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Abstract

Mid- to late stage phyllosoma larvae, assigned to 7th and 8th stages, collected south of the Ogasawara
Islands, Japan, were determined to be Panulirus brunneiflagellum Sekiguchi & George, 2005 by DNA
barcoding, and morphological description was given for the first time. Phylogenetic analysis based on the
mtDNA COI sequences indicated that the most closely related species to P. brunneiflagellum was P.
marginatus, and hence P. brunneiflagellum was indicated to belong to ‘Panulirus longipes group’. The
larval morphology also indicated P. brunneiflagellum to be a member of the same group, in which the ratio
of carapace shield width to thoracic width was larger than that of P. japonicus but similar to those of the

other species of ‘Panulirus longipes group’ previously reported.
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Introduction

Spiny lobsters of the genus Panulirus have been
target species for economically important fishery.
Panulirus longipes (A. Milne-Edwards, 1868) is a
species complex, which has been splitted into five
nominal species (P. brunneiflagellum, P. cygnus, P.
longipes bispinosus, P. longipes longipes and P.
femoristriga) (Sekiguchi 2008). Sekiguchi (1991)
noted two distinct types in Panulirus longipes in
the Ogasawara Islands, Japan and tentatively
named one of them to be ‘Aka-ebi’ in Japanese.
This Aka-ebi’ was later described as a new species
P, brunneiflagellum by Sekiguchi and George
(2005). Very long planktonic period is
characteristics of phyllosoma larvae of spiny
lobsters, and P. brunneiflagellum may not be the

exception. However, P brunneiflagellum is

endemic of the Ogasawara Islands, unlike most

species of ‘Panulirus longipes group’ having very
wide distribution throughout the Indo-western
Pacific (Holthuis 1991). Although genetically
distinct status of P. brunneiflagellum was presented
(Chow et al. 2006a; Shirai et al. 2006), no
information of larval morphology has been known
yet. We examined the plankton specimens of
phyllosomata collected around the Ogasawara
Islands in the research cruise of R/V Shunyo-Maru
of the Fisheries Research Agency in February 2007.
The general morphology of the specimens
suggested that these provisionally belong to the
genus Panulirus by the diagnostic keys (Sekiguchi
1986; Konishi 2015). Consequently, two
specimens were found to be P. brunneiflagellum
via DNA analysis. In this study, we introduce the
results of morphological description on these two

phyllosoma larvae of this species for the first time.
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Materials and Methods

A total of 14 phyllosoma larvae of the genus
Panulirus were collected in February 2007 around
the Ogasawara Islands. Crude DNA was extracted
from a pereiopod, and approximately 1300 bp
fragment of mitochondrial COI region was
amplified as described in Chow et al. (2006a).
Amplified fragments digested by A/u | and Taqg 1
restriction enzymes were electrophoresed on
agarose gel to tentatively identify lobster species
(Chow et al. 2006a). Five larvae were determined
to be P. brunneiflagellum, of which two specimens
(designated as St.6NS3 and St.6NM4) (Table 1)
were selected for further morphological and
nucleotide sequence analyses because of the
relatively well-conserved condition. We used
forward primers (COI65F1~4) (Chow et al. 2006a)

for nucleotide sequence analysis, as the upstream

region of COI had enough information for species
discrimination. COI sequences of closely related
species were derived from database (Table 2), and
nucleotide sequence alignment, model selection,
calculation of K2P distance, and construction of
phylogenetic tree were performed using MEGA6
(Tamura et al. 2013). Nucleotide sequences
determined are available in the DDBJ-EMBL-
GenBank database (accession numbers LC472814
and LC475101). Observations and drawings were
made with an aid of drawing tube attached to an
Olympus BX51 microscope and a SZXI10
stereomicroscope. Stage definition of phyllosoma
is followed after Matsuda and Yamakawa (2000).
Measuring method is followed after Matsuda
(2006). The voucher specimens are deposited at the
Hokkaido University Museum under the accession

No. ICHUM-5961-5964.

Table 1. Sampling information for two phyllosoma specimens

collected at 24 February 2007.

specimen StoNS3 StoNM4
Net set at 30 m
Local time (hh:mm) 18:21 19:38
Lat. (N) 25.983 25.905
Long. (E) 142.999 143.002
Net lift starting
Local time (hh:mm) 18:51 20:08
Lat. (N) 25.937 25.869
Long. (E) 143.001 143.005

Table 2. Panulirus lobster COI sequences derived from database.

species Accession No.

