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P 2B A, Hoh, AT MR A T
WA B AT, LGRS IR A
T, FEDIREN FE R EY . R TR
(Seaman, 2000; Manoudis et al, 2005; FFJ3 7}, 2019;
KA TH, 2022) N T A0 A 43RS S0 fifk 4 JE] BBl UL
TR Y K PR BRI (Wilding et al, 2002), f34E %)
B IRER BOPE IR M A B S0 (Alongi et al, 2008; R4
&5, 2006) , RHTURR P A WAk 2722 A 1 52 il (Falcao et al,
2007), HutFel, AT sk e i A iR gt
I i AR 5. 24 55 (Henderson et al, 2014).,
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H R R R 1) 2 550 N T A A W80 Y
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WEREOUT , K HLA 1 R T 1 B R R
Mgk, e HL AR I 2 TV YRR W (B 4 A
2013). A= W w A 1 220 1 TG A HE o 4 4 H ) B
ARSI R R ENHEZM/E- . Yo %5(2010)
IR, A SR Ao B8 T LA i2E 22 Bk 4T W5 (Pinctada
fucata) 4 Bl % ; Unabia %5 (199955 & L, E2E
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ok P 1% 2 vl T A T v A R T, LM A B S s A
34 BRANTA A 11 BRI S T AR 36 A4 40 U
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(Mytilus coruscus) i X4, FIFH M T fa i 3% 1 53 25
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30% H)H, —80 TR Ao

13 HBHEMENEE

PP JE I K E S Li %(2014) i 71 o fdi 40
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EYVER T B S A0S k. 1
DU 43 B8 464k i AN [R) P J N T f RfE 3% 18 40 18 4 i) 38
i 2216E WA FRIEMOLY KI5 SE 24 h, B2 iR
25 °C, 7E 1600xg MY 5514 T B30 15 min ZBREFFRHE,
I AFSW 1EVEIF S AN A0 B . 20 B B TR TR
100 f%J5 7€ 0.22 pm JERE LAy, ] 0.1%89 1Y BERE
YWk E YL A 5 min, 7EEARELHT BXS1 W05 F ik
K 1000 1%, BEHLIEEL 10 SOEFHAIH B, BAR
P T B2 SN T X 7 40 TR B T VRGE A B
K EES A (BRI, LUK B 5256 Fr i 10 1x10°
1x107, 1x10% F1 5x10% cells/mL YA AN %, )
16 18 'C F R FE 48 h 58 A W o5 I ) 1) &5 o

1.6 E5ENA DUHE DUBH & SE08

ARSI Fir 8 JE 57 i DL HE DL SHe 5 i 7145 U g
B, BRI DURH BB AR 55 A R w4 . BT A HE
DA PR R 9% 7 d, BEBE 2 d Hk—ik,
FRAEAE 18 CHEIRIAEE T o LAY 554 4 9% (Isochrysis
zhanjiangensis)ff R HEL, AR 1 K.

HE L5 S22 % Yang % (2014)R 7%, B oG
HER I KB BB G R L, BRI in A 20 mL
AFSW., F¥ 2 18 B 5 S [0 0 200 1 2 B T T i)
AW B B R e B BRI R SR L, AL A
10 HAEDL, CEAE 18 CHEIGEKMT, ABlicss 12,
24 N 48 h IMEE O, TSR R ] S B HE DL E
o BRI 4 DRIIR AN % B LI B E 9 I F
11, DSBS R 35 MLrb gy S 5 AFSWRIAE D15 K
PR3 A Ry s xR A

1.7 E£YHEEARZTEITE

SN ESF Yang Z(2013), Bl Lr A )
BB AR R SRR A 22 24 h, T3 AFSW 56
WIVE 3 UK, B 0.1%MY BE RS G YL 4 S min J5 78 BAK
M BXS1 WA F K 1000 4%, BEHLZEE 10 01
PP AN R, AARE 3 AT
1.8 E£YHEEASENE

4 Tissue Protein Extraction Reagent & T 7K I T
Ba, BGE R 12 99 Bl A Protease
Inhibitor Cocktail FCfil i 1x TAEW . FH K ER 4835 1 K
H: Wl R 2= %A 5 mL ddHLO R/ MEEMR B 1l B i
W, AAUmAR—4 1.5 mL B.08 %, 16 000xg &
O 1 min J5 AR W, SEVEYRRTIEY . W
RFUTTESI A 300 uL Ix TAEW , "HTIR%] 2 min,

JF7EVK FIEE 20 min J5 10 000xg 2.0 20 min, #7
FEREBECE D, IR A BCA EEA R
W RE I R ) A (A T AR TR R A T AR W ol
& e . BRI E 3 A TAT4.

