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¥R RN % (G. sagmacephalus) R 65 )E
WAV N, BRI K R 22, B Bohlke™ T
1997 4 IRTE H A LB, HEZARE Sy . KA
K, @B, Rle, SRR R, UE
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PR EA 1 2S5 eI, Bohlke™
i 510 2 B0 e S AR T R RS AR AR SR I H AR AR
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H R VY2235 Loh™ " 76 [ & 15 4 AR B K7 1
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WM EERR H AR Z 5, SISHHE B4 210, A
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S At b X A TR S R B . A o PR AR L JE ] M
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rRNA B K I e o3 + %08, ik 4 Fh iy A 20k
S R A Bk fi R 10208 R 0 4028 e Wi Rh 4% BT TR
BEIFFEAE

1 MRS

1.1 SEIe#f Rt

S MR BE AR SRR AR T 2021 4F 5 H 18 H )
9 H 21 HARIR HEEEE AT AE kT
WK e Y, 2 B, RERESETRES T

et A Aast, AT e TR =B s
BHE 2 BE K™ IR 08 R LB % R AF (S5 . ZKGS-
FIXM-01 2 ZKGS-GDST-01),

1.2 SRSk

BEFHRT  BHHECR™, XRE
) B S R M A O PR SRR IE T T R . R A
ROBiEbn R RUERR I AR a2 L IR 1R
ACETiAR . BDERK . kK. k|, Wik, b
K. MK, IR IREE. RGN HEEHT
P EEERTIE . R | EEERAE T ERIR,
Kt s 1 mm; RABEZEIIEO (G . -
WivE . At . AL ih . araiE e e
HHEE R, TrBEEE A BB S SRS E T4k
PEAR (B 1) ARSEgR, 8RR G™ hs 12 BB 3h ) 5
AR A THAE -

DNA & I B2 20 mg #E S LA ZH 21,
IV 5 ) 2 23 3 R 41 DNA $2 8GR & (RAR
AR AR A ED), HMU D R4 DNA
PR, HEHUH DNA H 80 L KE/KEM, K 1%
Tt R G JiC Pl VK KGN DNA $EBUR &, F—20 °C
UKFRIRAE 95 o

PCR¥ ¥ 50 r  SHEMIEGHK, &I
TR COT J 16S rRNA HEH G| WF5], H
H1 CO1-Fl: 5-TCA ACY AAT CAY AAA GAT
ATY GGC AC-3’, COI1-Rl: 5-ACT TCY GGG
TGR CCR AAR AAT CA-3'", 16S rRNA-F1: 5'-
CGC CTG TTT ATC AAA AAC AT-3’, 16S rRNA-
RI: 5-CCG GTC TGA ACT CAG ATC ACG-3'P%,
PCR [ W & & M 25 pL, 42 %5 PCR Mastermix

ABCDE F G H1J KL
"-_-____-__'_——\—u______—
M0 1

it 1. branchial foramen

ALT] anus

B 1 $RREESN IR AT = MR EE R E
AL. &K, AK. A&, OP. %, AG. kK, MN. kE, AC. WK, AE. LK, BE. F#if, CD. R, DG.RJ5kK, AF. FEERiHE,
AJBEERTEE, FK.IFHERK, JKOBEEIEK, AH.ALRIRK, IK ALJEMK, HR (A PE DL S bRl B 50 uuE, KA R P bRE.

Fig.1 Schematic diagram of morphologic measurements of G. sagmacephalus

AL. total length, AK. standard length, OP. body depth, AG. head length, MN. head depth, AC. snout length, AE. upper jaw length, BE. lower jaw
length, CD. eye diameter, DG. postorbital length, AF. distance from snout to dorsal fin, AJ. distance from snout to anal fin, FK. base of the dorsal fin, JK.

base of the anal fin, AH. distance from anus to snout, IK. distance from anus to cuadal tip; the actual measurement data of interorbital width shall prevail,

not marked in the figure.
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% 0.5uL, DNA iR 1 ul, P HFEF Jy 94 °C Fi
AEVE S min, BHJEH#E AT : 94 °CAEME 30 s,
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101 4%, NKE Y 19.06, 19.60 15, A5 6ERTHE
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kK 9.66. 102115, kK Rk 222,
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) 7.89. 9.57 f%, MHRIEIEERY 7.10. 7.44 1%,
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TEARBIALT] . g 5B A E, AT
LT SRR, N HAT (K 2),

