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First Record of the Eared Blacksmelt, Lipolagus ochotensis (Bathylagidae, Osmeriformes) Larvae from

the Southern Coastal Waters of Jejudo Island, Korea by Moon Joo Yoon and Hwan-Sung Ji'*

(Coastal Water

Fisheries Resources Research Division, National Institute of Fisheries Science, Busan 46083, Republic of Korea; 'Fisheries
Resources Research Center, National Institute of Fisheries Science, Tongyeong 53064, Republic of Korea)

ABSTRACT

Four individuals of Lipolagus ochotensis larvae (13.4~21.3 mm SL), belong to the family

Bathylagidae, were collected by a Bongo net from the southern waters off Jejudo Island, Korea in
February to March 2018. L. ochotensis is characterized by a elongated and compressed body, the eye
stalks, series of melanophores on posterior of body, dorsal fin origin above the middle of the body.
A molecular analysis based on 625 base pairs sequences in the mitochondrial DNA cytochrome ¢
oxidase subunit | region shows that specimens were closely matched to adult L. ochotensis (genetic
distance =0.024). We report the first record of family Bathylagidae, genus Lipolagus, L. ochotensis in
Korean waters, and suggest their new Korean names, “Sim-hae-bing-eo-gwa”, “Geom-eun-bing-eo-

sok”, and “Geom-eun-bbyam-bing-eo”, respectively.
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HT}] o] & (Osmeriformes) Bathylagidae oF+ &A%
& 23233, HFs, ul=, YA, 25 FA dF] E23}
= A4 olFE A MNAZLCE 84 23%F (Eschmeyer et al.,
2022)°] &skA|gE, Suetol= oFF] By uh gtk 0|52
%279 (mesopelagic)ol] A4let= thEF o]F e stz =
£ 900~6,000 m®] 7= g=4lofl A 21gte}(Fedorov ef al., 2003).
Bathylagidae olfe 7|E2X=gn7 YA ¢z, TS
(postcleithra) ¥} 52 3= (mesocoracoid)©] §13L, 752 =2{H]

7F &9 v Zoll 7PA A sk= Aol S o)tk (Nelson et al.,
2016).

Zz2g oo AAse 2 ol= thekst o250 Hol

o7 Bxd gt d77t st sPEH e, Mu|=X]

A 2 9): @B (ATY), AT (AR
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I} (Myctophidae), Y5 0]} (Sternoptychidae), <&
(Gonostomatidae), Bathylagidae, Phosichthyidae ©}&
5t Ao Z &4 A lth(Sassa and Hirota, 2013). $-2jua}of A
= &YdFo|T =} 15 (Sigmops gracilis), MB] =X} =
uj7]2 2% (Diaphus garmarni, Notoscopelus japonicus) Z}o] 9]
712 (Lee and Kim, 2013; Park et al., 2019; Lee et al., 2020), &
Z 9 A AE(Lee et al., 2022) 0] B =t} Bathylagidae
of| £3}= Lipolagus ochotensis (Schmidt, 1938) Afoj+= A& A}
Fholgh B 2RAC FHHIAA BE A7t o
(Sassa and Kawaguchi, 2006; Watanabae et al., 2010).

Septet A sjedolq e UAo] BUE 2A1E 43
% 201849 2-39 AFE YR ol4 AP AzoA ob7t
A Sl BaE Ho| gl AjolE VAT & F&
OFZ o] &5 0] OL“_:_ EA)of 17—]6‘]—021 Bathylagidae 2] 8t &
o2 A on BEx}§AEA BAL E3) L. ochotensis®
A
27 g,
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Lipolagus ochotensis A+o] 47§ (13.4~21.3 mm SL)= £
et A sjode] UKol REEFS sotshy] 98] A
HaH AR RAN] B213 (9998) 2 £33 Ul o] A]
oA AT ALY AF42E 1344~15.85°C, A
2GRS 3443~3447 YT B A 2L 20189 2~3Y A
F R GolA] FAHE (G 80 cm, Y= 330 um)E ©|§
sto] vlegRE EI7HA] ARSI AR E AEe Bl
A 70% oflghZoll st} AFANM Y EASHHL, = H
44k (National Institute of Fisheries Science) $ARFE
T-A1E (Fisheries Resources Research Center)®] dA}x] o] £4
4 (Ichthyoplankton laboratory)®]l 5% (NIFS_FRRC_I_00143-
00146) & BstATh

