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Molecular Identification and First Morphological Description of Larvae and Juveniles of Neosalanx
anderssoni (Salangidae) Collected from the Southwestern Sea of Korea by Seo-Yeon Koo, Se-Hun Myoung' and
Jin-Koo Kim™ (Department of Marine Biology, Pukyong National University, Busan 48513, Republic of Korea; 'Fisheries
Resources Research Center, National Institute of Fisheries Science, Tongyeong 53064, Republic of Korea)

ABSTRACT

During ichthyoplankton survey in the southwestern sea of Korea, we collected six

individuals of noodlefish larvae and juveniles between April and May 2023. They were identified as
Neosalanx anderssoni by mitochondrial DNA cytochrome ¢ oxidase subunit | or 16S ribosomal RNA
sequences, and their external morphological traits were described for the first time. All six individuals
have a slender and elongated body. When preflexion and flexion larval stages (10.24 mm notochord
length, NL and 15.47 mm total length, TL, respectively), oval-shaped black melanophores were
distributed in a row along the ventral side of the gut. However, when postflexion larval and juvenile
stages (23.58~25.90 mm TL, and 29.20~31.26 mm TL, respectively), melanophores on the ventral side
of the gut were disappeared, and dark spot-shaped melanophores appeared along the dorsal side
of the gut in a single row. Also, from the postflexion larval stage (23.58 mm TL), two large black spots
began to appear symmetrically on the caudal fin. Our results suggest that N. anderssoni may use
coastal area as spawning and/or nursery ground unlike previous study (Kim and Park, 2002).
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2005; Jeong et al., 2015), AtollA et - AF7|7} =9 st

o7} (Salangidae) o1F= A MAZLSZ 74 185 (Fu et
al., 2012), FWol& 44 7% (MABIK, 2023)°] E1E o] g
th 1% Z=3M10)<s (Neosalanx) o150l =31 0] (Neosalanx
anderssoni), ¥ o] (Neosalanx hubbsi), R o] (Neosalanx
jordani) 3%°] A JATH(MABIK, 2023). 903} ojF=
2 7} 3ol A48, W o] (Salangichthys microdon)S A )3}t

H R RE Pz FAE= dolu s FHelA AE T (Fu
et al., 2005; Kim et al., 2005; Fu et al., 2012). =3Po]= B3,
P9, A T Al FR~F RN 2H EEZSHH (Kim et al.,

A7k 29 AL (A, BAE (@AFAD, AT (@)
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TE AU o2 ALy SEhe A5 oRE 4=A Stk
(Kim and Park, 2002; Fu ef al., 2005). 3FX|qk, Z|Lof 9FA] o]y
o) o] BAE o Wolzt olF7t AtelN Adehe
22 AFA A= (Shiao ez al., 2016) oo Tigt F7F A7t
ZaghAAolrt.

Yolih ojF A L4002 ol &EHE APFoE, JERA
(Kim et al., 2006, 2007a), A} A5 (Zhang et al., 2007; Fu et al.,
2012), A2]o] 4F2] e (Okiyama, 2014), A2} 2|&} o] Foel
(Shiao er al., 2016) 5 ThFet A47F =G o F el o
2 =3po] Axjojo] T3t A= ATl AFR|o] A7)0l =
e mEh el W3yt o2 yehdy] wie], dauA
3 Py 5L AA3] 71esto] At F 5 o8 I
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87 9t wekA B A7 20234 4~590 st AF) g
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1. A2 JE

AR o] A= 20239 4~5Y0] HebdE 9B 4
3.5~13.0m Y99 Atz 9 & (Fig. Dol oA @) &
Aste] s3stglch 2 Aol AHEE AR RN8O HIE (G
27 80cm, W 0333 mm)o]l FFAE H231o] 1~2knots <
=2 A $AS e % B AARIT s Ry
Ak ARE AR o] F bl 1 AP Y ARoE 14} A
g & BENEIE FEg A7|Rpe] 1A, SR 1I4A],
71701 2704, o] 2AAIE o2 EAo o]-st3ict gE
H ANEe REdstn o] {fEFZE A4 (Pukyong National
University, Ichthyoplankton Laboratory, PKUI)?]| 5% (PKUI
1143-1148) 9 94% o2 L¢FL (EOH)o| 4§, 3}t 2
Ate 39 3] 2 9 AEL F=AZA7](YSL, YSI Inc)E
o]-g-3te] ZAsk¢irt.

