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- The discovery of Amphiophiura megapoma in the mesophotic zone of the East Sea, Korea, enhances our understanding of

its distribution and ecology.

- These findings are significant as mesophotic zones have been hypothesized to serve as refuges from marine environmental

changes.
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Abstract: This study introduces a newly discovered brittle star, Amphiophiura mega-
poma, from the mesophotic zone in the East Sea, Korea. It is the second species belong-
ing to the genus Amphiophiura (which includes 57 species) to be recorded in Korean
waters after A. sculpta. The specimen was discovered during a September 2022 survey,

by SCUBA diving in the upper mesophotic zone of the East Sea, Korea. This study pre-
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Korea.

sents the morphological characteristics of A. megapoma, highlighting its differences from
the related species within a comprehensive taxonomic description. It provides high-
resolution images of A. megapoma and a taxonomic key for Amphiophiura species in
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1. INTRODUCTION

The mesophotic zone is typically defined as being
from 30 m to 150 m depth, intermediate in illumination
between its shallower and deeper counterparts (Turak
and DeVantier 2019). It is characterized by light-depen-
dent communities surviving in light-limited environ-
ments and harbors unique biota that include both eury-
bathic organisms and those exclusively adapted to
deep-water habitats (Schneider et al. 2019). The chal-
lenges and economic constraints associated with con-
ducting in situ surveys and underwater sampling have
historically hindered scientific research at these depths.

In the previous centuries, marine biodiversity surveys
predominantly focused on infralittoral and shallow
depths. However, advancements in submersible tech-
nology during the 1970s enabled exploration of the
deep sea (Grassle et al. 1975; Heirtzler and Grassle
1976; Barnes et al. 1977; Corliss et al. 1979; Tunnicliffe
et al. 1986), resulting in remarkable discoveries of ma-
rine life and a significant re-evaluation of marine bio-
diversity patterns (e.g., Rex (1981) and Grassle (1985)).
Nevertheless, the mesophotic zone has received limited
attention due to its depth range, being too shallow for
safe submersible operation yet too deep for conven-
tional SCUBA diving (Pyle 1996; Hinderstein et al.
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2010; Kahng et al. 2010).

Genus Amphiophiura Matsumoto, 1915 comprises
57 extant species (Stohr et al. 2023). Among them, only
one species, A. sculpta (Duncan, 1879), had been re-
corded in the Korean marine fauna prior to this study
(Yi and Irimura 1988; MABIK 2023). Amphiophiura
exhibits distinct morphological characteristics compa-
red to other genera within the same family, Ophiopyrgi-
dae Perrier, 1893 (Matsumoto 1915, 1917; Fell 1960): 1)
disk high, and arms not very high (higher than broad),
2) disk and ventral interbrachal covered with prominent
scales, and 3) arm spines arranged in a single row. Nu-
merous species of Amphiophiura inhabit the lower sub-
littoral and upper abyssal benthic zone (ranging from
100-3,000 m), and sometimes the lower abyssal benthic
zone (below 4,000 m) (Lyman 1878; Matsumoto 1917;
McKnight 2003; Liu 2008). In September 2022, a trim-
ix diving team for scientific research conducted a sur-
vey in the upper mesophotic zone (below 70 m, upper
sublittoral benthic zone) of the East Sea, Korea. During
this survey, an Amphiophiura specimen was discovered,
marking an extraordinary finding in the upper meso-
photic zone.

In this study, a newly recorded brittle star found during
a mesophotic zone survey is presented, accompanied by
a comprehensive taxonomic description and high-reso-
lution images. Furthermore, a taxonomic key to species
within the genus Amphiophiura in Korea is provided.

2. MATERIALS AND METHODS

A sample was collected from the water around Na-
mae-ri in Gangwon-do, in the East Sea, Korea (Fig. 1).
The sample was collected by trimix SCUBA diving (Fig.
1), and preserved in ethyl alcohol solution (>95%)
after sorting in land. The collected sample was deposited
in the National Marine Biodiversity Institute of Korea
(MABIK; Seocheon, Korea). The sample for observation
was lightly bleached following the procedure by Stohr
et al. (2012) and bleached specimens were dried in an
oven for six hours at 55°C. Specimen observation and
photography for figures were performed using a Nikon
SMZ1000 stereomicroscope (Nikon, Tokyo, Japan), a
DP22 digital camera (Olympus, Tokyo, Japan), and a
Helicon Focus 7.7.5 (Helicon Soft Ltd., Oakland, CA,
USA) for combinations of images with varying focus.
Observation of major morphological characteristics
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and measurement of body part for ophiuroids such as
length of an arm and a disk were performed following
the method of Shin (2012). The sample was identified
using traditional taxonomic characters described by
Clark (1911). All the abbreviations in this study are refer-
red from Hendler (2018) and Goharimanesh et al.
(2021).

