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First Morphological Description and the Distribution of
Ophisurus macrorhynchos (Anguilliformes: Ophichthidae)
Leptocephalus Collected from Southeastern Waters of Jeju Island
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Seventeen specimens of leptocephali [9.8-44.5 mm total length (TL)], of the family Ophichthidae, were collected
from southeastern waters off Jeju Island and the Korea—Japan intermediate zone, and identified by means of mor-
phology and genetics. These specimens were identified as belonging to the subfamily Ophichthinae based on various
combinations of morphological characters: 211-215 total myomeres; 7 gut swellings; 2 liver lobes connected with
the gall bladder on the second lobe; 6-7 postanal pigments present from anus to caudal margin. An analysis of the
partial 12S rRNA sequences (849 base pairs) of mitochondrial DNA showed that our specimens must be Ophisurus
macrorhynchos because their sequences were concordant with those of the adult O. macrorhynchos (genetic distance
= 0.000). Furthermore, their total myomeres were consistent with those of the O. macrorhynchos adult. This is the
first time that the morphological characteristics of O. macrorhynchos leptocephali have been described for Korean
waters, and we suggest diagnostic characteristics for the genus Ophisurus leptocephali. We hypothesize that one of
the spawning grounds of O. macrorhynchos is located in the southeastern part of Jeju Island.
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2] = (Anguilliformes) HFCHY 2K Ophichthidae) 9]
&3h= Hth<H(Ophisurus) ©15F= AAAI12 0.2 25(Ophi-
surus macrorhynchos, Ophisurus serpens) (McCosker, 1977,
Eschmeyer, 2014), -2uzto] 15 O. macrorhyn-
chos)©] E.11%]o] QItK(Kim et al., 2005; Ji and Kim, 2011). ©]
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FelE Apou Yo 28-S gei(McCosker, 1977,
Hatooka, 2002; Nelson, 2006; Ji and Kim, 2011). H}t}d-2 v}
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ol A = o]} FARRE AXE e Sltk(Ji et al., 2012). whet
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WICH (Ophisurus macrorhynchos) G441 9] & gjdbg:

of tifgh Q17 A48 0% ST 9ow], F 6(E A
Echelus uropterus, 5= Pisodonophis sangjuensis, A=
v}kl Ophichthus asakusae, 78 Muraenichthys gymnop-
terus, 5-3ll=1 Scolecenchelys aoki, 7}+=24 Scolecenchel-
ys fuscogularis)®] F/3A017] FEEA X F27F Harw glck
(Ji and Kim, 2010; Ji et al., 2011; Ji and Kim, 2012; Ji et al.,
2012; Jietal., 2013).
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ApR|o] AR Al ek L QAR 17704 (747 9.8-44.5 mm)
7} Bongo net, IKMT net, 9] H| Eof A A& = Ack(Fig. 1).
AR - 382 99% offek ol G OR, ol FYSAk

59l (National Fisheries Research and Development Institute)
a}x] o] BA14](Ichthyoplankton Laboratory)e]] X 2} i},
Hef 2

29| 7} B.9lo] A4 9l A =L Fahay and Obenchain (1978)
9 Tabeta and Mochioka (1988)2] W& wal YA|&n| 4
(Olympus SZX-16) 3ol A ¥H25}% 31, vernier calipers2 0.1
mm TH7HA] S 51T} o o] vl F A2 Castle (1984)F wh
skt
EXEA
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Fig. 1. Map showing the sampling stations and total length of the Ophisurus macrohrynchos leptocephali, in the southeastern water of Jeju
Island in August 2013 and 2014.
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X ZATHJi and Kim, 2010).

