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Molecular Identification and Morphological Description for Larvae
and Juveniles of Deepwater Dragonet Bathycallionymus kaianus (Calli-
onymidae, PISCES) from Korea

Jin-Seok Kim, Jin-Koo Kim*, Jeong-Ho Park', Hwan-Sung Ji* and Hae-Won Lee?

Department of Marine Biology, Pukyong National University, Busan 48513, Korea
'Fisheries Resource Research Division, National Institute of Fisheries Science, Busan 46083, Korea
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Dragonet fish (Callionymidae), living in benthic upper 900 m of all subtropical, tropical and temperate oceans, com-
prises 200 species in 20 genera worldwide, of which 18 species in 6 genera occur in Korea. Although dragonet fish
plays an important role in linking between top predators and lower trophic levels, there are only few studies about
their early life history. Herein, we present molecular and morphological data on larvae and juveniles of Bathycal-
lionymus kaianus (Giinther, 1880) collected from the Korean waters. During 2016 to 2018, one preflexion larvae
[2.69 in total length (TL)], three flexion larvae (3.65 and 4.77 mm TL), six postflexion larvae (6.07 and 7.94 mm
TL), and three juveniles (10.81 and 12.26 mm TL) were collected in the East Sea, Korea Strait, and Jeju Island using
Bongo net. Of them, 13 individuals were identified through molecular markers (COI or 16S rRNA) and morphologi-
cally described. The larvae of B. kaianus are well distinguished from other species of Callionymidae in melanophore
distribution, body shape and development of preopercular spine. It was very similar to larvae of two Repomucenus
species, R. valenciennei and R. virgis, but was clearly distinguished in melanophore distribution, preopercular spine
development, and head shape.
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2013), o]l 62 18F(MABIK, 2018)0] Hi1Eo] Qlt}. &
gkl AAshs EYEHT olFES AUA R o 8HA
= gov feutet Aete] A5 A Aol A T2k, ol vl ul
AR H ol F 52 4145131 (Huh and Baeck, 2003; Choi et al.,
2016) o, &of, 7+ & T8 AATY Ho == o]&
%] of(Baeck and Huh, 2003; Baeck et al., 2007; Jeong et al.,
2015) 249] ZA9k 5H] JTAS) AES Ak Fa
3t 9 3+S- stti(Huh et al., 2013).

AG7H] EFH T o F ol & e s g = dA4te &
F(Lee and Kim, 1993), 4] (Huh and Baeck, 2003; Choi et
al, 2016), AA)%7] T AkzkAlel(Baeck and Huh, 2004) o]
Ao, ZpRjofof gk A= AEEE A olt), BHH, =12]9)
749, F=oFe(Eda et al., 1994a), S7-oFe] 2 AoFe|(Eda et
al., 1994b), =¥l (Gonzales et al., 1996), Callionymus enne-
actis (Eda et al., 1996)2] 470 w2 2] o] o] et AF,
u|st B8 o A oF Aetol] 233t C. pauciradiatus X C. bairdi
A o1 9] A5 U & e A4(Olney and Sedberry, 1983), &
=7 3@ Plymouth 9¢t)l Z&3t C. reticulatus, C. lyra 2 C.
maculatus ‘& A}2] 01 9] S FEjH| L, A-H-E, Ao Bt
AL (Russell, 1976) 5 th=2] 147} B v} qlck

dRbA oz zpoj7|o] RRPFAR el AR SN
(Neira et al., 1998; Leis and Carson-Ewart, 2000)+= 3= Fel| 7}
ZFo1 9] 79 F7F G-AMY 2 2(Okiyama, 2014) 2-g-0] 417 &
= A olaL, Aof7oll= ARl U e 17119 $]of Xl 7HA]
7F Foll whet L weko] Alzt7] det 783 i BEE AR
Fth(Nakabo, 2013). o] A H e Aol & Fej A 2 2 573
3}7] o]8}&- 7%, mitochondria DNA %% 29] 16S ribosomal
RNA, cytochrome b, cytochrome ¢ oxidase subunit I (COI)
5= ol & 7 40| 7Hs5ltH( Aranishi et al.,
2005; Pegg et al., 2006; Vandersea et al., 2008; Hubert et al.,
2010). whepA] 2 Ao A= ket At AR E £
Bl 22l o] 155 e &2 2AL A E o8-8t F 271
AT T o5 FH EAL AIS] AlgstaLat gk

