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172 hm®. 4912 hm?, 1200 hm? #1 1093 hm* !,
A FRH TN AR IRE, B S A R R
e . ECER . BT MM BEMAE, FRAEA RO 1.2
10* to (H, AR ISR IRFEAE K Rt R oy, Tk
Wy 75 40 ) B T e, R A e g R
AW B, RILEIEHAYMEERE, KMHE R
FER, ISR BN T KR, EEAEE
EI . HIE . BRIy, wE. IBEERAE, B
VAR S E T . Ui, SR sk
WA —E 2R Hodh, 3255 0 A A i
FHWIN S HIFhR, 6 H A 7R L S A i e 430,
MG R EATRpEE 2 11 7, B R i S MG
U RO N 4—10 H, HEME
Sip B e i U AR L VS A A A Y B 3 T 2] 3 D
SRR, SR IR S 5 AL A T
Pk, WEZ M EAER R, JE ™R
FERRIE AT, BRI AR, FEARTRAE =5 ILAh,
WA 5 30 A M B 2 S S0 A L/,
FEEIEIE, FHAS RIS 2R K R sz o2
BT, 2o ik R 2 s o
Wik e sE IR 2 B vk DA R e 1 e 0 g 22230
MG HAE YA AT M, e A FE
RS RN R, A R A o3 AT il R TG A
HoE AR, ke R R P 0 g B
EREXRR, H MR AR 2 e R
N B R I, R B ARRAL, Sl
)k PO L S K REUE R AL,
REGE R DNA 5503 B Al 4325
R 20 Fh g 5 3 2K B0, WERA . il
T RN A DL BR A o0 BT 3 v R ) o S S ), 5 L
12 & Wik bR e R0 2806 7 2 T i 4w, o

WP R . H GO A A 5T A e )y
ARG KT SYrhSAEIEHAY, Fla: K
78 A5 BT K 175 42 4 f1 (Scatophagus argus)ff-
HE0 10 ) PG R A, PV S 4 L s
P fif (Acanthopagrus schlegelii)fd B & ¥ A it
SIS LTI A e

WG T K W5 T f . PR 6 R (Sparus
latus) . - f (Rhabdosargus sarba) Fl X ik = 5] fifi
(Triacanthus biaculeatus)% 4 F A LS fC LM
J5, FIFH 18S rDNA 4 V4 XIGE 514, 2
Illumina Miseq 538 70 5 5o AR 7 6 e oA 4
Fh S R W A 22 5, AR S 22 R H &
YHE T A7 RN T R 5 5 A= W i AR W B ik 1R E H
b,

1 #MHERE

11 HRRE
2023 4F 7 Ay fEAR AR L Vg R AR T 0 28
FES, SR TR BB T B EE R . 71 1L
XU =il i 55 4 FhCEACRMEMAS, HRAE 6
T &5 1, A DR A o e i DL &S
WIS —2 0, RAEEJG S RVEAT AR W2 48 b
(kK. hE. HEE. GE, RERE) W, [
B U B S E T Tk IR, 4 Fhsigf
KLY EBINER 1 s,
12 BHEESYH 18SIDNA EESEENRF
A QIAamp Fast DNA Stool Mini Kit 7] &
HU DNA, N9 3 7Bt 380 bp A G

TAR-euk454FWD1-TAReukREV3 (TAReuk454FWD1:
5'-CCAGCASXCYGCGGTAATTCC-3"; TAReukREV3:

5'-ACTT TCGTTCTTGA-3")%} 18S rDNA V4 [X I

F1 FLUENMEXEREMENFER

Tab. 1 Biological information of four fish species collected from Dongshan Bay

2k 4K /mm &K /mm R /g /g hE e HEER
species total length body length body weigh somatic body weight intestinal weight feeding level
K fig i 1o 161+30 136+25 66.83+33.34 58.12+28.41 4.50+£2.56 3
Siganus canaliculatus
HEEMREY Sparuslatus 23013 196+4 227.09+20.42 213.29+23.31 11.36+2.53 3
V- Rhabdosargus sarba 116+8 97+6 28.09+5.67 26.79+5.48 0.71+0.23 3
S = il fii 154+3 12944 44.32+1.23 36.84+0.98 1.02+0.22 1

Triacanthus biacul eatus
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PEATH 1S, P HIAE 20 pL AR R 4T 4 pL SxFastPfu
2% WK, 2 uL 2.5 mmol/L dNTPs, 5 pmol/L H1F J
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AR, PCR BJF M: 95 CHIAEME 3 min; 95 CAF
P20 s, 55 CiBk 20 s, 72 ‘CIEff 30 s, #fT 5
AMEFR; )5 72 CF #Ef# 5 min,

PCR = W) 25 35 JIg A 468 B vl ok Az 0 )5, 7
[lumina HiSeq M7 & 47 00)%, 1521/ T HLEL
a2 ¥r sy . 251975, E Reads $i# . Tags
Jo it B K B el U R I LA B et A AR R AR AR I X
A RO, SR5FE T AR ST OUT R4
Mro BEBUCFMEAY OTUs /351, F RDP Classifier
V2.2 75 Sliva B8 EHET YR R G A R
I3HT o 24 OTUs FHIAE Silva $di 78 T A RE UL L AH
N 12605 BB, %754 NCBI H#E47T Blast
GyMr, R0 OTUs IR ME B .

