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HEUIR M7, A 28 (Ulve lactuca ) , BEAS 41 W5 ( Crassostrea sikamea ) . B 3] 7K & ( Centropages hamatus) . H A< 83 ( Charybdis
Jjaponica) T ( Scapharca subcrenata) FIHE B, 1 ( Sebastiscus marmoratus ) F& B8 B A0 SAAE AR | B o5 TR 90 AR X =E BE Y L
Hik 60.90% ., AHEIPESPIALL (ANOSIM) 25 R Won . 1 & 4 WY BRI E YA R AT AR EEES, SEEEMNST
Ty EAR L v A I T 1 A PR VDR A A R A b TR W A O R I PR R A R (O R AR E X TR B A
AEENESMERE X,

KRR R B SR S

Diet composition and feeding habits of black sea bream ( Acanthopagrus

schlegelii) in Xiangshan Bay based on high-throughput sequencing
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Abstract; Xiangshan Bay is a semi-closed bay in the central coast of Zhejiang Province, China. It is also a centralized
distribution area of various fishery resources, and many economic fish species breeding there every year. However, due to
long-term overfishing, ocean development and environmental pollution, deterioration of ecological environment was found in
this sea area, which also caused the increasingly recession of local fishery resources. In recent years, after fishery resources
conservation, fishery resources in this water have been restored. It also provides a good habitat for reef-loving species such
as the black sea bream Acanthopagrus schlegelii. A. schlegelii is an important fish species targeted by recreational and
commercial fisheries in Xiangshan Bay. Maintaining population stability of this species is economically and ecologically
important for the embayment. Knowledge of the feeding ecology is of great value for conservation strategies, as it is
thoroughly linked to subjects such as resource partitioning, habitat preferences, prey selection, predation, competition and
energy transfer within and between ecosystems. However, relatively little work has been done on this aspect in A. schlegelii.

In this study, 21 individuals of A. schlegelii were collected in Xiangshan Bay, and diet composition and feeding habits were
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analyzed by high-throughput sequencing methods targeting 18S rDNA gene. By Illumina high-throughput sequencing, 913,
254 target fragments with length of about 420 bp were obtained. The minimum sequence number of samples was 30,826,
while the maximum one was 52,374. A total of 554 OTU (operational taxonomic units) were obtained from 21 samples after
clustering. And 62 species in 9 categories were identified in the stomach contents of this species after sequence alignment,
in which Mollusca, Arthropoda and Chlorophyta exhibited the highest abundance, followed by Chordata, Platyhelminthes,
Bacillariophyta and Annelida. Ulva lactuca, Crassostrea sikamea, Centropages hamatus, Charybdis japonica, Scapharca
subcrenata and Sebastiscus marmoratus were dominant prey items for A. schlegelii in Xiangshan Bay. The above prey items
accounted for 60.90% of the total abundance of gastric contents. In addition, a number of species, including Caprella
scaura , Oithona sp., Melosira sp., Cyclotella sp., Chlorella stigmatophora, Picochlorum sp., Torodinium robustum, and
Chromadorina sp., with quite low abundance were also detected. These prey items were distributed in different ecological
communities, including macroalgae, shellfish, zooplankton, phytoplankton, macrozoobenthos, fish, and crab. These data
suggests that A. schlegelii is a relatively large omnivorous consumer. Result from the analysis of similarities ( ANOSIM )
showed no significant difference in diet composition for fish among different age groups. This indicates that A. schlegelii did
not alter feeding habits after 1 year old. Considering the limited sample size, however, further studies are still needed to
address this conclusion. Compared with the traditional analysis methods, high-throughput sequencing has the characteristics
of less sample demand, less workload, and more species detection. Meanwhile, due to its sensitivity, some species with low
abundance that could not be found by traditional methods can also be detected. Hence, high-throughput sequencing
technology has obvious advantages in fish diet studies and can provide strong support for marine organisms feeding and

ecological studies.
Key Words:; black sea bream; feeding habits; high-throughput sequencing; stomach content