19 EYHESHESIENE

WS EINE S RPTEQOIN T, RITK
WHI AR 12 F3 A BRI 2%E 1 mL
ddH,0 19 1.5 mL &0 % TP IE sE TR, 100 °C ik /K i
J# 10 min, 13 000xg 5.0 15 min, Y8 WS, fn
ddH,0 £ 2 mL fH2IFFNH, JFLL 2 mL 208 K1E
FXFRRA . A 1 mL 2 B K VW (5%, m/V)FI
5 mL ¥RHRER, 80°C/KIE ML 20 min, BHIEZE
TS5 AR 66 BE I 52 485 nm AL, HERkEE
WHE 374l
110 FREFSAREENHALEEZSE

ARG EINES M Zeng FQ015 k., ff
FH 2216E WA F7ILEL 37 24 h BB, #i B2 ODgoo nm
J 1.5, A 15 pg/mL W-RRBHE SR, 7830 C
T REHIRS) 2 h, LRI AR R R B8 5
JRAVE R BHEXTBE L 7E 13 000xg 554 F &5.0> 15 min )5,
FE 350 nm AN E OB, BRI E 3 A FAT4l.

111 HiEAE

N T R 3R T 440 TR 0T JEE 5 I DLRE DU R 2 1 35 =
TG P 3 DL B A ok le e, sl IMP AR T4
PR GETT o HT o 20 PRS0 L A R 2 R 2 () Y A O
Pt IMP Y Spearman £/t T 8T,
P<0.05 I A W25 .
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ARSI Sy B S E AR EI) 9 MR T farE R An i
Mesoflavibacter sp.2 J& T L ¥ i | ] (Bacteroidetes) ,
Pseudoalteromonas sp.31 . Pseudoalteromonas sp.32 .
Vibrio sp.22 #1 Phaeobacter sp.2 [F]J@ T 2K B 1)
(Proteobacteria), Exiguobacteriumsp.1. Sutcliffiella sp.1 .
Cytobacillus sp.1 #1 Jeotgalibacillus sp.1 [F] & T JEEE R ]
(Firmicutes), ANEEAKRMNF . J& 2 P55 W& 1.
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ASZEG I O R B AE T S5 e [ P AT R 5
Vi DUHE DL B 19375 S 00 R S AC A ], PRt , R
/N 48 h BFROREE R (K 1), 455 ER, 9 MR AT Mk
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Tab.1 Sequencing results of bacteria on the surface of artificial reefs
X B XT3 415 HUNENEARZS AR AR
Comparison strain Matching sequence number Test strain Upload serial number Similarity/%
Mesoflavibacter sp.2 OP740538 ECSMB21121 NR134082 99
Pseudoalteromonas sp.31 OP740539 ECSMB21122 MN746173 91
Exiguobacterium sp.1 OP740540 ECSMB21123 NRO043005 99
Sutcliffiella sp.1 OP740541 ECSMB21124 NR040852 99
Cytobacillus sp.1 OP740542 ECSMB21125 NR112635 99
Vibrio sp.22 OP740543 ECSMB21126 NR036929 98
Jeotgalibacillus sp.1 OP740544 ECSMB21127 NR114573 97
Phaeobacter sp.2 OP740545 ECSMB21128 NR042673 99
Pseudoalteromonas sp.32 OP740546 ECSMB21129 NR114547 99

2 AT 20 TR 6T JER 7 i DUHE DL B 5 9175 S 0 PR AR e B

S, Hrh | Mesoflavibacter sp.2 S iG PR, 16
5x10° CFU/mL R}, #E D1 Bff & ik 63.33%, 1fif
Phaeobacter sp.2 i5 T 1% Mk, 76 5x10° CFU/mL fi},
HEDLBE & RAA 10%.

100wy 1x10° CFU/ML =3 1x107 CFU/mL
B 1x10° CFU/mL 3 5x10° CFU/mL

[t % Settlement/%

MR R Test strains

P12 T 4 T A ) B
X SR DUAE DL 175 %
Fig.1 Inducing activity of M. coruscus plantigrade
settlement on the different bacterial biofilm
on the surface of artificial reefs

AT RN 22 5 (P<0.05). R I,
Different letters indicate significant differences (P<0.05).
The same below.

