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Molecular Identification and Morphological Descriptions of the Eggs,
Larvae and Juvenile of the Previously Unrecorded Species Acanthaphritis
unoorum (Perciformes, Percophidae) in Korean Waters

Sung-Hyun Heo, Tae Woo Ban, Jin-Koo Kim'*, Hwan-Sung Ji* and Seong Yong Moon?

Institute of Marine Biological Resources, Busan, 48510, Korea
"Department of Marine Biology, Pukyong National University, Busan 48513, Korea
“Fisheries Resources Research Center, National Institute of Fisheries Science, Tongyeong, 53064, Korea

We presented detailed morphological descriptions of the eggs, larvae and juvenile of Acanthaphritis unoorum based
on specimens collected with bongo nets from Korean waters during the period May 2017-July 2018. We collected 18
individuals including eggs (n=4, 0.77-0.85 mm in egg diameter), preflexion larvae (n= 6, 4.11-6.31 mm in standard
length, SL), flexion larvae (n= 4, 6.60-7.82 mm SL), postflexion larvae (n= 3, 8.94-13.46 mm SL), and one juvenile
(n=1, 14.67 mm SL). The mitochondrial (mt) DNA 16S rRNA sequences of the eggs, and the cytochrome ¢ oxidase
subunit I (COI) sequences of the larvae were identical to those of A. unoorum adults (genetic distances <0.01). The
A. unoorum larvae and the juvenile that we collected were morphologically similar to those of Dactylopsaron dimor-
phicum, but the A. unoorum specimens were readily distinguishable by the presence of lateral melanophores. This is
the first record of A. unoorum in Korean waters. We propose a new Korean name for A. unoorum: “O-ri-bu-ri-nun-
tung-i”.

Key words: Acanthaphritis unoorum, Eggs, Larvae, Juvenile, Unrecorded species

AN 2 lopsaron dimorphicum®] Z}o](Landaeta et al., 2003) 2! Bem-
brops; 2%-2] Z}2] 0] (Okiyama, 1997) 5 B4 =& Ho|H,

50|55 (Perciformes), 2]4w=%°|H(Percophidae) °}F+= ol A= AR Aot} me|fEEoldt o] 72l Ao
3okK(Percophinae, Bembropinae, Hemerocoetinae) 2 -4 & =dHHor I =1 W, 28] F5olAH A F50], &

o] QL A AAH S E 1145 50F, Y2oll= 65 135, 2 M 232 0] FiE Fol|A o2 Ikl qHEE tH(Richards, 2000). L
2ofli= 4<% 5] Halk o] }lrk(Suzuki and Nakabo, 1996; L}, AR o= AdAstHA FEf EA4 o] vH v (Kendall et al.,
Kim, 2011; Nakabo and Doiuchi, 2013; Nelson et al., 2016; 1984; Taylor and Watson, 2004), Z-2 Fo|t 2t x| %7t el

MABIK, 2017). Ze|3w=5ola ol f= 2 Q= -A=EY, Z}o](Kim et al., 2010)2 Ho| 02 B Lo oJst Aa}st £
Y HE i, A g Aot 2disiol 24 FH fisHA 578 015 S 271 BAF A7 H ] s
B30, 54 100-400 mo] v A 22 54 Aol A4 A AHofe] F FHES DNA B4 7]9E 0|3t A7E
3tcH(Landaeta et al., 2003; Nakabo and Doiuchi, 2013). o] wro] =] Q) © ™ (Jang et al., 2016; Yu et al., 2015), &

Wm0l e] Ax| oS o= 3 59 At Dacty- B STz FAo] o2 A A 7S ZEshal Qlvt
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(Taylor and Watson, 2004; Hyde et al., 2005; Kim et al., 2008;
Paine et al., 2008). wehA] 2 A= 201749 5Y5E 2018
TA7HA] Al =1 s} Fafoll Al A E Ze| ol
o] ofzh 9 2ol & A 7] ol §5tol % 5271 B
oo, g oA Fef 54 dAs] 715l
M= 2 EY
A