% $AL Okiyama (2014)9] FHARBE o] §3t0] AY, 53
B}, SMLE BEY| SHO2 ulm BASET AR i) B
AdA 2 ZF 798 §ofet 542 Okiyama (2014)2] WS
w2t QA @7 (Olympus SZX-16, Tokyo, Japan) oF ol A} 0.1
mm @712 &35l on, An]-§ A& ] (Olympus
cellSens Standard, Japan)S ©|&3}o] &9 & AA|X|3}HTH
(Figs. 2~4).

r 36

Jejudo Island
®
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East China Sea

125 128 131

Fig. 1. Map showing the sampling stations of the Lipolagus ochoten-
sis in the southern waters off Jejudo Island in February to March 2018.
Flextion larvae 13.4~15.4 mm SL (®), postflextion larvae 21.3 mm SL
0).

ofghEo] LAFH Aol 2EXK £US Hojho] GeneAll
ExgeneTM Clinic SV DNA extraction kit (GeneAll, Seoul, Korea)
£ |83} genomic DNAE F&3}9t}. v|EZEE|o} DNA
9] cytochrome oxidase subunit I (COI) FH& FZA|7]7] 3l
VF2 (5-TCA ACC AAC CAC AAA GAC ATT GGC AC-3")9}
FishR2 (5'-ACT TCA GGG TGA CCG AAG AAT CAG AA-3')
Zato]w (Ward et al., 20055 o]-&35tct £gasL A4S
(polymerase chain reaction, PCR)S AccuPower® PCR Premix
o genomic DNA 4 uLE 7[5t & 20 uL7} 2 wi7zkr] 32 &
F42 Y3 Thermal cycler (C1000™; Bio-Rad, Hercules, CA,
USA)E ©|-83l9 PCRES 433} th. BioEdit version 7 (Hall,
1999)2] Clustal W (Thompson et al., 1994)& AR5t F7|A
g5 Agsttt. d7I4E 7 84 2= Mega X (Kumar er
al., 2018)9] Kimura-2-parameter =2 (Kimura, 1980)2 At
3}t F 5732 NCBI (National Center for Biotechnology
Information)d]] 525 SAJHEI v| T E E3) A5}

2

Family Bathylagidae
(New Korean name: Sim-hae-bing-eo-gwa)

Genus Lipolagus Kobyliansky, 1986
(New Korean name: Geom-eun-bing-eo-sok)
Lipolagus Kobyliansky, 1986: 47 (type species: Bathylagus ocho-
tensis Schmidt, 1938).

Lipolagus ochotensis (Schmidt, 1938)
(New Korean name: Geom-eun-bbyam-bing-eo) (Figs. 2~4)
Bathylagus ochotensis Schmidt, 1938: 654 (type locality: Kam-
chakta, Russia). Holotype: ZIN 24498.

Bathylagus nakazawai: Matsubara, 1940: 315 (Kambara, Japan);
Okamurai and Machida, 1986: 27 (Kochi Prefecture, Japan).
Lipolagus ochotensis: Shinohara et al., 1996: 159 (Tosa Bay, Ja-
pan); Fedorov et al., 2003: 28 (the Okhotsk Sea, Russia); Toh-
kairin et al., 2015: 5 (the Okhotsk Sea, Russia); Aizawa and

Hatooka, 2002: 285 (Honshu, Japan).
1. 242 5=

— =

NIFS_FRRC_I 00143, 17§4], A3 13.4 mm, 2018 39 27
A, A|FE 254-58)71(32.25°N, 127.25°E), §213%, IV E, 4
A 130 m, AS4L, 13.64°C, AFEH, 34.68; NIFS_FRRC_
1_00144, 17}A], A 14.0 mm, 20184W 3€¥ 27Y, A|F 253-53]
T(32.25°N, 126.75°E), &21%, BV E, 4=4] 116 m, X324
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Fig. 2. Photo showing larval development of Lipolagus ochotensis. (A) flextion larvae 13.4 mm SL, (B) flextion larvae 154 mm SL, and (C) post-

flextion larvae 21.3 mm SL. Scale bars =2.0 mm.

