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FEPERT S5 05 A D oE . EAMRIEAAXT R Z, 5T
F2 AR v T RR N 5 B A= ) 2 R B B R T T, G2
AR A R ) 85 ol 5T 43 BT B S D R e SR G,
Gymnothorax  pharaonis®,  Gymnothorax — smithi®,
Gymnothorax pseudotile™ . Gymnothorax visakhaensis™,
Gymnothorax pseudome-lanosomatus™% . F 2015 4E L)
ROA 5 PR 68 J& 57 Fh gl i ok, $87R T BRI % i B
PR AFAE B R rIAZ 6 25 18], W) o 245 BAT et —
LR S5

Zh 4 I % ( Gymnothorax mucifer)( Snyder, 1904) {4
SRR, R SRAT I A /DN SRR AR R AS A D) 5
or, BiEh o, BT E R 2R TR R
il i )45 L, LG LA R G2 . BUBLR IRl R BERE, 4n
(b 1 2R R ge R OO BT 2R )RS A 28EE)
5o B ANER X R R B 5 i A AR 2D, OF B A
ROAMEWAFAE —E S A WA, B AR M g
SN T SO I 6% ( Gymnothorax kidako ) W [R) Fip S5 44, 2527,
{H 3T B AE LA W 5T 48 78 T 5 R 20 S I 0 b, 7 e BR
BETE T AIURFAE | 2 14 N A B R S5 01 A R Oy T
FAAE 22 50020, ZRBFSE T 2020-2021 4F 1 i) 76 48 A 45
ST g K T R AE T 4 REAR B RE S,
T Bl 3 ¥ — AT e s R o B AR R R AR
AE AT VA0 D0 £ 53 B7 , 7] Bof SR £ 0 SORR M s | =5 46 35
8 5 ( Gymnothorax niphostigmus ) %5 22 Fh 5 2 #1 ik f55
TE 25 AR Y BR NG 58 D S 34T LU 8K, 455 DNA 5B %

a

COI £ [N T 41 2 G oy JEWT 5T, W 24l A0 6 £ 40
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21 SREEH#

B R 6 B A B T 20202021 4R FE AR A T T
UL K 7= T 4% (30.060 7°N, 122.354 6°E) R4, JL3k 15
Kb 4 o SANRAE T BRSO IS | 5 ESERRUI 6 | IR
FL FC A g fi ( Gymnothorax emmae)., 72U 6% ( Gym-
nothorax chilospilus) . 11 3¢ # 4 #& ( Gymnothorax pri-
onodon) %5 5 R BE I A AR PR LU A 0 AT . R AR
R B RS TR HEAT S IS AR, AR AR T A A TR
FRE SR A B K IR R S AR (18 1, 6] 2),

K1 e g
Fig. 1 Gymnothorax mucifer (Snyder, 1904)
2K 617 mm, SR [t A ]

Total length is 617 mm, collected from Xiamen City, Fujian Province

B2 xFH Rk

Fig.2 Comparison species

a. BRSO G (R A2 S 1); b. S IEBERRBSE O R EEIN); ¢ = SOBRMaSE (73 00k ); d. B35 (RN 5 (R i ); e I BERR B 66 (AR A2 K1)
a. Gymnothorax kidado (Temminck & Schlegel, 1846) (Xiamen City, Fujian Province); b. Gymnothorax niphostigmus (Chen, Shao & Chen, 1996) (Shenzhen

City, Guangdong Province); c. Gymnothorax chilospilus (Bleeker, 1864) (Shantou City, Guangdong Province); d. Gymnothorax emmae (Prokofiev, 2010)

(Zhangzhou City, Fujian Province); e. Gymnothorax prionodon (Ogilby, 1895) (Xiamen City, Fujian Province)