23 B—WEEVEENAEEESESEEZE
BYFEZ S AT
ARSI R O Rk AN TR AE ) 4f 20 T 2 R [ G A
BT, e H A W9l B ) 20 1 0 52 B A [R] ) AR
fhia®t, Kl 2 Brs, 7E 5x10° CFU/mL 4k 40 & 2%

FET, 9 PR AN 2 BE XA B e . RIA, 9 bk
414 h Pseudoalteromonas sp.32 T i 1) A= 4 4 Ji 200 1
R A, ML 8 MRAIEAHIL A W E X R
(P<0.05), Mesoflavibacter sp.2 il Sutcliffiella sp.1 J&
S P14 £ 0 B A ] 2 A A

ARTIHR 9 PRANE A% 5iERIEEZ
) 4 A S A BT 8 SR N2 2 BT s . Sutcliffiellasp.1 il
Jeotgalibacillus sp.1 FJ4H % B 575 5 16 M 2 2 1E
#H>%, Cytobacillussp.1 1 Phaeobacter sp.2 f 4l i %
JE 5175 5 6 P 5 W R O (P<0.05)

—_
(=]
=

f B 1x10°CFU/mL [ 1x10" CFU/mL
B 1x108 CFU/mL 3 5x10° CFU/mL

40 %% ¥ Bacteria density/(cells/cm?)

MR B Test strains

P2 AT AR 3 T 200 T A ) 45 ) 400 T 2
Fig.2 Bacteria density of different bacterial biofilm
on the surface of artificial reefs
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(& 3). 3 NAWIIE AN A R . 45
R, [FETECE B EER Pseudoalteromonas
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sp.31 5 Pseudoalteromonas sp.32 = [f] 5 1% i 25 Ky
0.027 9, 52 A A T AR ik 2 1 70 15 75 2 A 240 1A v st A%
B BT 1% ; Mesoflavibacter sp.2 5 Jeotgalibacillus
sp.1 ML IEES S 0.414 6, J& FT A N T if 3% 1 41 B
R RIE . LR 2 MW R A —LE S
Jeotgalibacillus sp.1 Al Exiguobacterium sp.1 2 h—
%o X—4r % H5 Phaeobacter sp.2 B h—3, ZJ5
5 [FJ& FAE W 1 h Pseudoalteromonas sp.31 .
Pseudoalteromonas sp.32 Fll Vibrio sp.22 & 5 —41
X, fa AR THAFET T Mesoflavibacter sp.2
Rk,

25 AEEHRENKEEERERSHESERR

375 S 1% PE 41 1 Phaeobacter sp.2 T2 A4 2 1wk
ez oERR E& T oA S0 MEHRE
Mesoflavibacter sp.2 (P<0.05), #2775 %5 4a).
Phaeobacter sp.2 J& i i A= Y9k 5B 5 88 1 ot S i i
FET Mesoflavibacter sp.2 (P<0.05), 2 T
T 57.79% (& 4b), A HrEA . S ESH

95% 92%

W TER A CIE R CGE 4), ZRSHEN /S S
P 5 I 2 0RO (P<0.05), 18R 155 X #E DAY i S
PR B AH S PE(P<0.05).
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Tab.2 Correlation between bacteria density and inducing
activity of bacterial biofilm on the surface of artificial reefs

X E ¥R Test strains r P
Mesoflavibacter sp.2 0.745 3 0.2
Pseudoalteromonas sp.31 —-0.260 8 0.6
Exiguobacterium sp. 1 0.983 6 0.0513
Sutcliffiella sp.1 0.800 7 <0.000 1*
Cytobacillus sp.1 -0.773 2 <0.000 1*
Vibrio sp.22 -0.472 6 0.894 6
Jeotgalibacillus sp.1 0.908 7 <0.000 1*
Phaeobacter sp.2 —-0.706 3 <0.000 1*
Pseudoalteromonas sp.32 -0.403 1 0.8

T R R EVE 257 (P<0.05). R,
Note: * indicates significant differences (P<0.05). The
same below.