10X PCR buffer 5 uL, 2.5 mM dNTP 4 uL, 12SR primer 5
uL, 12SL primer 5 uL, FX Taq DNA polymerase (GnP, Ko-
rea) 0.5 uLE 412 &3H=E0f genomic DNA 5 uL (100ng)E
A7RE %, % 50 uL7t 2 wi7hA| 32} S74-E 9L Thermal
cycler (Bio-rad MJ mini PTC-1148, USA)S o|-85}o] th
I} e %1 0 2 PCRE 4=3)5}97tt. Initial denaturation 94C
ol A 5&; PCR reaction 35 cycles (denatuation 94°Col|A 30
%, annealing 56.5C 9] 4] 30%, extension 72 C o|A] 1&); final
extension 72T oA 75, A= ExoSAP-IT (United States
Biochemical Corporation, USA)S ©|-835}%th G744
ABI 3730XL sequencer (Applied Biosystems Inc., USA)<]|
A] ABI Bigdyeterminator cycle sequencing ready reaction kit
v 3.1 (Applied Biosystems Inc., USA)E o|-&-3}o] o} 2
2 2722 cycle sequencingdlo] BRIt PCR reaction 35
cycles (denatuation 96 C | 4] 102, annealing 56 °C 9| 4] 10z,
extension 60 CoJ|A] 35).

u|EFZE 2o} DNA 12S rRNA ¢7]4 8-S BioEdit version
79] ClustalW (Thompson et al., 1994)E o]-8-slo] FHs}%
o} B3 TE0 ' Bkl Sl il o) 4 (A5
W Ophichthus asakusae, 7}X=1 Ophichthus evermanni,
&4 Pisodonophis sangjuensis, ‘25701 Echelus uropterus)
NCBI (National Center for Biotechnology, Information)®]] -
2% vjchila} o7 135(Ophichthus zophochin®| G714 4
< ol-&seltt. S o2 Wigtol s g0l 2 (Congridae) ]
B87&ol(Conger myriastery T2 HAA5IGIc &2 A+t
o] uprhyl JAdtel o] H7|A E-2 NCBIO|| 5-S(KP055806-
KP055809)3}% T} -4 7] 2]+= Mega5 (Tamura et al., 2011)]|
A] Kimura-2-parameter™ 2(Kimura, 1980)% AAF} o,
A= MEGA4 2] =124 3 (Neighbor joining method)=
o]-g-5to] 2Hg 513131, bootstrap-> 10,0008 4=3§ 531t

Znt 9 D3

e E

HFCH(O. macrorhynchos) G/gAFo1 9] REAYTHAE A= 9l
AZA R 13} 2} viehl /g 2koli= Leiby (1989)7} A|A]
gk obak(subfamily) 714 7] ol whet 7 <] 7F (liver lobe)© ]
A& AZAE o] 9laL, Thd(gall bladder)e FHA 7H (2 d)el
9]2)8}= ol A uprhu o}z Ophichthinae)ol| <31},

B5125 24 QAakatol (A4 9.8-18.0 mm): AA| ZH4E
2407 o)A}, gHeE A 94-1037] 0]k, wels Bl 2
11, F50] Akl ul S mESlcHFig. 2A, B). %FE o= U7t

2 ool 1} gL, wjgale. | HHIE2 o) e 2,
ofZt EFd @ oln eFEof] 279) wlFro] Qi ol g o] $1E

Hoh GN Ao 2 SEu o] T, 915 tha: Frh(Fig. 2A,
B). FEAGL WG| 64.6-78.0%2 FEL Bo| 9 mr}
o] 912 5}n, el o] uls) A43s] gk Ao
7.1-11.0%2 Th4: ETH(Table 1). 2} A =g 0= 2F2]
2u] Fejolch, SHLTE URIPA RGO R T2 4 Fo}
ol A Lekede}. ZRulol] 47je] LA kel S5
7} 5] paksle, melueh 52 9 uj WA Bz,
2, 3907 201 Aol RE] me] BrbA A4 Fope] 7 2o
mope] SAATs} AP BEAIT) 2-549] e Az 5
MAE7FFE HRE S0 W vt me] B B
thFig. 2A, 2B).

