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HE AT TR T % . Budarf5E " F H
DNAZIE W ML B = MM S A Ik, XFp
SPIETEAE AR ST TR e, JF
INHIZTTEIE SR E T IA S, RN,
1A DT N BN oy FAE Y 2 T B e
T AR HEAA o PR IR R
164 (Latelabrax japonicus) & VERY, X245 & 4+ 4
Y124 (16S tDNAJT BT 25 24 WA (14 ] 174 LA L
PO AN R LR AT TR, IRIA S PR O i
B 45 A K 15 e B Bk A A R . AR S
9 1R $F H ¥ 5 5 M SO DE ST IX B, SR HIDNASR
T H AR He G Y i £ 3 2 5 g O R
YA AT S e, i B ZE L IR
MU O f0 B W AL L A DR AP R TR I £ B 4
HEAFRIEEL

L bR

L1 MREESHERRE

K RE X8 A T H I 1 S 51  (E
122°35'~122°51"; N: 30°41'~30°52")¥Fk, R
P L ¥ 51) Iy T 38 1) bR R B E Y I A ) A TR 2
PR, e 2 W H 4L A W R S i, )
H RT3l H25~80 mm. BAK 75 % E R %
L gk, SRFERTRI 2014458 7, BRI & A
] 240 024 ho B4l AR X G B PR IR AR VA AR AT
GO et /T
1.2 #HmmaE

XoF 47 A ) Bz TG 4 fa R AT AR W R i 45
U R AR A e IR R BETE ) (GB12763.6-
2007) 5 N QAR ) "Ik, B
AR RFR, aifl, eGSR ME Y
ST B AT SR RS BE R 0.001 g HL T
FE, fRFIERIFIC R BB SEH, WIES¥HMWER
TR R T S R, B KW
PEE W HARAE T 95%M Wik, B T4 °CHY VKA

HARAE o D By 1S TR RE 2 18] B DNASE X5
Je, RELBRBWI NI TR ot
JERR I UE o

13 S ELIE

K FH 26 [E Axygensfi #i  5& [F 4 DN A B
FlEEIE S YHE M IEE 4 DNA, {# fNano-
Drop 20008 it 73 6O B 110U i DNAVER B . 3%
e AR 2 DR A4 i £ 25 CAAL AR B IS [ (mitochon-
drial cytochrome oxidase subunit I, CO I Wi R4>F
Fric, X4 DNA#EFT50 pLik & (2xTaqPCRM-
aster Mix 25 uL, H|#F/R%1 uL, DNAI pL,
ddH,0 22 puL)PCR(Polymerase Chain Reaction,
B BB SN )P, TE 1% S AR BEEE S (T EB)HE
Wk 2 J5 #6471 (TTIANGEN gel extraction kit),
AR YRS B AN TR 9 B S W A 2SR AN IR A 5
W), ks oMY Y H 5
Yy, Bk I PCRIV BN 2544 494 °CHZE P 1 min,
94 °C7EPE30s, 55 °C/40 °CiB k30s, 72 °CIHEA{H
40s, 35MEHR, BJ572 °CLEMHI10 min,

FLUKJE L — S5 I PCRI™ ), FESRAMT
THEXKEMWERFARIUITEM B, #H
TIANGENZE IE B 5 e DNA [F] g 328 571 & |1l H 1Y
B, B HERZEPGEM-THIKG, #1ik3|
DHSo K i AT B Z S 40 b, &5 1 BE 0 ok
&, PRIES~6 T RERE TR, HFATPCRY HGM 35
M (10 pL& % . 2xTaqPCRMaster Mix 5 pL, M,
R/F 0.5 pL+0.5 pL, B 0.5 L, ddH,O 3.5 uL),
PRLETET700 bp A 454 on I EESY, B TAY T
(18 ) A BR 2 7] (Sangon biotech)ill [ .

1.4 DNAFFIEL 3T H L E ¥

i 3:F GenBankH I BLAST, 454 7 51 AL 4
ARG FR, X Fr A5 i 5 51 3817 %A H
Xt 43 A 9 T B BCHE 1 oA UM B )T S R
Br, FECLASTAL X+ #4774 L Xt o b, FIH
MEGA 6.0f4 # Neighbour-Joining(NJ) £ 45 1k 4
BiR IRk

