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Fig.2 Schematic diagram (A) and internal structural perspective (B) of the artificial algal reef
: DR KRS AL (D80 mm); @)k 4 il 37 4% 5 By 22 [ 1 9 AL 14 (0200 mm); @>Hy 1/4 [ SR ICFLAR AR I3 ; B Ky AN IR b4 A6k 2K S 42

Note: (D a water exchange aperture (diameter: 80 mm); ) a load-bearing structural steel column; (3 a semi-circular steel plate component (diameter: 200 mm);

@ a quarter-circular, non-porous steel base plate; and (3 a horizontally oriented composite plate composed of different materials.
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Table 1 Investigation results of water environmental indicators

$6¥% Parameter 2021.11 2022.06 2022.09 2023.05 2023.08

HEEET(C) 15.87 +0.15¢ 24,93 +0.32° 21.53 +£0.25¢ 15.40 + 0.30° 23.67 +0.38

b1 Sal (%) 31.97 £0.06 29.57 +0.64° 29.70 +0.36™ 30.23 £ 0.06™ 30.40£0.17°
WV (ms™) 0.13£0.01* 0.14 £ 0.02® 0.15+0.01° 0.13£0.01® 0.12 + 0.02°
HEDO(mg L) 7.60 £0.01° 7.43 +£0.04° 6.68 = 0.08° 12.56 +0.02° 9.06 + 0.09°
pHIA 8.47 +0.06° 8.30+0.10° 8.47+0.15° 8.46 +0.04° 7.31+0.09°

PO -P(mgL™) 0.020 £ 0.001° 0.012 £ 0.001° 0.016 = 0.001°* 0.003 £ 0.001° 0.006 + 0.002°
TCHLADIN(mg L) 0.35+0.01° 0.28 £0.03° 0.34+0.01° 0.55+0.07° 0.40 +0.03°

TE: /NG FREFRIR N [R] I I [ 2 [ AP B 2 22 53 (P<0.05) .

Note: Lowercase letters indicate statistically significant differences across survey time (P<0.05).

T i R SR AT DIN B A 2 9, AR i 32 KBIMEREE

B DIN ¥ 4 F 03~ 04 mg L' X 5], H 20234  3.2.1 FhE4

5 A A% 0.55 mg L', 3 W 1 00 9 A BF 52 1 5 DIN % LU E A LE B FTRE 1 T FhobA R MR AR N 2
PRAL T AR X B K2, P T L, BRI R 30T 128 14 R0 (3R 2), gt ]
DIN 5 PO} -P i BE /R HL 29 Ky 74.6, W] @75 F Redfield  (Chlorophyta) 5 J& 7 Flr, /& A R B 50.0%, 19,35
FEAE Y 16 = 1200, W& (Enteromorphacintestinalis ), JI¥n# ( Codium fragile)

F2 ANIEBABMERLRAR

Table 2 Species composition of macroalgae associated with artificial algal reefs

| Fhk 2021.11 2022.06 2022.09 2023.05 2023.08 TR T
Phylum Species S C S C S c S C S ¢ Temperature adaptation nature
Wi s Enteromorpha intestinalis + + CT
LS Enteromorpha linza + + + + WT
BARPIEE Bryopsis corticulans 4 + WT
sl
BRI fLAZE Ulva pertusa + + + + + + + WT
Chlorophyta
HIABE Codium fragile + WT
B ¥ Chaetomorpha antennina + + WT
LIEAE LR Chaetomorpha linum + + + + + + + WT
/NI Corallina pilulifera + + ST
X% Chondrus ocellatus + + WT
ST
Rh'oTa{Z%plhjyta Z44 W Polysiphonia urceolata + LB
BRIRMAEE Grateloupia ramosissima + WT
JISE Asparagus schoberioides n WT
T Kz Ectocarpus siliculosus + CT
Phacophyta W32 Undaria pinnatifida + + + + WT