) 2] 20] 47] Akl (14 19.8-39.3 mm): 27 30
mm o] 5 Ao e A LA 2152 Aofe} ol
o, AR 25 21524070, FRY THSE 9597 Afolct.
Z50] Alekio] o]uhe: o] AR} tha Folich. o] Akt 9]
glo] Zuko 2 Zoju, ofgfglo] SJE Rtk ozt ko 2 =
Z=lo] gick. ogle] o mjedae LIS o2 ojn
o ezt STk TS AR 7.9-111%, A1 e
4.8-7.6%, A 2] 64.4-722%= o] M KT} Zo] &
THTable 1). e o] Axch W HE A CKFig. 20).
S| fule} 5x] eju)s g efu] Fejolct, SHLEL
M of i LR moko 2 779 4d BE 3 Foo] L7
Lpehube, mejakeke] 52, wEo] 450 2 BEgi o]
3 o) AR ML STAR Z715 0, G e A
20] g uje} me] 7R HECHFig. 20),

r
oA
o 12 4

Fig. 2. Leptocephalus of Ophisurus macrorhynchos, Jeju Is-
land of Korea. NFRDI 20130827-77, TL= 9.8 mm (A), NFRDI
201308276-72, TL= 17.7 mm (B). NFRDI 20140827-1, TL=30.0
mm (C), NFRDI 20140814-1, TL= 44.5 mm (D). Scale bars= 2.0
mm.
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e R =gn] W] ARkl (1% 40.5-44.5 mm): HA|
A= 21121370, A =2m| S A= 105- 11570, s
A2 71-1017] 0] T}, oFE] o] o]t HHO:UL]_Q_M
a2 O - - 0 = =2 1 1+IV-V+4
© & o]H Kt F7tekGlt). ol Q] Aol= AL Hlsstt o
gol] gt} oF7F MRk o 7 EE o] Qltk(Fig. 2D). FA->
AA2] 7.0-7.7%, FEEAG-E WG] 62.5% o] Mt o7k
ol E%lo, Ail= o]}t FAFSHITH Table 1). 4=
Aol= AR 63.0-71.5%= 52] FoFHTt o7t FHZof| 9
A8F3iet. o] Al7]ofli= o] Mat Fe] HE A aju|7h 23154l
o, A =2fnl= 105-115HA] & ofefoll A A|&tste] Are]
2714 olojzitt. SlA|=ein|ef i =gu]= 2 Wbl
on, madthe| slu|&Io] IEHEL 670 2 AR =
A7) R FRE A S0 wiHS whet re] E7A] 22t
t}(Fig. 2D).

|3z vl GAFAtol = Hef A vicholate] £ F7h

o] kol A= A= o] Qlar, gd2 FHA Thd(ad)ell ¢
Aok HolAl Lalsteint. Egh 7% 30.0 mm o]/ /Aol
O] AA A= 211215702, FopA|otel #aEsh= ek
3} ol F vhchle] HFBuhEI GARol 211215
A vs. A3l utehal e 201-21070) 1ol £3te] ol o] St
2+ Y %] 3}% th(Hatooka, 2002; Kim et al., 2005; Ji and Kim,
2011).

ghH, McCosker (1977)= vithiate] 24245 53t AlS
312 Qo] A] Hiehi L X Bl 9
1 93k} glek. B AT AbRtels] EAES vlmste,
Heh Aol B AT} T, B ) B AL
67742 HIMRA B B obx|obak 71X Bl Ophichthus)
AAR}] 65 (AT O. asakusae, O. ophis, O. melanopo-
rus, O. ocellatus, O. gomesil, O. cruentifer)?] FEE (7HA]
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Table 1. Comparisons of measurements and counts for Ophisurus macrorhynchos leptocephali

Ophisurus Ophisurus Ophisurus Ophisurus
Species macrorhynchos macrorhynchos macrorhynchos macrorhynchos
(present study) (present study) (present study) (Ji and Kim, 2011)
Development Euryodontic stage Caudal fin absent Caudal fin development adult
The number of specimens 10 5 2 9
Total length (mm, TL) 9.8-18.0 19.8-39.3 40.5-44.5 1370.0-1775.0

In % of total length
Head length

Predorsal length
Preanal length

Body depth

In % of Head length
Eye diameters

Snout length

Upper jaw length
Counts

Total myomeres
Predorsal myomeres
Preanal myomeres

1st vertical blood vessel
Last vertical blood vessel
1st gut swelling

Last gut swelling
Postanal pigment
Number of nostril
Number of gut swelling

Dentition formular

10.2-15.5 (12.7+1.3)
64.6-78.0 (73.7+3.6)
7.1-11.0 (8.9+1.4)

17.6-23.1 (21.7£1.6)
36.4-44.4 (39.0£3.5)
54.5-63.2 (61.9£3.5)

