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Molecular Identification and Morphological Description of Larvae of
the Previously Unrecorded Species Cryptacanthodes bergi (Zoarcoidei:
Cryptacanthodidae) collected from Gangwon Province, Korea

Si-Won Choi, Soo-Jeong Lee' and Jin-Koo Kim?*

Department of Marine Biology, Pukyong National University, Busan 48513, Korea
"East Sea Fisheries Research Institute, National Institute of Fisheries Science, Gangneung 25435, Korea

On March 13, 2018 two postflexion larval specimens (18.28 mm and 16.80 mm in standard length) belonging to the
family Cryptacanthodidae, suborder Zoarcoidei were collected from Sokcho and Gangneung in Gangwon Province.
The family Cryptacanthodidae comprises 4 species worldwide: 3 in the North Pacific Ocean and 1 in the western
North Atlantic Ocean. As a result of analyzing 620 bp of the mtDNA COI region, the two postflexion larvae collected
in this study were identified as Cryptacanthodes bergi by 99.5% agreement with C. bergi adult registered in NCBI.
Postflexion larvae of C. bergi are compressed with large eyes and radial pectoral fins and the anus located in front
of the center of the body. Melanophores were intensively distributed along the dorsal midline, except for caudal pe-
duncle, and sporadically distributed on the back of the anus. In addition, there were limited star-like melanophores on
the back of the gut. This species showed 0.058 genetic distance when compared mtDNA COI region of C. aleutensis,
and it was well distinguished in the distribution pattern of black vesicles of the head, count and measurement traits.
Considering the morphological and ecological characteristics of this species, we suggest a new Korean name, " Gwi-
sin-jang-gaeng-i ".
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9, s =2]u|e} @ofi(pelvic girdle)2] FAR S7FA] o}
U of2 B-E3 1 =), Cryptacanthodidaed} o] 72 #}:2] of
= A ) = g} x] 24 Zaproridae) S A 2J3F S7HA R0 W) TF
E A xjoj5 g A2 SO B Hol= Zlol &
A o]th(Matarese et al., 1984; Okiyama, 2014; Nelson et al.,
2016).
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20184 3¢ 13YU0] = &2 FH (38N, 128°E)2}
e FH AABTN, 129°E)ellA] Cryptacanthodidae¥} 7]
2ol (posttlexion) 270 4| 7} - pAk}EY A3 2 A o] 25
BEIYET 60 cm, = 330 um)2 A= Ach JAH &
22 S 5% A4 Sl 2T g o2 A7 FRF ALY
Tk 5 AlF5to] 99% Y50 Hsieith o] % EE-2 FA
ot o 7 FA(PKU)Y =3 3 PA=ATHMABIK) ]l
5 4 Hyskgich
JEEA

A}2] 0] o] Hojd gojo} WAL Nakabo (2013)2} Okiyama
(2014) wstod, A3 5705 A =8 v|(dorsal-fin rays,
D), SA|=u](anal-fin rays, A), 7F5A=2u](pectoral-
fin rays, P1), Bj&|=2&]"|(pelvic-fin rays, P2), ZZ&] x| =2]H]
(caudal-fin rays, C)]2} Al1=& A 97)[ A% (total length, TL), A
Zh(standard length, SL), 3-=7%%}(preanus length, PAL), A1
(body length, BD), % (head length, HL), 2173 (orbit diame-
ter, OD), 55-¢]Z o](snout length, SNL), ] o](upper jaw
length, UIL), o}glgZo](lower jaw length, LIL)|E =43}
et 2R H= YA siF-A 1|7 (SZH16, Olympus, Tokyo,
Japan)&: o1g3lo] T}, Bol7E AR (Active
measure program, Mosaic 2.0; Fuzhou Tucsen photonics, Fu-
zhou, China)E ©]-§-5t°] 0.01 mm7HA] £43k ¥ AAX]8}+9]

o},
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Cryptacanthodidaex} Z}x]o] 2754 ¢] total DNA®= =&l
A MG tissue Genomic DNA extraction SV kit (Doctor pro-
tein INC, Korea) & ©|-&sto] &3/ th. 549 total DNAE
PCR A¢ A71A] 5°C WAL A B35}t Mitochondrial
DNA (mtDNA) Cytochrome oxidase subunit I (COI)%g < 2]
Z22 913 VF2 (5-TCA ACC AAC CAC AAA GAC ATT
GGC AC-3") ¢} FishR2 (5-ACT TCA GGG TGA CCG AAG
AAT CAG AA-3’) primer (Ward et al., 2005)5 o]-8-3}%c}.
Polymerase chain reaction (PCR)< 10 X PCR buffer 2 pL,
0.02 mM dNTP 0.5 pL, VF2 primer 0.25 pL, FishR2 primer

