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Molecular Identification and Morphological Description of Juveniles
of the Previously Unrecorded Species Notoscopelus japonicus (Tanaka,
1908) (Myctophidae) in Korean Waters

Gyeong-Hyun Park, Jin-Koo Kim*, Hwan-Sung Ji' and Jung Hwa Choi'

Department of Marine Biology, Pukyong National University, Busan 48513, Korea
'Fisheries Resources Research Center, National Institute of Fisheries Science, Tongyeong 53064, Korea

Two juvenile (9.48 and 10.11 mm in standard length) specimens of the lanternfish Notoscopelus japonicus, belong-
ing to the family Myctophidae, were collected from the waters around Busan and Jeju Island in February 2017. This
species is characterized by having melanophores along the dorsal side of the body and one photophore (PO5) in front
of the pelvic fin. It is distinguished from Benthosema pterotum in having many melanophores on the dorsal side and
a single photophore (POS5) on the trunk. N. japonicus is also distinguished from its congeneric N. resplendens and
N. caudispinosus in having no melanophores at the base of the anal fin. Analyzing 521 base pairs of the 16S rRNA
sequence, the specimens were identical to N. japonicus adults from Japan (K2P distance <0.004). This is the first
record of N. japonicus in Korea, and we propose a new Korean name “Deung-jum-saet-bi-neul-chi” for this species.
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AH]=%] &5 (Myctophiformes) A H]& %] 2 Myctophidae) 1
F= A AlA ol 334 248%(Eschmeyer et al., 2019), Yo 21
<5 83%(Okiyama, 2014), -2|uiete]l 24 3F[Z1H]52](Ben-
thosema pterotum), 85| (Myctophum affine), Q8|54
(Myctophum asperum)]©] 2115 o] JITHMABIK, 2018). A
v 52|32 ofF= 48l (Bathypelagic) oF& 100 moj 4
1000 m Afe] 9] 21 & Srojl A HPAEH, 3#35(10-100 m)2} F
3(200-2000 m) Afo]E 4=2] 3]3-3tch(Kozlov, 1995; FAO
fisheries, 1997; Karuppasamy et al., 2007, 2011; Cherel et al.,
2010; Venecia, 2010). 52| SH-S upz} theFeh x]of g
Q) w7 o] Q] 0 w(Beebe, 1934; Haygood et al., 1994),
O] QA AT} olR0] B SolF BRI 0%

Fth(Paxton, 1972). E3F, AJHe] whet W=g7| o] 2|9t =
717} FH 5 Wsh7]| = Stck(Herring, 2007; Martin et al.,
2018).
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A ABEA T Z]of 270 A17F Ao 2 A E QI o] 5 FE
Ao =2 FAsE Ax}, Notoscopelus japonicus= S+ 1l A
Eoll A djodgt N. japonicus 3012} mtDNA 16S rRNA 47|
M EE v|asto] Bapz o g HEsT). N. japonicus= E-4]
e ol A 71 S-AlgE AElER] 2} ofF 5 sFuto] A e(Fujii
and Uyeno, 1976; Willis et al., 1988; Watanabe et al., 1999;
Kazuhisa et al., 2001, o}2] Sjelli= 5 ¥ l7} gick, &2 o
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20179 2 9o pEjutet Ak S S AGAN, 129°E)
o A AESR| 3k 2]o] 1747, 20179 29 13%0]] AJF5E 21
3 A(32°N, 127°E)oll Al Auls2] 2t 2]o] 170A|7}F = <ratkat
S Al A of 9] B Y| E(YE 80 cm, W= 500 pum)
2 YA AhFig 1) PAE FEHO Z2] 5% FA 422
W] goljof TAHE O], 1A7F T A slo] 99% FF-E
of AskGATh o] %, EE-L FA ekl o FEHIHA of/E
23 =3 24 (Pukyong National University, Ichthyoplankton
Laboratory, PKUI)°| 55 4 235}%t}.