P68 ( Acanthopagrus schlegelii, Bleeker, 1854) 3R J& T #5JE H ( Perciformes ) , ff§ £} ( Sparidae ) | B i J&
(Acanthopagrus) , N BEIRMEIR IR 028 B T 5 A BRI X N DL S SR KR8, )32 23 A 160 45 3 I 0 vt
FEP I PEAL AT PRI BE KIS 3 A g W Vg o 2 A A o7 R R R BB 42 0 R 0 3R E W
PRI e — 2 AR R TS F AR ARSI IL R 2 2R ol e PR 4R rh 0 A X, o 2 2R & T 1 2R I 3
B BT RS s i O St R R B B 0 4 AR S R AR A BE B sh AR bl
AR AEAER, G L T I 1 A B AR T SR R e S 6 4 Y R ) R R R X
A3 A RN I UL SIEZY) =8

0 S IR A A5 29T S i £ 2SR IR T TR ARG IR 22 RS B ST MR AR Ry Sk AR 25 2 1 E A
FENAS, J T A [m] #0285 37 0C R AL, Rt 2 R T B e ok g PP Al (2R A AR L AR S RS BE 4
FHEIG S Hb A A AR S5 A DG A o) R TR AR 1 R AT Tk A Y e RIORS R 43 2 SR
PR EZEFE RS AR, B il AR 1 & R i AR % it 1 FH 21 5 A sh ) i e e i ep A
RAEETE T B HT RO 58 T B T 0 N TG DR B | SRR RN o BRI BAE S i B R S B
TPk B —E R

BEXoF TR PR ST 055 BUIR  LAGR Ll s SR Al PR RS A BIF AT 4, LA 18S rDNA i #E AR, FI A Tlumina
Miseq e 5 ¥ 7 2 90 R SR TEDRL AR W) 20 BURAIE , 0 A A ] o 2 PR 0 2 M 1 (], DUIDIAE 32 8 42 Ll P
P AR A2 A AT Sy o 2 12 1 0 8 B 0 5 B R 4P R 4 R ARl

1 RS

1.1 FESRE
SEUG R AR A 2019 4F 3 2 4 H 5338 2 A7 ATH I R0 3 090 Wi T VT T I 4 LR T e ) B A A
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A ARUBE T 21 BT, B i B i & 8 & YA plt— 20 0 i m Sz B T
T R AL SETT T B A T AR W~ i (PR A PR B B = S ) B R R B S T
K ERAFS . SRR SRR F A TARIR S . SR L SO SRR S B SR 438 5
(0 H—A490) R B A R B 50% BV B 50% BY s AR Y s B kI H
TS FRIRAS o Xl P Tt B g ) S R g 35 B A 2 i e W W b A T BROMUPR B, P DO i i R — R 23
5 A B AR YR — IR S A T I0R B0 T 0 B I BRI A R BT A B S ) — Rl s PR e
SEESOAE TPRE i F i 02 B A ARIBOHS B PUORROZE TN A, SRR B B A (5 BN 1 TR
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Table 1 Biological information of black sea bream samples

AT e A/ a LSS RE PR
Sample number Age Body length/cm Weight/g Feeding intensity
1 1 14.2 77.2 1
2 1 11.1 40.5 3
3 1 16.3 120.1 3
4 1 16.8 136.6 0
5 1 15.6 105.3 0
6 1 19.6 238.2 2
7 1 184 209.6 4
8 2 28.6 751.4 1
9 2 24.5 517.2 0
10 2 20.5 246.1 1
11 2 29.5 816.3 1
12 2 225 295.6 4
13 3 34.8 1310.6 3
14 3 35.3 1349.1 0
15 3 36.8 1703.1 3
16 3 32.5 992 4
17 3 35.4 1549.3 1
18 4 39.7 2229.6 4
19 4 41.2 2311.2 1
20 4 37.5 1901.4 4
21 4 39.8 2341.5 3
1.2 DNA 1