114

MAEEd 4445

22 ELWAHE
221 JEESFAREATSE A

AHFFE S % 5Kk 4G, Bohlke A1 Randall™ (3] 4
T, RERAE Y 4 2 BRI B8R i i B AR IR AT 4
R R R R i bR R R A R A L R
M TR IR kKL Skm . kK B
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Fig. 3 Schematic diagram of external measurable traits of Gymnothorax mucifer
AL. 2K AKRK; OP. 5555 AG. kK MN. 3k 5 AC. WK AE. LAliK; BE. Tl CD. lR4%; DG. IR k45 AF. 5 8§ A HE; AJ. B 65 Wi i
FK. 75 853 TR R R AHL T AT K s TR TS AR 5 B IR LS Bl e 50808 o o, SR e 1] rh b v
AL. Total length; AK. body 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. predorsal length; AJ. preanal length; 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 interorbital width is subject to the actual measurement data and is not marked in the figure

4 FEU R i 25 U5 4548 R B
Fig.4 Schematic diagram of teeth structure of Gymnothorax mucifer
IM. HiFa0 145 5 M. 9 5 M. B8 M M. 805 pa il v. AL
’%"J[fl; D. Ntk

IM. Intermaxillary teeth; IM,,,. median intermaxillary teeth; M,. outer

maxillary teeth; M;. inner maxillary teeth; V. vomerine teeth; D. dentary teeth

2.2.2  5rF DNA £&IE 3L 4347

(1)DNA #£H

L2 20 mg FE 5 UL PR, i FH I 3 Bl 4 2 20
41 DNA #2 B ) & (CR R A LB A BRA D), 4%
TR UL 43647 DNA $2HC, I 4 B2 3B M i L) K 0
SO MBS | AL BERR N | R I SR S . < SO
fi | P B AR B 5 45 A3 (K ZH DNA, 35 T 80 ul K8
Ko R 1% B b 6 fe ot B2 B DNA 2R 17 L ik
R, —20°C vKARRAT45 H

(2)PCR ¥4 5 5

PCR ¥ 34 51 91 % i #1. 2% COI 3£ A J 41l ) 38 F 5|
¥, } COI-F1: 5'-TCAACYAATCAYAAAGATAT

YGGCAC-3', COI-R1: 5'-ACTTCYGGGTGRCCR
AARAATCA-3"%, PCR L 1K F K 25 pL, £1$5 PCR
Mastermix 12.5 uL, K 7K 10.5 uL, .. T ¥4~
0.5 uL, DNA #5541 pLo § 344040 94°C FAEE 5 min,
94°C AEM: 30, 55°C iB 2k 305, 72°C ZEfH 1 min, 35 M
B, f 5 72°C FRFEAH 7 min, PCR =¥ ] 1% Bl b
U5 JC FHL UK ARG I, 36 B 38 B T 1 B & B PCR 7= ) 4
A7) Al Ak RS 26 28 K — W A= W 3R A R
A HEATIY

(3) 9 F R G sr by

H A5 19 COT SE I F B F 55 [ W R A= W H AR A
B 710> ( National Center for Biotechnology Information,
NCBI) #E47 AH B A 2R, 560 UE 77 4 0 IE it o R
£ GenBank [~ T # fir 5 2% 4 & Gymnothorax mucifer
T H Al A G 43 65 4 COTFF 31 — 2 43 Fr (35 1), FIH
Clustal W 5K {4563 52 51 547 HE S EE XY, 25 45t 4 ity A 0
WU T A% 3, £ B 115 ¥ 31 F MEGA 7.0 3% 53 Hr B
FEA AR L A A O DU 6 T BT T A
( Gymnomuraena zebra) NAHNERE, R i RILKRES
DU F R G R B R, K BUSARTE RAXML
8.0 B 58 0%, 433 AF FE R 1000 E &2 ik 4
Bro DLI-3rA 75 MrBayes 3.1.2 #4: o 52 09, F#L %
BUR R, 1155 1000 000 18, BUFEARECH 100, 19 5 &
15 B B 5 B e 4 it
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®1 AMRSITHRME COIERFFIER
Table 1 Information of the COI sequences of Gymnothorax spe-