T SERAIM, CFIRIREE L, +FRREBEI, WTERBGRAF A, CTRR RIS, STRRWHAFFIE, LBFRR WIEHFIZ,
Note: S = steel; C = concrete; “+” denotes presence of the corresponding macroalgal species; WT = warm temperate; CT = cold temperate; ST = sub

tropical; LB = lower boreal.
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Fig. 3 Temporal changes in macroalgal biomass across sub-
strate materials
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sampling time (P<0.05).
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Fig. 4 Temporal changes in macroalgal settlement density across substrate types
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Table 3 Dominant macroalgal species and their relative domin-

ance across substrate types

i #VEF Relative dominance

i) PrFh
Time Dominant species MM Steel  R%E+ Concrete
BRI Bryopsis corticulans 0.49 0.50
LR E Enteromorpha linza 0.30 0.42
2021.11
/NIEE Corallina pilulifera 0.06 0.08
JKz Ectocarpus siliculosus 0.15 —
2022.06 LA ZE Ulva pertusa 1.00 1.00
fLAZE Ulva pertusa 0.99 0.89
2022.09
LW Chaetomorpha antennina _ 0.10
2023.05 W3 Undaria pinnatifida 0.99 0.99
W 3E Undaria pinnatifida 0.57 0.97
2023.08 fLA 2l Ulva pertusa 0.42 _
eI Asparagus schoberioides — 0.03

AW R 7 LS A 99%, b i B BEVE A AR
F & 3 ) 4 8 9 L AE . X 2022 4 6 A 5 2023 4
8 H L # o a] 1, AEAH LAY 27 51 T, AR5 il
LA 2R R SR, e WA 07 0T R 7R o o 8 2 114 i
BHEAREZW,
3.2.4 VR ZFEVERRE

TR TR R 25 3 2 1) 22 RE T i B0 e T 9 B L PR i
EW BB 8 (P<0.05), ERZEAA B EXEFN
AN B T, BB R TR B A 8 28 1) 2 AR M A B TR
+ (& 5), B (2021 48 11 A ) & 2022 49 A
A, W RE 3 T R F 5 325 19 Shannon-Wiener £ FEPE
8B (H") . Margalef & JE 48 50 (D) 5 Pielou ¥ 5] &
e EC()) ¥ B E & TR B £ (P<0.05) . FE 3 &7E
2023 4 8 H, AN AT RBLI E BRI H' . DA J 580
SRR EE 1 33 M5 25 15 5 1.3 /% . SR, £ 2022
SRR, BETE 22 RE 1 S A St 34, TR B+ KRB
B HY TR B = TN (P<0.05), IAh, 78
2023 4£ 45 2%, X Pielou ¥ %) FE 45 % () & 90t B9 41
F TR EE 1 (P<0.05), i H'S D 8 504 9 Flokt k)
IG5,
3.2.5 BEESSHWRISHDT

BEF RO 28 A W i B 1) SR 25 5 nMDS HE TR
TR, BEWTE 60% HH U 7K - 4b BT 1 Al 448 3 B 119
A3 UiLAE Ja (B 6A), H 2 8 2 0 5 L e R4 T 17—
Gy AR A 3, Won oy B B R e v, Hodh

F4 ARAEMERMHBRESRE]. LENBEE
EYESKREMERLSEMERLLG

Table 4 Proportions of Chlorophyta, Rhodophyta and Phaeo-

phyta biomass in the total attached macroalgal biomass on steel

and concrete substrates survey times

i . Proportion

] ]
Time Phylum Hb Steel  TREEL Concrete
43171 Chlorophyta 64.80 92.18
2021.11  Z[¥7] Rhodophyta 6.07 7.82
#33%1] Phaecophyta 10.89 _
£ ] Chlorophyta 100.00 100.00
2022.06  ZL3#[7] Rhodophyta _ _
#53#1"] Phaeophyta _ _
£ ] Chlorophyta 100.00 100.00
2022.09  ZL3#[] Rhodophyta _ _
#53#1"] Phaeophyta _ _
£ ] Chlorophyta 1.31 0.20
2023.05  ZL#] Rhodophyta 0.00 0.29
331" Phacophyta 98.68 99.52
£}31] Chlorophyta 4252 _
2023.08 = £L#0 ] Rhodophyta — 3.00
#3577 Phacophyta 57.48 96.99
TE: —FORARKL, 0.00F7R e A HHH & LUAR AR,
Note: “— denotes absence of detection; “0.00” indicates presence at

trace levels.