.24 33

Total DNA+ Chelex 100 resin (Bio-rad, U.S.A) == DNA
extraction kit (AccuPrep Genomic DNA Extraction Kit, Bioneer,
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Fig. 1. Map showing the sampling area of larvae and juveniles of Neo-
salanx anderssoni from Chilsan-do Island, southwestern sea of Korea.
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Z]-& Y31, Thermal cycler (Bio-Rad T-100, Hercules, California,
USA)E AHE3FS] 60°ColA 2048, 99°ColA 2582 B2t FA
t}. DNA extraction kite AZYAe] T2 EZS wa} Total
DNAE &3ttt £ a4 A4S (PCR)E Mitochondrial
DNA cytochrome ¢ oxidase subunit I (COI) %<, Mitochondrial
DNA 16s ribosomal RNA (16s rRNA) 992 giAtoz Z3s}
At &3 Total DNAE Ward et al. (2005) G2 9] FishF1
(5-TCA ACC AAC CAC AAA GAC ATT GGC AC-3")Z} FishR1
(5'-TAG-ACT-TCT-GGG-TGG-CCA-AAG-AAT-CA3') primer
2} Palumbi (1996)2] 16Sar (5'-CGC CTG TTT ATC AAA AAC
AT-3"), 16Sbr (5'-CCG GTC TGA ACT CAG ATC AGG T-3')
primers ©]83}o] £Z3}¢tt. 10X PCR buffer 2 pL, 20 mM
dNTP 1.6 pL, Forward and reverse primer Z+ 0.5 puL, TaKaRa
EX-Taq polymerase 0.1 uLE& g2 &350 DNA 2 uLE 37}
3,32 SRR F F9E 20 ulE 95tk 2 5, Thermal
cycler (Bio-Rad T-100, Hercules, California, USA)S A2}
thet 22 279 PCR ZE2EZ-S 353t

1) COI: Initial denaturation 94°Coj|A4] 4%; PCR reaction 35
cycles (denaturation 94°Coj| 4| 302, annealing 52°CoJ|A] 30
%, extension 72°Col| 4] 30%); final extension 72°CoJ|A] 7&.

2) 16S rRNA: Initial denaturation 95°CoJ|A4] 5%; PCR reaction 35
cycles (denaturation 94°Col| 4] 30X, annealing 54°Col|A] 45%,
extension 72°COJ|A] 452); final extension 72°CoJ|A] 7.

BAE 9g7]4 DL BioEdit Ver.7 (Hall, 1999)2] Clustal W
(Thompson et al., 1994)E ©]83ste] FHsFtt. FAH+=
MEGA XI (Tamura et al., 2021) =213 ¢] Kimura-2-parameter
29 (Kimura, 1980) ©]83}o] Pairwise distanceS AAFs}
gt A A3 (Neighbor joining tree, NJ tree)= MEGA XI
(Tamura et al., 2021)E ©]-83}o] 2 E o™, o|wf] Bootstrap
< 1,0009 3= it Wojz ZxJo] 67HA| 2] COI |74
&2 National Center for Biotechnology Information (NCBI)°]|
SE35F92 1, accession number (PKUI1143: PP355528; PKU
11144: PP355518; PKUI1145: PP359448; PKUI1146: PP359449;
PKUI1147: PP359450; PKUI1148: PP359560)& X-of@rgich.
olF d7IAE HILE 93 NCBIo| 5F5o] U&= =3ho
Aol (HM151560, HM151507)2] 7| E1} gioja} o & 2%
(AR89}, Neosalanx jordani, HM151574, HM151526; B9, Sal-
angichthys microdon, F1205609, AB246185)2] §7|XE8& o]&
skt

3.
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o
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2F2)0] 9] ZF Boj¥ Qo] Okiyama (2014)S 2u3}tgich.
x| 01 9] QE e = YA A1 (SZH-16, Olympus, Japan)
£ o] g3t TESIF o, A3 (total length, TL), A7 (stand-
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Fig. 2. Neighbor-joining (NJ) tree showing the phylogenetic relationships among the species of the Family Salangidae including Neosalanx anders-
soni and one outgroup (Plecoglossus altivelis) based on mitochondrial DNA cytochrome oxidase subunit I (COI; A) and 16S ribosomal RNA (16S
rRNA; B) sequences. The NJ tree was constructed using the Kimura-2-parameter model and 1,000 bootstrap replications. Scale bar indicates genetic
distance of 0.02 and 0.01. Parenthesis and superscript indicate voucher number and NCBI registration number, respectively.