2, 13.79°C, AZGH, 34.47; NIFS_FRRC_I_00145, 1744, A
7 154mm, 2018 39 25, AF 244-58)(32.75'N, 127.25°
E), & 2135, BYE, $4 121 m, A245L, 1585°C, A=4
., 34.63; NIFS_FRRC_I_00146, 17§, A% 21.3 mm, 2018
39 269, AF 467-5817(31.75°N, 127.25°E), 7218, 11
YE, $A4 120m, AZ5L, 1344°C, ASFE, 34 43.

2. JEefEY

Lipolagus ochotensis A+o] 47§#] (13.4~21.3 mm SL)= &
o 2 AgEgen], A v Figs. 2, 3). vl dat
i, FEole Ao s SE50] ik w2 2 IEEo QA
oz £2To] lthFie. 4. A9l FEL o & R
| WA Zetoh 7hEA =g uls 2§ 2goloh e
Fo AAFo] 83.7~83.8% 2 T2 THERo| 9]X|3IT}(Table 1).
Aol e BAGA 2 =8 FEHH S-S oo 2
% 134~140 mm F7|&o: HAddo] grREglon BE
LYo A=Y FE otk (Figs. 2A, 3A). FE2> HAe
81.5~83.8%°] XI5ttt offE o] HEET; o7 YEo
S2E3IT SALTE oA mepoR o, vgl 55, A)
AR vie] ST A8 te e FuEN BRES

2,

o

2

fu lo > 24

=14 Aot Al 154 mm F717t0]: A TTo] vhRE o,
nE A =n)7t B3hE]7] A &Sttt (Figs. 2B, 3B). Aj7#-<]
St o)A HA R HojFoh 2 A 842% % A|
% 13.4~14.0 mm o] E} o7t SubRo) YIX|3HH Tt A<
SAAEE 5 $4T 5FA= oA sk A% 213 mm
F712): FA=HuE 7Y Sl AXsH, dE2 A%
84.0%°1 1A sttt SA =] Ax= 1070, RA=u]= A
Z& 15712 E3l=gon, mejA=gnle & I E ok (Figs.
2C, 30). 7FEA =Fule A wEstch UE7kA] o] &
AaEe F717k0] GA R IA B2k, 52 553 S4l
29E ma] FHREZA] U 9, A3k S| E U] 1
2 1} 9)t}(Figs. 2C, 3C).

NS

HEZEa]o} DNAC] COI 625 base pair @714 8-& 243t
A}, SYBF v1F AohE A3 ool WYL Lipolagus
ochotensis 3012} 97.6% L X8t L. ochotensis AFol2 &
A=}, L. ochotensis Aol Bathylagidae®| Leuroglossus
schmidti®F A A2 86.5%, Bathylagus pacificus$} 85.9%= L+
EbgtTh (Table 2). A3 (Neighbor joining tree)S 3l L.
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Fig. 3. Illustrations showing larval development of Lipolagus ochotensis. (A) flextion larvae 134 mm SL, (B) flextion larvae 15.4 mm SL, and (C) post-

flextion larvae 21.3 mm SL. Scale bars =2.0 mm.

Fig. 4. Illustrations showing dorsal view of head of Lipolagus ochoten-

sis larvae. Flextion larvae 15.4 mm SL.

ochotensis Ao1= L. ochotensis 012} 1S 7F4A SA =R

o, L. schmidti, B. pacificus, Melanolagus bericoides <22

A= A (Fig. 5).