EH
=

ME

0%

P

>

H &

£ AellA] AE AR ol 20161 6hellA 20184 119
of A4 vt gell, F8f W AlFAtNA B ECE
80 cm, 5 550 pm)E AR-SH ARG S 2 2|5kl ch(Fig.
D). A AR o= A SA] 10% Z22eof A 1TAI7F 1
3 99% S A|Fsto] HATG O], o] F FAYSL of
FEHIRALR vlslo] JU BAS Saysioch, AERE
BvEE ol FEHUBA ol FEYLER LA (Pukyung Na-
tional University, Ichthyoplankton Laboratory, PKUI)o|| 5%
9 5375} cHPKUI 691-703).
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Fig. 1. Map showing the sampling area of deepwater dragonet
Bathycallionymus kaianus larvae (O).

el

Az 0] 9] o] E e = A E v] 7 (SZH-16, Olympus, Tokyo,
Japan)&- o]-8-5to] ¥H2FSIGITh AHx| o) o] F 4, Al 4 A5
3} g-0]= Okiyama (2014)2} Eda et al. (1994a) S w}sk o, 7
THA VN ASIA 10 & 5 157] Fe A& A 2
Foiet. AT Z=tof uhE W Tl = Eda etal. (1994a,
1996)L u}xtth =9 2 H-9]+= Mosaic 2.0 (Fuzhou Tucsen
phoyonics, Fuzhou, China)& ©]-8-5}04 0.01 mm @714 &
sk 2748 2874 A% (standard length, SL) E=
Alz}(notochord length, NL)2} =%H(head length, HL)of| tfj gt
HI-&4H(%) 0. &2 Hksto] Uelf it

N

Genomic DNA&= Z}2]0]9] fof A Chelex 100 resin (Bio-
rad, Hercules, California, USA) T=+= DNA extraction kit (Bi-
oneer, Daejeon, Korea)E ©|-85}0] &3}t Chelex 100
resin2 ARS8t genomic DNA 22 7%, 10% Chelex 100
resin 150 pLof| &F-2-2 A| 75 = 222 ¥ 11 thermal cycler
(Bio- Rad T-100, Hercules, California, USA)E A&-5}19] 60°C
o] A 205, 99°C 258-%5<F =9It} Genomic DNA extraction
kitZ A28} genomic DNA $2-2 | %A}L9] protocolS whe}
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Fig. 2. Voucher specimen of deepwater dragonet Bathycallionymus
kaianus (Giinther, 1880); PKU 7927, southern sea (33°50'17.14"N,
127°47'4.72"E), 2012.10.21, bottom trawl.
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genomic DNAE F%35}3ith 5% genomic DNA= A9
A7HA] 4Cofl A Basheict.

A A A E-S-(polymerase chain reaction, PCR)-2 mito-
chondria DNA 16s ribosomal RNA (16s tRNA)% &-& tjAko
= 235l on, 16s IRNA G Aol A S-HE 4] ¢h2 Al = s
A0 2 cytochrome ¢ oxidase subunit I (COI) &g oA 2] &=
RS Aagsl ek AREE primer= Ward et al. (2005)2]
VF2 (5-TCAACC AAC CAC AAA GAC ATT GGC AC-3")
¢} Fish R2 (5-ACT TCA GGG TGA CC G AAG AAT CAG
AA-3), Palumbi (1996)¢] 16Sar (5-CGC CTG TTT ATC
AAA AAC AT-3), 16Sbr (5-CCG GTC TGA ACT CAG
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(B) Bathycallionymus kaianus flexion larva (MN794195) PKUI 703
Bathycallionymus kaianus adult (MN794196) PKU 7927
E Bathycallionymus kaianus postflexion larva (MN794192) PKUI 695
41| Bathycallionymus kaianus preflexion larva (MN794194) PKuI 702
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Bathycallionymus kaianus (KF266849)

51 4|:Bath ycallionymus formosanus (KY371209)
100

Bathycallionymus sokonumeri (KY371213)

100

100

Neosynchiropus ocellatus (MK657511)
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Fig. 3. Neighbor-joining (NJ) tree showing the phylogenetic relationships of species of family Callionymidae including Bathycallionymus
kaianus based on mitochondrial DNA 168 ribosomal RNA (16S rRNA; A) and cytochrome oxidase subunit I (COI; B). The numbers above
each branch are bootstrap values based on 1000 replications. Scale bar indicates genetic distance.
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ATC AGG T-3)E AR89t 10X PCR buffer 2.5 pL, 2.5
mM dNTP 2 uL, forward and reverse primer Z} 1 uL, TaKaRa
EX-Taq polymerase 0.2 pL (TaKaRa Bio Inc., Shiga, Japan)
& 5315t T30l genomic DNA 3 LS A713H 3, 2842
Eo] Z volumeS 20 L2 9H=11 thermal cycler T-100 (Bio-
Rad)Z o]-g-sho] v} -2 2719] PCR Z2EZ5 A3t
et