PR G i 2 R e S R R B A i S A AT
TR B E W FRAS B A5 I S 5080 DL 36 2, AT S
2 Rk R M B B AR (R BT TRE R . TR
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&

AR A5 2 2 Sk B g co 1 2Rl 644
bp, 16S rRNA H:[K 2 586 bp, FHIHE S Gen-
Bank, S¢S U1K 1 7R, T GenBank T 2% H [
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LR sE CO 1 B, {UA 16S rRNA KK 7 51),
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#1 AHRSMETA CO | 7168 rRNA FFIER
Tab.1 Information of the CO 1 and 16S rRNA sequences cited in this study

MR (22 4) Sk GenBank &35 GenBank accession number
species (Latin name) sample source col 16S rRNA
HLRIEE G sagmacephalus R ON076869 ON076873
ISk ON076870 ON076874
GenBank — AB808682~AB808685
HGMEE  G. albimarginatus GenBank HQ122455 AB808692
YEIRHEEE  G. berndti GenBank KU942765 —
HBWHENEE  G. buroensis GenBank MN243525 AB695728
“OAEEE G chilospilus GenBank MK658499 AB695696
WEHEE G eurostus GenBank MK 658693 AB695722
GBS G. favagineus GenBank JF493577 MW133236
MPEHNEE G, fimbriatus GenBank MK658634 AB695684
WEWINHINEE G flavimarginatus GenBank MK 658227 DQ645719
EMHRMEE G formosus GenBank KU942738 —
SWGE G hepaticus GenBank MN243507 —
JNEERRIGEE G, javanicus GenBank MK 658297 MW 145336
IESARREE G, kidako GenBank MH400959 MW151696
PESIREE G, margaritophorus GenBank MK658518 AB695703
B RNEE G melanospilus GenBank GU673711 JX914618
G NEE G melatremus GenBank — IX242973
KA EE G, meleagris GenBank KU942737 —
MAETERIGEE G neglectus GenBank MF774819 —
T[ICMEE G, niphostigmus GenBank MF774816 MW548266
EHNEE G nudivomer GenBank MF123915 IX242975
CHARNEE G pictus GenBank KP193971 AB695650
FIEMERIEE G pindae GenBank MN243511 —
KGWREE G prolatus GenBank MT318342 —
RS G. pseudothyrsoideus GenBank GU673285 AB695727
SIPARREE G, reevesii GenBank JQ431819 MW539055
WG ERIaE G reticularis GenBank MN243508 KX426291
FEAREMEE G richardsonii GenBank JQ431821 AB695712
s BRINEE  G. rueppelliae GenBank MK 566943 AB695698
ARICHER 5 G. shaoi GenBank KU942766 —
BEMIEE G taiwanensis GenBank KU893015 —
EIARMEE G thyrsoideus GenBank MK657992 AB695653
WORINEE G undulatus GenBank MK 658486 AB695707
HWEMNEE G zonipectis GenBank JQ431836 TX242980

HMEEE outgroup

L HEEE G zebra GenBank HQ561478 TX242966
i —FORTHHE, TR
Notes: “—” means no data, the same below.

LR ITUAY, 3 BIARA RNE R 31 633 bp (CO 1) F Kimura-2-parameter 5 7 118 45 # i i 1) CO 1
J% 540 bp (16S trRNA)., #|FH MEGA 7.0 # 1, 3 J 16S rRNA LR BRAE I B (Fhiii L, Fagid Kk,
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(@) B MRS, REBEET: (b) BLBMEE, KA Rk (o) RMBELURFE, HRESKIA — I G L EARRES, T8EEIA mi T A 9
BB ERZMVIY (d) LSCEFERHE, FER50; (o) FTHUFARE, FIRHRF; () WHRIE, HAGLsg: (o BERE, Rt

W%, BAPELSL, HMREKL.