NR 117854.1 Sutcliffiellazhanjiangensis strain JSM 099021
NR 026144.1 Sutcliffiellahalmapala strain DSM 8723

NR 040852.1 Sutcliffiella sp.1

NR 108491.1 Cytobacillusgottheilii strain WCC 4585

NR 112635.1 Cytobacillus sp.1

NR 117285.1 Cytobacillusoceanisediminis strain H2

o NR 136485.1 Jeotgalibacillusmalaysiensis strain D5
4% 94% || NR 114573.1 Jeotgalibacilus sp.1
91%

NR 116713.1J eotgalibacillus terrae strain JSM 081008
FNR 043006.1 Exiguobacteriummarinum strain TF-80

94%

85%

87% —NR 036929.1 Vibrio sp.22

86% r’;R 042468.1 Vibriokanaloae strain LMG 20539
INR 114982.1 Vibriolentus strain CIP 107166

93% ,—NR 042981.1 Pseudoalteromonas sp.31

NR 114191.1 Pseudoalteromonasundina strain NBRC 103039

95%| rNR 043005.1 Exiguobacterium sp.1

94%"NR 043204.1 Exiguobacterium profundum strain 10C

NR 025139.1 Pseudoalteromonasissachenkonii strain KMM 3549
NR 114801.1 Pseudoalteromonas spiralis strain Te-2-2

NR 114436.1 Pseudoalteromonas distincta strain KMM 638

NR 114547.1 Pseudoalteromonas sp.32
NR 042673.1 Phaeobacter sp.2

88% [NR 157650.1 Phaeobacterporticola strain P97
88% —NR 159171.1 Phaeobacterpiscinae strain 27-4
89% NR 133778.1 Aurantibacteraestuarii strain KYW 614

0.050

89%\—FNR 134082.1 Mesoflavibacter sp.2
85%L-NR 165769.1 Mesoflavibacter profundi strain YC1039

B3 AWRFE P N T AR R T A R ) R ST R A

Fig.3 Phylogenetic tree of bacteria on the surface of artificial reefs in this study

26 HFHEZRSESH

ST EU N N N S A N v 1| DS =1 7 SR o
Mesoflavibacter sp.2 FMIiFE T 1440 Phaeobacter

sp.2 PEATHOEHE (S ARk R S0 e A v O 4
I Phaeobacter sp.2 %ML gER S EtE s, M
T Mesoflavibacter sp.2 Ftk, HELF4ER &I 3.07 %
(K 5) (P<0.05).
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Tab.3  Genetic distance of bacteria on the surface of artificial reefs in this study
ECSMB ECSMB ECSMB ECSMB ECSMB ECSMB ECSMB ECSMB ECSMB
21121 21122 21123 21124 21125 21126 21127 21128 21129
ECSMB21121
ECSMB21122  0.401 6
ECSMB21123  0.4130 0.346 1
ECSMB21124 0.407 3 0.3333 0.156 2
ECSMB21125 0.411 3 0.330 8 0.148 0 0.076 4
ECSMB21126  0.400 5 0.165 4 0.344 2 0.3357 0.3519
ECSMB21127 0.414 6 0.3316 0.166 7 0.107 2 0.090 7 0.3593
ECSMB21128 0.382 1 0.308 5 0.313 6 0.3184 0.3232 0.309 4 0.322 6
ECSMB21129 0.384 8 0.027 9 0.347 5 0.3270 0.326 8 0.167 8 0.324 5 0.296 8
400 a B Mesoflavibacter sp.2 ~ 80 b a m Mesoflavibacter sp.2
S =1 Phaeobacter sp.2 E =1 Phaeobacter sp.2
5 300 ‘ 3 g
=Ry i i
§:3 L £
®EE 200 i 40F b
B = 2
N g5 =g
5 100t ] § 20} L
~ b ol -8
I F
0 £ 0 '
Mesoflavibacter sp.2  Phaeobacter sp.2

1
Mesoflavibacter sp.2  Phaeobacter sp.2
A FE#E Test strains

MR B K Test strains

K4 AW R S T

Fig.4 Content analysis of proteins and polysaccharides in biofilms

R4 EYEEEORRSEIESHINFESEL
EEPS iy

Tab.4 Correlation analysis of proteins and polysaccharides
in biofilms and inducing activity of M. coruscus
plantigrade settlement

Wi T Protein £ 4 Polysaccharide
Item r P r P
[t 5 # Settlement 0.891 <0.000 1* —0.878 <0.000 1*
151 a
e —

B Mesoflavibacter sp.2
=1 Phaeobacter sp.2

i 1.0

<

e

&

= 9 05 b

£
Cellulose content/(pg/mL)

.