3. SYSTEMATIC ACCOUNTS

Phylum Echinodermata Klein, 1778

Class Ophiuroidea Gray, 1840

Superorder Euryophiurida O’Hara, Hugall, Thuy,
Stohr and Martynov, 2017

Order Ophiuroida Miiller and Troschel, 1840 sensu
OHaraet al., 2017

Suborder Ophiurina Miiller and Troschel, 1840 sensu
O'Hara et al., 2017

Family Ophiopyrgidae Perrier, 1893

Genus Amphiophiura Matsumoto, 1915

Key to the species of genus Amphiophiura
in Korea

1. Arm slightly long (R=over 2.9r), radial shield almost

Separated from each other ............................. A. megapoma
— Arm short (R=below 2.0r), radial shield adjoined each
Other two-thirds of the length .............................. A Sculpta

Amphiophiura megapoma (H.L. Clark, 1911)
SFA LA Z7IARE] (A1) (Fig. 2)
Ophiura megapoma H.L. Clark, 1911: 79, 80, fig. 23.
Amphiophiura megapoma: Matsumoto, 1917: 264; Fujita
et al., 2014: 210; Stohr et al., 2023: 242734.

Material examined. One specimen, off the water of Na-
mae-ri, Hyeunnam-myeon, Yangyang-gun, Gangwon-
do, Korea (37°58'42.7"N 128°48'42.9"E) (Fig. 1), 1 Sep-
tember 2022, depth of 53.6 m, water temperature of
2.7°C, inhabits muddy to fine sand sediments, deposi-
ted in MABIK (MABIKIV00172890).

Description. Disk rather thick, flat, rounded penta-
gonal outline, and covered with numerous conspicu-
ous scales (Fig. 2A). Arms five, rather high, and slight-
ly long. Radial shield moderate sized, bared, rather
longer than broad, separated each other with small
scales, but slightly connected at middle part (Fig. 2B).
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Fig. 1. Collecting sites of Amphiophiura megapoma (H.L. Clark, 1911), and the trimix diving survey in this study. A and B, collecting sites of
A. megapoma in this study and the original description by Clark (1911); C, a photograph of the trimix diving survey conducted in the meso-
photic zone as part of this study.

Genital slits long and conspicuous (Fig. 2E). Genital C). Tentacle pore covered with four to six large scales
scales short, wider than long, rounded square or oval at outer side of pore (Fig. 2D, E), and number of scales
shape, and gradually larger toward aboral side (Fig. 2B, gradually decrease toward tip. Oral shields longer than
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Fig. 2. Amphiophiura megapoma (H.L. Clark, 1911) (MABIKIV00172890). A, aboral side in life; B, radial shield, genital scales, and dorsal arm
plates; C, lateral side of the arm proximally; D, oral part and around; E, ventral side of the arm. Abbreviation. AdSh, adoral shield; AdShSp,
adoral shield spine; AS, arm spine; DAR dorsal arm plate; GS, genital slit; GSc, genital scale; LAR lateral arm plate; LOPa, lateral oral papil-
lae; OP oral plate; OSh, oral shield; TPa, tooth papilla; TSc, tentacle scale; RS, radial shield; VAR ventral arm plate.
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broad, rounded distally but angular proximally (Fig. = g
2D). Adoral shields rather longer than broad (Fig. g | oo ~ E <
2D). Oral plate smaller then adoral shield, longer than 3c g E < g | o | g9 NLIO
broad, much wider distal part than proximal part, and 2 c| 852 E 2 ::S B
one to two rounded granules on inner side of plate or Qs g o =32
not (Fig. 2D). Dorsal arm plate hexagonal, wider than A -
long at basal, and passing basal part rapidly longer than
broad (Fig. 2B). Lateral arm plate moderate size with g g =
six arm spines at basal, and number of arm spine grad- 85 % - . §§ =
ually decrease toward tip. Tooth papilla one, lateral oral ‘é ; § 8| 8 |~ |3 %C" gz
papillae five to seven, and adoral shield spines one to 85 | € g © g2 | =
two (Fig. 2D). < Sge § £
Size. Diameter of disk (r)=16.4 mm, length from the
middle of disk to the tip of arm (R)=50.1 mm, width _
of arm at proximal=3.3 mm, and R=3.1r. o= %
. . . . . — =