ard length, SL), 2] A%} (notochord length, NL), &-&#%1%} (preanus
length), A| I (body depth), 7 (head length), 2173 (eye diameter)
£ HAn|H & ARG AR] (Mosaic 2.0; Fuzhou Tucsen photo-
nics, China)E ©]-&-3to] 0.01 mm @744 4513t} 534
k& A7 (standard length, SL), 2} A2} (notochord length, NL)
ELX =% (head length, HL)o| Thgh WiE0] (%) 2 HArste] et
Wt AlSo] Ed ARjols YETAE Ju EFS AAAISHA
HAVs7] $J8) 24 dAE R §F RAY AR 5FH T

| af
1. e
Zshio] Axol7h YT A FF W 79 Hefe -

o] 35~13.0m HYZ wj& ¥1 227} B3 LoF AAA]
7] (4~5Y9)Q BZ52L 11.9~194°C, BEFEL 29.8~31.0
psu B2 2 7|7HdoE Bt #5429 HEE
o] ml$ it} 449 EZFFL e 11.9~14.8°C, 5¥2
16.6~194°CE Ueh & & Alojof Hln A & o7 45519
ok R3S AP B9 e Eo] 2R Yokt

. =2A SF

AGE Wolat zpx|ol o] BA} =329 F AFE st n|E
Z=go} DNA COI 99 th 22 Zdd PCR A3, AF#] o]
% 271419] F 570 base pair % Fo] ZEZE o] NCBIY| 525 &
3ho] Aolo] 714 d HM151560)7} B st 1 A} &
shao] AJojet 7 ZHAl 3= SATH(K2P genetic distance,
d=0.000; Fig. 2A). §FH, t}-& wojat o|F 2FI= F33
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Fig. 3. Ilustration of larvae and juvenile of Neosalanx anderssoni. A. Preflexion larva (10.24 mm NL). B. Flexion larva (15.37 mm SL). C. Postflex-
ion larva (22.12 mm SL). D. Juvenile (28.43 mm SL). Scale bars indicate 1.00 mm.

AAYE EF=d Ao (Neosalanx jordani)&= A AT
d=0.119, ¥ (Salangichthys microdon)= -+ A2 d=0.188
2 ggs] FEEH U

| EZ=2]o} DNA 16S rRNA 99L tjitez2 3% PCR
A}, 242 0] Z 470A|9] o 520 base pair G o] ZZF o] NCBI
of 2 mspo] Holel @714 (HMISI507)7} ¥l maks)
o} 7 A% o] Hole] @7IH @ B SF(d=0002)
oA & YAt (Fig. 2B). A, AW (N. jordani)e -3
A7 d=0.031, B30 (S. microdon)2l= FAAT] d=0.0452 T
3 Zpol & Hojw & FHE G

3. SEf 7K

1) M7|Xt0] (Preflexion larva) (Fig. 3A)

HAA 1024mme] 7)Aol AP A% FHem, &
2 We] ZOo2 P48 JhsolAith FEARE A 765
2 o] B Fuct He| GG FAL HAy
127%2 Mele 22 Holgir. 12 APOR 7]k HEo|
MRS T 274%5ck. Hel FARe] 9, FRRE
ZF ot Ik YL 912 Pk Lo jele] FEL w3}
BA Aol 913k Ugiek. ST ofehEle) 271 AY
W3 el HRE o FPREch 2F ol XAt

Ault ghe o P2 AEA=n S AolsE By
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4 %
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T ek BR8] SHE hEY EMLTUT @ &
o 3 RO ZHATI} 9L ol T
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2) &7|Xt0] (Flexion larva) (Fig. 3B)

A 1337 mm2] F7|AkolE Y] Ho 7 ZA4E 7hso|R| 1L,
ZHFY 7 AFS 7HTE FEAFE A 183%=, e
=9 FEY FA= 29A AT TS A 143%= ™
g A2 HolQlL, w2 ¥FolA S T 18.1%= K
T 271k 83} offiE Aol HlSsh, 959 HEL =
o] SAFEG 25 ol AASIA 7HEA = uE A% 2
€ A=guls opF] F3F A glo] ek o FElE dZH
UL, FAL=u] ARA g7|Eo] FEE FHo| A7|Rte] (Fig.
3A)8h 27 Wsich A2 BREO| o7k Flof ANt 23
o] A Fo|glch B} wjEo] 7t=2 7] BAPe) ek FMx
Z7t dE 2 wfjdEo] et M7t 5o &9 oF 329 2 A
of gttt B 5% ST iZET tha @3 A2
d B g 27 W A7 vt