B O YTE L Th AR AR 2 P (pH 7.2—7.6) MG A TAI AL, IR G B SAE R
K HEFEA Y DNA $2BGAGR & (AL AR ) IS IR U 5 2E 47 5 DNA 425, rf &L DNA 28 0.8% 3l bl ik
JE ERL KA, R S8 A YOG BE T i, Bl S T —-20°C AR A7 H
1.3 Illumina Miseq {218 @ ¥

fEF Y 8 R Bt 29 420 bp A9 3@ FH 51 4 547F: 5'-CCAGCASCYGCGGTAATTCC- 3’ fil V4R 5'-
ACTTTCGTTCTTGATYRA-3""'* % 18S rDNA V4 X791 . PCR S #E—A~ 20 pL (R R A AT, 2 R 14
RUF S}ZE MK 4 pL,dNTPs(2.5 mmol/L)2 pL, IEX5I#I(5 pmol/L) 4% 1 pL, Q5 &P E Taq i ( NEB, b
50) 0.5 wL,DNA #if 10 ng, PCR ¥4 :95C FASE: Tmin,95°C A8 45 s,55C iRk 30 s,72°C HEAH 45 s, H
J&5 72°C A 10 min, W AE AR 29, PCR 973 7 ¥ 38 5 2% 3 6 W 58 I F, Dk 20 47 A6 D 0 2l Ak fs , 78
Ilumina Miseq Il FF-F- 5 (1lumina , 3¢ [ ) #E47 80
1.4 408

THLEHE S W) T I LB i A A S 1S BIA RS . W QUIME 4% 15 41 44 B 97 % (1) ) 5 AH AL B2
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VAT VA I FIEEVE 4325 %R0 (operational taxonomic units, OTU) X143, F-3E#E OTU H a9 R F 55 Silva Bdi
(http://www.arb=silva.de/ ) FEATYIFP TR0 H LA SR ] B 5 79050155 F456 %m%@@%& FAIRA A
W5 A A O T TE R R A T N TREX D I3 T QUIME B % TS OTU AT RIS LI AR R & B &
FIPIRNLE N, 8 OTU 23 B AT A5 Hh ERL AR 40 ) Z2 R P RIS [ P b ) ARG 23

R 53 AN [ 0 2 PR R AR A ) 2H A 2 S, T b R vl e I 4 AR A ST A PR AR AR R
R | BT SRS WX AN [ 0 4 R A (A 0 VR AR 0 28 WGk AT — R HEY | TR AR U 53 BT K 56 ( Analysis of
similarities , ANOSIM ) K 56 A [7] ' 2 S PEDRL A ) 20 W25 S 11 b S8 k7180 S AU i A3 0 o A0 8 35 o ) AL
B TESAT 20 AT, SRR BRI T T 4 Oy REAE

2 #R

2.1 OTU 435702 Ml 2 e

2 Mumina /=38 S0F A 21 ANEE S PR BE 2958 420 bp (9 H B9 B 913254 4%, FE 5L T 5104 H i
M 30826 45, i b 52374 4%, FIIF 55K (43488+5843) 45, 21 FES: Zad B HL4R1E 554 4> OTU, A~
[FIRESE A OTU B H 22 580K, H OTU R4y A2 i S E 4 B WK 2,

K2 WRESEBSMOEMMTEFTERGITR

Table 2 Statistics of operational taxonomic units (OTU) identification and classification status

44325 BATT Operational taxonomic units

RS
Sample number i1 | H s & it Kok
Phylum Class Order Family Genus Species Unclassified
1 2 2 2 2 2 2 0
2 73 73 73 73 73 73 0
3 70 71 72 72 72 72 0
4 17 17 17 17 17 17 0
5 31 31 31 31 31 31 0
6 3 3 3 3 3 3 0
7 87 77 87 87 87 87 0
8 3 2 3 3 3 3 0
9 11 9 11 11 11 11 0
10 18 16 14 14 18 18 0
11 1 1 1 1 1 1 0
12 14 14 14 14 14 14 0
13 6 7 7 0
14 9 9 10 10 0
15 29 28 24 24 29 29 0
16 49 49 49 49 49 49 0
17 6 6 6 6 6 6 0
18 29 30 27 27 30 30 0
19 11 11 11 11 11 11 0
20 7 7 8 8 8 8 0
21 11 12 11 11 12 12 0