.BX

Aoj: W|F3] L 25 =33 (Fedorov et al., 2003; Tohkairin et
al., 2015), A7+ BEE (Schmidt, 1938), & EANE, $12qt
(Shinohara et al., 1996; Aizawa and Hatooka, 2002)2 st &
AejBF sfidol x3tch AHuth WAE § ESHBY, &
5 S A ol EEZ3I}H(Eschmeyer et al., 2022).

Zpof: gk A= (I AT, 42 A7H]Th(Sassa and Kawa-
guchi, 2006), EATH(Sassa and Hirota, 2013), A| 25+ (Watanabae

et al.,2010)0] &3t}

Lipolagus ochotensis larvae (present study)

100| Lipolagus ochotensis larvae (present study)

55 Lipolagus ochotensis (JQ354005)
Melanolagus bericoides (HQ563900)
47 Leuroglossus schmidti (JQ354171)
F
Bathylagus pacificus (FJ164376)
Bathylagichthys longipinnis (HQ563915)
Argentina kagoshimae (KJ190027)
100|
— Glossanodon semifasciatus (KP266854)
—
0.02

Fig. 5. Neighbor-joining tree based on mtDNA COI nucleotide seq-
uences, showing the relationships between two Lipolagus ochotensis
individuals from this study, six Osmeriformes species. The neighbor-
joining tree was constructed using the Kimura 2-parameter distance
model, and 1,000 bootstrap replications. Bar indicates a genetic distance
of 0.02.
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Table 1. Comparisons of measurements and counts for Lipolagus ochotensis larvae from Korean waters

Species

Lipolagus ochotensis
(present study)

Lipolagus ochotensis
(Okiyama, 2014)

Development stage flextion flextion postflextion preflexion~postflextion
Total length (mm, TL) 13.6~14.8 15.8 224 39~23.1
Standard length (mm, SL) 13.4~14.0 154 21.3 -
No. of specimens 2 1 1 -
In % of total length
Preanus length 81.5~83.8 84.2 84.0 -
Body depth 8.8~99 7.6 11.8 -
Head length 19.6~21.1 19.2 203 -
In % of head length
Snout length 17.2~33.8 15.8 293 -
Eye diameter 13.1~15.0 13.8 16.3 -
Upper jaw length 272 28.9 330 -
Counts
Dorsal fin soft rays - - 10 10~11
Anal fin soft rays - - 15 13~16
Pectoral fin soft rays - - - 8~10
Caudal fin soft rays - 6+8 12+ 14 -
Table 2. Genetic distance among Lipolagus ochotensis larvae of six Osmeriformes species
1 2 3 4 5 6 7 8
Lipolagus ochotensis larvae (1)
Lipolagus ochotensis larvae (2) 0.000
Lipolagus ochotensis (3) 0.024 0.024
Leuroglossus schmidti (4) 0.135 0.135 0.142
Bathylagus pacificus (5) 0.141 0.141 0.145 0.110
Bathylagichthys longipinnis (6) 0.159 0.159 0.159 0.168 0.157
Melanolagus bericoides (7) 0.169 0.169 0.169 0.165 0.153 0.190
Argentina kagoshimae (8) 0.215 0.215 0.215 0.218 0.250 0.218 0.247
Glossanodon semifasciatus (9) 0.205 0.205 0.206 0.201 0.205 0.216 0.218 0.169
R wof Zjoje} Aofe] gAY E B Wolo] TE Kfolel Ao
2 Q7= 3t JEo] AL AH-LewkHo]= Microstomatidae
H Ao o]fH AFE R GoA HHHE Aoj= & of Z3E|H, 4 (L. schmidti, B. pacificus, Melanolagus beri-
2 2A AREQT, Qv Fom, Ao SMAZIF BE  coides, Dolicolagus longirostris) AF0]¢] E7o] R iglo] glrk
hn), oz o] E2H o] 9l EXo|A] BathylagidaeT}o] & (Okiyama, 2014). ALWo] zfol= D. longirostris ZFolet =
SHe ALWYol (L. ochorensis) 4019 AT & ANHAG W = FULE B SN 7MY fASIEET, Lol
(Okiyama, 2014). E2} 54 A3 A2wH]o] Aol AR SALE BX (P2wilo] zpol= ¢S vs. D. longirostris A
S 2 GNSSITHTuble ). LU Aok SABLL Y ol 192 LZoIA F LA Okivana, 2014). £,
emyo] Holoh A 976%2 WS VA Uehkom. 4 L. schmidsi Z}°191~L~ 1o BF 4R (AWl Aol ¥=