Panulirus argus AF339452, FJ174969
Panulirus brunneiflagellum AB193077*, AB193078, AB193079
Panulirus cygnus AF339453, KT696496
Panulirus femoristriga MG062676
Panulirus japonicus ABO071201, IN591364
Panulirus longipes bispinosus MK371327, MK371329
Panulirus longipes longipes AF339464, Q229879
Panulirus marginatus KF828012, KF828013
Panulirus ornatus HM446347
Panulirus pascuensis AF339466

*larval form.

Aquatic Animals | July 05, 2019 | Konishi et al. AA2019-4



Results

Phylogenetic analysis

Nucleotide sequences determined were 607 bp for
StoNS3 and StoNM4. K2P distance between these
two sequences was 0.5 £ 0.3 % S.E. In maximum
likelihood analysis (ML), T92+G+] was selected
as the best fitted model. ML phylogenetic tree is
shown in Fig. 1, indicating intimate affinity of
StoNS3 and StoNM4 to P. brunneiflagellum. K2P
distance between St6NS3 and StoNM4 and P
brunneiflagellum ranged from 0.2 to 2.0 % with a
mean of 1.1 £ 0.3 % S.E. All these results indicate
StoNS3 and StoNM4 to be P. brunneiflagellum.
The closest species to P. brunneiflagellum was P.
marginatus, in which K2P distance between these

two species ranged from 4.2 to 5.1 % with a mean

0.05

0f 4.6 £ 0.9 % S.E., comparable with or even
smaller than that (5.7 £ 1.0 % S.E.) between P, I.

bispinosus and P, . longipes.

Morphological description of the phyllosoma
specimens

The larval stages of the present specimens are
identified to be the 7th and 8th stage based on
morphological definition by Matsuda and
Yamakawa (2000), mainly by the condition of
maxilliped 2, pereiopod 5 and pleopods. Detailed

morphology is given as below.

Stage 7 (St6NS3)
Dimensions: Total body length (TL) = 15.9 mm,

cephalic shield length (CL) = 12.0 mm,
Panulirus brunneiflagellum (AB193079)

*1 StoNS3*

81 [ StoNM4*

P. brunneiflagellum (AB193078)
821 P brunneiflagellum (AB193077)*
P. marginatus (KF828012)

68

ST
70

851 P marginatus ( KF828013)

—f

P. pascuensis (AF339466)
P. femoristriga (MG062676)

9~ P. cyngus (AF339453)
P. cyngus (KT696496)
90  P. longipes bispinosus (MK371327)

P. longipes bispinosus (MK371329)
P. longipes longipes (1Q229879)
P. longipes longipes (AF339464)

| P. japonicus (AB071201)
100 | P japonicus (IN591364)
| P. argus (F1174969)
100 | P argus (AF339452)
P. ornatus (HM446347)

Fig. 1. Phylogenetic tree of mtDNA COI sequences in ‘Panulirus longipes group’ created using the
maximum likelihood method (ML). COI sequence of Panulirus ornatus was used as a root. Accession
numbers are shown in the parenthesis. Bootstrap values of > 50% (out of 1000 replicates) are shown

on the nodes. *Larval form.
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cephalic shield width (CW) = 7.4 mm, thorax
width (TW) = 8.8 mm.

Cephalothorax: Cephalic shied (CS) ovate in
outline (Fig. 2A), longer than wide, CW/TW
ratio = 0.84. Posterior margin of thorax slightly
concave between the base of the pair of 4th
pereiopods.

Antennule (Fig. 2B): Biramous, peduncle 3-
segmented. Outer flagellum (exopod) with
aesthetascs on about half of its inner margin.
Inner flagellum about 1/4 length of outer
flagellum, without setae.

Antenna (Fig. 2C): Uniramous, 5-segmented,

shorter but as nearly long as antennule.

Mandibles: Slightly flattened dorso-ventrally.
Incisor process and medial gnathal edge with a
series of teeth. Molar process crowned by many
denticules and minute papillae. Labrum and
paragnath well-developed, covering distal inner
half portion of mandible.