Fig.2 External morphological characters of G. sagmacephalus

(a) G. sagmacephalus, collected from Xiamen City, Fujian Province; (b) G. sagmacephalus, collected from Shantou City, Guangdong Province; (c) head

markings, a dusky saddle on top of head behind eyes, a large prominent dark triangle before the dorsal-fin origin; (d) maxillary teeth, uniserial; (e) dent-

ary teeth, uniserial; (f) dorsal fin, with white margin; (g) anal fin, with white margin, belly marking, with dark stripe.

WA SCARF ), 78 CO T B, 32 Rl g it
[¥1) 355 1 BE 25 4 0.007~0.283,  #85 S 44 kg fie 5 Gt 34
i s P 38 A4 B B M 0.120~0.255, Hih 5 (2 g
i %) 39 4% E B B /DN (0.120), VR 2 I S0 4 ik i
(0.163), 5 B [ R I i 119 358 1% I B 45 K (0.255)
(% 3). MMi7E 16S TRNA HE[R i, 23 Fh g it fi o 1]
BAEIEES N 0.004~0.146, #5458 i it 55 H A # ig
fist 1) 35t B FE B 0.059~0.132, Hivh, 5 RISk
fi: 3% f% 5 B f /1N (0.059),  H UK JE A 2k 4 I Bt
(0.069), 5 5 S0 ## Mo it () 5t 74 BE 2 B K (0.132)
(& 4), DABE 65 R AN, SR FH S K RIS A
BT RGN, 15 CO T RN, $k bt
5 FIGANaEE LA R SRR (94%) OMIRIR 732,
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R2 BIRREEERN SRR
Tab.2 Morphometric measurement information of G. sagmacephalus
MIUE=RERIN ZKGS- ZKGS- T b 42 SH R A
measuring traits FIXM-01 GDST-01 holotype specimen reference specimen
4=K/mm total length 686 684 534 375~512
EE KK HAI/% proportion of total length
&K body length 99.13 99.42 — —
ki body depth 5.25 5.10 3.56 2.9~3.8
Sk head length 10.35 9.80 10.00 9.7~11.5
IHERTIE  distance from snout to dorsal fin 7.43 8.48 — 6.4~10.0
JEAERTEE  distance from snout to anal fin 51.31 50.58 — 50.4~52.8
TiEHAK  base of the dorsal fin 91.69 90.79 — —
Jg 3K base of the anal fin 4738 48.83 — —
NI distance from anus to snout 50.00 48.39 50.00 —
ALJEfAK  distance from anus to caudal tip 48.25 51.02 — —
3L KKIHAI/% proportion of head length
3 head depth 45.07 41.79 — —
W14 snout length 14.08 17.92 — 15.5~19.7
LA upper jaw length 36.62 43.28 34.46 34.0~45.3
THK  lower jaw length 45.07 52.24 — 32.2~44.9
fR1%  eye diameter 12.68 10.45 8.24 9.2~11.8
MRIEIFE  interorbital width 14.08 13.43 6.67 12.2~16.7
g2 %/%  number of dorsal fin bars 417 413 — _
B UEES /% number of anal fin bars 246 237 — —
W HPEMEE SR predorsal vertebrae 7 6 7 6~7
ALITRTEHER 4R preanal vertebrae 77 74 77 74~78
BEHEEEUIR  total vertebrae 168 162 172 170~176
AR /%  premaxillary teeth 8~8 7~7 6 5~7
g ik/f median premaxillary teeth 3 3 3 0~3
FLE Ui/ vomerine teeth 7 5 5 3~8
LA AMI/ET maxillary-outer teeth 8-8 8-8 8 6~10
J:GFJt P/ maxillary-inner teeth — — — —
AT/ dentary teeth 12~13 14~14 13~18 9~18
®3 ERNEESIRGRMERSHERR
Tab.3 Comparion analysis of morphological characteristics among G. sagmacephalus and related species
X Ay NN £ N . s s K5 R
T ik P FSIIES orcmmen Jormmes  OCRIE FSMNEE 6
susing G. sagmacephalus G. herrei  G. melatremus G. monostigmus ~ G. pindae G.
characteristic albzmargmatus
prolatus
REGUE b AL E RN i T W PR Mt Ity
external
coloration
HERTHE =2 & = i i = i
bu]
white margin
in
dorsal fin
IRRPELL ARG SKTA — I G DR, HHERATARE L. TEA & WILA% A WREE—ENE T 7
external =AY BEER FIBE e I
pattern
LSt (3 PN R W HH ki (3
body type
JiINEA= Sk SRR Z G SRR SRRz SRREZE SRR Sk
anal position ZJ5 il Al i
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*4 REMEERMFHOXERE

