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Distribution and morphological development of a Gnathophis nystromi
(Congridae: Anguilliformes) leptocephalus collected from southeastern waters
of Jeju Island

Hwan-Sung Ji, Jung Hwa CHor'", Sang Chul YOON’, Hyeong Woon JOO
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Institute, Pohang 790110, Korea

The twenty six specimens of leptocephali (15.8-32.6 mm TL) of the family Congridae, collected from southeastern waters
offshore of Jeju Island during August 2014, and were identified by means of morphology and genetics. Those specimens
were identified as belonging to the family Congridae based on various combinations of morphological characters. An analysis
of the partial 12S rRNA sequences (886 base pairs) of mitochondrial DNA showed that our specimens must be Gnathophis
nystromi, because their sequences were concordant with those of G. mystromi adult (genetic distance= 0.001), furthermore
their total myomeres being consistent with those of G. nystromi adult. Catch rates of G. nystromi leptocephali were higher
in the offshore regions than coastal regions of Jeju Island. The smallest leptocephali (< 20 mm TL) were collected offshore
from Jeju Island. We hypothesize that one of the spawning grounds of G. nystromi is located offshore in the Jeju Island.
In conclusion, the hatched preleptocephali of G. nystromi might have been transported from offshore near Jeju Island to the

Korea Strait by the Kuroshio Current and Tsushima Warm Current.

Keywords: Gnathophis nystromi, Leptocephalus, Catch rate, morphology, Spawning ground.
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o] Gnathophis nystromi)©] Ril%E]o] QIt} (Kim et al.,
2005). ol 5> AHIEY, g, Ui, S A9 A

L= ofdrf 8199] 424] 250-355 mO] 21 Jrof|A] A

Al ZeAge 45 ome QA 9} (Mundy,

2005; Hatooka, 2002; Kim et al., 2005). 2-5-%}o]=
Aol 2l wbdo] §lat, HEmae= 117-12474, ¢

P9k u) olgfElo] Mo wBE Ho| 54
T} (Hatooka, 2002; Kim et al., 2005). &%5-3}0] AJo]
St Aafiet daflol] waEghcial oA glont
dwFol wrom (Kim et al,, 2005), 25-7d0] AdAtol=
EroA &3 7|E0] 9t} (Kim et al., 2012).
AR 01 7] e W= o] o] Algtuglat ol whHE
3, 7Hd 5= olafisk=t] v Sast JER ol§F
t} (Miller, 2009). 53], /dAFo19] 7F42 444 ol
ol yiFolty offFe] Eauelo] w2 S v|x|= A
or dHA glom, ol Rkl B BAR= RIS
3h Ajolla] A|4H o P39Itk (Castonguay
and McCleave, 1987, McCleave and Miller, 1994;
Miller et al., 2002; Miller, 2009). A3j% AL = &8
Alo] Aol AR FH (Uematsu et al., 1992;
Kimura et al, 2006), 5==3|] (Minagawa et al.,
2007), A Ell*8F (Takahashi et al., 2008)o]| 4] AldH 2
E7F Halw|glow, BolAle ko] el tAs)
o] Ahbdo] sF=raliel Uit sl FdE Tkl Har
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201419 891 24¢13E] 89 29017} Sre)ssatulalel A
B A E205 (885G/T)E A% W 3]9]9] 33
7| A%oll 4] ORI (Ocean Research Institute) net ("4
24 2 m, W2o] 9 m, W= 7] 500 pm)= 44 10

me} 30 mE A4 OF KM Z}7) S8 SR elysiol

Aol Jakate] 26704 (4 15.8-32.6 mm)S A
Wakelek (Fig. 1). $golt Gaaols vE Q7o
AR AR e vt s ghE ol85to] o
olRm|k A4 (1000 m’)= FHakalglch 7] <
T2 99% offekzoll At on, of% wyitielel
(National Fisheries Research and Development Institute)
UxpA]o] B4 (Ichthyoplankton Laboratory)o] =%

Uy R =1
ik

2

e

2] 7 19]0] Alg W ASE Castle (1984)
Tabeta and Mochioka (1988)¢] w2 uwlel QA& ]
73 (Olympus SZX-16) 3dlof|4 W23l vernier
calipers® 0.1 mm 7[R &43}c) o]wo] ujd
A1 Castle (1984)= w}gyc).