cies cited in this study

R2  FRBEERSMHRNEHUE
Table 2 Morphometric measurement information of Gymno-

thorax mucifer

Ykh TE R R IR b
BhER Mt TR GMFIXM1-GMFJXM4
Gymnothorax mucifer
GenBank MH400951-MH400958
GenBank HM422395
T IEBERR ik T RGN GDSZ
Gymnothorax
niphostigmus
GenBank MF774814-MF774816
U SRR et tEAE ] FIXM
Gymnothorax kidako
GenBank MH400959-MH400960
GenBank MEF774817
SRR e e tREIE ] FIXM
Gymnothorax prionodon
GenBank KU885609
GenBank MF774818
B [CRR HRERTEM FIzZ
Gymnothorax emmae
JRGIN GDSZ
GenBank MK777089
TOBR Nl INFRITPR GDST1, GDST2
Gymnothorax chilospilus
GenBank JQ431797
GenBank KU942754
GenBank JQ431795
GenBank MK658499
GenBank MK657751
GenBank KU942753
Bt SR =1 HNSY1, HNSY2

Gymnomuraena zebra

3 SRER

3.1 FERNEE ( Gymnothorax mucifer ) ( Snyder, 1904 )
T ASHFAE
3.1 Hrfidsk
4 LR M BERE I T 2020-2021 4F R H R A E
)T 3 W K T Y, 45 9 GMFIXMI1-GMFIXMA4,
RSN EEIE WAL 2, 4 BAESAEIIER 515~617 mm,
K MR E (42~56 mm) ¥ 10.71~12.79 £%5, R 15 &
P (48~58 mm) it 9.42~10.91 1%, A EHERTIE (245~
286 mm) Y 2.10~ 2.16 £, 3k & (62~ 75 mm) 1Y

e - SCHR[29
i Bt Gymfft[hm]’ax

IS A 135

WEPER  prvn prxmz Frxms prxms A mucifer
n=1 n=1 n=1 n=1 n=1 n=18
4K /mm 537 617 515 600 715+ 246~666

At /mm 534 610 512 596 - -

1A /mm 42 56 45 56 - 22~50

FAK/mm 64 74 62 75 - 33~176

3k R/mm 39 46 43 42 - -

1 /mm 13 12 12 14 - -
EHK/mm 35 34 34 40 - 17~40
THiK/mm 38 40 37 45 - 18~42

fR4%/mm 6 7 5 7 - 4~6
HR 18] #5 /mm 6 11 6 9 - 4~8

MRk K/mm 44 56 46 53 - -
WHEFTH/mm 57 58 48 55 - 25~55
BEENE/mm 255 286 245 285 - -
WA /mm 479 552 459 550 - -
B /mm 277 319 263 343 - -
ArmifAd/mm 243 275 234 270 - 117~277
AUEAK/mm 286 332 275 325 - -
A HEhE 408 400 367 293 - -
T g i 286 283 213 263 - -
F 3
B REHE 7 8 4 6 5 4~6
B
AL THT 56 43 43 44 53 51~55
SAHE 139 126 117 137 123+ 130~138
B

A4 6 6~8 4 5 6 5~7

b ! 3 3 2 4 3 2~3

AL 6 9 3 6 10 5~14

A 8~10 10 10 10 15~16 11~18

S’
P 4 4 0 0 - 1~4

TR 17~20 14~15 20 14~15 23~24 21~27

TE: MR T BRI s < FR TORUR; <+ 3R A A (R
BB, BR715 mmA123K

8.00~8.39 1% . L& u [ K i (34~40 mm)
1.82~2.18 1%, K F i+ (37~45mm) ¥ 1.67~1.85 £,
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FHR AR (5~7 mm) () 10.57~12.40 £, A HR 8] 5 (6~
11 mm) Ay 6.73~10.67 1% .
3.2 KEGRRE

RRR M 8 1A g BERR 0, WO 55 60, AR AT i A
JIN BRI AR A TR A I DU A € A 8, R 3 IR B
B AE R R I, R 2 ISR H B, DA
Ha~6 %M BE. BEh% A6, NES:E R,
B AR A I S0 53 B S I — 2 B P HEE R
6-47-130.