Maxillule (Fig. 2D): Two short setae (arrow),
showing presumptive endopod site, near
anterior base. Basial endite with 2 stout spines
and a subterminal seta while coxal endite with
3 stout spines.

Maxilla (Fig. E): 2-segmented bud. Basal segment
with 2 thin anterior thin setae. Distal segment

(scaphognathite) with an apical seta.

Fig. 2. Panulirus brunneiflagellum, stage 7 phyllosoma (StoNS3). A: whole animal, dotted lines
showing presumptive missing part of perecopods, B: antennule, C: antenna, D: maxillule, E: maxilla,
F: maxilliped 1, G: maxilliped 2, G’: tip of the same, enlarged, H: maxilliped 3, I: abdomen. A and H

in ventral view; B-G in dorsal view.

Aquatic Animals | July 05, 2019 | Konishi et al. AA2019-4



Maxilliped 1 (Fi. 2F): Present as small bud near
maxilla.

Maxilliped 2 (ig. 2G): Uniramous with 5 segments.
No exopod rudiment.

Maxilliped 3 (Fi. 2H): Endopod 4-segmented,
many setae on distal segment. Exopod two-
segmented, distal segment slightly curved with
natatory plumose setae.

Pereiopod 1-4: Distal part of endopod, merus to
dactylus, missing. No subexopodal spine was
observed on all pereiopods.

Pereiopod 5 (Fig. 2I): Uniramous, unsegmented
projection.

Abdomen (Fig. 2J): Somite segmented, with
uniramous rudiments of pleopods and biramous

uropod buds.

Stage 8 (StoNM4)

Dimensions: TL =22.2 mm, CL=15.9 mm, CW =
10.4 mm, TW = 12.1 mm.

Cephalothorax: Outline of CS ovate, longer than
wide (Fig. 3A), CW/TW ratio = 0.86. Others as
in the stage 7.

Antennule (Fig. 3B): Aesthetascs on outer
flagellum increased, inner flagellum slightly
elongate with 3 short setae, others as in stage 7.

Antenna (Fig. 3C): 5-segmented, now longer than
antennule.

Manibles (Fig. 3D): Slightly flattened dorso-
ventrally, asymmetrical in dentition. Incisor
process and medial gnathal edge with a series of
teeth. Molar process crowned by many

denticules and minute papillae. Labrum and

Fig. 3. Panulirus brunneiflagellum, stage 8 phyllosoma (StoNM4). A: whole animal, B: antennule, C:
antenna, D: left mandible in inner view, D’: same in outer view, E: maxillule, F: maxilla, F’: same,
enlarged distal segment, G: maxilliped 1, H: maxilliped 2, I: maxilliped 3, J: abdomen. A and I in
dorsal view; B-H and J in ventral view.
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paragnath well-developed, covers distal inner
half portion of mandible.

Maxillule (Fig.3E): A short seta, showing
presumptive endopod site, near anterior base.
Basial endite with 2 stout spines and 3
subterminal setae while coxal endite with 3
stout spines and 2 setae.

Maxilla (Fig. 3F): Basal segment with 2 thin
anterior setae. Distal segment with 2 marginal
thin setae; many marginal setae of next stage are
visible under the cuticle (Fig. 3F”).

Maxilliped 1 (Fig. 3G): Elongated, distal part
slightly cleft.

Maxilliped 2 (Fig. 3H): Exopod rudiment visible

as a bud in left side (arrow).

Maxilliped 3 (Fig. 3I): Endopod 4-segmented,
many setae on distal segment. Exopod two-
segmented, distal segment with natatory
plumose setae.

Pereiopod 1-4: Distal part of endopod, merus to
dactylus, missing. A small papilla on ventral
side of thorax, near the base of appendage.
Others as in the stage 7.

Pereiopod 5 (Fig. 3J): 2-segmented, uniramous
projection.

Abdomen (Fig. 3J): Somite segmented, rudiments
of pleopods and uropod as biramous buds.

Scaphognathite with 7 or 8 marginal plumose

setae and an apical process.

Table 3. Main dimensions of 7th and 8th stage phyllosoma in four Panulirus species.