£

3) £7|Xt0] (Postflexion larvae) (Fig. 3C)
AR 22.12~24 49 mm&] T7|zo] 2= T 7 AP
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HRom, Y %02 B4% shsol At FEAFE A%
T79~785%2 FES Be| FYuch o) gIxstsc £
A 153~173%2 W2 2 Holgle. e Ue] 7}
T QAL T 145~220% BE A7]olch FANLE of
S0t QL3 1el3} ofefele] ol HizBOr, 918 REe
o Fopso] 23 % mlHch o] A7]el WA =Hn|E A2t B
£ Aejule] £3p7} AabE, SAulE 15~167), 5
Lejuli 2870, Zhe A= nls 2279 A=E Fhpch = o)
Ael 97 budet BEEIGT SALEE dyoR B
o] 5% YT PHe 192 etk 57149 (Fig. 3B)
A7\el ZAISHR 27 i) ey SALEE F7]4olo] A
ehich A7) Aol B 5EY SAATI} GFEAX £ w3
U 7ol SRR WA HelA] Aol mgith. o) A

1o

flo

l..
oo

fr

710l TRER] ooyt Z7)Aol e mE| R aju] A} 5t
gell 2 1714 2] -2 whdo] A& o2 vehyict.

4) X|0{ (Juvenile) (Fig. 3D)

A% 26.70~28.43 mm Z|o] 270Al= 7He 7] AFS 7HA
on, meE] o7 ZAFE 7ot FEL 5EY TYF
Hop Fof Sl RA|=u] 7] 8o} 77k, RS A
9] 76.1~78 2% Atk FHE= Tt f&ot 1, TS A9
152~154%2 Wz 37| 22 "oldrh £ 521, 33

2 F40] 18.8~19.8%2 HE 7%t offiglo] YK} oF
ZH E&E0] JoH, HE HES 2 PRt getatt.
SA=HulE 177, RA=HulE 307, 7FeA=gule= 277,
iR =guls 82 oo =Lt AX=gn] 71¥L 5
Agu] 7|4 S ofgjollA] AR, mEjAE FHOR |
e} 71EA =7t Yepdth SMAZE AR bRy

B XZE 7R =] Bt BRER kot 7is
A =2jn] SR e o] el Bke] S&o 9§ 34
AL 9Fo|1 SHA0R U YSith B 550 SR
L 3E7R] o]ojR|g), HiR| =] o] THEL Fr|zlo] A]7]

A th4 @ojR Tt x| e] AL vhY 271 o
o},

[

of o

Bl

A
i)

7 om

20239 4~59 A FFE A 3.5~13.0me Fike 3
oA AHE Wolat ZAX| o 67hAE WdeE £ 53
< FY% A3 =3olR ERIE o, ddTA o iE §
B £ AS2 2 AAIS] AlFstat. BolF Ao 6704
£ NCBI°| 354 Z=3¥0|¢} COIYlAl= 100%, 16SollA+=
99.8% Y5t} HFA o= w=3Polz FAHEHUC A8l EF
oA AR =3po] Aajoj= oju] ezl Wojxk 2]
o|& H| &5t o7} (Clupeidae), BR]3} (Engraulidae) AFX] ]
oF Aol FAFske (Okiyama, 2014) APz 37§ I5
2ol71sk A gt 53], =3ho] AX|oj= Hojoe| Ao
(Konosirus punctatus) AA 019} 7F=1 70 Y, 7 52 4 o)
Lol BP9 ST} S o s Exste A FollA W
FARSIAIRE, F712k0] Al7]o)l Al gt FEA7 =3kl ol
78.3% vs. o= 83.9%), AR =2jn| 7139} X (FA| =]
SRl 7] vs. SA=Hu] STRED oFFF Fof 91A), &
7|Zpo] & 2Jof A|7]of R =2jn] A @279 & wHge] ¢l
T vs. Qith), 5] SAAZ FEj (H B vs. I 29 Foll
A 2 FEE T (Fig. 4A) (Okiyama, 2014). 3, =30} Z}X]

Fig. 4. Illustration of larvae of (A) Konosirus punctatus (13.9 mm TL), (B) Engraulis japonicus (14. 3 mm TL) and (C) Neosalanx reganius (5.1 mm

NL) (cited from Okiyama, 2014).
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Table 1. Measurements and counts of larvae and juveniles of Neosalanx anderssoni