Mesoflavibacter sp.2 Phaeobacter sp.2

WX FE R Test strains
K5 ZFHER &

Fig.5 Comparison of cellulose content

e

ABEFEH, W T AR REFR 7B 1 9 BRI

4r 9 J& F Mesoflavibacter . Pseudoalteromonas .
Exiguobacterium, Sutcliffiella. Cytobacillus, Vibrio .
Jeotgalibacillus I Phaeobacter %5 8 Mg, Hr,
Mesoflavibacter . Pseudoalteromonas. ibrio F1 Phaeobacter
A 7E LA I SR 52 T DL i 38 40 B AR DA 53 v R RE A
FE(TR AR, 2021; B4R, 2017). 9 FRANTETE MUY
BAL— 24 TR A B X R 5 i DUHE DL 2 0475 S 3
ANT],  HL ] — e A ] P 22 )35 5 36 P AN ]
X1t BH B — 41 TR A BT JEE 56 i DUHE DL B 9 5
IS M E A TCOC, AT ARIESE T X — A
(Yang et al, 2013; Li et al, 2014; #4784, 2015),
DITERFFE R, 4078 % B AR A= Wy i 1) A= o
Rtz —, SWETETCE HESh Y 0 B R R B A G
IMRRAEQ015)MFFE R, M aEEHEAL Y B 5 2R T
BRI 9 BRI TR T, A7 7 PRI VE AH B X R 52 1 D
HE DU B 25 1) 375 3 T P 5 JHC 24 0 e A T 2 R I 5 A
XKoo LiZEQ014)F 58 L BL, MBEEES 3 1 b5 10 A R4
PR [ oy AR B0 10 BRIEFEATE T, 9 BRXE 5T
Tty DUHE DB 36 9 75 905 M 5 o — 2 1 2E 0 4 P ) 4
TR PR 5 W R OG o T A VSR 7 T DL J 3 B R 1) A DG B
FEH, BIRAFQO17)IFFE A IR, 10 BRI H JE 52 Ik DT
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WAiE A, A S HREBEMHG; RFEHRS%2021)
R, WA 10 BRIESEIRDUmE A T, A 6tk
14 J5E 5 Ty D HEE D355 5 0 4 5 JHG A W e 0 1 o T I
EA FEAARGT R, DAY 9 MR\ T A 2 1f 4 TR
W, AR 4 BRANETE B AE D S S R R
FAHIC, HCHEN , AR 20 TR B AR SR 5T I DUAE DL R
W AR A —E R, (EIEAIE T I
TEVEAN , ATRE S AR ORIEAA OC . b, AWHiE
RIL, BEE WA A0 % B T, A RO R 5 iR D
HE DL BN 3 19155 S 5 1 A Al S AN AR TR] 3 Ul B
AR b 40 P 2 R s, HE DLAY B SRl sy, 25 bk
A ARG A E, HSH@EMEAC, X5
DI FE 25 SR AR R (B 1855, 2017; Peng et al, 2020b).

XFABFFE B 20 9 BRAN P 1Yt (& kL 5 R
FeIE DIHE DL B & 5 IS M TR OG0T, RAEKRE
Iy B B9 45 S R, Pseudoalteromonas sp.31 5
Pseudoalteromonas sp.32 it f& B & it , H R
i DUHE DU 16 P RAT W25 25 5% 5 T Mesoflavibacter
sp.2 5 Jeotgalibacillus sp.1 Bt /L HE B fei, — %}
JEESENG DUHE DU 5 0l et B 2 22 5, X Ui B 4
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The Effect of Mono-Species Bacterial Biofilms Formed on the Surface of
Artificial Reef on Settlement of Plantigradesin Mytilus coruscus

YANG J inlongl’z’”}, YU Xiangbing'?, HU Xiaomeng'?, HE Chuhan'?, LIANG Xiao'*

(1. International Research Center for Marine Biosciences, Ministry of Science and Technology, Shanghai Ocean University,
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Laboratory (Guangzhou), Guangzhou 511458, China)