DNA FZ, PCR % Sequencing

Genomic DNA= Chelex resion 100 -2 (Bio—rad)&
olgsto] Aatole] 93 ok ulold) FEsiaick
nEFcejol DNA 128 rRNA 991S 12SR (5-
TTTCATGTTTCCTTGCGGTAC-3")2} 12S-L (5'-AAA
GCACGGCACTGAAGATGC-3") Primer=® Z3EA|FT)
(Wang et al., 2003).

10X PCR buffer 5u0, 2.5 mM dNTP 4u0, 12SR
primer 5uf, 12SL primer 5uf, FX Taq DNA polymerase
(GnP, Korea) 0.5u05 A& E3H=9] genomic DNA 5
u (100ng)= H715E F, 2 50u07} 2 w7 334 %5
Z~5 Y1l Thermal cycler (Bio—rad MJ mini PTC-1148,
USA)E olgslo] theT} 2 20 PCRS 405}
&t} Initial denaturation 94°C o) 4] 5% PCR reaction 35
cycles (denatuation 94°Cof|4 30%, annealing 56.5C ]|
A 30%, extension 72°Col|A4] 14); final extension 72°C o]
Al 78, AA|+= ExoSAP-IT (United States Biochemical
Corporation, USA)S- ©]-8-3}%it}. PCR products= AF5-A7]
A GEARA] (Automated DNA - Sequencer; ABI 3130)0]]
o} A7IMES A5k

=AHHO| 2Ad
nExT=glo} DNA 12S rRNA 71492 BioEdit
version 72] ClustalW (Thompson et al., 1994)& ©]-8-5
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AT sl dol A P-E 25701, Gnathophis nystromi (W70)ig: 5401l GARFe9]

o] Y3t ¥l 7159 % NCBI (National Center
for Biotechnology, Information)of 5-5% W7ol of

T 8% (&EHo] Gnathophis nystroml Gnathophis
bathytopos, 5-%Y0] Conger myriaster, 727+0] Conger

Jjaponicus, WS Anguilla japonica, VYT Ophisurus
macrorhynchos, 78741 Muraenesox cinereus, 71712]%:
o] Dysomma anguillare)®] 9714 8& o|85}9c) =
Mo GEA® GEAy (Elopidae)e]
(Elops saurus)y& <J{UTHO R AASFITE. 27 e)=
MEGAG6 (Tamura et al., 2011)9]|A] Kimura—2-parameter
W (Kimura, 1980)2 AASILo0], A2~ MEGA6
o] I ATHH (Neighbor joining method)2- ©]-8-5}¢]
A48} 31, bootstrap2- 10,0001 43519 c}.
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Fig. 1. Catch rates of Gnathophis nystromy leptocephai at each station
in the around Jeju Island of Korea, August 2014. Circles represent the
abundance of leptocephali expressed as catch rate value of the number
of individuals per 1000 m® of water filtered (A). Length—frequency

distributions of G. nystromi leptocephali collected during the survey.
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20144 8Yt A1EE EHE]9o] 4] ORI net= ]
é‘ﬂ 257ko] GAalAtolE & 13.8711/1000 mPo] .

33719] A3 F 971 ARl A= o, AT

”%% 2ot Fellol A EE AlFe SE7MA] st
ot} (Fig. 1A). AdE Z3eFS A St 220]4]
5.671A1/1000 m’2 E@ o] 7P oo, tgos
St. 199 4] 2.974#1/1000 m®, St. 333} St. 200)|A] z+z}
1.37121/1000 m*7} &350} (Fig. 1A). Uz &3
2Fo] 1.07]A1/1000 m’o]s} 7L St. 8 (0.37114]/1000
m’), St. 15 (0.4714/1000 m®), St. 18 (0.57]4]/1000
m’), St. 21 (0.67}|/1000 m*)© & viept},

= SRt 257do] ARl e] A 244L 15.8-
32.6 mm=E H3PH T 24 JAFxio] (AAF 15.8-18.8
mm) H e Agju] 7] QdAke] (% 20.7-
32.6 mm)7} A=} (Fig. 1B). 274 20.0 mm ©|3}
o] mejR|=ejn] PP AdAtol= AlFE et (St
8), AlF=% <1afl (St. 19, 20, 22, 23), AlF=E et (St.
33)o] EE31%ct (Fig. 1A).