1 7 A SRR S A i B DA W ARG 32 BETT 20 057 19 73 2 FRIT i BV Sy ARG 1] LAAS []
XS4 53 BTT , T 1 s /NS e AT TR AR 2 B2 43 A, AT 00 S 7 PR A PEDRL AR W R DL 3SR . A
S8 FH v 3 I 5 A PR B S b S 9 TR 62 FhIEDRLAE W) X SR AE W) 4y IR T 41 A
Hor B AR H1TT (Mollusca) 5 B84 ] ( Arthropoda ) F1%%#E1 T ( Chlorophyta ) f AR 3= B 58 iy , HUCRH %
19171 ( Chordata) JwJE##)1 ] ( Platyhelminthes) A 1] ( Bacillariophyta ) FIFA 52141 ] ( Annelida) , £k L 3h %)
I'T( Nematoda ) FARXT = BERLAIG, ILAMAAT 43 OTU AR fEVH & 2 2 M5 2T,

http ; //www.ecologica.cn



34 IS S BT ST A L 1 VI B (Acanthopagrus schlegelii) £ 53 HT 1225

A BAKZh ] Mollusca I + & H Decapoda Q fizE4] Ulvophyceae
B X724 Bivalvia J #2F%#P} Portunidae R i H Ulvales

C H:F H Ostreoida K #8/@ Charybdis S Az Ulvaceae

D 4Bl Ostreidae L B4 49Hexanauplia T Az Ulva

E E.JW5)8 Crassostrea M #¥7K% H Calanoida

F & Zz¥1] Chordata N Hgfij k% B} Centropagidae
G 5z Arthropoda O M7k F)&E Centropages
H # H 49 Malacostraca P %3] Chlorophyta

B 1 ZBEEREWESES LSRN

Fig.1 General classification tree of prey items for the black sea bream

2.2 CREREREYIAH IR

3 G0 TR A BRI T 20 2 B R E B RS S DVEEDRHA W)t SRS AR X S BE AT, A 2
(Ulva lactuca) \BEA4L ( Crassostrea sikamea) SRR 7K 2 ( Centropages hamatus) . H 2888 ( Charybdis japonica) |
B ( Scapharca subcrenata) T4 E; il ( Sebastiscus marmoratus ) J&52 11175 S0 f 7522 (1) PHORL A= Wy A 2k | HO A B 6
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B S P AR | i EAE X B AR, 6 AR Gt o 40 B R G TERE AR W AR o B LG Ik
60.90% , LA, B4 HR4 VL A= 4 B AR G 3 5 4 i (L S B A8AIG , /N TT 8 ( Cultellus attenuatus) - 75 H
( Planocera multitentaculata ) . ¥ & 18 ¥ ( Torodinium robustum ) , 23 F& 4= 16 3 ( Teleaulax acuta ) F1 I 1 2%
( Chromadorina sp.) S H BT BAEE S

N D) 20 SRR 7, G s VSl SR O e R R S 2 B X A B KA (2% ) DI (R
tﬁiﬂjﬁ*ﬂﬂ%ﬁ!ﬁ%) \{%@?ﬁ]%(ﬂﬁﬂﬁUﬂ(%%) J%Oﬁ*ﬁ%( %%é/@@%) JEET@@J%( 4% Dendronereis sp/fg) e
2 (i B fih A5 ) FVEESS (0 ARESE ) S5 2 NI AR W BRI I T RO MR e B PR ARAE

£3 EHIZEMYMAOHIMENANEEE ST

Table 3 Percentage of abundance and occurrence rate of dominant prey items for black sea bream