1) 16s rRNA: Initial denaturation 95°C 11+; PCR reaction
40cycles (denaturation 94°C 142, annealing 58°C 1, exten-
sion 72°C 1&); final extension 72°C 5&. 1 X} HF-2-o]| A ZZ0|
& A] ¢k 73$- annealing 25 54°'CE Bl 5to] JAHES %
35}t 2) COL: Initial denaturation 95°C 5%; PCR reaction

<t AF YHIHEOFE| Bathycallionymus kaianus AFX| 0] 9] Ex157] 9 g 7] A 77

ABI 3730XL sequencer (Applied Biosystems Inc., Waltham,
Massachusetts, USA)f|4 ABI bigdye terminator cycle se-
quencing ready reaction kit v3.1 (Applied Biosystems Inc.,
Waltham, Massachusetts, USA)2- o]-&3}o] L3ich

EAE dA7|Ade] AE-2 BioEdit version 7 (Hall, 1999)2]
Cluster W multiple alignment (Thompson et al., 1994)E ©|
43o] AHsth A A 2= Mega X (Kumar et al., 2018)
£ 0|83} pairwise distanceE Kimura-2-parameter®
(Kimura, 1980)2 Atk 312 g<=(Neighbor joining
tree)+= Mega X (Kumar et al., 2018)5 o]&s}o] ZAds)aL
bootstrap= 1,0005 =353t} Aol 7|4 BE Blast]
$#J35lo] NCBI (national center for biotechnology information)

35cycles (denaturation 95°C 1%, annealing 52°C 1%, exten- o] 5250 Q= ESHT} o] F 7E(FHESH, KF265033,

sion 72°C 1&); final extension 72°C 5%. DNA sequencing>- KF266849; Bathycallionymus formosanus, KY371209;
Table 1. Measurements of larvae and juvenile of deepwater dragonet Bathycallionymus kaianus
Preflexion larvae Flexion larvae Postflexion larvae Juvenile
Number of specimens 1 2 6 3
Total Length (TL, mm) 2.69 3.65-4.77 6.07-7.94 10.81-12.26
Standard Length (SL, mm) 2.66 2.78-3.78 4.75-6.26 8.60-9.77
61.78-62.09 59.23-62.24 52.42-61.08
Preanus length / SL (%) 51.13 (61.94) (60.41) (57.08)
N 32.88-34.72 35.04-41.35 37.70-40.46
Head length / SL (%) 24.36 (33.80) (38.48) (38.75)
o 34.66-40.70 29.08-34.53 22.70-33.55
Body depth / SL (%) 29.85 (37.68) (31.94) (28.93)
) o 37.57-37.93 35.38-45.08 39.31-41.75
Prepectoral fin length / SL (%) 26.17 (37.75) (42.24) (40.18)
14.09-21.66 13.96-18.80 14.34-17.34
Snout length / HL (%) 28.70 (17.88) (15.89) (15.96)
. 37.92-40.31 33.81-41.60 33.74-35.07
Eye diameter / HL (%) 37.35 (39.12) (36.87) (34.44)

HL, head length.

Table 2. Preopercular spine, nostril and fin ray development of larvae and juvenile of deepwater dragonet Bathycallionymus kaianus

Preflexion larvae  Flexion larvae Postflexion larvae Juvenile

Number of specimens 1 1 1 6 1 2
Total length (TL, mm) 2.69 365 477 6.07-7.94 10.81 12.24-12.26
Preopercular spine - - - Present (unbranched) Present (unbranched) Present (branched)
Nostril - 1 pair 1 pair 1 pair 1 pair 1 pair
Fin rays

Pectoral fin - - - - 18 18

Pelvic fin - - - 1,4 1,5 1,5

Dorsal fin - Bud Bud -9 IV-9 IV-9

Anal fin - Bud Bud 9 9 9

Caudal fin - Bud 10 10 10 10
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Bathycallionymus sokonumeri, KY371213; Y3 d-5%F¢],
MK657511, DQ532968; =3}oFe], AP006027; Calliony-
mus maculatus, KJ204760, KJ128721; Callionymus lyra,
KJ128720)°] A71M ¥ o5kl NCBI 4ol 555 ]
WA & T A7 DS FAHeto] 5550 e /o]
g5 F20] F7IAES ol &St (EE=SE, PKU 7927,
Fig. 2; =3}oFe), PKU 7824, 7825; Al %Fel], PKU 7437, WE =
OFell, PKU 7840; =9Fel], PKU 8405; Z22=%Fe)], PKU 12724).