Tab.4 Taxonomic key to the Gymnothorax species

FFe TR RHAE WFh
number morphological characteristics species
1(14) Rt —, TR} FLEH
2(3) R g, fLE%ERA, RIDER -50EENBER WG NEE G melatremus
3(2) A AR B B LA B
4(7) [EAIRS
5(6) RS, EN%ERE; TR KH#MEE G prolatus
6(5) Rk, SR e, IR SkTE RS D ER S LS G. sagmacephalus
7(4) PR
3(9) MREA— BB, &5 S E RBEAEGEE G monostigmus
9(8) iR )5 TG B BT
10 (11) 21T kTS B EEGE BRI B IRRIEE G herrei
11 (10) R 14T, BT ER2AT T A 14T
12 (13) HELE IR B FIEMERIEE G pindae
13 (12) g A A, b LA A%, REEmEK HEBMEE  G. albimarginatus
14 (1) R —, JE R EABIR BT AR AL LA R o fi

T S R SRR RS T AR .

Notes: Order is represented by the number outside the parentheses in the dichotomous key.

[ K 722 2: 32 /5 sponsored by China Society of Fisheries

100 SIBEREEE G reevesii JQ431820
26 LEB&%’%H@@% G. shaoi KU942767
64 REREE G, hepaticus MN243507
BAREE G, favagineus JF493578
42 —1005W%iﬂ@@§ G. pseudothyrsoideus GU673285

AR EE G, albimarginatus HQ122455
49 o4 I NEE G, sagmacephalus ZKGS-GDST-01
10018 L R EE G, sagmacephalus ZKGS-FIXM-01

WS G. reticularis MN243509

Bt REE G meleagris MK657192

@ﬁﬁﬁﬂ@ﬁ G. buroensis MN243525
W MEE G eurostus MK657989
64 HIAHMEE G flavimarginatus MN243499
JUEERE 6 G. javanicus MN243498
OIS G, richardsonii KF929937
RN G. zonipectis KF929940

YRS G chilospilus MK658610
PEAAREREE G margaritophorus MK658687
WESARREE G kidako MH400960

66

52 TAEW % G. niphostigmus MF774816
76 WLV G. undulatus MT888961
ﬂiﬁﬁ@ % G. fimbriatus MK658634
34 18 LN EE G formosus KU942738
2] %ﬁ%ﬁﬂ@@f G. rueppellii MK566943
ARG G melanospilus GU673711
10 EPEMSE G, nudivomer MF123915

46 w‘—iﬁﬁﬂ%ﬂmé G. pictus KP194043
98 GEMINGEE G taiwanensis KU942771
AT EE G neglectus MF774820

ﬁl;ﬂlzwﬂﬁ]@% G. pindae MN243519
12 PES RBRHEE G, berndri KU942765

EACAREE G thyrsoideus MK566944
S RNEE G melatremus MK566942

BET R G. zebra HQ561478

0.05

3 ET Ccol ERFIIFIRMRAMREERNERS XD FREHUH

Fig.3 Molecular phylogenetic tree of Gymnothorax species based on

CO gene sequences using maximum likelihood method
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HESJ AR i
94 | 1 8 LA fie
AR i i
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52

46

G. sagmacephalus ZKGS-FIXM-01
G. sagmacephalus ZKGS-GDST-01
G. sagmacephalus AB808682
G. sagmacephalus AB808685
G. sagmacephalus AB808683
G. sagmacephalus AB808684
AL RIEE G albimarginatus AB808692