Abstract Aquaculture is the fastest growing food production industry. The Chinese mariculture
industry has made great progress in the past 40 years to become the dominant producer of aquaculture.
However, the current deterioration of the water environment and the aggravation of farming diseases
poses challenges for the traditional culture model to meet the new requirements of healthy
development in marine fishery resources. This problem was addressed using marine ranching. This is
a new mariculture model that includes two approaches (artificial reefs and stocking) with the goal of
achieving environmental and ecological harmony. Artificial reefs are an important component of this
marine ranching model since they can help improve the water environment around the reefs, promote
nutrient circulation, provide a suitable habitat for marine organisms, and encourage colonization of
the reef surface by sessile organisms. The placement of artificial reefs into seawater may serve as a
substrate for bacteria to form a biofilm on the surface. Biofilms play a crucial role in the settlement of
many marine invertebrate species. However, limited research was conducted into the relationship
between bacteria on the surface of artificial reefs, biofilm formation, and the settlement behavior of
Mytilus coruscus.

This study placed white acrylic plates and tetrahedral structured artificial reefs in Gouqi Island,
Zhoushan City, Zhejiang Province, China (122°46" E; 30°43’ N) . Nine strains of bacteria isolated
from the surface of the artificial reefs were used to construct mono-species bacterial biofilms and
induce plantigrade settlement of M. coruscus. The aim of the study was to investigate the interactions
between marine bacteria and the settlement of M. coruscus on the surface of artificial reefs. The
marine biofilms impacted the settlement process of M. coruscus. The bacterial species from the
marine biofilm were screened for high and low inducing activity and analyzed for bacterial density,
protein, and polysaccharide content to further explore the relationship between different bacterial
biofilms and M. coruscus settlement.

There were significant differences in the induction activity of biofilms formed by the nine strains
of artificial reef bacteria on the settlement of M. coruscus: Mesoflavibacter sp.2 and Phaeobacter
sp.2 showed the highest and lowest induction activity, respectively. Bacteria within the same genus
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exhibited differences in induction activity. This indicated that the induction activity of bacterial
biofilms on mussel settlement was independent of bacterial species. Phylogenetic analysis showed
that genetically similar strains (such as Pseudoalteromonas sp.31 and Pseudoalteromonas sp.32) and
genetically distant strains (such as Mesoflavibacter sp.2 and Jeotgalibacillus sp.1) showed significant
differences in the induction activity of M. coruscus settlement. Only four of the nine bacterial strains
showed significant correlation between biofilm density and the settlement rate. Sutcliffiella sp.1 and
Jeotgalibacillus sp.1 exhibited a positive correlation between bacterial density and induction activity.
This indicated that bacterial density may play a role in M. coruscus settlement, although it may be
strain specific. Additionally, the trend of induction activity of mussel larvae attachment varied with
increasing initial bacterial density. The optimal density for settlement is strain specific. Further
analysis of biofilm active substance content in Mesoflavibacter sp.2 and Phaeobacter sp.2 revealed
that polysaccharide content negatively correlated with induction activity of M. coruscus and
positively correlated with protein content. This suggests that bacterial species may not directly affect
M. coruscus settlement, although bacteria may indirectly influence settlement by affecting the
secretion of extracellular products.

This study showed that nine bacterial strains had significant differences in their ability to
induce mussel settlement on the surface of artificial reefs. Interestingly, these differences did not
necessarily correlate with the genetic distance between the marine bacteria. Further investigations
were conducted on two selected strains of bacteria (Mesoflavibacter sp.2 and Phaeobacter sp.) that
exhibited different levels of inductive activity on M. coruscus. The polysaccharide content and
protein content negatively and positively correlated with the induction activity of M. coruscus,
respectively. This suggests that the presence of specific polysaccharides may negatively affect the
settlement of M. coruscus according to cellulose content measurements.

This is the first study investigating the effect of bacteria on M. coruscus settlement on the surface of
artificial reefs. This has significant theoretical implications for further research on the interactions
between biofilms and marine invertebrates on the surface of artificial reefs in natural marine environments.
Understanding the settlement mechanisms of marine benthic organisms on artificial reefs is crucial to
manage and conserve marine resources since artificial reefs are widely used to enhance marine habitat and
biodiversity. The findings of this study have practical implications for the design and construction of
artificial reefs. Understanding the role of bacteria in mussel settlement facilitates the optimization of
artificial reef structures to promote or inhibit the settlement of target species. This knowledge can help
develop effective strategies to manage biofouling on artificial reefs. This can impact the performance and
longevity of these structures. Further research in this field will deepen our understanding of the
underlying mechanisms and enable development of management strategies for artificial reefs and marine
conservation efforts.
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