Color. The specimen color in life is dark olive on the 55 5% 2 |8 §
aboral side and pale gray on the oral part and ventral gy | o8 £ 2 ||~ |28 4
side of arm. <o | 255 | ° 28| &
Distribution. Korea (East Sea), Japan (Toyama Bay, %g 2 <23 £
Hokkaido), Kuril Islands, Sea of Okhotsk.
Remarks. Amphiophiura megapoma was initially re- -
ported as Ophiura megapoma by Hebert L. Clark (1911). © _ % y ¥
Matsumoto (1915) subsequently established a new § 5c % P 5 21 5 ZE
genus, Amphiophiura, which included O. megapoma 5| S2| s £ o | _ | < g 3|3

. . . . . » Q ¥ © B 2 o~ o | g
and 29 other species. The specimen in this study exhi- 5 i 8 s ® 5% | |8
bits the same morphological characteristics, although 3 = % é 8 £
there are a few minor differences from the original de- |5 g2 &2 °
scription by Clark (1911): 1) the number of proximal é E
arm spines (holotype: four or five; this study: five), and E - 5
2) the number of proximal tentacle scales (holotype: four % % ;
to seven; this study: five to seven). Around the waters Sl e | s ?% =
of Korea, five Amphiophiura species were recorded § §§ i E> E = - % | & %
(Table 1): A. megapoma, A. oediplax (Clark, 1911), A. S §; % 2 2 % ) 2 é NQ'D %)
penichra (Clark, 1911), A. pomphophora (Clark, 1911), é S 5 §§ GE) S N g 90 3 §
and A. sculpta (Duncan, 1879). Among them, A. sculpta ‘é = o g S 3s 2
has been previously recorded from a depth of 50 m in B 88 B E 2
the Yellow Sea, Korea (Yi and Irimura 1988). However, = ene e §
this species distinctly differs from A. megapoma in two 8 g
major morphological characteristics: 1) the ratio of R/r % * = g
(A. megapoma=2.9-3.1; A. sculpta=1.5), and 2) the ra- g § 5 % % £
dial shields are joined or separated (A. megapoma= sep- 213 © 5 5 £ E
arated; A. sculpta=joined) (Table 1). Furthermore, = 2 k5 < o5
A. megapoma has more arm spines compared to A. § E é é & %E
oediplax, A. penichra, and A. pomphophora, and the £ 5 oo < f:% i
radial shields of these three species are joined (Table 1). S Y 2 82| 5 5 | 2|
Consequently, the collected Amphiura specimen was K é £ 2 S é - % % 2
identified as A. megapoma, representing the first record ® 3 e ez || o =T g
in the Korean marine fauna, and the first collection rec- E = s lslsl 5 |58
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ord at depths below 100 m.

CRediT authorship contribution statement
T Lee: Investigation, Formal analysis, Resources, Super-
vision, Writing-Original draft, Writing-Review & editing.

Declaration of Competing Interest
The author declares no conflicts of interest.

ACKNOWLEDGEMENTS

I would like to express my gratitude to Dr. Damin Lee,
a member of the trimix diving team for scientific res-
earch and an expert pycnogonid taxonomist in Korea,
for his contribution to collecting the sample. This res-
earch was supported by a grant (2023M00100) from the
National Marine Biodiversity Institute of Korea (MABIK)
Research Program and a grant (No. 2021R111A2058
017) of the Basic Science Research Program through the
National Research Foundation (NRF) of the Republic of
Korea.

REFERENCES

Barnes AT, LB Quetin, JJ Childress and DL Pawson. 1977 Deep-
sea macroplanktonic sea cucumbers: suspended sediment
feeders captured from deep submergence vehicle. Science
194:1083-1085. https://doi.org/1126/science.194.4269.1083

Clark HL. 1911. North Pacific ophiurans in the collection of the
United States National Museum. Bull. U.S. Natl. Mus. 75:1-
302. https://doi.org/10.5479/si.03629236.75.1

Corliss JB, J Dymond, LI Gordon, JM Edmond, RP von Herzen,
RD Ballard, K Green, D Williams, A Bainbridge, K Crane
and TH van Andel. 1979. Submarine thermal springs on
the Galdpagos Rift. Science 203:1073-1083. https://doi.
org/10.1126/science.203.4385.1073

Duncan PM. 1879. On some Ophiuroidea from the Korean Seas.