2021 4B 11 F FE i 5 05 2 45 KR O 43 B e o WD B
nMDS 1) —4E 5 18 K 0.02, W% 4 HE Y BE 8 4
I b S WERE S T 22 5 OC R (B 6B), 20224 6 H 5
2022 4F 9 ARESTEZS T IXEUR AR, SRIR AT 23T 1)
BEVE LK, 2023 4E 5 A 5 2023 4F 8 A RERh B0 A
THEF B 07 998 W) — A X, SR e 4 A 5
Wk T B BetE R A2

WA 28 X ANOSIM 43 #7 $i s, Bsf 8] - 44 6} 2 [i]
% 5 i % (Global R=0.959, P=0.001), H. W # [t &5 iy
R {1 455 1 (R=0.926, P=0.01), & W A [7] Ak B o 7% &%
¥ 22 S5 B s B OREE - 5 T A B[R] b RL - 2H Y T
FtN IR 1K 2] 5 2 /K (Global R=0.519, P=0.002), {H H:
RN 588 B AR T B[] 81—, s A 2 ) s ) 2% 1Ay
I MR Rl . MVDISP 45 5 8K, AS B I a2k
S F 2H PN B O AR AR B B AR AR, W 2022 4F 6 A K
0.545., 2023 4E 8 A Jy 1.408, T 4N A4 5 TR 5 1 5 40 25
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galef's index (B), and Pielou's index (C) of macroalgae between
substrate types
S WM CRBE L VR 22 /NG S 1EFR 7R AR [al A 48 A [5] i [
Z A TE S35 25 5, * 37 AL TR R 1A [8) B4 RE 22 R AF 7 J 35 22 5+
(P<0.05),

Note: S: Steel; C: Concrete. Lowercase letters on error bars denote signi-
ficant differences among sampling times within each substrate material;
and asterisks (*) denote significant differences between substrate types at

each sampling time (P<0.05).

B SR (43910 0903 5 1.097), 10 B 44 KL 2H [7]
EZ R GITESIE A K] BE 56 4 h 41 P B O 22 55 T
WKH, Zi4 %2 . nMDS 5 ANOSIM (1) — B 1k iiF 4
FEH, A SCHE 60% FAL M K P-4 K] 1 R 26404, T 4
R b 3R 1E BIF 5 11 P O 7R RS 2 i 45 ) 1 B B A3
(& 6),
33 KEKMEDY
330 MEAH NS E oA

VR R A A RO ORE B R AR RS R LR KR
ERW 25T (FsS), KIET4r122/8. HhH 15

Y17 (Annelida) 11 J& 13 %, (5 S P 28501 52.0%; 3K
1T (Mollusca) 6 J& 8 Ft, (5 32.0%; 7K Zh 1]
(Arthropoda) 5 ¥ & 2l /'] ( Chordata) 45 2 i, ¥ (4
8.0%.

TR R B s e FE R B 3 25 S o W)
T 1R] B4 41 22 T Rt sk B 25 2l ) 20 i, R IR BE R
RHEY 1.7 45, Hodh 2023 48 5 H, 800 K 2 B 25 3l 4 Fif
FHGRF) 15 B, BIREE LB 1545 5317
T ST AW b 30D %) B 5 P 200 (8 A ), SRR BE T AR
2 7%, RN AR T 2 L5802 w il 5 i R .
332 YR SHE%E

ANTFRERERT B B A i B B e, T
A0 Ff ] R R 2 T B A S AR e R TR BE
4 (P<0.05; ] 7A). 2023 4F 8 A, Sk % i Bt 5 1 4
Ak B e K AE, A 47 570.25+5 200.18 g'm 2, fE TR
HE A1y 8.3 4%, Hrp K4t W5 ( Crassostrea gigas) k4 X}
MR, A=W BTIR 2 b7 90%. AT W ) At () 4 b 3
i B 25 20 0 10 B 2 2 O R 3 i IR B (P<0.05;
TB). 20224F 6 H, MM R 1H Bt B W (0 B 0%
INE B KA, SRR BE T 3.9 £ 2 2023 4F 8 H, WA &
T B 5 2 ) B A o R A Gk BT BE Y 2.7 % (P<
0.05).
3.3.3 [ & sl Z REPEARE

[t 25 4 i) Shannon-Wiener £ £ 5 80 (H) 5
Margalef ¥ Ff =F & 45 £k (D) ¥ e B 1 35 1 b4 sk 22
S, BAM R TR BE 1 (R 6). 2021 4F 11 H 5 2022
AE9 H, TREE L R K & AW D, 2R BOR
ReA AR, T R AR b 2 1 O 8 BB A — 2 25 A R
TERYBEE sh e ds , o HTe 8050 5 %) 081 £0.25 5
0.46 = 0.40(P<0.05).