Acanthaphritis%; Zpx|o12 A== 7HAI7F 20179 5€]
WA (7 1ARA: SANA, F71AFo: 2704, F7]1AFe]: 271A]),
2018 5<of| 17HA|(F71Aol: 17HA)7F A== =8 s <o
A],20174 119 174A (K] o1: 170A]), 2018'd 7Ll 37HAI (A
712kl 170A, F7120l: 1704, E712ko]: 17HA])7} 5 3lfoll A1
Rkl Al RARA] 28] B E(ET 80 em, %
& 550 um) = QR = ATt E3Y, Acanthaphritiss; o]0 2 3
== 70 A7F 2018 2H ol 170A], 44l 1704, SEell 1704,
7ol I7|AI7F Al 21 s ool A & o Q=
ChFig. 1). HE FEE 24 5% 54 Sh-EEAUS
o2 IAXE &9 21T 2 AlAste] 99% drEEofl Hatskel
o). o FES RAYSHL o REUPA | REYIELE
APKUNO] 55 3 5pstsict,
SEf A

ot} zpx]o]o] Ko 8-of= Russel (1976), Suzuki and
Nakabo (1996), Kim et al. (2011), Okiyama (2014)E %315}
L, AeFA 5, AZSFE 1S Al 9 S48 To-
tal length (TL), standard length (SL), preanal length (PAL),
greatest body depth (GBD), head length (HL), orbit diameter
(OD), snout length (SNL), post-orbital length (POL), upper
jaw length (UJL), lower jaw length (LJL), caudal fin rays (C),
dorsal fin rays (D), anal fin rays (A), pectoral fin rays (P1),
pelvic fin rays (P2), egg diameter (ED). &5 el= YAaf1+H
@A) (SZH-16, Olympus, Japan)& o|-&-3to] Takatg o,
=9 7 F-9l= A8 ARIEG7E A (Image-Pro plus 2.0,
Media Cybemetics)S ©]-8-5}0] 0.01 mm TH|7HA] 2743t &
2A 28T

[Le (L

Total DNAE 7] 9]af], ofeh-2 tahe Ho ARE-6F3 L, &}
oJ(AH 7.20 mm)= -5 w=US wfo] ARG ofg H
ZFoi o] 9= =S Chelex 100 Resin (Bio-rad, USA) 150 puL
7} 501%)= PCR FHof Y2 & Vortex® 4] Thermal cy-
cler (Bio-rad MJ mini PTC-1148, USA)°| do] 60T oA 20
1, 99C ol A 2523t 31tk = ¢ total DNA=PCR & A
7HA] 4°C YAFaref| A 23519t Mitochondrial DNA (mtD-

ol
oXx
e
r]IZ
Rud
Ho

N,
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Fig. 1. Map showing the sampling area of eggs, larvae and juvenile
of Acanthaphritis unoorum (e, Larvae and juvenile; A, Eggs).