Zool. J. Linn. Soc. 14:445-482. https://doi.org/10.1111/].1096 -
3642.1879.tb02443.x

Fell HB. 1960. Synoptic keys to the genera of Ophiuroidea. Zoology
Publications from Victoria University of Wellington 26:1-34.

Fujita T, Y Ishida and Y Kogure. 2014. Ophiuroids (Echinodermata)
collected by the R/ Mizuho-Maru from the continental shelf
in the Sea of Japan. Nat. Mus. Nat. Sci. Monogr. 44:205-223.

Goharimanesh M, S Stéhr, O Mirshamsi, F Ghassemzadeh and D
Adriaens. 2021. Interactive identification key to all brittle star
families (Echinodermata; Ophiuroidea) leads to revised mor

296 (©2023. Korean Society of Environmental Biology.

phological descriptions. Eur. J. Taxon. 766: 1-63. https://doi.
org/10.5852/ejt.2021.766.1483

Grassle JE, HL Sanders, RR Hessler, GT Rowe and T McLellan.
1975. Pattern and zonation: a study of the bathyal megafauna
using the research submersible Alvin. Deep-Sea Res.
Oceanogr. Abstr. 22:457-481. https://doi.org/10.1016/0011-
7471(75)90020-0

Grassle JF 1985. Hydrothermal vent animals: Distribution and
biology. Science 229:713-717 https://doi.org/10.1126/science.
229.4715.713

Gray JE. 1840. A synopsis of the genera and species of the class
Hypostoma (Asterias, Linnaeus). Ann. Mag. Nat. Hist. 6:275-
290.

Heirtzler JR and JF Grassle. 1976. Deep-sea research by manned
submersibles. Science 194:294-299.

Hendler G. 2018. Armed to the teeth: a new paradigm for the
buccal skeleton of brittle stars (Echinodermata: Ophiuroidea).
Contrib. Sci. 526:189-311. https://doi.org/10.5962/p.324539

Hinderstein LM, JCA Marr, FA Martinez, MJ Dowgiallo, KA Pug-
lise, R Pyle, DG Zawada and R Appeldoorn. 2010. Theme
section on “Mesophotic Coral Ecosystems: Characterization,
Ecology, and Management” Coral Reefs 29:247-251. https://
doi.org/10.1007/s00338-010-0614-5

Kahng SE, JR Garcia-Sais, HL Spalding, E Brokovich, D Wagner, E
Weil, L Hinderstein and RJ Toonen. 2010. Community ecology
of mesophotic coral reef ecosystems. Coral Reefs 29:255-
275. https://doi.org/10.1007/s00338-010-0593-6

Klein JT. 1778. Naturalis Dispositio Echinodermatum. Accessit
Lucubratiuncula de Aculeis Echinorum Marinorum et Speci-
legium de Belemnitis. Edita et Descriptionibus Novisque In-
ventis et Synonymis Auctorum Auca a Nathanaele Godofredo
Leske. Officina Gleditdchiana, Lipsiae (Leipzig). pp. 1-278.

Liu R. 2008. Checklist of Marine Biota of China Seas (Liu LR ed.).
Institute of Oceanography, Chinese Academy of Science. Bei-
jing, China.

LymanT. 1878. Ophiuridae and Astrophytidae of the “Challenger”
expedition. Part |. Bull. Mus. Comp. Zool. 5:65-168.

MABIK. 2023. National List of Marine Species. Il. Marine Inverte-
brates. National Marine Biodiversity Institute of Korea. Seo-
cheon, Korea.

Matsumoto H. 1915. A new classification of the Ophiuroidea:
with descriptions of new genera and species. Proc. Acad.
Nat. Sci. Phila. 47:43-92.

Matsumoto H. 1917 A monograph of Japanese Ophiuroidea,
arranged according to a new classification. J. Coll. Sci. Imp.
Univ. Tokyo 38:1-408.