PR B4R 2 FEPEFE ROE 2023 4F 8 H 3k 3] 4 4]
W (E, (HRA AT DR 5 T SO0 3 o IR, BRRA 3R T 1Y
WA E R (D) N 1.13£0.10, BFEH THRE L
FIH 1 0.75 £ 0.14(P<0.05), &I 1.51 %; SN 19 Hg
B 211 £0.15, & TIREE LR EAY 1.71 £0.20,

52805 E W AR, Pielou ¥4 BEFE B()) 16
22850 I I Be N 32 R R W /N (P>0.05) . B Y
IR &+ e m 1 JH 251k 0.77~1.00 5 0.78~0.96.
IUAE 2023 4F 5 H IR EE H R 5] B AR A0 S
TN 21 (P<0.05).

4 HE

4.1 B FTIBEALME BT A BE 7R R TE B9 R
A 5 i i A R — R B0 N BB AN A S TR
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a Group average

Standardise samples by total

Transform: fourth root

Resemblance: S17 bray curtis similarity
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Fig. 6 Cluster analysis (A) and non-metric multidimensional scaling (nMDS) ordination (B) of macroalgal

assemblages across substrate types
TE: SRR i l-BA kb, S A, CoIRBEL .

Note: Samples are grouped by sampling time and substrate type (S: steel; C: concrete), with substrate as the primary fixed factor in multivariate analyses.

A A, R AT T PR RN R AR B A ) T AROR
S, TR - A Ak b P B 3 i 2 A ) e T
iR TN, AN F B sh AR W it 5 W Fh R e
i TIREE L, RN SIREE L1024 A RV RIE £
B R A 5 2 RS 25 20 ) ) XU A T, 3 w52 B4
RS E AR 2R R TR, O N TR
oA R 3 R 235 4 T AL TR L . KRR R A= )
FEASRIRARE b1 22 5, 0T RE 2 AR VE 5T 5 T b T
55 A6 38 2ok kA S BE AT )RR B L GO BE K B O 5
P R, 1 i O 2 7400 G BE ) MO 0 S SRR 4
1;/4][27*28]0

TR 4 X6 R AU 2 i A1 1 28 A KON, AT eI
I E MRS B 5 55 6P o Harlin F1 Lindbergh!™
WFFE R W, TR 5K 3 01 20T, e MR F8E 66 o i iod
PR SRR RE B L, FL e BT 3 R (79.5%) I ik G 2
Ji(0.5%) 14 159 4% o B BERLRES B2 4, Ak 24 A 555 W)
FERFECSEVE R, IR EE AR K Th & 212 B Ca(OH),,

ol 65 - /K A4 L TEDIE A pHL W i 1 ] LV K 1 55 e
BT, T3 0 24 ) RS I8 15 60— 286 A 45 o R 200
XFN THEMBHE 256 o3 A b 9, TR &E 7R BA
IR R E HLLE A RO BT W AR R 2 — Bl

FELZTR , BB X B3 sl ) B A o e 1 B o 5
FIREI ZFEPE . X PTRE 5 B9 A R BOE T . FLBRE
BXARAT O, X RE AR 2 1T Bl 245 F) AS R 1 R R i DS B
UL bR AW RS AR L ISR SRS T
() ] )P A S AU 28 Choi 25 BY BF ST & B, K %Y
R TR 0 o O L R AR A B RN DORR AR A T oK
T 5 2 S i i S AR . AR v, TR - R
(IRR T SR B IR 3 0.99, FTRESR AL T Xt shi
A7 [B) A HEFe T ARRE 2 THT PRI 98 216 3 5 5 DA i 4
R TS IMEE S A S F R
42 ANIBHEMELEYHEENESHE