0.25 uL, Taq polymerase 0.625 UE 4]-> &3H=¢f| total DNA
2 LS W7 T, 225 ulvb B uia) 33k S8 5 Yw
Mastercycler® Eppendorf gradient thermal cycler (Brinkmann
Instruments, Inc.)& ©]-8-5}o] th3-} 22 2704 PCRE
Y513 tHInitial denaturation 95°Col| 4] 24; PCR reaction 35
cycles (denaturation 94°Cof|A] 30z, annealing 54°Cof|A] 30
2%, extension 72°Col| A 1), final extension 72°Col|A] 10+].
PCR productsi= Millipore plate MSNUO030 (Millipore SAS,
Molsheim, France)S o|-83lo] AAsIH o, AAE PCR
products+= BigDye terminator v3.1 sequencing kit 2} 3730x1
automated sequencer (Applied Biosystems, Foster City, CA)
£ olgsto] 97149 BBk MIDNA COI 97149
2 BioEdit version 7 (Hall, 1999)2] clustal W (Thompson et
al., 1994)E o|g3s}lo] HHalqrt. $HAe= MEGA 6 =
Z73(Tamura et al., 2013)2 ©]-8-3}¢] kimura-2-parameter
model(Kimura, 1980)= AAFs}al &4 $<>(neighbor join-
ing tree)= 1,000% 2] bootstrap< 43510 2Hd5}9iT}.
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Family Cryptacanthodidae

(New Korean family name: Gwi-sin-jang-gaeng-i-gwa)

714 & = Aol Al71el 71 B & 7HA ] ek = &
SRR R s SHE o] Stk vel= flotd = HE sk
> 915 ot S=1 ol g Ao 7 A 71&eidd
7R v =] oF ati7} gla FRAZAE Qo] ks
%o} Q1A] Yrh(Mecklenburg, 2003). 3HH, & T}= z}o] A]7]
of Aa7} =il FFol Atk 2w 7 ol AL o
T 5o FEFET o ol ARG S A 'S
ot TR Yeun 559 $5& weh Ao
ufj-9- A 31 ZA 3K Okiyama, 2014).

H]al: B 1= Cryptacanthodes 145 4570 2 AT o] QL
onj kA A7g o] (Stichaeidae)ofl £3AITH H]Z(nasal) 2]
Zo] AFFolal FES s, 77 fzpe] uie g
of U5 FAll A A of QlaL, FAH Z(parasphenoid)
o] 9= A= oA Mo e, Thl7E(in-
teropercle)o]] WEE AF(socket)S 7= 5 7Y T+
H4 % 2 (synapomorphy) & E5 S Fw el
(Makushok, 1961; Anderson, 1984; Nawojchik, 1986; Meck-
lenburg, 2003). %3 57 AR oMY Al SEFEA o & 7t
& A ) = 2} X T4 Zaproridae) = 4712 3}v]&-Z(hypural)S
7} 3L Cryptacanthodidae¥} o} F5-2 37112 5hu|&Z-S 714
ul, 2ol A1712] S, GAM =T} ol e HAH 02 T4
A5 ZUSH] 7FA|= WHH Cryptacanthodidae 0] F= 53
o7 ZMAILE 714 2}o]E H etk Matarese et al., 1984;
Schnell and Hilton, 2015).
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Genus Cryptacanthodes Storer, 1839

(New Korean genus name: Gwi-sin-jang-gaeng-i-sog)

Cryptacanthodes Storer, 1839:322 (type species: Cryptacan-
thodes maculatus)

7R 1 o) Feh A 5L 3ho) B4l 2},

H|al: B Zoll= AMAZS.2 4%, C. bergi, C. aleutensis, C.
giganitus, C. maculatus”} 2115 o] ?lth(Mecklenburg, 2003).