>240
94-103
11-14
92-98
12-15
93-96
2-5
2
7
1+1I-111+1-4
1+1I-111+1-3

7.9-11.1 (9.6+1.2)
64.4-72.2 (68.6£3.1)
4.8-7.6 (6.241.2)

16.1-22.7 (19.6£2.6)
33.3-40.9 (37.243.1)
51.6-59.1 (55.2+3.3)

215-240

95-97
13-14
93-95
14-15
94-95
5-7
2
7
1+1I-111+3-5
1+11-V+3

7.0-7.7 (7.3£0.5)
63.0-71.5 (67.216.0)

62.5 (62.50.0)

5.6-5.9 (5.8£0.2)

16.1 (16.1£0.0)
41.9-45.2 (43.5+2.3)
58.1-61.3 (59.7+2.3)

211-213
105-115
97-101
13-14
94-97
14-15
95-97
6
2
7
1+1I-IV+5-7
1+IV-V+4

201-209
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W2t -5-AFskS eh(Fahay and Obenchain, 1978; Ji et al., 2013).
FAIRE, 20 5949 7 ol SA A FR (7R EHEE A
4o 7t Ao ST} )0l A A AR E o] £ A
sk 50 5402 pkeick 3 el shrilolal 25(
520] E. uropterus, AA5-=1 P. sangjuensis) GAFAF0]1 2} H]
SHH, 2FF O] welret '] 1Al A ARSI AIRE, &
A gtk Rkl = T vs. 8ol JARkel=
7N vs. A= AR = 870), AHE T SA A2 (HhehY
PR = 6-77H vs. Gool, AT ARk = 871), A
A AP FAREo = 21121570 vs. E5o] AR}
ol 154-1587 vs. 21 /Aol 144-15471), 541 =
o] oF AL FAARo]= 105-1157] vs. E54o] 4
Ak = 32-387] vs. AFEH ANl = 132-1417H)0l A 2
T-E = A th(Ji and Kim, 2010; Ji et al., 2011).

ES R T GAFRfo] o] Td = A 0] ) HFE 4] H]E)
Chh @2 Zl o2 A4 9l (Leiby, 1984), & 1ol A] v}
ol B8l Ao 0] 29 1A 247} 2407 oo =
Aolo] A4 H91(201-21071) 2T} 3071 o]A4+e] 2po] & B
%ATH(Table 1). L2jut, FE 9] Hol7} ZrofAl= A17](317% 30.0
mm o}4h7} B2l Aole] HE4 v glel Solrke Ao A}
EECE S, Gl Rl 9 7R ERE Ao 3%
2 ofel Zlo]7} Zobi= 1A 20,0 mmelA] Ael] H24
s} gl3]afo], vl Q1AAfo] Kk o] Al7]o] Aole] 2
9} Zho} Z|+&= 710 & Yl tH(Fahay and Obenchain, 1978;
Jietal,2011).

=ASE

C o e o

Mo Rl ow

AFEAR BieH ROl E t o= nEFE =g oF DNA
12S rRNA 886 base pair &7]4 9GS 243+ A3}, Lelvz)
dafloll A 7% BeP(O. macrorhynchos) A3 ©12F 100% &
A)5ko] virhil ¢4kztolQl A o2 BRI E|th(Table 2). vt

W QAR =0. zophochir?} 71 2] 95.4% U215+ 20,
Th2-0 2 AlFHETHl(O. asakusae)d} - 72 94.3%, 7HA1&
W(O. evermanni)} 93.0% A5 tH(Table 1). -H AT
(Neighbor joining tree)= &3l A|5AFBFeH /Aol = vtk
W) Aolok AR A 5190 m, 7412 2%(0. zopho-
chir, O. asakusae)2}; 7147 UrEFtH(Fig. 3).