Hey TR AR E RT3 ke B
Rank Prey items Percentage of abundance/% Occurrence rate/%
1 f125 ( Ulva lactuca) 15.40 61.90
2 417K & ( Centropages hamatus) 11.80 38.09
3 H A48 ( Charybdis japonica ) 9.50 38.09
4 REAG W ( Crassostrea sikamea ) 8.90 28.57
5 Bt ( Scapharca subcrenata) 7.90 38.09
6 65 B i ( Sebastiscus marmoratus ) 7.4 80.95
7 FL5E K2 W38 ( Molgula manhattensis) 5.40 23.80
8 AR P35 Bryopsis corticulans) 4.70 9.52
9 BRUA (Lima sp.) 4.70 14.28
10 R4 ¥ ( Teleaulax acuta) 3.90 4.76
11 S £ M ( Planocera multitentaculata) 3.5 19.05
12 V%% ( Dendronereis sp.) 2.60 14.29
13 WEPELR B ( Chromadorina sp.) 2.40 4.76
14 INTTWE ( Cultellus attenuatus) 2.10 4.76
15 LR 78 3 ( Torodinium robustum) 1.20 4.76
16 B BEWE ( Melosira sp.) 0.90 14.29
17 K558 ( Thalassiosira pacifica) 0.40 4.76
18 RFFUZETE B ( Pseudo—nitzschia pungens) 0.40 4.76
19 WE (U. prolifera) 0.20 33.33
20 H 2 KR ( Macrophthalmus japonicus) 0.20 9.52

2.3 AN iE 2 P A R

FE 1 E A4 RS UL BT I E S TR E RN B0 21,23 23 M 17 Bl o A2 REARGHEIE
KT | H A B A 25 R MRS 4 NI A BRI A A A, R RIS E A I A SR A
T A AR XS = B TR A 7 LR 44.3%—T77.8% , 45 W 2 BB A 34 R A= M Rh S 2H e AT 22 5, 40 1 % SRR A
PRI AL A 0 o0 B I K 2% (31.52% , M BB Ar b, T IR A28 (22.13%) FH R85 (13.72% ) 52 % 6
AMREIARAE Y R H AT (21.16% ) RIS (19.65% ) A 26 (16.04% ) 53 1% BEER AL S E R AR 9 0 1 B
fifh (18.42%) B (18.30% ) Fl£1 25 (10.80% ) ; 4 i B M AN (A 4 PH RE A= 9 S RE A4 15 (58.21% ) 1 2
(8.35%) A E i (3.44%)

R R 2 Frow , G 100 TR G UR A VEREAE P 4 o A 52 R BH (2 P i 21 2 5% Jm (R AR AR R
AMERBERE) o FRIPES TR (ANOSIM ) 25 Al 7R o AN [R) A i 41 22 68 %) (A A 9 21 B 25 57 v AR TR 3] 2
PEIKF-(R=0.014,P=0.446) .

3 it

B FRANR PR E HAR K R B RSB I 3R B2 R il B IR 2™ R B B2 1~ B i i ik
AR ARSI 1R 20 R BBV E A OGBS RO IR R , TR (5GP AP TE 4 R A 0 S PR SE Bt R Y R
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Fig.2 Cluster of prey composition in black sea bream of different ages

B R ] S0 T B ) S SR SR AP0 R I B R AP ARG 200 A B B B MR A R Al A A BB ) SO
FURT, BN G TR ORAE 3 SRR A > PE BT (UL A PR 20 SR HT B 5 W 0 ik A DE S 0, B
W o3 Wi R TRTAE S 4R B R AT AMABOR HLIH AR B2 AR Y 18 35 W B AR A R A U 3], (EL XS
THAE 7853 14 B S P WAL e i B A HRBR 5 i 25 — SEXfE LU AL 0 5 BR A7 26 0 IS B PR A7 AE R K
P UTAESR B ST O IR T O R T A vk DR v R 2 BN B T B
AT vt i e A £ 2 B A o i L 1 8 R URE B AR R L, X R 1L PR ) TR A A L
BEATIREMETT, LR 0] g Em | R S PR IR £ I VR IR S 40 5T