3.1.3  MRHEA

TR I 5 28 15 O 20 SRR, WA O L AT, RO
4~ NRRMG o BRI L AT, Vo Baiam i /s H 1) Ji5 i
R, B 8~ 104~ Hh A 2 B L&A BA
AANYNRIE S o I dn K BT, B 2~4 R
S BB IR BV, BATEUEEHES, N 3~9 . T
W 14T, BEOUAT 14~20 4, 1 4~5 Pk, AT ik
BNHRANAEE,

4 R RR I 6 T O B S50 293~ 408, B E
BESECN 213~286, EVEHERECH 117~139, HHIEE
HECK 4~8, AL THTEHEE £ 43~56, F-HHEE =0
6-47-130; HEAR 2 XUMDE, B —HEAKR B oA /L.

PRI, Sk AR R AR TR R BIAE TR, R AR M
i, S8 A ¥R WIS /B AL AL T T W, AR, R
SN Ja S ALAL TR AT S BO7, BUE; IR 45K, B
fief o A 1%y IR A Gl MR D RER O TR AR R 6
AL RO B (O B TRAR G, Sk 00 S O 55 €2, D
T B A 5 AR Sk R I SO B I A
N IR EUBE KT, BESS S A ) RS AT S5 T Ak
TEPESC; B PR AT W6 A0 /I . F L AR AS B0 46 (R
o, i AR s SO A R R TR, AR i S,
i 2 3 2 B R AR 1 B A L 4~ 6 2R 41 ]
IR BELFL A LB e JR O, BT B AT R SR S R
S AR %, JC N b 5 T 85 0 T E8 AL AT, P AE s LTI T
PRrb e gy, TSR, AN AN B ks B L 4O
GHBIOAES: B RR, B o & L B —
S HOBER
32 FRMESESZRMEMEALSERIER

A (b B 2R R G R )Y, Ch E sh )0,
(b PR 28 )1 (B IR K )OI B KT
Bl AR BRI, IS R K 5 IS
ALLAR) 5 Foft 3% i e T DX 93402 A B4 0 BRARAE RO, XS R
il fite ] A SR Bt BEAT U R 0BT (36 3).

x3 HENESHEXEZERELSHELR

Table 3 Comparion analysis of morphological characteristics among Gymnothorax mucifer and related Gymnothorax species

BhER Nt SRECRR TAERERRIEE BRI ICE S =HRR [SEZREY i

HHABI PR o E AR AN u) o E R WO RS0 AR AN
B RS AT/ R B WO IR BEASE ST Do AR, BESUR IR BT BRI

CARAS LA R B RS REEEEY BRI RS AREREPCRERACR H 5
KBRS Wi A, R ERE, W, RS LRGP B, e R, U, IR e, AR

R 5 A1 s SR 2/ N PERBES SRR/ NAS BFIESEUERS A AR G R ASHUBESL
g2 I, ASIESE 2 Fe i H, SEER R 0, 2 5 R B H LI, A H B
IMAE R I B EPBE-PORP: PHILRPIE: P, ] EPFE—RCFTE: L PRSP L HAR,

HREZRW., Bl

L AL EIRES H. FAE

ENRE IR A WRAFI 55

33 FhEMEE DNA £HB COIERS MR RS i

xz

W5 ARAF A ST 4 2 Fh AR I 5 2 0% SORR i s | 55
AEBERR N b | 2 SCRR IR B | 35 3 D RAL R s AR 11 68 AR g
fi /) COL 3 A J5 41|, 45 & GenBank T £k 1Y #f Jy fif
COI FEH 741 (= 1) L [m] 4387, ZeHEF L XT, 25 B A i
TUARRAS— T 636 bp. FFHIH T, C. A, G B &
AN 29.6%. 27.5%. 23.7%. 19.2%, A+T & &
(53.3%) & T C+G(46.7%) . J¥ 51 H P55 057 55, 482 4,
A5 S 154 A4S, AT 2945 B AL B 138 A, e 4 A 4tk [
424, FF Kimura-2-parameter 15 7 1530 4% 41 fg £