HEiEY

Z|o]o] Hojd 8o} WAL Nakabo (2002)2} Okiyama
(2014)E a5t ar, Al-d A 370[Dorsal fin rays (D), anal
fin rays (A), pectoral fin rays (P1)], =34 57[Standard
length (SL), preanal length (PAL), head length (HL), orbit di-
ameter (OD), snout length (SNL)]+= Okiyama (2014)E %3l
sto] Al d ASsHt R e= dA s r] 7 (SZH-
16, Olympus, Japan)2- ©]-8-5to] ¥HaHstar, dAn] -8 Abxlg
G A](Active measure program, Mosaic 2.0; Fuzhou Tucsen
photonics, Fuzhou, China)E ©]-83}¢] 0.01 mm7H*| =43t
=) 2|23kt

EONCES

A= 2] o] 270 A 2] = =Yl 4] accuprep genomic DNA
extraction kit (Bioneer, Republic of Korea)S AME-510] A=
A 2}2] protocole] whe} total DNAE 32536}19ch Z53t total
DNA+= PCR (polymerase chain reaction) 41§ A7}%] 5°C |
Ao Al Hslitt. Mitochondrial DNA (mtDNA)2] 16S
RNA 49L& FEZA]7]7] 938} 16Sar-5" (5-CGC CTG TTT
ATC AAA AAC AT-3))2} 16Sbr-3’ (5-CCG GTC TGA ACT
CAG ATC AGG T-3’) primer (Ivanova et al., 2007)5 ©]-8-3}
&t} Polymerase chain reaction (PCR)-> 10X PCR buffer
2 pL, 2.5 mM dNTP 1.6 pL, 16Sar-L primer 1 pL, 16Sbr-H
primer 1 uL, Takara Taq polymerase 0.1 pLE 4> &3H-=9|
total DNA 2 uLE 7|5t 3 & 20 uL7} € wj7hA] 32} 55
<=5 Y11 thermal cycler (Bio-rad MJ mini PCT-1148, USA)
£ ol g3dte] that 22 2704 PCRS =35} % th{Initial
denaturation 95°Co| 4] 114; PCR reaction 35 cycles (denatur-
ation 94°CoJ|A] 1+, annealing 52°Cof|A] 142, extension 72°C
oA 14), final extension 72°CollA SE]. d7]Ag9-E& ABI
PRISM 3730XL analyzer (96 capillary type)oll4] BigDye
(R) Terminator v3.1 cycle sequencing kits (Applied Biosys-
tems, Foster City, CA, USA)E ©]-8-35}0] A 31tt. MIDNA 16S
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Fig. 1. Map showing the sampling area of Notoscopelus japonicus
juvenile in the southern sea of Korea (=Korea Strait) and around
Jeju Island.

rRNA 97]4 92 BioEdit version 7 (Hall, 1999)2] clustarW
multiple alignment (Thompson et al., 1994)E o]-8-s}o] A&
SFFTE 472l mega X Z 273 (Tamura et al., 2018)=
0]8-31o] kimura 2-parameter model (Kimura, 1980)= A4k}
11.1,000519] bootstrap= =85} 2/ skgict. A7 EE vl
3}7] $J5}o] national center for biotechnology information
(NCBI)ol| 52% Mu|=2]3 o5& Notoscopelus japonicus
(AP012252), ZlH]=X|(Benthosema pterotum, KR231722),
Notoscopelus resplendens (AB042171), Notoscopelus cau-
dispinosus (AP012256) 452] A7\ E4& o] &3}t ESh
AE SupshHrETe 555 AEA N, japonicus Ado] 3
H(NSMT-P 92385)2 thoiol 9jof e oz 7|4
= Aof H|wsHGITh & Aol A ARG Fh At ]S A 2 4]
o] 27h A2} L EAE N. japonicus /3 ©12] 16S IRNA €714 42
NCBIOA] th2} -2 55 HTE Fo{igiti (e 5 HE, MN
148516-MN 148518).

2 1
Notoscopelus japonicus Tanaka, 1908 (Table 1, Figs. 2-3)

(Korean name : Deung-jum-saet-bi-neul-chi)
Notoscopelus japonicus Tanaka, 1908: 5 (type locality: Off
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Misaki, Sagami Sea, Japan); Fujii and Uyeno, 1976: 229 (Ja-
pan); Paxton, 1979 (U.S.A.): 16; Masuda et al., 1984 (Japan):
75; Peden et al., 1985: 7(Canada); Peden and Hughes, 1986:
3(Canada); McAllister, 1990: 110 (Canada); Shinohara et al.,
1996: 167 (Japan); Nakabo, 2000: 385 (Japan); Shinohara et
al., 2001: 301(Japan); Nakabo, 2002: 385 (Japan); Mundy,
2005: 232 (Hawaii); Okiyama, 2014: 231 (Japan); Parin et al.,
2014: 159 (Russia); Shinohara et al., 2014: 239 (Japan).