LG B S BT AS HAR L e e PR TR 5 Y M R A A P 2 A AR R, L R 3
I Pk AT W RO R R A AR NI )Rl 22 B R A A B T v a0 R v B SR A e Y
P AT T AR L5 A 2 15 TR B SR VRO o PG 8 19 B 2 R | F AR i B ARG g 7K
o BN L 2 MR IR AR W R IR L GE B 2 00 A 1 R RE AN 21 Ay T A1 /N ok i 5 AR X =
JERLAR A PR T L Rl SIS gl A2 0 P i A PR O A5 2 P 0 SIS B A SR 5 o o B R O B e g R
PR HAN, B 18S tDNA PLRSTE LI H R IR 97 % (475 5 ARARUEE SR 7 U 3 (9 20 A s ol th 2 52 mi 31 12 3
S P o BELE A o ] FRORG T EE | F sk T 2% REHs e I I 1 55 2 ARG LR B B OIE 8  E 5 R 5 T AR IR BIE 5
AR EET A BRI X IR A 44 55, K e 81 Lot B A A TR i AN A RS 8 25 i B vy 17 T 2
TEPIFREIERATE . A B DN B BRSO 70 A B A bR A % | i e £ I e B AR f MR 5 o
AR IR RS

R WR | RO SIEBET, SUR R T T R S e 9 AT 62 Fh IR W)
XLCRE Y o IR T RS DR VRS IR IR Sh ) | B S R SR AR AR 2R R
JEBL T BN MR R IR B VERIE 128 REASATWG IK 28 | H A s B MRS & il 5 s PR O A e A
WiRhe , FCrp A 2 RRAS G G B il 2 DA S TR F) A A S5 0 A 0l RS 7 F) A 74 Sl R (RERAG 42288 )
FA S, G PR R BRI AR

RS R e B, R ) £ A0 AR B PR AR 2 S, P 2l £ LIRS S W) AR 2 R A T A
DIBEZE IRl AU 3220 S5 30 1 i A SRS R O SR A 0 O B il K 2 26 R AR
;2 W PRI PR LSRR W B A e e A 25 3 % SR A PR SRR A ) D 2 iy A 25 4
e TR AR DA R O SRR A0 ZERNAE Sl Pl T UL H T SR R 2 BT 2 BT A SR A AL
T A UBIE T Tl SRR D 1 AR DAL B Lt WOR BEXS 4l 0 B PE AT 0 A7 U T X AR [R] 4T i
HZ IR BRI 1 2 4 W RS BB B A B 22001, b 1 R 2 A A v L S5 REDRL AR 0 AR D) P A
1, 100 3 WA 4 e PR P B DU SR AR I R o RIS , FRATTAS & PR ARl A A IRk, R AR (BL Ak 20
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58 (ANOSIM) K8 1 AN[RJAF e 2H PR G A8 PR AR BDRH) B 0 A REAIE , (EL 45 2R T 7R S [ A i 2 JR B (DR o 2
WOF TR ENEZE R . B BT 7347 B FH A SRR A AT B 3T RE 2 520 1) SIS [] 8 21 1] B PR
P22 AT s TR, iy T (A2 1 B A NP S EDRL A W 2 I 251 22 DR 3R A R ), SRR it J Ak 9 LA A 0
IRBE AT XA P2 Bt RS , QAR YA HE R PR S RIS R D B A B R S % Sy
EUGERRAAE—E M ZER, BT BRI, SRR SERT ST I 2 9 78 SRR i R A (R IO 22T A
A AL RAE DXHRIRE A RS ) RS SRR AR KR A D RIBREE (5 B, RS R BB B0 5 B o &
EIRA SR, LU 2 SRS S TR | RS SR R RIS E PR IR A
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