NA) Cytochrome oxidase subunit I (COI) & 2] 25 9|3
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’) primer (Ward et al., 2005)% ©]-&35}%] 1, Mitochon-
drial DNA (mtDNA) 16S rRNA % & 9] ZE-8- 9]3)] 16Sar-5
(5-CGC CTG TTT ATC AAA AAC AT-3")Q} 16Sbr-3" (5-
CCG GTC TGAACT CAG ATC ACG T-3") primer (Ivanova
et al., 2007)5 ©]-&3}%1t}. Polymerase chain reaction (PCR)
2 10X PCR buffer 2 pL, 2.5 mM dNPT 1.6 pL, Z} primer 1
uL, Taq polymerase 0.1 uLE 412 2329 total DNA 1 uL
£ 7Kt %, %20 pL7t = fi7hA] 33} 745 9 3L thermal
Cycler (Bio-rad MJ mini PCT-1148, USA)Z o]-g3}o] T}&
I} -8 2 Ao A PCRE 435} tHInitial denaturation 95C
of|A] 55, PCR reaction 35 cycles (denaturation 95CollA| 1
1, annealing 52°C oA 142, extension 72 CollA] 1&); final
extension 72CoIA 58] ¥7]4 42 ABI PRISM 3730XL
analyzer (96 capillary type)ol| 4] BigDye (R) Terminator v3.1
cycle sequencing kits (Applied Biosystems, Foster City, CA,
USA)E o] &3] Aith. MIDNA COIZ 16S rRNA 7] A]
&2 BioEdit version 7 (Hall, 1999)2] clustal W (Thompson
et al,, 1994)F o|-§-sto] AHs3ct. FH7 2= mega 6 =
23 (Tamura et al., 2013)S ©]-83}¢] kimura-2-parameter
2 E(Kimura, 1980)2 AlAFIAL 8 Ag<~(Neighbor joining
tree)= 1,000 2] bootstrape =34 5}o] 245l T

a 1
Acanthaphritis unoorum Suzuki and Nakabo, 1996 (Table 1,

Figs. 2-3) (Korean name: O-ri-bu-ri-nun-tung-i)
Acanthaphritis unoorum Suzuki and Nakabo, 1996: 452
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Fig. 2. Eggs of Acanthaphritis unoorum. (A), 0.77 mm ED; (B),
0.83 mm ED; (C), 0.84 mm ED; (D), 0.85 mm ED. Scale bars=0.2
mm. ED, Egg diameter.

(type locality: Off Hamasaka, Hyogo Prefecture, Japan); Shi-
nohara et al., 2001: 330; Nakabo and Doiuchi, 2013: 1266;
Okiyama, 2014: 1142.

el 7174

55 RO Al 9 AS AE= Table 1] eI ot
& %7 0.77-0.85 mm (0.82+0.04 mm, n=4)= 70|31, 3}
ue] -2 7R T eiAls S AT we] HollA I
2] 7R A5l SEE v dH o] UK Fig 2). F7IAl(
A 4.11-6.31 mm, n=6)= 7= 7] A|PL Holn Asl
o] GAtE ZA o AL 2 o] FYHT oKt HE
AABITE A2 A1 S O] k= 2o PRl =
gy 25 AT FEole o] Fe] BfeR Ao
2 AA E&E 0 ek Aol whek AFHSL)ol it @
HAH(52.0-57.3%), 3HH(5.6-7.5%) 7hAst gl Wi A2
(11.6-15.3%) 2} 57(26.0-29.2%)-> 57131 5 chFig. 3A, Fig.
4A-D). %714 (AA 6.60-7.82 mm, n=4)= 7531 71 4|3,
A B2 T30l BFollA A7|Aole} frAfsf Kol Auk g
o] $IA7F B Q50 2 of5slo] AfolE Wb it A%
7.62 mm ZNAFE A 31(16.1-17.0%)2} F4(31.1-40.1%)°]
a3E7] A2FsE AL, APS(SL)ol et h2717(46.9-50.4%)
I 7 (5.4-6.2%)2 A< A48k Th(Fig. 3B, Fig. 4A-D). &
7|1 AA(A1F 8.94-13.46 mm, n=3)= 7|2k} W F7|2}oj2}
AR AR B o] FEHE Bl ARk 2] YA ES o
0.2 o F8kATt. AHSL)l that A4 (41.5-44.5%) 7}

Fig. 3. Development of larvae of Acanthaphritis unoorum. (A), pre-
flexion larva, 5.58 mm SL (PKUI601); (B), flexion larva, 7.82 mm
SL (PKUI602); (C), postflexion larva, 13.46 mm SL (PKUI600);
(D), juvenile, 14.67 mm SL (PKUI605). Scale bars=1.0 mm. SL,
Standard length.