BaEs

—

PKUI 612, 1704, A% 9.48 mm, 2AF 2 &2i(34°N,
129°E), 2017\ 2¢ 99, #d|E; PKUI 613, 1704, %
10.11 mm, A% ZH §12)(32°N, 127°E), 20174 2 132,
FAYE.

e 7|
A 2o 270H| 9] Al B AlS A=<= Table 10]) Leh]

At} Notoscopelus japonicus X|ol+= g o] 71 AP B
et FHollA] me] HEo g ZE A|ar) Wolzit), vz
A7) BEo|n] =& Szt =2 27%(9.8-9.9%)> ¥4
(6.9-7.7%) K.t} Art. 912 m2]of vlsf| & Holm L& o] ol
HHt} At} 7k A =gv|= B ol 77k FEjolal 59
=710 vlalf 242 oot wjx|=fn]= 7kEA| = fn| et 2
oh S B9 Tl oz AR =gn] 9] 7] 7PA ¢
Jgit}. R =gju]= wjA =u] B}y 43 2] Zo 8 Z4
Zol7} gropxieh. A =efn]= HA| =eju| ok o 4
12| £.0 2 Z4g Zol7} gholxlth, FA=gn] Fl& o= 2t
7|5 A =2]v|(adipose fin)7} It} 2] x| =gju]= 7}o]
ojty, SMAZE= AlFH} At AA R 170, SR =2{1] 7]
£ w2t 1074, A5 Sl H5Fa2 weh S70 EAReh
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Fig. 2. Photos showing diagnostic characters distinguishing the

Notoscopelus japonicus juvenile (A, PKUI 612, 9.48 mm SL; B,
PKUI 613, 10.11 mm SL) and Benthosema pterotum juvenile (C,
PKUI 614, 10.1 mm SL). N. japonicus juvenile has ten melano-
phores on the dorsal side and one photophore on the trunk, but B.
pterotum juvenile has no melanophores and nine photophores on
the trunk. Scale bars=1.0 mm. SL, Standard length.

Table 1. Measurements and counts of Notoscopelus japonicus juveniles and three Myctophidae species

Nooscopolusjaporicss  Behosara - Nolosopelis - Maoecopate
Present study Okiyama PKUI 614 Okiyama Okiyama
PKUI612 PKUI613  (2014) (2014) (2014)

Standard length (SL, mm) 9.48 10.11 9.7 10.1 11.0 7.6
Measurements (% of SL)

Preanal length 60.4 54.9 58.7 53.3 60.2 65.8
Head length 30.8 294 36.0 311 30.7 39.5
Orbit diameter 9.9 9.8 12.0 8.9 10.2 17.1
Snout length 7.7 6.9 8.0 5.6 6.8 7.9
Counts

Dorsal-fin rays 21 21 22 ? 21-24 26
Anal-fin rays 18 20 18 18 19-20 20

Pectoral-fin rays 10 10 10

11 11-12 13
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(A)

Fig. 3. Tllustrations showing diagnostic characters distinguishing
the Notoscopelus japonicus juvenile (A, PKUI 612, 9.48 mm SL;
B, PKUI 613, 10.11 mm SL), Notoscopelus resplendens juvenile
[C, Okiyama (2014), 11.0 mm SL] and Notoscopelus caudispi-
nosus juvenile [D, Okiyama (2014), 7.6 mm SL]. N. resplendens
juvenile and N. caudispinosus juvenile have several melanophores
on the base of anal fin, but N. japonicus juvenile has no melano-
phores on the base of anal fin. Scale bars=1.0 mm. SL, Standard
length.

FE= iR =u] 7] A "2 gFEof| gk 7H(POS5) = ek
(Fig. 2A, 2B, Fig. 3A, 3B).
215y
AH]= %] I Myctophidae) %] o] 27]#] 2] mtDNA 16S rRNA
%9 521 base-pair] 7|4 E-& NCBIo|| 554 N. japonicus
o] A7|AFx} vlwstoitt. 1 Ax}, AH|lER| 2 2] o] 27] A=
N. japonicus /d 912} -4 A 2] 0.000-0.004=2 713 7124 A 77
Qlom, I t}3- 2 & Notoscopelus caudispinosus I -4 7]

M. japonicus (MN148518) NSMT-P323ss

M. faponicus (MMN148516) PKULeiz

M. japonicus (AP012252)

4

N. japonicus (MN148517) PrULé1s

_— A caudf'gvmosus (AP012256)

N. resplendens (AB042171)

Benthosema pterotum (KR231722)

0020

Fig. 4. Neighbor joining tree based on partial mitochondrial DNA
16S rRNA sequences, showing the relationships among two juve-
niles (PKUI 612, 613) of N. japonicus, one adult species (NSMT-P
92385) of N. japonicus, two species of Notoscopelus (N. caudispi-
nosus, N. resplendens), and one outgroup (Benthosema pterotum).
The tree was constructed using the kimura 2-parameter model and
1,000 bootstrap replications. The letters in parentheses and super-
scripts indicate NCBI registration number and voucher specimen
number, respectively. The bottom bar indicates a genetic distance
of 0.020. NCBI, National center for biotechnology information.