Preflexion larva Flexion larva Postflexion larva Juvenile
Number of specimens 1 1 2 2
Counts
Dorsal-fin rays - - 16 15 17 17
Anal-fin rays - - 28 28 30 30
Pectoral-fin rays - - 22 22 27 27
Pelvic-fin rays - - - - 8 8
Measurements
Notochord length (mm) 10.24 - - -
Total length (mm) - 1547 23.58 25.90 31.26 29.20
Standard length (mm) - 15.37 22.12 2449 28.43 26.70
Head length (mm) 1.31 2220 340 4.25 438 4.07
% in NL
Preanus length 76.5 - - - - -
Body depth 4.0 - - - - -
Head length 12.7 - - - - -
% in SL
Preanus length - 78.3 78.5 77.9 782 76.1
Body depth - 50 63 6.3 6.3 7.3
Head length - 143 153 17.3 154 152
% in HL
Eye diameter 274 18.1 220 145 19.8 18.8

o= B9 BX| (Engraulis japonicus) Ao19t 7= 71 A € (Kim et al., 2007b), B2]= 3~102 =2 (Moon et al., 2022), &
R

= 7 HollA i EA S| Hof(Eaho] <= BaolM A AL B¢ 257 7HeAdol &tk SRR °]
+ BE vs. BAE 2 1Y), HE AR AA G T E B Al A AEA BE A =epo] SRt~ ofolA & 5
A Rt vs. 29 T d=th SoIM & FEE T (Fig. 4B) e A L=Hn| Y] T3t 42 v 270 dojek BN
(Okiyama, 2014). =3} 0] 2ol B2 Apx|ofet F29f 9 € & 7 U] 2ol 183 AE3AE s

AoM = ==, mohgo Aoz A diet FEAF =ohgols qjtolA Rt 5 4 & A s Ao 2Rt
o] 76.5~78.5%% FA5k= P (Table 1), B AA|of= A o Atste &84 o|{FE ¢2|A JIAITH(Kim and Park, 2002),
o 10mm¢ W 80%HH7F Aol 20mmE WoH 10%2 & T Woldt o|FE IR £H o] W miFda 24 2
== S Ho| & FEEth(Fukuhara, 1983). TN o2 3] 481R] 9 dld Bl A AAlehs A

ShH, E3lo] x| B2 49 Neosalanx reganius®t 7t o2 Y24 B1H v} 9ck(Shiao er al., 2016). AAZ 2 AL
53 7 AFE 7 FolA wig FARHATE Z=sio] 23X] oAM= 7|7} 7 7t obd WAt At A Eds A
ol 57149 HYE Ex ¥FY SMAEE A= W, N o2 Hol d4 oA Algtst Aoz Heltt g% | =3}t
reganius AHX| o= A4S SMAZE EFT AFRE, ulH woio] Agelgt At Aejet 3 ARE mHofsly| flsf A4

EFHHOR 7p 2 FRACHFig. 40) Okiyama, 2014). B, 2AL o H9) uFa BA 5 37459 e 241 498 B
wapyo] Aol 918 HEo| 9 WHPALE AN, 27 ek,
reganius Ao} 918 FITo] 9] A ele] mEsH

3H= ol A & LR (Fig. 4C) (Okiyama, 2014). =) of
=slao] Zpx]oi7t AR E 4~599] AebdE g A=
FH S PP 20] 11.9~194°CE AL~Foll A 4st 2 A7 20234 4~59 HEbde 9T AAE 9 Y

Mr 4

€ oFUE & 7 AUk E3Po] A= 4~5EE I A 9L oA A3 #Wol Tk (Salangidae) AHA ] T 674 E T2
20 (Kim et al., 2005), | A4 & AR|sh= AHE A A FAN A AE FHEAS A 7S H. MIDNA
ot =3hgo] 2| oj9} FEjAH 0B [FARE Hofo] 4tr]= 3~6 COl E= 16S 99L e g Bx BAS Ast Aut, 244
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o] 670Al= =3 o] (Neosalanx anderssoni) 319} A A 2]
0~02%2] Ajo|% Mo] Espo|z FH= Ak, Espo] A1)
of 67iAl= 27 SHUFY 7kl 1 AFS Aok A7 Ao}~
%7171 (10.24 mm NL, 13.37 mm SL) A|7]oll= 57F2] HijZo
ehage] SALEA, B SR GO g mope] SAATI
F< o] Rk W F7]Rko|~A] o] A]7](22.12 mm SL, 28.43
mm SL)el= 27} &S] SALTI AT B 52| &
BATI 2202 Z7hsto] 192 Uehgeh, E3E, 371740 A
AREE meAmeule] 2 B e WE it AEe
2 Yeiith 2 a5 2e ol d+ 23 (Kim and Park,
20029} T2l 3ol ke ARt B 4RO 0|83
% 9ee A

Al Al

A2 AR BgE FA Svet B et ol 44, 4
A AAE, A4, A5 st B =R A 4
E3) 24 F  AAIA AEYU £ ATl 3P
B ol YA R2024001) D FYHNPYEAAB
SRR TSR R £ 2024y ALe] AL W

o =g,
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