QF74(4.5-6.1%), A 11(13.8-15.8%), F4H(31.2-33.0%) =% 7+
43} tHFig. 3C, Fig. 4A-D). X|o|(A 14.67 mm, n=1)=
AF oA Z 2ol glovt Fo] Hefo] 2.2 FejoA] Ayt

ol el & vH = Aok H ok APH(SL)ol| tieh -

41.2%, Q7L 5.4%, A= 15.2%, F4-229.0%E F7
Afojel & atol 5 Holz| gFtth(Fig. 3D, Fig. 4A-D). SIE v}
ot 82 7| A}e) 7] elli= A3 Astol| whet F7kstt 7t 571 Ako]
715-¥] 1FAa3t 9 tHFig. 4E, F).

X|=20] g4

flo

A7 Aol BE ARE SN 9l v w2 9
m xein] £7)% A7) BoATHFig. 3A). F71R01= 1
27 2] A7} 10-147), SA =2 0] 427} 112470, 514
wau] Ax7} 232870, 71X = n] Az7} 1670, WAl =2
u] 227} 170, %7} 57 Bl lckFig. 3B). $7]7jol
ma A 2] %7} 1470, S| =e0] A7} 232570, 517
wu] %7} 28297), 71X 0] Azs} 1874, WAl =2
o] 227} 174, %7} 570 PR AT A% 1346 mmie A

A eju] £} A|2kE] 9lekFig. 3C). Aloj mejx el
o] %7} 147), SX=eln] 227} 570, %71 2570, A=
2] 127} 2870, 71 A 2] A2} 187, v efn] 2
7} 170, Q27) S TR, AREA e n] 7] 4E R
2u] 78 met oA Azksle $x| e u)s A2EA ma
) o Z23ci(Fig. 3D).
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A7\ Aol 48R Wk o 22 ] mpe] ML ET}
P UTL SA = efu] 7]A 0] 37, SR =fu] 7] 7] 274
SAL27 AYR BEsiglth ASole SNALT} BT

A FStth(Fig. 3A). F71Atol= A& AR Sl o7t
Al WA G W7 Befe] SAAErE d-ER Al
Al = . 2, A 7.20 mm o] T 7| Aol = A 9 HijE
ofgt 3 wofe] ZAaxr} sjulshA wE= Alch(Fig. 3B).
7|AFol= A 9.58 mmFHE| A|S TR Fgo dE o v
F7HA BeFe] ST A WAL B AISHA| 22| Al
2l iek(Fig. 3C). Aol M|AE ol Jd S 27}
S A5l A mofo] M2 ST}

dE = I hFig. 3D).

=4 58

Acanthaphritis%; o2} 4714 2] mtDNA 16S rRNA G4 491
base-paire] 97| A G} Acanthaphritis% ZFo1 17§14 2] mtD-
NA COI %< 608 base-pair®] 7] /1< national center for
biotechnology information (NCBI)of| 5-5% Acanthaphritis
unoorum®] 7| 3} v st} 71 AT}, Acanthaphritis;
o1t 471 | += Acanthaphritis unoorum #3 ©12} -7 7] 2] 0.000-

T ABA - B4

=
o

0.008=2 7P 7V -4 =R eH, 11 o222 Hoplichthys
gilberti®} 3472 0.129=2 33 = A ch(Fig. 5). Acanthaphri-
tis%: Ao} 17§14 = Acanthaphritis unoorum #3019} 347 ]
0.007=2 7H4 7VA -3 = e, 1 th2- 0.2 Sargocentron
rubrumi} 34 A 2] 0.173, Harpadon sp.2+= -2 72 0.178
2 92 =9IckFig. 6).