2] 0.026-0.030, Notoscopelus resplendens®} 7 7]2] 0.081-
0.085, Benthosema pterotumi}+= -+ 7]2] 0.139-0.144=
A=Ak T3, UEAF N. japonicus 4] 9 (NSMT-P 92385)2]
71 Bt v sl A E el 2]o] 271A]=
UEAL N. japonicus /3 019} 747 2] 0.004= 33 = A ch(Fig.
4).

L.

2 A= 20179 29 FAF R S i) Al = sl
oA Azl AulsA I (Myctophidae) 2|01 27HA|E TS
2 Je) 2 BA 54 A3 A3} Notoscopelus japonicus
o Feluglr. BEo] A9laRel AulsA|s ol
ol A8 (Benthosema pterotum), ¥ & *|(Myctophum
affine), H)=A|(Myctophum asperum) 357 & 4] Q141 o]
gl AfEAl EALE]= Notoscopelus-2- oF2] =ufo]] HALH
u} 9ItHMABIK, 2018).

NI N. japonicus 7§42t Z1H]= %] (PKUI 614)2] A= 5l
A5 A B aLgk Avb= Table 10 YeRH QLT N. japonicus
VIS AE B2 SALein] 77 Bie] BMAEI} 107)
ZafekAlRE AulEA A SALn] 7)Aol BHATE
7} §lt}. N. japonicus 27 A|of| A= v =] =fn] 7] 4] Qo] 17}
O] Hg3L(POS)7F T Yl o RS2 ol A = 5ol v
o] ¥ (PVOL, PO1, PO3, PO4, PO5, VOI, VO2, AOal,
AOa2)7} = Slrk(Fig. 2).
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N,

EHZ} 2 Zof] £351= N. resplendens? N. caudispinosus
O] Al4= 2 A5 F A-E vt A= Table 10 YR A SIct &
ARSE A7)0 A BIA| 21| 4(anal fin rays)= N. japonicus 2
ZHAI(PKUI 612, PKUI 613)2} Okiyama (2014)2] N. resplen-
dens, N. caudispinosus?} L 2| 5}A| 4t 5] =& 1] 4>(dorsal fin
rays)= N. resplendens®} N. caudispinosus?} N. japonicus.
o} Wil 7REA]=#u] 4x(pectoral fin rays) ESH N. resplen-
dens®} N. caudispinosus?} N. japonicus}? .t} Wk, E3} N.
Jjaponicus 27| Aol = RA =gjn] 7] A o] SAMAET} gl v
H, N. resplendens®} N. caudispinosus®l| = 512 =& u] 7|z o
BT} T ZAsto] 2 LEE|YrkFig 3).

Okiyama (2014)°]l &J8}H, Y=AF N. japonicus AHA]| o1 (A1 %-
2.3-9.8 mm)= POS ¥H4ZE 71 A|QH} Ak FAR =
W, 4 W, ol W, A FA el SAAET} 9)
TRl g s o] Qlok TR, SA=2n] 7]A A2 Rgo A 1L
AL B Q7HA] S A2 7E £ 2 0] QlaL, HA|=gn] 7] A
of| S A7} Glekar sFGlTt. 1 Atoll A gt N, japonicus
#]0] w3t Okiyama (2014)9h =3 2 21a]aheic}. Ljol7l,
mtDNA 16S rRNA ¢ 7|4 Q 84 Aol & N. japonicus 4
oo} dx|sto] FE T4 AAE A AU 2 o M=
+ PR FA=YN] 7| Ao ST ER O Yl 5
of wheh “F -SR] "E Albgi}

Al AL

B EE Y 22 A 22 A28 4] Nakaed A L2 =]
TehatEdhet =ta Al AR 4l AARIEA Ak
EYUtt o] =52 20199 % SFpAtshl SaAbatelelr
AFA(Z 3ol AL AT, R2019019)3} 2019 A= dfofAtal
7] X13Y SfFAYE TS AR o A whop
Z=3% A5L9ILTH(No. 20170431).
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