Species Stage N TL CW W CW/TW
Panulirus japonicus: VI 4  12.7+0.6 5.3+£0.3 7.2+0.4 0.74+0.01
VI 26 20.3£1.2 8.5+0.4 11.2+1.8 0.76+0.02
P. brunneiflagellum? Vil . 15.9 74 88 0.84
VI 1 22.2 10.4 12.1 0.86
P. longipes bispinosus: VI 14 16.6£1.5 7.6+0.6 9.3+0.7 0.82+0.01
VIII 32 21.5+1.2 9.7+0.5 11.5+0.6 0.84+0.02
P. longipes longipes? VI 1 16.9 8.0 9.2 0.87
VIII 3 20.2+0.7 9.0+0.6 10.8+0.7 0.83+0.01
P. femoristriga® VI 1 14.0 6.7 7.7 0.87
P. marginatus® VI 1 18.2 8.7 9.6 0.91
VIII 1 23.6 10.9 12.2 0.90
P. penicillatus® VI 8 17.0£1.3 9.4+0.7 9.5+0.6 0.99+0.02
VIII 16 22.6£1.5 12.1+0.8 12.2+0.8 0.99+0.03
P homarus** VI 1 9.4 4.7 4.6 1.02
) \all 1 16.2 8.2 7.4 1.10
P, versicolor! VIl 1 16.7 8.8 7.9 1.11
P. ornatus® VIl 1 17.3 9.4 8.4 1.12

!Chow et al. (2006b), 2this study, *Johnson (1968), “Berry (1974), 'measured from the figures.

Remarks
Morphological description of the phyllosoma of P,
brunneiflagellum is incomplete yet, because not a
few parts of thoracic appendages were missing in
the present plankton

samples, probably by

accidental damages during net collection.
Nevertheless, in the present phyllosoma specimens,
general feature apparently resembles that of P
Jjaponicus, and of ‘Panulirus longipes group’ (P.

longipes bispinosus, P. longipes longipes, P.
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femoristriga, and P. marginatus). Main dimensions
of 7th and 8th stages of P brunneiflagellum
specimens are apparently larger than that of P.
Japonicus, closely allied with those in ‘Panulirus

longipes group’, but smaller than those of P
penicillatus, P. homarus, P. versicolor and P.
ornatus (Table 3, Fig. 4). Thus, mid- to late stage
phyllosomata of the genus Panulirus may be
divided into three major groups by CW/TW ratio,
i.e., larger than 1.00, 1.00-0.80, and less than 0.80.

0.70 0.80

P. japonicus %

P. brunneiflagellum

P. longipes bispinosus -0

P. longipes longipes :
P. femoristriga
P. marginatus |
P. penicillatus
P. homarus
P. versicolor

P. ornatus

® stV

St. VIl @ St VII (1 specimen)

P, brunneiflagellum is included in the second group.
At present we are not able to discuss in detail about
this condition, since in this study the dimensions
are based only one specimen in each stage. More
additional data will resolve this statistical difficulty.
The phyllosomata of P brunneiflagellum,
evidently belong to the phyllosoma species-group
1 defined by McWilliam (1995) as follows: CW is

obviously narrower than TW, no ventral coxal

spines or subexopodal spines on pereiopods. Thus,

CW/TW ratio

0.90 1.00 1.10 1.20

|

St. VIII (1 specimen)

Fig.4. CW/TW ratio of 7th (blue) and 8th (orange) stage phyllosoma in ten Panulirus species.
Horizontal bars on plotted circles indicate standard deviation. Squares mean the data based on single
specimen. CW/TW ratio data of 7th and 8th stage phyllosoma were pooled to statistically compare
three species (P. japonicus, P. longipes bispinosus and P. penicillatus), in which averages carrying
different alphabet were significantly different one another (p < 0.001). See Table 3 for detail.
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the phyllosomata of Panulirus species of Japanese
coasts, including P brunneiflagellum, are
classified into 3 larval groups as shown in Table 4.
This result also is in accordance with the group
based on adult forms by George and Holthuis
(1965) and George and Main (1967). The setal
number on the proximal maxillar segment is 2 in
the present specimens, while 3 for the most of
Panurilus species. Matsuda (2006) noted that this
setal number is useful for identification in early
phyllosoma stages based on laboratory rearing.