ARRSIO| chet 2E

2 Ao Biehl Aol = 8o Al FEER,
sralgel 9 ok W shelold RabaE 24
o} (217 9.8-18.0 mm)<} A A =efn] P FAA (A
19.8-39.3 mm), 322] 2| =] W] QJARR}oI (44 40.5-44.5
mm)7} Z#3FATHFig. 1). AFRPE AR ofgtat fojtoof
2902 9ol 7hsaleh. A2 B4l HaHAF AARtol(A
% 5.8-7.8 mm)Q] EHOZ U FR o]F Bl ulg]oj} 3
“{(IBM; Izu-Bonin-Mariana) 3210] 4|2 4tebao] &40
(Kurogi et al., 2012), 25-%0] 20}E(Gnathophis nystromi
nystromi, Gnathophis nystromi ginanago)2| F-3}2%- GAMR};
o](A7 5.8-10.3 mm)2] A O= U FF Ak Aletto]
FHAAHE Tk B % I th(Kimura et al., 2006).

3 oyt vheho] TR FEE JAel(H
9.8-11.3 mm)7} 92l Fkelol ] AAElo] Hichyle] 4
e djupdol ofgol 7t g Al YER dje E
2 T A sl FAEE Ao E AbRETH(Fig. 1).
v I} 25 Ophichthus gomesi, Myrophis punctatus)2
AAe17] AEAS AAIste] e 7|7 B Al 4
Aol A, o] &2 Gl 7170 50-70Y 7 0 & ot At
o] thFollA A g2 LA Aolztal B astitk(Bishop
et al,, 2000). & 15+ A/FArof o] 7| = Hop & A-o] vtk
Wl ARME 9 Bt obd AIFE B dle] B A
45 A3 8012l 75 o] Ak, s el k2 ekl AaRjole]
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o
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o
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Table 2. Genetic distance among Ophisurus leptocephali, 6 ophichthid species and 1 outgroup

1 2 3 4 5 6 7 8 9 10
Ophisurus leptocephalus (1)
Ophisurus leptocephalus (2) 0.000
Ophisurus leptocephalus (3) 0.000 0.000
Ophisurus leptocephalus (4) 0.000 0.000 0.000
Ophisurus macrorhynchos (5) 0.000 0.000 0.000 0.000
Ophichthus asakusae (6) 0.057 0.057 0.057 0.057 0.057
Ophichthus evermanni (7) 0.070 0.070 0.070 0.070 0.070  0.062
Ophichthus zophochir (8) 0.046 0.046 0.046 0.046 0.046 0.063 0.070
Echelus uropterus (10) 0.080 0.080 0.080 0.080 0.080 0.084 0.092 0.080
Pisodonophis sangjuensis (11) 0.085 0.085 0.085 0.085 0.085 0.097 0.069 0.089 0.125
Conger myriaster (12) 0210 0210 0210 0210 0210 0224 0221 0214 0205 0.212
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100

73

51

67

Ophisurus leptocephalus (KP055806)
Ophisurus leptocephalus (KP055807)
Ophisurus leptocephalus (KP055808)
Ophisurus leptocephalus (KP055809)
Ophisurus macrorhynchos (AB049988)
Ophichthus zophochir (DQ645695)

72

Ophichthus asakusae (HQ185624)
Ophichthus evermanni (AF417322)

Pisodonophis sangjuensis (HQ185619) '

Echelus uropterus (HQ185623)

—
0.02

Conger myriaster (HQ185627)

Fig. 3. Neighbor-joining tree based on mtDNA 12S rRNA nucleotide sequences showing the relationships among the Ophisurus leptocephali

and 6 ophichthid species with one outgroup (Conger myriaster). The Neighbor-joining tree was constructed using the Kimura-2-parameter

distance model.10,000 replications of bootstrap. Bar indicates genetic distance of 0.02.

FEEAS AT EY, 3ol A0 2HE= ARt (%
9.8-11.3 mm)7} gt FH=S dekollA, ez =afn] g4
A Al (A7 30.0 mm) 7t Al g el A, 12 Al 2
A =fn] W] QAo (74 40.5-44.5 mm) 7t Al FH
of| A A el whet B3k thupd-F-E EfaL Al Aot A
© 7 2AHEHFig. 1). 5, Bichill Ad7tol=7-8Y ATk X
ol A 1.3} & tfupbd-F-E ekl Al Jal, Sl 7R E4ds)
o] W & A2el= A 0= ALRHEH(Fig. 1).

ot |o

Al AL

R L DEC BLRDEMESEE 1
2014-FR-048)0] 2|20 o] o] 5 om, x| o] A=)
.
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