2 1
=ASY

u]E 2 E2]o} DNA 168 rRNA 91 dj4-o.2 235 PCR
A3}, 7o) % 8744 2] oF 510 bp 4 ojo] ZZE|o] NCBIC]
SEIHIA(INCBI 5E5HE, MN795469-795476) EHl-E%F
g AJoj e o] A7|AL(PKU 7927, MN795477)3} H] 1L
A ) A AR5 HK2P genetic distance, d=0.000-0.006;
Fig. 3A). 3H, F4 % AH2o] 870 A= ohE £H o 72
TRt A E Holm & R E ]tk 24| (d=0.110-
0.112), Z2=%=(d=0.105-0.110), =3}Fel(d=0.158-0.164),
Y- d-ZoFell(d=0.259-0.262), Repomucenus calcaratus (d=
0.138), Callionymus maculatus (d=0.222-0.228), Calliony-
mus Iyra (d=0.237).

nEFE=2]oF DNA COI 995t/ 2 23w PCR 23,
Apx]o] & SAA| F 530bp G o] F-35]o] NCBI| 55513
I(NCBI 5-5W3%, MN794191-794195) Hi==%Fe] Aol &
ZSHE(PKU 7927; MN794196) & NCBIf| 555 EH-£%F
e A7 Bt A o] AAIsFATHd=0.000-0.011; Fig. 3B).
SHH, T8 A o] S7/HAl = e £ of 7ok RS
AAPE Holw & FEE Itk =3efe](d=0.212-0.215),
A9Fe(d=0.222-0.227), BEZSFEN(d=0.262-0.271), | H L
SN (d=0.212-0.215), Callionymus maculatus (d=0.260-
0.266), Bathycallionymus formosanus (d=0.137-0.144), Bathy-
callionymus sokonumeri (d=0.134-0.141).

HE 7| TH

gk A7 012) A% W o] mhE 54 Table
1 9 Table 29} Fig. 40| e 91et. 24154 5 %7]7j0] 37)
A % LIRI(PKUL701; MN 794193)%= of Jlo] 4¢] 9lo]
gl 5404 A 2]l 2t 7] %10](2.69 mm TL; Fig. 4A)=
Ajuiere] 20| A2 R Qhokor, FE-L Bol Fop] 91%]
sloleh. B0 Hm 245 7hsol A F5ole] o Bo| B
o] 20} olof) 9IA/3t et SA|majnls FHR uh 9o A
AR, A 2] S vk Holl 4 Algal gt vl
Hofl o] 27} PaE Y on, T EalslA) TRE ) 29k
t}. Z7]%}0](3.65-4.77 mm TL; Fig. 4B, 4C)of| 4l 2 atcto)

o
saleptinly
Fistite

Fig. 4. Larval development of Bathycallionymus kaianus. A, Pre-
flexion larva (2.69 mm TL; PKUI 702); B, Flexion larva (3.65 mm
TL; PKUI 700); C, Flexion larva (4.77 mm TL; PKUI 703); D,
Postflexion larva (6.07 mm TL; PKUI 692); E, Juvenile (10.81
mm TL; PKUI 697); F, Juvenile (12.26 mm TL; PKUI 698). Bars
indicate Imm.

=40 AREY 5, S L] 775 3 mejR|en|e] §
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Fig. 5. Relative growth of various body part of larvae and juvenile of Bathycallionymus kaianus.

719 22 Ao A AAFE SR =)= 2 R F o)A
AlArskeiet. v A =2 u| o] FAo] sju|aiA| = 7|4
ofofl mlsf we|7F AR 7] A2 AT w2 F 2 A F 47
7Rl Ak 2 o] TAET A7 Foll YR8 & Hh=
stoll 22 gt o] STt o] WHEH T F71%401(6.07-7.94
mm TL; Fig. 4D)ol| A 2 Ateke] o] A= E=jv, Al 154
Leju] gl e =2fn] £7] 9] FAdo] A= Stk 7 2 3L
ol WEm Aol AT =2 FAol AlZtE U
2]©(10.81-12.26 mm TL; Fig. 4E, 4F) A|7]9= & A =9
ul 717} ol =Esh, Al 1eA=#n] 9 HHXI‘—HDH
F/dol FaisHA W Ik vzl A WA, w2 &