Hof| Bxsl= FAEQ L. schmidti®he 5+372] 86.5%, B

pacificus= 85.9%= 2 A}o]E E S th(Table 2). Ward (2009)
of ostd COI oA 2% W9 o= FH F4 ®o]
oF 37 4 Wole] AAR HF U o], B AT AL

02 EE5E vs. L. schmidti Aol= E2FHA| 2342, B.
pacificus Ao1oH= HZ0] SMAT B (FL2wH o] 2ol |
Z g 231t 1~28 2 BE vs. B. pacificus AFo1= A& L A
3}l 4~67) BE)o| A F FLEE T (Okiyama, 2014). B3
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of thet Aol UojA, F2AL 7Y FFgFS U= 2
7 E/\}”P—J A2 o] Apols AHoA FE 2 BEd}
Aoz Bigo] AlFk FRe| o)A 2~3de] 2T & &
-_rL—4 232 Ao} 2 AX|3}ich(Sassa and Kawaguchi, 2006;
Sassa and Hirota, 2013). 3+, 2| 2 3|7 FH o] 724 of
ol 4241 30~100 mofl =2 AAleH, A7t A= 424
400~1,000 mo]] £3Z3l= A o2 B E It (Miya, 1995; Sassa
and Kawaguchi, 2006; Watanabae et al., 2010). =3}, 7281
o] doj= 200~1,000 m&] 7 3ol A7) whet, £ A+t
o] 2ol Aoje FEAIL FRE wet U2 7FLARF &
HajqolA AT Zaf7HA] olsdt F QgstEA 4ol 2
XOZ o5 Zow wdH E3L FFEF E2s}
% WBH0|(S. gracilis), SHAMB| SR (N. japonicus), 7}Fat
X] (D garmani) Aol= AT FHs A I A
O (Lee and Kim, 2013; Park et al., 2019; Lee et
al., 2020), %_1% RGN FHE FUEE= FSEIH A
Aotz Apoj5o] A&GsiA Hud Aow gzrEch F2w
o Ztol= AlFE ERAS 4 130 mollA BARES Sl
AR EReH, gZ =77 A Y| E (Multiple opening/closing
net environmental sensing system)E 083 55 A} A
AW zpoj7t HHPEATH o] 7 Eazo] tisiA
2 £ S AR AZHET 2 dFoA MEA BiiEe
Bathylagidae= %™ (Deep-Sea smelts)S whet AR o]THZ A
QF3HH, L. ochotensis Xt019] 2L I o2 Aojo] |7 H7}
A £ o2 97 (Eared blacksmelt)S wha} “H2HH oS
A rsict.
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B ATAE 20189 2~38 AFE FEsleolA] Bathy-
lagidae®l| &3} Lipolagus ochotensis AF0] 471A) (A7 13.4~
213 mm)E FIYER FPHSIATE. L. ochotensis A= 59|
2A ARERon, AT w1, ol B2, Bl Tk
B2 0} A, SALE B Bl AAsHE 5
77t} nEZE 2o} DNA COIY] g71A4E 625 bps 24
A3}, L. ochotensis 3019} 97.6%= tl$- 7H4A YElgTh =
Ag HiEEs 2 T 2L BPOo = “4lajoja”, o=
“HEHolE” Fg o g 2w o5 72t A ¢kzitt.

¥ o o

Al Al

o] =RL 2023dE FYPHATEFY SAEHATLALY
(R2023001)2] 2| QL Hto} 2= AA1qUT},
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