®1 KRMEHEESYMLLENPCRSY

Tab.1 PCR primers for species identification in J. belangerii gut content

ERIVLES HEHGY FFAI(5"-3") Bk PC FEMIRANbp B R
species universal primer sequence annealing temperature size reference
ok FF2d TTCTCCACCAACCACAARGAYATYGG 55 681 [17]
fish FR1d CACCTCAGGGTGTCCGAARAAYCARAA
T HEEN Y LC01490 GGTCAACAAATCATAAAGATATTGG 40 710 [18]
invertebrate
HC02198 TAAACTTCAGGGTGACCAAAAAATCA

http://www.scxuebao.cn
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W5 7 T4 L TR IR B Rh
25 R

HASFMRERSH
AR YT A IR B R i 1 20182, o A

2

2.1

83

55

64

99

95

100

97

100

R 2 R R I fa s R R, 8
84.65%, ILARFFIONAHME SYHEA, @LIE
BYE M E & YRS 1 ARG (Oratosquilla
oratoria) . H AR GEUF (4lpheus japonicus). V%

(Nereis succinea). H A1 (Charybdis japonica)4ik
2.2 DNAEELRSN

FEXS PP B0 5 4528, A5 2R >97% 1
Feol 1845, FIH &R e i A 5 & (B )20 B th 72 A

100[49
RSN Alpheus distinguendus

-Alpheus millsae
H AR S5 Alpheus japonicus

FHANGEWIEN Exhippolysmata ensirostris
71

FRARE AR Solenocera crassicornis
HAZEXTUN Marsupenaeus japonicus
0-2

WP E B I Acetes chinensis

69-1

100 L—— E 48 KBHIF Palaemon macrodactylus

9% 65
4100|;[ H A Engraulis japonicus
Rt Engraulis encrasicolus

—1‘1

00 ' 1 & ity Sebastiscus marmoratus
YWkt Johnius borneensis
NYaki 1 Johnius grypotus
54 54-1
55-2
0-1
100 | 73-1

69
Fe R 4 €81 Johnius belangerii
VU £k 2 F-tifil Pelates quadrilineatus

100  73-2

| 80
74

100

67

98

51
37

0.05

&1

55-1
21 BT Poriunus sanguinolentus

54-2
69-2

100 [ 5 RKEUR Palaemon gravieri

DRINBBEHKEEVMERRMNFEEEESMCOl RELEW

Fig. 1 Phylogenetic tree about CO | of aquatic organism and stomach contents of

J. belangeriiin Ma’an Archipelago
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AN R, AAECRIRIE, 3R,
IRHEEDS, (if AR HIEAR . BEIECER . B K
BHR . BRI . AR, hEEBIF, H
AR BTG A MR, LR TR K

o TEANEEARBE RS M0-1, 54-1, 55-2, 73-

DY T R R co T /3 ek
AL TR G B E BOFEAR (73-2, 74, 80)J 4R

T2

& GenBank P AL >97%) 751, 258 Ty 17 G Y 4
o (FEAF573-2, 80). i B MR (KR & 5 74)
EEZEURESDNALELERILE SR

W L RTE 2SR CO 1 % 45K (R2),
Al AN AN AT HEA R S o 240 %0
—AHFP

2.3

ESFNESDNALEER

Tab.2 The result of morphological observation and DNA identification

%5 s A E AHHHARTICO T %5
number sample no. visual identification CO 1 identification of unidentified stomach content
1 71 BE*  chyme AR NN S, crassicornis
2 72 HAEIR A japonicus- HAGNE  A. japonicus
JE*  chyme
3 65 ¥ Nereis succinea~ JE* chyme HAMR  E. japonius
4 54-1, 54-2 HiFks . oratorias BWKRKEIF P gravieri. FIRMUGE  J belangerii
YA N succinea~ BE* chyme
5 49 ANATHHER  undistinguished shrimp i HENUR A, distinguendus
6 55-1. 552 ANA[HE#E  undistinguished crab R FEE P sanguinolentus. JZ MGt J. belangerii
7 69-1. 69-2 JE*chyme EA8KEIUF P macrodactylus. & RKEUF  P. gravieri
8 86 ANATHHER  undistinguished shrimp HAGNF  A. japonicus
9 1 JE*  chyme WE S marmoratus
10 0-1. 0-2 ANATHHER  undistinguished shrimp HEFYF A chinensis. MKMW Gt J. belangerii
11 73-1. 73-2 JE*  chyme MGt J. belangerii~ IR Uhita  J. belangerii
12 80 JE*  chyme J RNt J. belangerii
13 74 JE*  chyme i HENUR A, distinguendus