20 —l

SRR G. reticularis KX426291

100

TEREER i fie

IR EE G, meleagris JX242974

_|7ﬂj B EE G buroensis AB695728
30 M RMEE  G. eurostus 1X242969

G. pictus AB695650

WS EIEE G melatremus 7X242973

34

60

60

92

ERAENEE G nudivomer JX242975
g0 — HEBUBRIUEE  G. margaritophorus AB695703

__{:———iﬁﬁwﬁ

G. niphostigmus MW 548266
ZUUHRIEE G chilospilus TX242968
RN EE G zonipectis 1X242980

28
20

PELHEEE G zebra TX242966

—
0.02

BRI g
— JTCRE AR g fite
T G. favagineus MW 133236

REUEMEE G richardsoni AB695712
G. flavimarginatus JX242970
G. javanicus MW 145336

WATRGEE  G. rueppelliae AB695698

100 ﬂﬁ@ﬁ G. fimbriatus AB695684

90 WS EE G undulatus AB695707
TGS G. thyrsoideus AB695653
3 (R
100 L SJBERAGEE G reevesii MW539055

G. pseudothyrsoideus AB695727

4 ET 16S rRNA EEFIIFI A& AR ENDERMEERE & X5 FREHUR

Fig. 4 Molecular phylogenetic tree of Gymnothorax species based on

16S rRNA gene sequences using maximum likelihood method
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Morphological and molecular phylogenetic studies of a newly-recorded
Gymnothorax species in China Sea G. sagmacephalus

HE Haobin', YANG Jieluan', YANG Sen', LIANG Guanyu', LI Jiangtao "**,
LI Qingging ", LINLi'"*", LIANG Rishen """
(1. College of Animal Science and Technology, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China;
2. Guangdong Provincial Water Environment and Aquatic Products Security Engineering
Technology Research Center, Guangzhou 510225, China;
3. Guangzhou Key Laboratory of Aquatic Animal Diseases and Waterfowl Breeding, Guangzhou 510225, China)

Abstract: Genus Gymnothorax is one of the most diverse, abundant and widely distributed genera of moray eels in
the family Muraenidae; there were more than 100 valid species of Gymnothorax all over the world and approxim-
ately 20-30 species recorded in China. It was a poorly known group in China, with very few studies focusing on it.
To improve the species list information of the Gymnothorax resource, this study reported a newly-recorded spe-
cies, G. sagmacephalus Bohlke, 1997, which was previously only recorded in Japan and eastern Taiwan, China.
Two individuals of the species were collected from the coastal area of Xiamen City, Fujian Province and Shantou
City, Guangdong Province. The detailed morphological characteristics of the new species were described, and the
molecular identification as well as phylogenetic construction were preformed based on DNA barcoding CO I gene
and 16S rRNA gene. The result showed that, the diagnostic characters of G. sagmacephalus were: body coloration
light brown, a dusky saddle-like marking on the top of head just behind eyes, and a large prominent dark triangle
marking just before the dorsal-fin origin; black stripes on the abdomen extending from the gill opening to the anus;
dorsal and anal fins with a white margin; body was elongate, total lengths were 19.06-19.60 times of body height;
teeth were uniserial, and maxillary teeth with 8 on each side without additional inner row teeth; number of dentary
teeth were 12-14; total vertebraec were 162-168. Based on the analysis of CO I and 16S rRNA gene, the genetic
distance between G. sagmacephalus and related Gymnothorax species with pure body color were: CO I (0.120-
0.255); 16S rRNA(0.059-0.132). The genetic value of CO 1 were greater than the 2% minimum diagnostic
threshold suggested by Herbert, indicating that G. sagmacephalus was an independent species. The molecular
phylogenetic tree showed that G. sagmacephalus and G. albimarginatus were tightly clustered as one group, indic-
ating their close relationship. The results clarified that G. sagmacephalus was a newly recorded species and could
be found in the coastal water of mainland China, which also provides a taxonomic basis for the systematic classi-
fication and the species list revision of the Gymnothorax fish in China.
Key words: Gymnothorax sagmacephalus; newly recorded species; morphological characteristics; CO I gene;
16S rRNA gene
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