13 #HESH

i Excel #ilfE 4 FpACRM: IS RN
2k, @it Excel G4 OTUs 7E43287KF F
ORI X 2R, I YR OTUs HH X =2 5 %5 v il b
2%, f#F] BLAST (basic local alignment search tool)
5 GenBank & FEVEAT LA, BEFSAHIT ORI
B BGRE FIHHAEYR OTUs J¥4l, JtisH
MEGA 11 B RG LB R, RIS T4y
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PR 22
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BRI 1 s, Hp, KEEETAE
H R YA N 32 2SR B TRl £ 2K (Osteichthyes) |
2535 4 (Chlorophyceae) . £k H 24X (Nematoda) LA f 1%
H 20 (Ascidiacea), HH B EYIRIEM 63.76%. #
5 O A 1) £ ) >R U T B AR RN SR AN, X
A R S B R X = B 2 ol R £
PR 81.73% . -8 1% £ Wy 21 Bl 32 25 4y b iy £
2N 2k 2K (Nematoda) LA S 2R e 4R, iX 3 JSHE 5 H:
SRR 95.52% XU =Rl £ ) 240 i 22N
R a2, HARRS FREAE 99.5% L I

2R s, OBUBE = ol i Sy SR IR A
e, MK BB R Tt B R R 5 ) 3% B
FEVERRAE o o, BEE AR 0 & Pk LU ) 1
Y E, WS ) TR, Wil
T, RIMKEEEF AP shaE T
fif % 4 (Bacillariophyceae) . ZRBEA . G | HE4H
2N | T 4R 49 (Demospongiae) M M 24 (Anthozoa)
R TS A 2R

= HAth others
B FHME4E 40 Demospongiae
= MFEN4M Ascidiacea
MFe4 Bivalvia
ALY Anthozoa
= 28 114 Nematoda

u HIPE4 Pyrrophyceae

40% - [&¥E 4 Cryptophyceae
30% FEPEAN Bacillariophyceae
20% £} 4X Chlorophyceae
10% #1349 Florideophyceae
o - - B 144 Osteichthyes
% 7 keprm e FE OB
Siganus Sparus Rhabdosargus  Triacanthus
canaliculatus latus sarba biaculeatus

1 PR A g

Fig. 1

The food composition of four fish species
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b A AR T 4 SR B, U = A i X Y5 45 A
BAEAT R, WD FZHPrx g, Hap 3
Pl YA i g Fis Ay ey F2ean i 2 pr
o PR R R —H MR AR . e
M3 N 45 (Halichondria attenuata) . £5 74 4411
£ 2 (Ulva flexuosa) . I E He 49 114 S i (&1 300 7 2%
(Exaiptasia pallida)/i @ T84 4, 3 Ffaf H
ARG T A B E T . KEEE AT
{5 5} £ 1 A7 (Amphibalanus sp.) A — E 1T N,
“HEBEEEAR,

Ak, FFREE IR BN, KEETE T | B 68 R
AP e s P E Y R B 2R, =
BN B LB e, THEKE
W, HEa sl B 3 24 b 7E i 8 2
W o AHEZTT, B G 08 RS- 68 o) YA 5 20 ) i 1)
B AR YR 1%,

Hi P 2 ) UL, 3 b AR s P AR W 322

PERE THERY . AR, N [RAEXTA RIG I BB
WAAAAEES . KT SH P66 19 5
T E A RS (Symplegma rubra) |
SRESH\ G (S, viride) . 4R S (Styel a plicata)
DL K 21 % 85 (Herdmania momus), i, K g5
T B E W R PRGN F) v i R 5 T 1 A
Xof = R o A R Y-S, 7 A I ot YR v
B DL S 21 B0 S ) 45 1 i v T B A - A0 RN - 6
R, Ah, 49 (Botrylloides niger) sl G
3 %345 (Botryllus schlosseri) 2 7E K & i 1 fa 17
R B Sy kg, (EREENE, EA 5
Frgfairh, A RKEETETAME SYhkan s 1
T E () S AN A, A4S H AR )5 1§ (Perophora
japonica) . X K i Y . b [K % 6 4 (Phallusia
mammillata) . L% i ¥ 5 (Molgula manhattensis)
FA1E 28 /N5 15 (Mi cr ocosmus exasperatus) , iIX— &
RN, KRBT O FEER YAy R
TR