Cryptacanthodes bergi Lindberg in Soldatov
and Lindberg, 1930 (Table 1, Fig. 2, Fig. 3A)

(New Korean species name: Gwi-sin-jang-gaeng-i)

Cryptacanthoides bergi Lindberg, 1930 (Type locality: Peter
the Great Bay, Russia); Sokolovskii and Sokolovskaya, 1996:
119 (Russia); Nakabo, 2002: 1054 (Japan).

Cryptacanthodes bergi: Mecklenburg, 2003: 2 (USA); An-
tonenko etal., 2011: 173 (Russia); Radchenko et al., 2011: 487
(Russia); Nakabo, 2013: 1252 (Japan); Okiyama, 2014: 1131
(Japan); Schnell and Hilton, 2015: 189 (France).

HEEE

MABIK PI00049727 (o]2¥%: PKU 62823), 17)4), A%
18.41 mm, &2 29 338N, 128°F), 2018 3¢ 132, &

East Sea_

Latitude (° N)

30 1 1 1
124 126 128

Longitude (" E)

Fig. 1. Map showing the sampling area of postflexion larvae of
Cryptacanthodes bergi (o, MABIK P100049727; A, PKU 62824).

Table 1. Measurements and counts of Cryptacanthodes bergi postflexion larvae and two Cryptacanthodes species

C. bergi C. aleutensis C. giganteus
Present study Okiyama De Forest De Forest
MABIK PI00049727  PKU 62824 (2014) (2013) (2013)

Stage Postflexion Postflexion Postflexion Postflexion Postflexion
Total length (TL, mm) 21.15 19.11 - - -
Standard length (SL, mm) 18.41 17.29 15.75 - -
Counts

Dorsal-fin rays (D) LXV LXVI LXVI-LXXII LX-LXIX LXXI-LXXVII

Anal-fin rays (A) Il, 46 Il, 45 Il, 44-48 I, 43-49 Il, 44-47

Pectoral-fin rays (P1) 15 15 11-15 13 13

Pelvic-fin rays (P2) absent absent absent absent absent

Caudal-fin rays (C) 4,7+8,5 3,7+8,4 - 1-6,7+8,1-7 4-7,7+8,1-4
Measurements (in SL)

Head length (HL) 20.20 20.30 21.9 15.6x1.4 20.2+1.3

Preanus length (PAL) 49 48.90 48.7 45.5+2.9 51.841.3

Body depth (BD) 1 11.60 10.97 11.8+0.8 12.1x1.3
Measurements (in HL)

Orbit diameter (OD) 38.50 39.59 35.41 37.745.9 27.6+3.5

Snout length (SNL) 19 19.10 20.70 28.0+4.2 24.3+2.4

Upper jaw length (UJL) 31.8 31.1 - - -

Lower jaw length (LJL) 404 40.7 - - -
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Fig. 2. Photos showing two postflexion larvae of Cryptacantho-
des bergi. A, PKU 62824 (17.29 mm SL); B, MABIK P100049727
(18.41 mm SL). Scale bars=1.0 mm. SL, standard length.

Y E(WE 60 cm, 2 330 um); PKU 62824, 1704, 414
17.29 mm, 715 54 3|9 (37'N, 129°E), 2018 3¢¥ 13, =
Y ECE 60 cm, HE- 330 pm).

SER 7| T

AR $712k0] 270719] Al L A5 L Table 10] Lye}
Wtk C bergi $7170lE SUF O] 1 ABE Btk 2 el
Oh =& 7P ol ghon ot Fath FdohE(maxil-
lary) $5HE QF-0] Q7EA] D h Bt 5 S el
AL 2 IA ThsA =R ulE 7RI SA vl
%= F2(MABIK PI00049727, 657}; PKU 62824, 667)=
oFoA Qlom F FRE nyR kx| S =2v]7t A
A solAm v R R ds 2 =efu|o] Z3PL T gol 13
ot SR 2ful= 2719 S2ek U Al §12(MABIK PI000
49727, 467); PKU 62824, 45712 0] 5017 o gt w5
E] v 7R AA Sol Al ;e el S =], 5
A=gul e A A =n] 2 A E o] gl FE R
A7} SE ol 2SI 2SI 355 3 A
B g mRE2 ST} g RE Alsti
& et 2UeH sk SHET S5 o g 5
¥ UEg HOITh 55 HTAL SR RAYR 5A] =2
" oot 2he-2 A7} EAstL SR n] QrollA] HE
A% 1 Fo] FolETh Fgoleh AuRo] AR FHALE
7F AL FRolls AHE 98 JEo| wd ST
257 BEchFig. 2, Fig. 3A).