McKnight DG. 2003. New brittle-stars (Echinodermata: Ophi-
uroidea) from New Zealand waters. Zootaxa 351:1-36. https://
doi.org/10.11646/Z00TAXA.352.1.1


https://doi.org/1126/science.194.4269.1083
https://doi.org/10.5479/si.03629236.75.1
https://doi.org/10.1126/science.203.4385.1073
https://doi.org/10.1126/science.203.4385.1073
https://doi.org/10.1111/j.1096-3642.1879.tb02443.x
https://doi.org/10.1111/j.1096-3642.1879.tb02443.x
 https://doi.org/10.5852/ejt.2021.766.1483
 https://doi.org/10.5852/ejt.2021.766.1483
https://doi.org/10.1016/0011-7471(75)90020-0
https://doi.org/10.1016/0011-7471(75)90020-0
https://doi.org/10.1126/science.229.4715.713
https://doi.org/10.1126/science.229.4715.713
https://doi.org/10.5962/p.324539
https://doi.org/10.1007/s00338-010-0614-5
https://doi.org/10.1007/s00338-010-0614-5
https://doi.org/10.1007/s00338-010-0593-6
https://doi.org/10.11646/ZOOTAXA.352.1.1
https://doi.org/10.11646/ZOOTAXA.352.1.1

O'HaraTD, AF Hugall, B Thuy, S Stéhr and AV Martynov. 2017. Re-
structuring higher taxonomy using broad-scale phylogenom-
ics: the living Ophiuroidea. Mol. Phylogenet. Evol. 107:415-
430. https://doi.org/10.1016/.ympev.2016.12.006

Perrier E. 1893. Echinodermes. pp. 781-864. In: Traité de Zool-
ogie. Masson. Paris, France. https://doi.org/10.5962/bhl title.
11522

Pyle RL. 1996. Exploring deep coral reefs: How much biodiversity
are we missing? Glob. Biodivers. 6:3-7.

Rex MA. 1981. Community structure in the deep-sea benthos.
Ann. Rev. Ecol. Evol. Syst. 12:331-353.

Schneider CW, TR Popolizio, LGK Kraft and GW Saunders. 2019.
New species of Galene and Howella gen. nov. (Halymenia-
ceae, Rhodophyta) from the mesophotic zone off Bermuda.
Phycologia 58:690-697. https://doi.org/10.1080/00318884.201
9.1661158

Shin S. 2012. Brittle stars |: Echinodermata: Asterozoa, Ophi-
uroidea. pp. 1-143. In: Invertebrate Fauna of Korea, Vol. 32,
No. 3. National Institute of Biological Resources. Incheon,
Korea.

Stohr S, S Sautya and B Ingole. 2012. Brittle stars (Echinodermata:

A newly recorded brittle star in Korea

Ophiuroidea) from seamounts in the Andaman Sea (Indian
Ocean): First account, with descriptions of new species. J.
Mar. Biol. Assoc. U.K. 92:1195-1208. https://doi.org/10.1017/
S0025315412000240

Stohr S, T O'Hara and B Thuy. 2023. World Ophiuroidea Database.
https://www.marinespecies.org/aphia.php?p=taxdetails&id=
123554. Accessed August 8, 2023. https://doi.org/10.14284/
170

Tunnicliffe V. M Botros, ME de Burgh, A Dinet, HP Johnson, SK
Juniper and RE McDuff. 1986. Hydrothermal vents of Explorer
Ridge, northeast Pacific. Deep-Sea Res. Part |-Oceanogr.
Res. Pap. 33:401-412. https://doi.org/10.1016/0198-0149(36)
90100-7

Turak E and L DeVantier. 2019. Reef-building corals of the upper
mesophotic zone of the central Indo-west Pacific. pp. 621~
651. In: Mesophotic Coral Ecosystems. Coral Reefs of the
World, vol 12 (Loya Y, KA Puglise and TCL Bridge, eds.).
Springer. Cham, Switzerland. https://doi.org/10.1007/978-3-
319-92735-0_34

Yi SK'and S Irimura. 1988. A taxonomic study on the Ophiuroidea
from the Yellow Sea. Korean J. Syst. Zool. 3:117-136.

http://www.koseb.org 297


https://doi.org/10.1016/j.ympev.2016.12.006
https://doi.org/10.5962/bhl.title.11522
https://doi.org/10.5962/bhl.title.11522
https://doi.org/10.1080/00318884.2019.1661158
https://doi.org/10.1080/00318884.2019.1661158
https://doi.org/10.1017/S0025315412000240
https://doi.org/10.1017/S0025315412000240
https://www.marinespecies.org/aphia.php?p=taxdetails&id=123554
https://www.marinespecies.org/aphia.php?p=taxdetails&id=123554
https://doi.org/10.14284/170
https://doi.org/10.14284/170
https://doi.org/10.1016/0198-0149(86)90100-7
https://doi.org/10.1016/0198-0149(86)90100-7
https://doi.org/10.1007/978-3-319-92735-0_34
https://doi.org/10.1007/978-3-319-92735-0_34