%EH%’E*

8-18.8 mm): %17
—;m*b 1307 O]*oh 6;}—5%* —E 44— 86-1027) o]ct
(Table 1). w2 FWslal SyHEo] Qlow, wa]7px]|
el are] oA wopxit) %k o= E7l=8
oltt. ==
Por oo 2709 vlgo] v Qlrk &
don, Fgo] Atk ui- mEsich
(Fig. 2A). o> 2%4 89.3-95.0%% o] itk
of 9123}, a1 AAFe] 9.4-13.6% ©|c} (Table 1).
7 Adnl= YhA] = E1 | efolr). S A= U
ZHA|HeFo 7 mEu|o] ZA| Fastal, skt SHE
e} GREQIZIA] 1Y, Aedete] &t el A
Hazsit) (Fig. 2A).

;0

_m

wmHR=FHu] FA7] GARIe] (AA 20.7-32.6 mm):
A% 25 mm ol GapAoliE] HH ESL 125
1307112 AJofe} obA ], et 89== 93-102 7|
ock. Fgo] AlgHie] ojuhe ot tha: Folict,
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Table 1. Comparisons of measurements and counts for Gnathophis nystromi leptocephali

Gnathophis nystromi

Gnathophis nystromi

Gnathophis nystromi  Gnathophis nystromi nystromi

Species (present study) (present study) (Kim et al., 2012) (Tabeta and Mochioka, 1988)
Development Caudal fin absent Caudal fin present  Caudal fin development
gli:eciﬁl;ﬂsoer of 8 18 2 412
Total length (mm, TL) 15.8-18.8 20.7-32.6 39.9-65.0 15.0-88.0
In % of total length
Head length 10.6-18.8 (11.9+0.9) 8.6-12.0 (10.1£1.1) 8.4-9.0 (8.7£0.3)
Predorsal length - - 74.4-76.9 (75.7£1.3)
Preanal length 89.3-95.0 (92.0+2.3)  82.5-97.1 (91.7£3.5) 88.5-89.3 (88.9+£0.4)
Body depth 9.4-13.6 (11.6%+1.6) 8.3-12.2 (10.2+1.2) 11.3-12.4 (11.9£0.6)
In % of Head length
Eye diameters 19.8-26.3 (21.3+2.1)  15.8-24.2 (19.9+2.1) 18.5-20.6 (20.0+1.1)
Snout length 34.7-43.3 (40.1+3.3)  34.1-44.2 (41.543.1) 35.3-37.6 (36.5+1.2)
Upper jaw length 55.3-60.7 (58.4+2.0)  52.6-62.3 (59.0+2.8) 50.0-52.4 (51.2+1.2)
Counts
Total myomeres >130 125-130 121-124 118-128
Predorsal myomeres - - 75-82 68-80
Preanal myomeres 86-102 93-102 95-100 95-107
1st vertical blood vessel 12 12 - -
%:Ss;el vertical blood 40 44-45 42-45 3845
Number of nostrill 2 2 2 2
Dentition formular 1+11+5 1+0-V+5-7 1+IV+5-6 _

1+0+2—4 1+0-IV+3—-7 1+IV+3—4

1+0-V+5-7
1+0-IV+3-7

og

go] o]w wjda)e

oo lr 1o

%) -efu]op
A efuliz
AF5leIT} (Fig. 2B).

w R u] Ug7] QLA (3 39.9-65.0 mm;
Kim et al., 2012): A% 182 121-1247), E7=7]

D](_)_]— s P =
3L

A T5827M, et = 9571007 o

1+IV+5-6

OoFE] o] o|wF gjoixjoe. - - ¢ 7
of. ofele] ol wjoAle e

R

e

o= o]kt
b S7FeATE dRE = A7) 82.5-97.1%, AH|al
HAFo] 83-12.2%2 o] A7 9ARSIGIC} (Table 1).
A =gju] = wA]=gju] PEjoln|, AL

A wrerstoic. S AEE

O o]t}
K0] 8.4-9.0%: o Wit Fol
et
HAO] 74.4-76.9%=

ol i}

Fig. 2. Leptocephalus of Gnathophis nystromi, Jeju Island of Korea.