=F

a =

2 A= 201749 5€5E 20184W 7E7HA] A= =9 3
A3} Fafol A NHE Acanthaphritiss: 012 4714, #Ho] 13
WA, Aol VHAIE o= e B 24 5782 AR 23
Acanthaphritis unoorum Suzuki and Nakabo (1996) 0.2 &<l
HAh 252 fEvtlAs A RiEe n7|5Ee R,
Hasof|= =jof| 429502 Acanthaphritis barbata (Okamu-
ra and Kishida, 1963) 1517to] &&A It(Kim et al., 2005;
Kim, 2011; MABIK, 2017). 0] 522 Ao]A|7|o] 2]g@d 0.
Bz vl FARSERAIRE Al E(A. unoorume- FA| =2{n] &
% 232570, HA=ju] Az 28-307 vs. +AE 2= A
ejn] Az 20-2170, SR =] Az 25-267H)00 4] 2 &
Fth(Nakabo and Doiuchi, 2013). Okiyama (2014)= Q&AF

Table 1. Measurements and counts of larvae and juvenile of Acanthaphritis unoorum

Present study

Suzuki and Nakabo (1996)

Morphological character

Preflexion Flexion Postflexion Juvenile Adult

Number of specimens 6 4 3 1 39

Total length 9.36-15.30 16.04 -

Standard length (SL) 4.11-6.31 6.60-7.82 8.94-13.46 14.67 33.4-55.5

Measurements (% of SL)

Preanal length 52.0-57.3 (54.0) 46.9-50.4 (48.7)  41.5-44.5 (42.9) 41.2 36.8-45.1
Greatest body depth 11.6-15.3 (13.5) 16.1-18.9(17.3)  13.8-15.8 (15.0) 15.2 10.9-16.4
Head length 26.0-29.2 (28.3)  31.1-40.1 (35.5)  31.2-33.0 (32.3) 29.0 29.0-33.6
Orbit diameter 5.6-7.5(6.2) 5.4-6.2 (5.9) 4.5-6.1(5.2) 5.4 -
Snout length 10.0-11.7 (11.2) 9.3-13.6 (11.7) 9.2-10.8 (10.1) 94 6.5-7.8
Post-orbital length 9.1-14.4 (12.0) 12.3-18.6 (15.3)  15.3-17.1 (15.9) 15.2 15.1-16.9
Upper jaw length 8.6-15.5 (11.0) 13.1-16.4 (15.1)  10.9-12.2 (11.7) 10.3 -
Lower jaw length 7.7-16.0 (10.5) 12.3-16.7 (15.1) 9.9-11.4 (10.9) 9.8 -

Counts
Caudal-fin rays - 10-14 14 14 14-15
Dorsal-fin rays - 11-24 23-24 V, 25 IV- VI, 23-25
Anal-fin rays - 23-28 28-29 28 28-30
Pectoral-fin rays - 16 18 18 18-21
Pelvic-fin rays - 1,5 1,5 1,5 1,5
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Fig. 4. Changes of (A) preanal length, (B) orbit diameter, (C) greatest body depth, (D) head length, (E) upper jaw length, (F) lower jaw
length expressed as percent of standard length (SL) with growth in Acanthaphritis unoorum larvae and juvenile.

A. unoorum AtA| 0|7} A3 Wk Byl 52| =ejn] 7] Ao
37, v R =2ju] 7)Aol 27§ Q] SA A E-S THA A A et
=3 o] Fof| me|AhE SHo| PHO F B SMAEE TR
ohal Agateieh. gt Aol thgh dHEA e vlgo] A 7|2}
o170l 60%0] 1 Ad7FsHH A L vlE-o] ZA FolErhal o
ek B Ao A &3 A. unoorum A2 o] ES Okiyama
2014y} o 1 2 A2)5kgiet. 22uk A% 7.20 mm 7HA=
FA(E T 30.1% vs. A 7.20 mm 7A1 = 40.1%) 2} A 32(3
T 14.7% vs. A7 7.20 mm A 18.9%), 1 0] o]t
ueFe] A7) Bln|ahA ke = oA o gkt

l

o] 3l zjolof = B3k, mtDNA 24 A3} A. unoorum A}
o] = 2RRIE|Gl7]of| A7 FEjw o] = AR Tt