Fofr P B e ] 3844 B B (32 4) . 6 b4 gt o 1 35t 42 B
B R 0.006~0.019, X35 % H # 8 0.009, Fh ]
AL BN 0.051~0.164, FE AL B o 0.111,
RN % 55 T Ay 5 PRI 8 35t A2 5 B m T, AR
fi: 15 T3 46 B AR 5 2 1) 382 4% R 5 /N (0.051), =
SRR D M5 4% B S e K (0.146) . LATE b 4L 1 £ g Ak
BE, SR FH B KSR 5 A DUk A A9 43 F R Ge ki
W& 5. 6 Jraw, R 5 ik A i HE AR 40 Fh 2
FFEA A, 5 AP B SR . HE L, [
Tl R AN i) S A 141 1 5 5 R AR — R, TP Ul PN PR R
Gy 3. AW 4 B B RR G % 5 GenBank Hh 1) 2 #1
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Table 4 Intra-specific and inter-specific genetic distance among 6 Gymnothorax species for COI sequences
il Rtk Motk Eepisy)i IEECHR N fi PSR M e BRI AR M i UM E
g3 e 0.008
TALBER it 0.051 0.006
RS N % 0.074 0.063 0.007
FIBERR i 0.095 0.093 0.086 0.019
BeH [ M it 0.110 0.106 0.087 0.111 0.007
BER N 0.146 0.164 0.157 0.162 0.160 0.007
ERPOPL e E TN Ll b kA D B A e AN [T B 3T
66 |Gymnothorax mucifer MH400957
-| Gymnothorax mucifer MH400953
HGymnothorax mucifer FIXMI1|
[Gymnothorax mucifer FIXM2]
84 || Gymnothorax mucifer MH400955
> Gymnothorax mucifer MH400951
Rivk ot

94

Gymnothorax mucifer MH400952

94| —Gymnothorax mucifer MH400954

— Gymnothorax mucifer MH400956

04 { Gymnothorax mucifer MH400958
Gymnothorax mucifer MH422395

Gymnothorax mucifer FIXM3|

86 [Gymnothorax mucifer FIXM4|

Gymnothorax niphostigmus MF774814

Gymnothorax niphostigmus MF774815

34 100— Gymnothorax niphostigmus MF774816

Gymnothorax niphostigmus GDSZ
Gymnothorax kidado FIXM
Gymnothorax kidado MH400959

Ne)

100
03 Gymnothorax kidado MF774817

Gymnothorax kidado MH400960

100 Gymnothorax prionodon FIXM
| ,: Gymnothorax prionodon KU885609
94L— Gymnothorax prionodon MF774818

Gymnothorax emmae FIDS
98| - Gymnothorax emmae MK777089
66 - Gymnothorax emmae GDSZ

Gymnothorax chilospilus GDST1
’V Gymnothorax chilospilus JQ431797

1

00] Gymnothorax chilospilus KU942754
58| Gymnothorax chilospilus JQ431795
Gymnothorax chilospilus MK658499
62} Gymnothorax chilospilus KU942753
Gymnothorax chilospilus MK657751
Gymnothorax chilospilus GDST2
|Gymnomuraena zebra HNSY1

—

0.02
5

100 L Gymnomuraena zebra HNSY2

SR SRRt

I BERR f

PR R

TN

H T CON PN 51 ) FH 3 R AR R s Ky s © b R 85 I €098 70 1 AR R HE ALY

Fig. 5 Molecular phylogenetic trees of 6 Gymnothorax species constructed using maximum likelihood

method based on COI gene sequences

LLEHE PO ABIT S 4 AFE

The red box shows the four samples of this study
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Gymnothorax mucifer MH400956

67 lemnothomx mucifer FIXM1

\O
—=T

88

90

Gymnothorax mucifer MH400952
Gymnothorax mucifer MH400957
Gymnothorax mucifer MH400953