Caudal fin absent leptocephalus, TL= 17.7 mm TL (A), Caudal fin
present leptocephalus, TL= 26.8 mm (B). Caudal fin development
leptocephalus, TL= 65.8 mm TL; Kim et al. (2012) (C). Scale bars=

3.0 mm.
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Al Ao} Aol S thioR nlEFEY
o} DNA 12S rRNA 886 base pair ¥7|4ES =45t o= 2540 Aol dF Ao FRE e, B4
e R G

nystromi) 312} 99.9% 2

Ao BlE|gon], FU%

AHE gl (

¥ o5& o], Gnathophis nystromi (WAols: B-Alolah) GAJRFo]o] HaL

O} 98.9% 7177 LRt (Table 2). L&l

(Neighbor joining tree)S 53l #5425

Gnathophis leptocephalus 15.8 mm
69| Gnathophis leptocephalus 20.7 mm
Gnathophis leptocephalus 27.6 mm
Gnathophis leptocephalus 32.6 mm

99

0
I:%nathophis nystromi Adult (JQ178224)
Gnathophis bathytopos (JX242905)

Conger myriaster (HQ185627)

2= (Conger) 2% (B74o] C. myriaster, 715
1x]5k] Aol dAtolel Jjaponicas)H= Wel S| (Fig 3)
9] Gnathophis bathytopos

2ol C

100 Conger japonicus (NC027186)

Anguilla japonica (HQ185628)

87

81

Dysomma anguillare (AF417326)

P

0.02

Ophisurus macrorhynchos (AB049988)

Muraenesox cinereus (AF417318)

Elops saurus (AP004807)

Fig. 3. Neighbor-Joining tree based on partial mt 12S rRNA nucleotide sequences showing the relationships among our Gnathophis leptocephali
and 8 Anguilliformes species with one outgroup (Elops saurus). The Neighbor-Joining tree using the Kimura—2-parameter distance model.
10,000 replications of bootstrap. Bar indicates genetic distance of 0.02.

Table 2. Genetic distance among Gnathophis leptocephali, 8 Anguilliformes species and 1 outgroup

1 2 3 4 5 6 7 8 9 10 11 12
Gnathophis leptocephalus (1)
Gnathophis leptocephalus (2)  0.000
Gnathophis leptocephalus (3)  0.000  0.000
Gnathophis leptocephalus (4) 0.000 0.000  0.000
Gnathophis nystromi (5) 0.001  0.001 0.001 0.001
Gnathophis bathytopos (6) 0.011 0.011 0.011 0.011 0.012
Conger myriaster (7) 0.124 0.124 0.124 0.124 0.124 0.131
Conger japonicus (8) 0.161 0.161 0.161 0.161 0.161 0.167 0.082
Ophisurus macrorhynchos (9) 0.158 0.158  0.158 0.158 0.160 0.153 0.203 0.224
Dysomma anguillare (10) 0.133  0.133 0.133 0.133 0132 0.136 0.171 0.194 0.161
Muraenesox cinereus (11) 0.173 0.173 0.173 0.173 0.172 0.170 0.222 0.256 0.156 0.187
Anguilla japonica (12) 0.125 0.125 0.125 0.125 0.124 0.127 0.180 0.197 0.159 0.127 0.175
Elops saurus (13) 0215 0215 0215 0215 0213 0214 0248 0268 0235 0.173 0.222 0.207
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# Al B2 9SS el
A, A4 15.8-18.8 mm)Q} AR
Zpo] (1870A]; 2174 20.7-32.6 mm)7} ﬂ
off % sl A A (Fig. 1), &
0|9 A S-S Bk, Al |
AIRE Aol A Aok Akt | W 7HA|
Shoict (Fig. 1A). oli= Hdfjol] Fa4 o= £
I Ophichthidae) GAIA}o] 9] B3z oFAN O
t} (Miller and McCleave, 2007). F-3}5- uiz}
HolZe] HEL slmet WHeh el 9l
thtﬂ (Miller, 2009), & 1-Lo] o-H Ao