=ASE

[o Lo

[URES

3

>

=
B

ot
1=

-

Cryptacanthodidae 7] 2o} 27§41 2] mtDNA COI% & 620

Fig. 3. lllustrations showing diagnostic characters. A, Cryptacan-
thodes bergi (PKU 62824, 17.29 mm SL, postflexion larva); B,
Cryptacanthodes aleutensis (De Forest, 2013: 27.5 mm SL, post-
flexion larva); C, Cryptacanthodes giganteus (De Forest, 2013:
36.3 mm SL, postflexion larva); D, Zaprora silenus (Okiyama,
2014: 36.3 mm SL, postflexion larva). Scale bars=1.0 mm.

base pair®] 7|4 23} National center for biotechnology in-

formation (NCBI)®|l =% Cryptacanthodes bergi®] &7 4|

Ay} v w3kt 71 Ay}, Cryptacanthodidae 7] 2Fo] 27]7]]

+= C. bergi 3919} 472 0.009-0.0122 714 71A 73
Aot I o322 C. aleutensis®} 77 2] 0.058, C. gigan-

teus?} -3 A 2] 0.061, C. maculatus2} -3 2] 0.063 &0 &2

FRE AL R Zaprora silenus?} 0.1112 71 B2] -3
UtH(Fig. 4).

=]
o X

g e Fl(E A, Yt 55 25 =8 (Mecklen-
burg, 2003; Antonenko et al., 2011) L] 1L HAJ]o}e] T QE
24t} elel2 3l E(Radehenko et al., 2011)0] £z}
22 oA 441 60 mi 9] 2] Hieto] A AgtH Antonenko et
al., 2011).
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20189 3¢ &z ¥ sdut e 79 sfolA Y
Cryptacanthodidae 27]Z}o] 270A|E o2 Fe] W 24}
S5 A A3 AT} Cryptacanthodes bergi Lindberg (1930)%
SAEAL. E52 vt A BilEe | 55oR
B25 %55l Cryptacanthodidae} T3t =Hof] o} & 231
H up7) glon Adiofl= C. bergi $FF0] E11%E i th(Nakabo,
2013).
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o Cryptacanthodes bergi (MW 193533) PKU 62824

99— Cryptacanthodes bergi (MW 193534) MABIK P100049727

68| Cryptacanthodes bergi (KP237942)

Cryptacanthodes aleutensis (FJ1164503)

—— Cryptacanthodes giganteus (JQ354072)

100

— Cryptacanthodes maculatus (MH378656)

Zaprora silenus (KF415233)

Fig. 4. Neighbor joining tree based on partial mitochondrial DNA
COI sequences, showing the relationships among four Crypta-
canthodes species and one outgroup Zaprora silenus. The tree
was constructed using the kimura 2-parameter model and 1,000
bootstrap replications. The superscripts indicate NCBI registration
number and voucher specimen number, respectively. The bottom
bar indicates a genetic distance of 0.01. NCBI, National Center for
Biotechnology Information.

2 Z VHAE FeiA & v|wgt Ay}, PKU 62824 74|17}
MABIK P100049727 /| A Hct 23} QoA 2 o we 5
A Qe YERATE AS P A a S A2 F e of A
YU x|5}5 3l Okiyama (2014)°] 71 ¥ C. bergi 3-7|2Fo1 2} oF
73 (orbit diameter) A 9|3t A& F d W S 432 Farafe of
A YAsH= AaE BTt

AR AE Hoks o 2% T 7HAl= C. bergi /019t
mtDNA COI% & o] 4] 0.85-1.19% 2ol & H o FU] Ho|Z A}
FETH(Ward, 2009). gH4, 51 7Hs/d o] =2 C. aleuten-
sish= A 5.8%R HEa] FREo] & T2 HEo|
shAstt), T3k Aol A 2 AlSE ST o W
Cryptacanthodidaete]] thet -S4 A2 e} H| al sl ok
< 1l mtDNA COIF oA C. bergi= 22 &7 Woll $A|
3} th(Fig. 4, Radchenko et al., 2011). £7}& o2 B 2= T 7
Aol YU GA| 3YE 2H o7 AR C bergid] AFEHA|
719} 2] 511 tH(Sokolovskii and Sokolovskaya, 1996).