— Gymnothorax mucifer MH400954

itk g

lemnothorax mucifer FIXM2 l

72 9;[ Gymnothorax mucifer MH400955
Gymnothorax mucifer MH400951

Gymnothorax mucifer MH400958

100 Gymnothorax mucifer MH422395

[Gymnothomx mucifer FIXM3 l

98 —lemnothorax mucifer FIXM4 l

67 95

99
56

— Gymnothorx niphostigmus MF774816
Gymnothorx niphostigmus MF774814
— 100| Gymnothorx niphostigmus MF774815
- Gymnothorx niphostigmus GDSZ
Gymnothorax kidako FIXM
74| 4237|;[?ymnmhomx kidako MH40095
Gymnothorax kidako MF774817
9 Gymnothorax kidako MH400960
97 Gymnothorax prionodon FIXM
476'& Gymnothorax prionodon KU885609
69 Gymnothorax prionodon MF774818
Gymnothorax emmae FJDS
95 |_| Gymnothorax emmae GDSZ
99! Gymnothorax emmae MK777089
Gymnothorax chilospilus GDST1
Gymnothorax chilospilus JQ431797

Gymnothorax chilospilus JO431795
Gymnothorax chilospilus MK658499
Gymnothorax chilospilus MK657751

Gymnothorax chilospilus GDST2

Gymnothorax chilospilus KU942753

[ Gymnomuraena zebra HNSY 1

66

100 Gymnomuraena zebra HNSY?2

—
0.02

Egiszz

RSO

I BERR D %

P R

Gymnothorax chilospilus KU942754

TR Nl

| s mns

K6 SET COL AL 7 31 F) I DL - Hr ke ity gt 6 A 65 I #1120 70 7 R e itk AL B
Fig. 6 Molecular phylogenetic trees of 6 Gymnothorax species constructed using Bayesian inference method based on COI gene sequences
LLEHEF O ABT A 4 HE A

The red box shows the four samples of this study

M 8% 9 2% ¥ 51—, T Il Foh R Bt 14 B 2R 00 3, T
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The morphological and molecular phylogenetic studies of a new record
Gymnothorax species in the coastal waters of China:
Gymnothorax mucifer

3

Zhang Guoging “*?*, Yang Jieluan', LiPeiyuan', Liang Xinyi', Liang Rishen"??, LinLi"“?*?®, Li Qingging"*?

(1. College of Animal Science and Technology, Zhongkai University of Agriculture and Engineering, Guangzhou 510225, China; 2. Guang-
dong 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: In this study, four samples of Gymnothorax mucifer were collected from the fishery market of Xiamen
City, Fujian Province during the year 2020 to 2021, which were newly recorded in the coastal waters of China. Pre-
viously, the species had only been recorded in Australia and Hawaii, and was considered to be a synonym of Gym-
nothorax kidako. Detailed morphological characteristics of four G. mucifer species were analyzed, and the molecu-
lar identifications as well as phylogenetic constructions were also carried out basing on DNA barcode COI gene in
this study. The main distinguishing characteristics of G. mucifer were as follow: the colour of the body was yellow-
ish brown, the front of the head was slightly purple, the whole body was covered with slender, sparse, irregular
branch-liked brown marking and the markings became darker and thicker near the tail, forming clear net-liked pat-
terns; the margin on the anal fin was white, and became serial pale blotches on posterior part of the tail; total length
was 1.01 times of standard length and 8.00—8.39 times of head length; the maxillary teeth were 8—10 and dentary
teeth were 14—20 on each side, both teeth were uniserial; the median inter maxillary teeth were slender and uniseri-
al; the total vertebrae were 117—139 and mean vertebral formula was 6-47-130. Basing on the COI gene analysis,
the genetic distance between G. mucifer and G. kidako was 0.074, which was greater than the value 2% (0.020) sug-
gested by Herbert as minimum genetic distance value to distinguishing different species, revealing that the two spe-
cies might be two independent species. Morphologically, G. mucifer could also be distinguished from G. kidako by
certain external characteristic: the body markings of G. mucifer were slender, sparse and inconspicuous, the front of
the head was slightly purple, and the white margin of the anal fin broke into series of pale blotches on posterior part
of the tail; the markings of G. kidako were obvious and thick with darker colour, the front of the head was yellow-
white, the white margin on the anal fin continuous to the tip of the tail. The results of the study provided a taxonom-

ic basis for the systematic classification and the species list revision of the Gymnothorax fish in our country.

Key words: Gymnothorax mucifer; new record species; morphological characters; DNA barcoding
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