However, variation of the number has also been

found even in the same species, i.e., P. echinatus

and P. guttatus (Abrunhosa et al. 2004; Baisre and
Alfonso 1994). It seems that this setal number is
not constant at least after mid-later phyllosoma
stages. In the previous larval works, this larval
character sometimes has not been described. More
detailed description of larval morphology should

be required in future.
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Table 4. Comparison of setal number on the proximal segment of maxilla in Panulirus species.

Phylloso§m a Species Sl References

group number

Group 1 P argus 3 Lewis (1951)

Group 1 P. brunneiflagellum* 2 this study

Group 1 P, echinatus 2 or3"  Abrunhosa et al. (2004), Konishi et al. (2006)
Group 1 P, japonicus* 3 Matsuda (2006)

Group 1 P. longipes bispinosus* 3 Matsuda and Yamakawa (2000), Matsuda (2006)
Group 2 P, guttatus 2 or 3"  Baisre and Alfonso (1994)

Group 2 P, interruptus 3 Johnson (1956)

Group 2 P, penicillatus* 2 Minagawa (1990), Matsuda (2006)

Group 3 P, inflatus 3 Johnson and Knight (1966)

Group 4 P. homarus* 3 Prasad et al. (1975)

Group 4 P, laevicauda 3 Abrunhosa et al. (2004)

Group 4 P, ornatus* 3 Prasad et al. (1975)

Group 4 P. polyphagus 3 Uchida and Dotsu (1973)

Group 4 P. versicolor* 3 Deshmukh (1968)

Sphyllosoma group determined by McWilliam (1995), *species found in the coasts of Japan, ™2 setae in

Konishi et al. (2006), 73 setae in the stage X.

References
Abrunhosa, F. A., Abrunhosa, J. P., Costa, R. M.
(2004). The early larval stages of

phyllosomas of the spiny lobsters Panulirus
echinatus Smith, 1869 and P. larvicauda
(Latreille, 1804) (Decapoda: Palinuridae).
Nauplius 12: 21-29.

Baisre, J. A., Alfonso, 1. (1994). Later stage larvae
of Panulirus guttatus (Latreille, 1804)
(Decapoda, Palinuridae) with notes on the
identification of phyllosomata of Panulirus
in the Caribbean Sea. Crustaceana 66: 32—44.

Chow, S., Suzuki, N., Imai, H., Yoshimura, T.

(2006a). Molecular species identification of
spiny lobster phyllosoma larvae of the genus
Panulirus from the Northwestern Pacific.
Mar. Biotech. 8: 260-267.

Chow, S., Yamada, H., Suzuki, N. (2006b).
Identification of mid- to final stage
phyllosoma larvae of the genus Panulirus
White, 1847 collected in the Ryukyu
Archipelago. Crustaceana 79:; 745-764.

Deshmukh, S. (1968). On the first phyllosomae of
the Bombay spiny lobsters (Panulirus) with
a note on the unidentified first Panulirus
phyllosomae from India (Palinuridea).

Aquatic Animals | July 05, 2019 | Konishi et al. AA2019-4



Crustaceana, Suppl. 2: 47-58.

George, R. W., Main, A. R. (1967). The evolution
of spiny lobsters (Palinuridae): a study of
evolution in the marine environment.
Evolution 21: 803-820.

Holthuis, L. B. (1991). Marine Lobsters of the
World: An  Annotated and illustrated
Catalogue of Species of Interest to Fisheries
Known to date: FAO Species Catalogue Vol.
13 (Rome: FAO).

Johnson, M. W. (1956). The larval development of
the California spiny lobster, Panulirus
interruptus  (Randall), with notes on
Panulirus gracilis Streets. Proc. Calif. Acad.
Sci. 29: 1-19.

Johnson, M. W., Knight, M. (1966). The
phyllosoma larvae of the spiny lobster
Panulirus inflatus (Bouvier). Crustaceana
10: 31-47.

Konishi, K., Suzuki, N., Chow, S. (2006). A late-
stage phyllosoma larva of the spiny lobster
Panulirus echinatus Smith, 1869 (Crustacea:
Palinuridae) identified by DNA analysis. J.
Plankton Res. 28: 841-845.

Konishi, K. (2015). Larvae of decapod Crustacea

of Japan (17) — Achelata (1) — Palinuridae (1).