N THERERTOUG , B A2 W) R 05 30 22 0 e S
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Table 5 Species composition of attached animals associated with artificial algal reefs
N Flik 2021.11 2022.06 2022.09 2023.05 2023.08 TR
Phylum Species S C S C S C S C S ¢ Temperature adaptation nature
K4 Wi Crassostrea gigas + + o+ + + o+ + o+ WT
KU Mytilus edulis + + + WT
KITHENING Hiatella orientalis + + + WT
kST SR Littorina brevicula + WT
Mollusca LT B Nassarius succinctus + WT
F5UNZASBLIE Nassarius festivus + WT
i IR/INEIR Mitrella burchardi + WT
/N Mitrella bella + WT
W] VUG Pugettia quadridens + WT
Arthropoda KIEBRIE Corophium major + WT
BRI BN Ciona intestinalis T + 4 WT
Chordata 1R Styela clava + o+ T WT
TS VD AE Perinereis cultrifera + + WT
KU Eteone longa + WT
2 RIVP AT Nectoneanthes multignatha + + WT
VAR Nereis succinea + + WT
TCHER WL 4 Inermonephtys inermis T WT
FEER T W) UD A Nephtys oligobranchia + + WT
Hir%ﬁ?a” ZHRRVIUP A Nephtys polybranchia + WT
AMEIFT L Sternaspis scutata . WT
EE % 1 Harmothoé dictyophora + o+ WT
KA5Vb A% Nereis longior + o+ WT
WL Pista cristata + WT
K4 H Haploscoloplos elongates + WT
R AL Paralacydonia paradoxa + WT

T ST, CERURIRBEL, +F RIS ), WTFIRBRIR AR .

Note: S = steel; C = concrete; “+” denotes presence of the corresponding attached animal species; WT = warm temperate.

ABTTE S B, R BEAE I DU TS bk B 1] 15 46
1R, B IS 3 A DUBRARPIEE | A8 & bl
PSR Ry 3 Bk 5 10~ 13 /S H L A7 26 46 %
PR (¥=1.00); 2B J5 29 20 D, # SR HURAL
A 2RO 2 0 DL H R, b R R B RV L2
Je By B A LUK IR O 1% 0 IR E B BL . BIFSE
55 35 7 s R H A S5 T SO R A N TR 40
SRR BB R, D oy B S [ A g 2 A ]

R AN BFETE T L AU A AR W 0 2 S U9, S pl 408 T ¥ DX ¥
R B A R 3 ST I 0 SR B I B T M A
W2 S R WACIE 5 v B B R B S e T
TR TR RS 36 A v AR 0 384 0 ) 30 R A, L vl BE A2 3
Jl J0 T REPR L R SR IX % 57 B DX 45 7 50 o 045 2 i
YNGR

B A5 W 7 TR PR B 1 T A B R 0 A
f B IO o —T77 T, R B MOIE 25 2= M P 5 [
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Fig. 7 Temporal changes in attached animal biomass (A) and

density (B) across substrate materials
. S: §HF Steel; C: IR #E 1 Concrete; PR 2275 /NG F 1R /R A [R]
BRI I 2 ) 7 52952 5.+ L L 14 2 1
FFAE S 3 22 5 (P<0.05).
Note: S: Steel; C: Concrete. Lowercase letters on error bars denote signi-
ficant differences among sampling times within each substrate material;
and asterisks (*) denote significant differences between substrate types at

each sampling time (P<0.05).

g TR B2 AR K e, B ZE e ok
A B R AR ) T DY 5 — 5 T, AEAH
T SRAE T, AN TRIARE BEAR [ 2540 RAE AR S 2
IR F S 8 ) 4 9 1) )y I PR AR AR N 2022 AR B L BRI
AL A 25 SR 5 32, M ) 2023 4F 5 H, WH Al
TR BE 3% 1H 5 BT AR & b 23 0] 3k 3 98.68% Fil
99.52%, 2023 4 8 A1 43 I REF1E 57.48% il 96.99%,
Ui 5 AR VR % AHEE (5 LB B, IRV AR AT
R 7 B A 21 W e 2, I LR U S K T 2 A P R