TE: BEORAR B S IR AR S B SR IR AR, — RO RE LA, R E A R SR 5E, RO AL

4 RIURARI A5
Notes: *chyme is undigested stomach content, usually including muscle
fluid

MHE20094E5 H 210 H (KA FF 5 ) &
201448 H PR AT &5 L, Bz By & £ o 22 ) R /g
KN, HPERKBEIR, P i
Uik 2 T 8 5 B L F AR AR, HOAR SR | &R
SR JE Tz R LA, H AR | XUBEE (C.
bimaculata) &% i W PL H S, P28 o
(Eucrate crenata) . £1 B T8 )& T WA, itk
JHE ) Ry TG 4 £ e T #5370 I 38 A $ R 2K
L BTy e s LN U & LR I 1 N
IR ghfn . SR LR e
ARG AR L (R3), RIS E AR LIS
BB S 56 FE S R RS T 2 AR R AE R B
20094F AT AR 3R B AU 1 30 1t 2 1 S Bk
P (20094E5 H —20094E10 ), &I H Y H M
A 19F0 (23), Mi20144E8 H 45 SIS

= A

http://www.scxuebao.cn

tissue and crust of undistinguished shrimp and crab, even food mass shaped like

DNAZIE A% % 5 P R A5 22 B 5E Hh4F), JL4%
Bl I28, BLWIASE AR5 v AT UL A PR
a1 OL T AR T2 2 S e L SRR
BEAh, X FREah BT A, A B TR AR 5O
A 2 35 Sl X Al B IR A BUIR B T AR, ek
T R £ % Bl X B R R A AR AR A R S BUR
BIMATA B LA SR B

AT R — PP M€ T3k, PR T 14 10
A REBRMEZNMEER . WP
PR (AP AT, B G o £ 3 A R
K. DRI VRS IR AR 5 TN H E B
SFURBETEA R, AR LB AR | AR
HEUR . BRI IR BEUIEIR . PR BRI B
[CRE IR, RS YA e A i B X R
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R 3 ALK 520095 H R b BRI & B9 R 2 E AR BV EL

Tab.3 Comparison about species in J. belangerii diet between this case’s and 2009’°s data

2 FK

KAERFA]  sampling time

name

200905

200906 200907 200908 200909 200910 201408 201408°

#@K  fish

W E S marmoratus +
INELTPRUFFE S Chaeturichthys hexanema +
HAME  Engraulis japonius +
J RN Gith J. belangerii

§FK  shrimps

BIRKENT P gravieri

HAGNF  A. japonicus

HIGHIRAF  P. tenella

B A. distinguendus +
HETBUEF A chinensis

HHAREHEIR S, crassicornis

EfKEEF P macrodactylus

OWRs O, oratoria

B crabs

FEZTREE  E. crenata

WA Parthenope validus

HAIE  C japonica

HAA &R  Petrolisthes japonicus

BiikE  C acuta

R FEE P sanguinolentus

X PEsg - C. bimaculata

Ui 22 Amphipoda

FFFH  Caprellidea

FUF  Gammarid

A2 others

W O. ocellatus

MEWERHIE L Amphiura vadicola

VA& N. succinea

it total 4

+ +

6 9 5 5 7 4 10

W 201408IR B S R NS LR S T EE 4R,

201408 KK HTEAS %, 201408 KR KHCO 1 %58, 20094 [ 57 FGny 4 f1

EBIRIR A5 E . RP BRSO R TAET30

Notes: The diet results from August 2014 (201408) are divided into two parts according to the identification method, i.e. morphology and DNA
barcoding. 201408 indicates morphological identification results and 201408 shows DNA barcoding results. Diet results for J. belangerii in 2009 were
obtained by visual identification in the same investigating area. Every sample number in this table was =30

B WX HE20094F LA S 45 AL, WIFIr: R AT RS E h g AR IR . B K
(454 1T LA 36 220094F 56 B F 19 63.16%, JF IR, DRGS0 20 T,

http://www.scxuebao.cn
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x4 BEFLEESHFLENYIBIME
Tab. 4 Frequency of species occurrence in

morphological and molecular identification

[LES H LR EL H IR YE T
species times frequency methods

f:E

fish

H A fig 1 0.036 col

E. japonius

T firhy 1 0.036 col

S. marmoratus

Bz B g £y 6 0.214 col

J. belangerii

WR

shrimps

Hh A 1 0.036 col

S. crassicornis

T 2 0.071 col

A. distinguendus

SEERSETI 1 0.036 col

P. macrodactylus

B KR 2 0.071 col

P. gravieri

SMEEET] 1 0.036 AEE

A. chinensis morphological

H ASIF 4 0.143 CO1M

A. japonicus TEAEE
col,
morphological

[T 1 0.036 BEEE

O. oratoria morphological

TS

crabs

ARV 1 0.036 col

P. sanguinolentus

H A 5 0.178 LT

C. japonica morphological

FAZ

others

S 2 0.071 LT

N. succinea morphological

it 28 1.000

total

T LRGP B R 1 T-20144E8 A YA b 1 T A AT 458 BF b
Notes: Data in this table is from identified samples in August 2014

