,
B. F. (2020). The final phyllosoma, nisto, and
first juvenile stages of the slipper lobster
Petrarctus  brevicornis (Holthuis, 1946)
(Decapoda: Achelata: Scyllaridae). J. Crust.
Biol. 40: 237-246.

Webber, W. R., Booth, J. D. (2001). Larval stages,
developmental ecology, and distribution of
Scyllarus sp. Z (probably Scyllarus aoteanus
Powell, 1949) (Decapoda: Scyllaridae). NZ J.
Mar. Freshw. Res. 35: 1025-1056.

WoRMS (2022). Galearctus, Holthuis, 2002.
Accessed at https://www.marinespecies.org/
aphia.php?p=taxdetails&id=382784 on 2022-
08-14.

Yang, C. H., Chan, T. Y. (2010). A new slipper
lobster of the genus Galearctus Holthuis,
2002 (Decapoda, Scyllaridae) from Taiwan
and Japan. In: C. H. J. M. Fransen, S. De
Grave, P. K. L. Ng (eds.), Studies on
Malacostraca: Lipke Bijdeley Holthuis
memorial volume. Crustaceana Monographs
14: 735-745.

Yang, C. H., Chan, T. Y. (2012). On the taxonomy
of the slipper lobster Chelarctus cultrifer
(Ortmann, 1897) (Crustacea: Decapoda:
Scyllaridae), with description of a new
species. Raffles Bull. Zool. 60: 449—460.

Yang, C. H., Bracken-Grissom, H., Kim, D.,
Crandall, K. A., Chan, T. Y. (2012).
Phylogenetic relationships, character
evolution, and taxonomic implications within
the slipper lobsters (Crustacea: Decapoda:
Scyllaridae). Mol. Phyl. Evol. 62: 237-250.

Yoneyama, S., Takeda, M. (1998). Phyllosoma and
nisto larvae of slipper lobster, Parribacus,
from the Izu-Kazan Islands, Southern Japan.
Bull. Natn. Sci. Mus., Tokyo, Ser. A 24: 161—
175.

Received: 14 August 2022 | Accepted: 12 September 2022 | Published: 6 October 2022

Aquatic Animals 2022 | October 6 | Chow and Yanagimoto AA2022-19