FER S Zoe gt T 25 F ik — 2 R W, Rt
15 60% AHALLE 7K -T2 B i 43 26, b 2021 48 11 H
e 5 a2 WA A B R W L, 20224 6 H 5
2022 4F 9 A RE B4, 2023 4E 5 A 5 2023 4E 8 A
Y oy — X, R 5 BARETE & A B Btk AR
ANOSIM 53 M1 3#F — 25 2 B, ] [R] 280 17 5% i) ey Wb 35
(Global R=0.959, P=0.001), 44k 35017 71 52 el dnb 2 {H 58k J3E
% (Global R=0.519, P=0.002), F. MVDISP %75 #id #1
TR U - A PN S R AR, 1 PH A I 5 TP R v T

Fo MEIMEMESHMEREY
Table 6 Diversity indices of attached animal assemblages across

substrate types

e AR AR SRS B b B RS D 9 5] AR R

Time Material Shannon-Wiener index Margalef’s index Pielou’s index

2021.11 W 0.81 +0.25% 0.24£0.10%  0.97+0.05
TR+ 0.00 = 0.00 0.00 = 0.00 —
2022.06 W 1.42 +0.02* 0.51£0.01*  0.89+0.01
HEEL 0.85+0.16 0.31+0.01 0.78 +0.15
2022.09 W 0.46 + 0.40 0.13+0.11 1.00 + 0.00
REEL — _ _
2023.05 W 0.52+0.04 0.16 + 0.00 0.77 + 0.04
TR+ 0.21+0.37 0.06£0.10  0.870.05*
2023.08 W 2.11+0.15 1.13£0.10%  0.93+0.02
TRBEL 1.71+£0.20 0.75+0.14 0.96 + 0.03

TE - 7 FR A [ ] 8] AS [ B ] AT S35 22 57 (P<0.05). 20214F
VU TR BE L R AT % B LR 3 34, S i DR 0, JRL«— 2R
20224F9 H R #EE TR IR ICR B ), BURGREII LI —FR

Note: “*” denote significant differences between substrate types at each
sampling time(P<0.05). In November 2021, only one attached animal
species was detected on the concrete substrate; consequently H' and D were
both zero, whereas J is undefined and reported as “—”. In September 2022,
no attached animals species were detected on the concrete substrate; and

therefore, all three diversity indices are undefined and reported as “—.

B ] 3R S5 T A RHEK B, 3 5 T - B e B
Hh ] e 4] 32 S R A A AN — B, B R
V& Fa e mE] 29 20 4~ H , 4 F H 248 Murohana ¥ 38 i
18 A~ H P58 B A1 5 75 11 3 AR BT 156 B AE AT 50 g
WSR2 AR T B DA R R AT . PRt
(RZR By 3RS OIS A1, ] B8 5 00F 5% 1 340 0 4
SN FR A XA OC, M T T, bl T
TEH HSRIE PR o X ENE T Sousal 5& T 55 7
B EEe, BVAERN IR 7 R AT R e b, 35 E A RE T
FE R AT I 2 4 i TR I T R S R]  {FHE TATS
it 25 G A AR R 4 A | TR 3 o st 4% 3% G M S IR
Pt — Bk

WA, BIF 5 UE S5R 3 S ik 45 ) R 1 K Ak 2 AR Al
A REX BV TR AR b A St e . AR SR, T
LA (DIN) Jy 0.28~0.55 mg L™, F-3J % 0.384 mg-L ™',
PO -P } 0.003~ 0.20 mg-L"' ¥ 1 25 0.011 4 mg'L™,
SEHEEIR NP 2978 74.6, BT Redfield A 16 @ 17,
456 BT R EUE SR RS, | N/P IR I
2 i Vo A T 5 B 3% s ) ) Vi R R R L, O RT
i 72 0 5 B0 Bl PR A A 1) 500, 2023 4F S ), BESR I
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GUON 2R S ARBEGE 2023 4F 5 Ak T RAR K LB B

[l A R BB 5 s 2R Ak 8 e M s E, 8BS
DO B Al BEf b T R BIFHE A SR AE A KT SN )R
M EUR AR . e b, 2023 4F 8 H W FX I pH (-1
R 7.31 +0.09, S AL T HAdJH AR ] o R VB pH
{H 10 S R T A, BRI BEAb, ik 2 A = 5
W | -1 CO, 38 0 e i 1K SCIR A 45 22 [ &= 2L [)
PR G5 T G U S8 300 % B R i M 3 Bl 5 1Y
5, 2023 4F 8 A pHE T RES E B m iR &k
T SR A W b BR Ak 2 0 B 4 v N I K SR A A2 4R
VR HIA G