79

ol A AP o Wk el SRoR E2uY]
Alwﬁu}. AR o] Fel7k AAs] GrrRY A 27t
Z o] Zo —c‘ﬂ/ﬁgﬂ ]xl——s].o:lq S
*3%011 Eﬂr~ AT AL L=

F o] o] Aty mq_
Zlof| o 3t v]-&-2 LEFHS o,
ZF, A|aL, 7]’*——1]‘—3—1131 oF ZJo], TR, ol W 25o] 4
IS B rH(Fig. 5).
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o] EAfs A2 S} wjEe|E FMAT} U LI
shoick. v ejulolt G 52 uleh B4 457 P
10U} bl 2] R0 || 9okt 3714l (Fig. 4B,
4C) 710l = 9 9 B730] SMAT A GlolA7] Ak
S0 A 50] SHMAE RIS o HolA B AR AE o
wEsr SAATE HH 2 wncko 2 walgon ofd
B9 SALEL Q2 A2 vholx) FRoIA A9 B
oFeleh. $712tol(Fig. 4D)ol SOl A BA B751e] SAl L%
L 719) A7 o] A gRgkow] Wil A1) 34
4F BIE7L Y 2USH BENE 3L Bt Tl T
R EMATI} 2P BT ot ol A
of PEA) SRtk SA ]S 7] 4R EE et drie) 3
M4z o] GAo| HaEglet. Hol(Fig 4E, 4P)A7|l =
Aa59] 2717k AR o 12 12 5, o] SH2L e GAo| B
E|gic AR 2717k A7 ol wet B2 A2l B AR
231 28 ZA2ES) FHo] ARl o EushA st
7) AR O, A Sl tho] FAAERo] Lkt £
2 Gst7] ARtk S =] /AR E et ZHLE

2

iy

B b

8
1
'1:'

[Sle]
7b R eten], Ssen) 284 2 HE vl
2% S ERo] B

7)Aol (Fig. 4A)= A =2in|9F SIA| =efn|7} 4% 1t
A=gu|o] FeE Hlom ©7]Eo] P42 TRER] 4ok
o 7k A = nl e BAE HeFo R A7) Ao ghEo] =
=olA] ekttt S71Ak0i (Fig. 4B, 4C)oll A ©7 =] |40l &
2= 7] AJ2FsE A 25 A =] 9 SX] = efu] o] QHEEo] A
FE g@7]Zo] 3/457] A2kt AMaete] a3to] AlE)
Holl whet arejA| =ejn| o] gAdo] AlAtEm 71t WA 719
FAo] A=k 7A=Y 7= FAEA do
FAE HeFe] 9| =gjn| & 7tk $7|2to](Fig. 4D)= A
15A| =efn] 9wz =ejn] o] g A4fo] A|ZE|IL &7|7} 34 =]
= o] WAE QT A 25X =n] W HA|=2jn] 8] 7|7}t
QHE 71 7} Aol =E S TH(Table 2). A 254 =2
4 S =ejn] AY vpAd A= 27HE 2718F X o] A
7|(Fig. 4E, 4F)oll = 2 A =2ju] &7 9] /o] = 7}
A=) 7| 247} Aol =Eskgith(Table 2). 27171 A4S
& we) YA =u)7} 2 =3 R B 7] A&kt
MWL Z(Preopercular spine) Y&

AR =] g2 F7| A ol 7HA] A =] 4] ez, 712k
ojof| o] 2] FAlo] A|ZE| QI tH Table 2, Fig. 4D). Z]01A]7]0]|
o|2¢| FH RO R F5I5HA T Qlrh(Fig. 4E). 7§42 =
717k AXHA ZL Eo] 27| E] o] 7]& WEko| Al =8 =
of gAdo] AlAFl o (Fig. 4F), 2]0fA17]18] AR =2 3
Bl= Adol o] =o] FHjeb= Aol & H At

(A)

(©)

Fig. 6. Postflexion larva of deepwater dragonet Bathycallionymus
kaianus (A, 6.33 mm TL; PKUI 693), Valenciennes’ dragonet Re-
pomucenust valenciennei (B, 6.26 mm TL) and R. virgis (C, 7.40
mm TL). Bars indicate Imm.

L
£ 720161 68 RE 20184 119714 ', 53 2 A%

s ol A AR EdE AFA] o] 150 thet £]5-3
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