5 TR | KEEETH
Rhabdosargus Sparus Siganus
sarba latus canaliculatus
FM897315.1 Symplegma rubra RKEEHF M 0.0929 0.1516 7.360
DQ346655.1 Symplegma viride 4RSI g 0.0025 0.0071 0.0668
M97577.1 Styela plicata I 0.0001 0.0592 0.0145
KY807049.1 Herdmania 213 1545 0.0008 0.0166 0.0042
0Q612210.1 Botrylloides niger %5544 0.0007 0.0000 0.0079
KT387604.1 Microcosmus exasperatus B2 /NFT 8 0.0000 0.0000 0.0002
IN573260.1 Molgula manhattensis .58 Bz V5 0.0000 0.0000 0.0162
AF236803.2 Phallusia mammilata YX 1 Y55 0.0000 0.0000 0.0010
AB499607.1 Perophora japonica H ZsJiY# 0.0000 0.0000 0.0155
——— IN573239.1 Botryllus schlosseri S FR35 155 0.0019 0.0000 0.2497
AB425963.1 Ulva flexuosa £ %l 0.0011 0.0012 0.0156
{ KR186056.1 Exaiptasia pallida ST 17525 0.0000 0.0000 0.0743
KC902157.1 Halichondria attenuata 3¢ N4 0.0016 0.0189 0.0111
| KM974369.1 Amphibalanus SRR 0.0004 0.0000 0.0054
LC377048.1 Bacillariophyceae T3 0.0025 0.0616 0.0306

025 020 015 0.10 0.05 0

Bl 2 18S rDNA FE[R [ il i 20 =Fb £ 25 B & h Vs 5 A= W RS 4
A5 I A B E R R A

Fig. 2 Composition of fouling organisms in stomach contents of three fish species based on high
throughput sequencing analysis of 18S rDNA gene
Figures in the right table indicute prey relative abundance.
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23 ARAFKAKEEFETEHOEBERER
T 45 5 s K 5 9 7 0 0 T S ) B B I O
s HA 3 FhfaZs, L, K EETE T AT
TIBINCORAE, MR AR B KNG R Rl R AR
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04 B 1 1 S B ) A O Y 3 A
P e R LU N T e
PSSR 3 R, AR IS R RS R
THON I PR B AR 2S5 . IR RIAR IR
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B

A

5

—H

E

P TS Wb b el 15.79%, 7E/NRAE
I BE ST B SR S Hh 8.47%. BN
S b, KU BRSNS  FE A
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g U - £ ) D L RS P VA R H R 1T A A
GNFTUFHY, KIS A X PRI EEE .

| AR treeplot |

4 A bar plot

LL

BL_

43T taxa

B KEY\F MG Symplegma rubra
O SEEHFNEHS Symplegma viride
B S REERY Botryllus schlosseri

B FLR Sz WGE Molgula manhattensis
O %3RG8 Herdmania momus

O 35¥ 5 Botrylloides niger

B HZARK WG Perophora japonica
O 4RSS Styela plicata

B K B ¥48Y Phallusia mammillata

O BER/NFFIERS Microcosmus exasperatus

434 group
—A
—B

0 0.05 0.10 0.15 (I) éll 8

B3 NI (AT HEHE (B) K

1|2
W8 T LR $ B L

Fig. 3 Species composition of Ascidiacea in stomach contents of small (A) and large (B) Siganus canaliculatus samples
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Analysis of feeding differences on fouling organisms of representative
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Abstract: Biofouling refers to the phenomenon where fouling organisms attach to and accumulate on artificial
surfaces, adversely impacting human production activities. In recent years, the economic losses caused by
biofouling have accounted for a substantial portion of the production costs in China’s mariculture industry.
However, current control technologies remain inadequate, highlighting the urgent need to develop green and
sustainable control strategies tailored to marine aquaculture environment. Using trophic cascade effects to control
fouling organisms has become a focal point of recent research. This approach enables the selection of different
biological agents based on the specific environmental characteristics of a given marine area, achieving effective
control of fouling organisms while also providing certain economic benefits. This study focused on the selection of
representative fish species including Siganus canaliculatus, Sparus latus, Rhabdosargus sarba, and Triacanthus
biaculeatus, from the Dongshan Bay region of the Fujian Province, to evaluate their potential as ecological
controllers of biofouling in Dongshan Bay. High-throughput sequencing technology was used to analyze the 18S
rDNA gene sequences within the digestive tracts of these four fish species to elucidate their dietary composition
and assess the differences in their consumption of fouling organisms. The results indicated significant differences
in the dietary composition of the four fish species. Triacanthus biaculeatus predominantly consumed osteichthyes,
displaying a strong carnivorous preference, while Siganus canaliculatus, Sparus latus, and Rhabdosargus sarba
exhibited omnivorous feeding habits. Notably, Sparus latus showed a preference for herbivorous diet, while
Rhabdosargus sarba tended towards carnivorous prey. Of particular interest is the finding that Siganus
canaliculatus demonstrated an obvious preference for consuming fouling organisms, particularly ascidians, as a
major component of its diet. Furthermore, the study revealed that larger individuals of Siganus canaliculatus
[(180+2) mm] consumed a greater quantity and variety of ascidians than smaller individuals [(120+2) mm]. This
study highlights the potential application of Siganus canaliculatus in the ecological control of biofouling,
providing new scientific insights and theoretical support for the development of ecological biofouling control
strategies and methods.
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