A. unoorum AA|0= Al e =50l Dacty-
lopsaron dimorphicum}; Fe| 4 0.2 AR T A& A (A.
unoorumS- S A = u| A% 23257, HA| =u] A= 28-30
7N vs. D. dimorphicum- 52 =& u] Az 20-227}, S1A] =7
u] & 23-257])of| A & JHEHTH(Landaeta et al., 2003; Oki-
yama, 2014). Okamura and Kishida (1963)= 50| +¢2
+(Acanthaphritis= )t} vs. Spinapsaron= Q)t}), Aotz
ok Al Sx=gju] ZoloA Giinther (1880)%] Acantha-
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unknown egg

Hoplichthys gilberti AP1T442)

0.02

Fig. 5. Neighbor-joining tree based on partial mtDNA 16S rRNA
sequences, showing the relationships among Acanthaphritis unoo-
rum eggs collected from Korea. The tree was constructed using the
Kimura 2-parameter model and 1000 bootstrap replications. The
superscripts indicate NCBI registration number. The bottom bar
indicates a genetic distance of 0.02.

100 FAcanthaphntls sp. larva (PKUI 604)

LAcanthaphrms unoorum adult (ASIZP0916643)KUs44775) )

’7 rubrum (FA44)(K1202198)

‘ Harpadon sp. (CMFRI/PFD/F56)¢N1207ss )

——

0.02

Fig. 6. Neighbor-joining tree based on partial mtDNA COI se-
quences, showing the relationships among Acanthaphritis unoo-
rum larva collected from Korea. The tree was constructed using
the Kimura 2-parameter model and 1000 bootstrap replications.
The superscripts indicate NCBI registration number. The bottom
bar indicates a genetic distance of 0.02.

phritis& 3} & LR 5= Spinapsarons-S A5 Bl 11
24 ©]F Suzuki and Nakabo (1996)= Arerx m ok} 4|15
Al=gu] dol= &1t Aol 2 & 4= Q1AL Acanthaphritis<; 3
20] F50] o] FelA fAE A SR KA1 Spinapsarons;
2 Acanthaphritis%: 2] 40| 2.2 A|QFsA Tt E3F Mckay
(19710l &J3l] #2|= ¥ 11 Branchiopsarons-2 Spinapsaron
S} 2 BL, SA| -] moF o4 % TEE|o] hE 40
& 7155929, Suzuki and Nakabo (1996)¢]] 23 o] 27t
Z}o| 2 & 4= Qltkal 5t Branchiopsaronss-2- Spinapsaronss
of S0l 0% ARkEr). ol F BFaH A7) o 13
%] o] Spinapsarons;3} Branchiopsarons;2 Acanthaphritis<s
9] &0l o2 A 2| & Ytk Okiyama, 1997; Smith and John-
son, 2007). ZLof| %= E+tekal, E58H4 93] hApritt o]
o] Slof BF 27HA Q1 BAAS W 271 EAL A4S FEl
T S FATAE B & 2art ok

2 Atol A A. unoorum o]ghi} AFx| o) = tuhhRe} F3t
o] dFe = sjollA AR H R e (Fig. 1), £33t 5

T ATy -

AL

=
o

AZ9] o7t FE=ralet s5=allollA &t 7|50l
(Suzuki and Nakabo, 1996; Randall and Lim, 2000) ©|
oA A3 A. unoorum®] oigh Bl AR of = A|F=1e 2 T
A T wnfeol A] dbeh i 3alEo] 44 Ao] oby
AT 2 Fo NEE FYOR 507 27 RS g
2 EAof et “ @ e ieFol & Altgtct

Ll
il

AL AL

o] F=-2 20199 %= = Y aihakeh Ak AR (3]
o] A 2 A} R2019019)t 2019W &= 3fjQFpAta} el 7| 4215
A S FAY 57 | EARR] o] A Whof 3 A+
YU THNo. 20170431). 2 =12 A4l oHA HES) 41 A&
A A A= YTt
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