Aquabiology 37: 290-295 (in Japanese).

Lewis, J. B. (1951). The phyllosoma larvae of the
spiny lobster Panulirus argus. Bull. Mar. Sci.
1: 89-103.

Matsuda, H. (2006). Studies on the biological
characteristics and culture in the larvae of
Panulirus lobsters. Bull. Fish. Res. Div., Mie
Pref. Sci. Technol. Prom. Center 14: 3—118
(in Japanese with English abstract).

Matsuda, H., Yamakawa, T. (2000). The complete
development and morphological changes of
larval  Panulirus longipes (Decapoda,
Palinuridae) under laboratory conditions.
Fish. Sci. 66: 278-293.

McWilliam, P. S. (1995). Evolution in the
phyllosoma and puerulus phases of the spiny
lobster genus Panulirus White. J. Crust. Biol.
15: 542-557.

Minagawa, M. (1990). Early and middle larval
development of Panulirus penicillatus
(Oliver) (Crustacea, Decapoda, Palinuridae)

reared in the laboratory. Res. Crust. 18: 77—
93.

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

Nishikiori, K., Sekiguchi, H. (2001). Spiny lobster
fishery in Ogasawara (Bonin) Islands, Japan.
Bull. Japan. Soc. Fish. Oceanogr. 65: 94-102.

Prasad, R. R., 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.

Sekiguchi, H. (1986). Identification of late-stage
phyllosoma larvae of the scyllarid and
palinurid lobsters in the Japanese waters.
Bull. Japan. Soc. sci. Fish. 52: 1289-1294.

Sekiguchi, H. (1991). Two forms of Panulirus
longipes femoristriga (Crustacea,
Palinuridae) from Ogasawara waters, Japan.
Proc. Japan. Soc. Syst. Zool. 44: 15-25.

Sekiguchi, H. (2008). On Japanese names of three
types of “Panulirus longipes femoristriga”
specimens (Crustacea: Decapoda:
Palinuridae) in Japan. Taxa 25: 25-27 (in
Japanese with English abstract).

Sekiguchi, H., George, R. W. (2005). Description
of Panulirus brunneiflagellum new species
with notes on its biology, evolution, and
fisheries. New Zealand Mar. Freshw. Res. 39:
563-570.

Shirai, S., Yoshimura, T., Konishi, K., Kobayashi,
T. (2006). Identification of phyllosoma
larvae: a molecular approach for Japanese
Panulirus lobsters (Crustacea: Decapoda:
Palinuridae) wusing mitochondrial rDNA
region. Species Diversity 11: 307-325.

Tamura, K., Stecher, G., Peterson, D., Filipski, A.,
Kumar, S. (2013). MEGAG6: molecular
evolutionary genetics analysis version 6.0.
Mol. Biol. Evol. 30: 2725-2729.

Uchida, T., Dotsu, Y. (1973). Collection of the T.S.
Nagasaki Maru of Nagasaki University - III.
The transportation, rearing and larva
hatching of the spiny lobster, Panulirus
polyphagus. Bull. Fac. Fish. Nagasaki Univ.
35: 1-9 (in Japanese with English abstract).

Aquatic Animals | July 05, 2019 | Konishi et al. AA2019-4



INEFHEHR D DEREE SN T I A BB O - BT 11 Y —< IO T
AN+ BIAS B - B pRAE
IKPERRFE « ZOE R SORBERRIERT, %) || VLRI T SR KA T 2-12-4

/NGRS ORI CEREE S L2 T B RO 8 17 1 v Y —~ 4D COl BURFRLSI 2 047 L
7o A, T A ' (Panulirus brunneiflagellum) & HI7E S, = OFEBIE #1T o712, Bt
fENT TR SNIZAFEO R HEIINT A A v (P marginatus) THY, B/ a4t

(‘Panulirus longipes’group) \ZJ&T 5 Z L AR S Te, BB E/MEEORIZB N TS, T
A EI3IA v (Pjaponicus) LVENKREL, X0OH /a4 EFHIEWZ LREN
7o

Received: 09 April 2019 | Accepted: 04 July 2019 | Published: 05 July 2019

Aquatic Animals | July 05, 2019 | Konishi et al. AA2019-4

10