A2 vulch (Ophisurus macrorhynchos) 4
(Muraenesox cienereus) QA1 ARG A
EFUISIT) (Ji et al, 2014; Ji et al., 2015). vjcld GA]
Aol 89 srolgrkretal ok wrtolA] duliks
= e} AlFe FHsjo s Ao (Ji et al,
2014), o] QIAHoI 788 SERaolA] ajel
of FRAL 75 Bl AlFEE AH ol A
Bl Aow ®w ) (Ji et al., 2015). 3k 11
H FeoA 5] aejAgju] dar] JlgAe]
Q70A; 214 39.9-65.0 mm)7} &3 5}o] (Kim et al.,
2012), =ff Agke g 7pQlel= 2670l AldAtolES
Al 2ol A Falsto] tfupdis Bl Al
ol W Bz Bakste] Yel Baehs Aoz AR
e,

A, BEelolA 2AE S8l daole] 4
A Bmepel, o[58 kel Srrh o gol
ZdshH, A% M= 7.0-90.0 mmz Fa}AS G4
Aol welAH AARIol A LiERITt (Miller et
al., 2002; Minagawa et al., 2007). o]&= 252 0]9] Ak
717} 8R4 1290744 ofu] waks: gshuin
7hgol Zhelehs BEE S Boj 9)
A= 8 14 30.0 mm o]ste] o] gaRjols
o] Zalslo] o] B4 oka Aoz qrkAch Suol
BT QuAole] FHoR AR Fiol B
of Aol k= Ao HilEgl=t] (Kimura et
al., 2006; Minagawa et al., 2007), & ZAo| A HAF
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(%%XJ FAFAto = 117-1247) vs. H-4o] A}
40-14871)ol| 4] 2 S-E-EIC} (Tabeta and Mochioka,
1988; Kim et al., 2012). 2 70| 2Xafolis olm A}

S do] e dAbelet A HEg (2 Y] 28

AAFAfol = 121-1247) vs. AEAF O 2bo] ¢AFRo] =
118-1287Y), S-A|-ejn|of LA (& ¢1te] o5 Ao]
AR = 75-827) vs. YEAF o5 Ao HARRIO]=
68-807))), mpAul 2=A & Tt 0]7] (H ojLo] oxzto]
AARJO] = 41-437) vs. AEAF SH o] AJAIRjol=

38-457))ollA] & UA|ekITt (Table 1). 2h

and Mochioka (1988)0] &Ja}, YA SE-Aoj=
o (Gnathophis nystromi, Gnathophis
nystromi ginanago)O. & JLE-EH, 0|52 §AFR|o]7]
SR =u|oF LA (G. nystromi nystromi AL =
118-1287), G. nystromi ginanago F*¥Al01+= 124-130
M), viA =218 Y2 (G nystromi nystromi B4
Alol= 38-45W A| 14, G. nystromi ginanago A}
ofi= as-4gl A RO Aol Lheluelet. 1 21
o] o H5x o] AAIRO= Gnathophis nystomi nystromi2]
WS4 2 S (Table 1),

r&"
)
5
o
g
s+

nystromi

A=
8UT AFE dERS el 5ol Aol 26
7hA (13.87§41/1000 m?; A% 15.8-32.6 mm)7} ORI
nets AHE Ak 5 33709 B F 9 B A
HE oM, AFE WER A TefolAlne AT
E SR/ BEslleh S 0o sk o
Ao} GAAIEE olB A AFE Aol Yokt
of FAL ATt PuIRE eha AFE, el 2
FolbA] BAfsto] Wl Washs Som ARg &
3, AFE Fduol Res 2y 8ol YAk
o7} AxElo] of8H AFE oo Aol P4
L Zlo oAzt
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A g Rhelol A AT 250l Guathophis mystromi (WIS Hgelnh HAjole] REEA U e

AL At
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