C. bergi®} C. aleutensis %} ©1+= C. maculatus 12]1 C. gi-
ganteus 73 01 .t} F4>F(suspensorium) FHF2] ZFEzfo] 2
Q15 & 1% et 2, o> B2 olefEl ez 2 2ol Kol
31 Al &F*](vomerine teeth)] <== C. bergi®} C. aleutensis /3
o7} 170l Al 571 Ake] ZRRIA|RE C. maculatus “3°1+= 37|
A 970, C. giganteus §o1+= 57104 167] Ato] o] A=A 4
2 742t} E35F L7022 (palatine teeth)2] 4= C. bergi 2 C.
aleutensis /3 17} 07)o| A 27] Abo| 2 7FAY C. maculatus A
o= 47lloll A 1170, C. giganteus *d 1= 87 4] 207} Ato] €]
TFNEA] 525 7FA C. bergi 2 C. aleutensis #3017} 71 &]

= GA] B A2 =5 7HIT C. bergiet A<l C. aleutensis
dole FAHZA 7L A Gl BH C. bergi Jol= 17 B2
] FAEAE 7HRITE EE C. bergi /dol= 22 SW HHE
TN 2w AR WA A =2ju] 2715 7HItHAn-
derson, 1984; Nawojchik, 1986; Schnell and Hilton, 2015).

AR C. bergi 5-71A}0] 27§ |9} -2 &0f] £35)1= C. aleu-
tensis 7| Aol e} Alg= U AISF A BAR A3, C bergi=
C. aleutensis®} F5-°]Z9](snout length)2} =4 (head length)
oA x}olE BRI C. bergi7} C. aleutensis® .t} t] W2 7}
SAL2j0] £7] 5 ATk Table 1), E3F SALE Lo
A C. bergi= C. aleutensis®} 2] 445} Su|HE A Qs
ol A - A2 SA A3 7 P QICKFig. 3). C. bergi=
C. giganteus®t =5 0|4 0|e} S oA 2 2o & H Yl om &
A =] Z7] oA C. giganteus?} C. bergik tf Zol 3-2]n]
3t 2}o| & X ti(Table 1). T3t C. bergii= C. giganteus?} &
o] 50, e o} TR E Alofgh Fiol A ule: 4 )
237} ke gl o 2ol SR dH o A ) vk
Eo] zfo| & K lth(Fig. 3).

& Fo] &3} Cryptacanthodidae} 0] £]0]| %= F7FA| X[ O
ol 45131 B Aol A 415Kz A=) Zaprora sile-
nus)®] Apx|of TRk FHS whe 2UEHA FESHE S
£ 7}XIth(Matarese et al., 1984; Okiyama, 2014). 2 £ 2744
of ZALT REARE FAMELLA F71xj0lo} wTF A
I, A mehR] 37 Abol= v RS Al Q]stal Arel o]
= uet st SALEE Ho & 3 fAR O U 559 &
Az o] Fike 55U Zedste] 7o) HYof o]=1 &
o] §1A7F & FEe Y FHell Aths FolA 4A AR E i
(Fig. 3; NOAA, 1989; Okiyama, 2014).

2 T2 SEH olE Y fEo R R Q) @R YRR
FO] ot 50 FEf A E4= 7HA AL A A of] =2 war ok 4
A WG A b= e A S-S AV ER A= =1 A
78ol"5 Ajrgict.

Al AL

BTl 2021W SSAeR A Aky
(R2021032)1 2021 FHfFAI A A€(2021M011
00)0.2 2|22 ol 24 |9l M 2E
A1 ARSI AR R,

~
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e
e o
I
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>
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