3 Wi

A S 36 v R I #0128 38 51 0 0 TG AfE S )
TIPS AT HRA R 4Lt i r co 1 R aYT
W, B LURZ M E X RIS, VgL EY
BE e A AR B, A B R AT SRS B 0 R )
Br, 5 E el — A L RE R R B A, A
RET AL )5 30T L X 20 B A9 25K o BRIk 2 5h, DNA
SO HURE W R E MM Y BOR, A REIKR B
BT H B Wi, B EL S IE A
PEAT B M, A RE AT B B 58 B 0 1k o

45

http://www.scxuebao.cn

AN, e IR 4t Z2 R BAE CO 1 %5 5 45
S, B i DNA ST B 45 5 J6 2% 4] B 2 15 A7
TEHBERS, 55 EIEUN DY) 55k IS
ik A AR AR, KRR &
M A, ERG RS S YR
WA A B TG Y £, i b 4 00 52 56 o 2 v AT
REAFAERL RS Y a8 B DNAT4E12Y,

ARG R WoR VF 2 DL A R K B
2, MEHRKEIR., hAEREHIIE . Z2ER T
AR, R KoM TR AR . R AL
5, RIS e By, fEiRA D
AL AR A RN, IR AR B 5 AR A B B A
Koz riie, JELIRE R ERY HHh, 20
BRI H ARG 0 H AR 17 BP9 24
S H H a1 210 Ha) B, T 5 B I S K
P My ok £ ) SR B R B 6 H B9 A Y, 20094F Al
20144F (1) Fi s 34 2 W1 2 50 Ml yite 1 H AR i Sy B2 IR
MU dfy £ AL T 2R R TR T A Ot S8 ) R G Y
Wit b T, MEYRSEREE M, W
W, H A i 4y £ 2 e TG Y 6 £ 7 I 30 JA) 45 R 5
MR o

4 5

CO 1 J¥ 371 Fh 45 52 B W) b AL 70 B b 59
WAz A Y s vl DUR
AR, AL A A K R GE R &
OyMT, A B TG Gt f B DAAR R | B £
R L LR L) B, AT 4 R BT
BT OR R U AR ) 2 B R
i, g BEAT VR A 04 £ W) ARl DL F 5 B e A
5 T A B ) BB U kA0 B A . XTI
X ARAE AT B A5 2 kR , JF B
KRBT R R A . BEEDNASIE R H
T O N NG B/ VN S e S R e S O
DO WS ARG 51 N ML (e S G 1 /T
SRR LRI . R B DL R A S R G
ZER I TSRS B T AR
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Application of DNA barcoding in analyzing food composition of
Belanger’s croaker (Johnius belangerii) in Ma’an Archipelago

XI Xiaoqing ', BAO Baolong’, ZHANG Shouyu

(1. College of Marine Science, Shanghai Ocean University, Shanghai 201306, China;
2. College of Fisheries and Life Science, Shanghai Ocean University, Shanghai 201306, China)

Abstract: Belanger’s croaker (Johnius belangerii) is a fundamental fish species of family Sciaenidae which
usually has high gastric vacuous rate during 24 hours trawl surveys making the diet analysis difficult to continue.
However, it plays an important role in the predator-prey relationship in the food web of Ma’an Archipelago, East
China Sea. In this study, we use visual inspection with DNA barcoding technology combined previous collected
data to make more comprehensive analysis towards its diet compositions and realistic prey-predator relationships.
We amplified mitochondrial cytochrome oxidase subunit I (COI) using fish and invertebrates universal primers in
sampled fish stomach contents which could not be identified by morphological observation. Our results indicated
that using DNA barcoding could successfully identify those partially digested food compositions species, such as
Solenocera crassicornis, Alpheus distinguendus, Palaemon macrodactylus, Alpheus japonicus, Acetes chinensis,
Sebastiscus marmoratus. We found belanger’s croaker mostly feeds on shrimps (frequency of occurrence, 45%)
and crabs (23%), some juvenile fishes (27%) occasionally and among them S. crassicornis, P. macrodactylus,
Portunus sanguinolentus, Oratosquilla oratoria had not been observed in summer investigation ever before. In
conclusion, the accurate and sufficient diet analysis is the precondition of feeding habit research which could
contribute to reasonable suggestions of the management of island reef area ecosystem and fisheries forecasting.
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