43 M-BEEGERNYBRENIREESEEREX

5 —BORLEEREAR L, A ST P BA 5 IR BE A
] — AR P R B B Dy e AR, M RE T 2 A i T
B RO, TR BE TS T KAV & B R
FUR A= it AR, R 0 5 A ) T B s 2 e
B RN Z2 REPELE R, P A A — AR PR oT rh i 2H G,
WA 77 2 R G T 2 Be 06 16 [A) i3 s a) vh 3k 1
AFORT 385 B A B B S5 o 3R AN [R] 5 A 3R 1 A7 L1
BRSO, T H2 3 38 4 25 ) 04k S A 8 6 B
#b, DT 4 1= B AN AR 2R 48 1 A ) ek 7k e ) R
SR,

WA AR B R, ANEA R A B G A 28 1k
FWY, 0T Ja8 P AT A R Vi T A R R e R A1 B
HARE M. 2022 4F 9 J TR BE + 3R 1m0 B 25 2 9 B S
A AR RE 3R T AT A HE 5 e O L B W R R W
P2 BE o %) 2 4 Bl 0 ) B IR — B, ZORER I,
1R LA 286 55 S e e ) A2 e R B T K A e AR
VIO, TRBE 2 A R Bl AR R R il g it
RS, SR M H R BUL R R AR,
AHEE Z T, B8 2% 1A OC B 2R A D, K W
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B b, 2R T R IR AN Bl S R A
rh S I8, R B e Y e 9 R e o3l S ] R 5
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SE
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[F] A48 T TR 38 2 5 R 5 8 0 R A R, O
P HEREVE 40 B A AL MR S T Re 2 RE . I,
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AWFFERI, F T A5 IR EE A R ARE 1 1
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BHHRBH P E R AL . X Bh 2 A58 A OR
TR—APRH A AR R, AR AR AR E
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A R T TR R IUI AR Ofe Sl IUAE I I ) RUBE |
KERERETE S P TILRE ST oMb, AR TN+
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Study on the colonization dynamics and successional trajectories of sessile
organisms on steel-concrete cubic artificial algal reefs

LI Lu-yao, LI Wen-tao, LI Yan-ping, ZHAO qi, ZHANG Pei-dong

(The Key Laboratory of Mariculture (Ocean University of China), Ministry of Education, Qingdao, Shandong 266003, China)

Abstract: To address the limited habitat heterogeneity and suboptimal biological attachment capacity of single-
material artificial algal reefs in seaweed bed restoration, this study designed a steel-concrete composite artificial
algal reef. Twelve replicate reefs were fabricated and deployed in the Mashanli sea area of Rongcheng in August
2021. Attached macroalgae and animals colonizing both materials, as well as key environmental parameters at the
reef site, were monitored in November 2021, June 2022, September 2022, May 2023, and August 2023. Results
revealed: (1) the two materials differed significant in their macroalgal establishment effects, with the biomass of
attached macroalgal on concrete being significantly higher than that attached on steel, reaching 1.7 times that on
steel during the entire monitoring period on average (P < 0.05); (2) macroalgal community structure was jointly
shaped by seasonality and reef age, progressing from an early Chlorophyta-dominated phase to a late Phacophyta-
dominated phase. Rhodophyta appeared transiently but never established a persistent dominant stage. After 20
months, a stable, top-level community dominated by Undaria pinnatifida emerged (Y = 0.99); (3) the colonization
dynamics of attached animals varied significantly between two substrate materials. Specifically the biomass of at-
tached animals on steel substrates was 8.3 times higher than that on concrete substrates (P < 0.05). These results
indicate that, within identical reef units, concrete supported greater macroalgal establishment, whereas steel facilit-
ated significantly higher settlement of attached animals. Combining both materials in artificial reef construction
yields synergistic benefits: it concurrently promotes macroalgal development and attached animal colonization,
thereby achieving functional complementarity, and significantly enhances both the total biomass and taxonomic
diversity of sessile organisms. This dual-substrate strategy provides an evidence-based framework for optimizing

material selection in artificial algal reef engineering.

Key words: Artificial algal reef; Material selection; Macroalgae; Community succession; Attachment effect
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