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ZERER, HOAr B A5 5 o SRR ER /K R 1Y 2 ZE 4y
R BRI — 45 R HAB AR R £ DA R /D B R R A A L B
FRER /K P ) £ B M RETR — 4% . BERR 45 . 4RIk —
B R IR DU F5 S5 AT I SN E A RERR £ K U (P.C)
W EERR £ KV (PS) . KK RERR EE /K VE(PP) . ¥
SR kTR £ K JE (PR FIER TR L /K 6 (CA) 5 Ak
TR B T rE 0 A I ORI T T SE 05T

I T 5 RPN AR AR S M 2 TR AR 225, LA
IR R e T ARl K e S8 Y B 8 S A BRI

1 MR57FE

1.1 HEEHRHE

5 FK Je R AL G 5 A rERR R K JE(PC) . Wik ik
iR th K JB(PS) . ALK ik B R K Y (PP) . MK ik
R R K V(PR ISR IR ER /K JE(CA),, BRI N T
FREHIFE 10 4~ 1) )RFH48 20 cmx20 ecmx2 em(& 1)

x1 BBEIRTRHYE
Tab.1 Size and quantity of artificial reef models

%5 Serial No.  #1Rl Material JK e Cement concrete 5 Code Kt Size(cm) #H%( Groups
1 JR#E 1 Concrete & A mEERER/K U8 Composite Portland cement PC 20x20%2 10
2 B #E T Concrete i iR ER7K J¢ Slag Portland cement PS 20%20x2 10
3 JR%E L Concrete kIR kLR EE K & Pozzolan Portland cement PP 20x20x2 10
4 JREE+ Concrete U K ik R LR /K Jé Fly-ash Portland cement PF 20x20%2 10
5 JREE+ Concrete &% 7/KJE Aluminate cement CA 20x20x2 10
R (G), s MHUFEERL(MY).
O O v ! RN & A= WA Ve Z A6 43 AR - Shannon-Wiener
E E ZREVEFREL(H ) FI Pielou ¥4 FEFE4( I ) T A
2 % /(1
S
H'=-> R logj
—>20cm<$—— ] =1
2em J=H'/log}

K1 AT

Fig.1 Artificial reefs exposed to the marine environment

1.2 R E K iEE

2015 4% 9 HAEINAAA T 5 T R 2% 5 g 3 4% 7l
1.3 HBEEREERFE

5 N T AR HEE AR 1 4i e L, 300
R LT 50 em &b, B/ AR TR G RE A T fa ik A
M, 2015 4F 11 A f1 2016 4E 3 A, 3R T 1k
BUORE . BEURCREE . BRI R A B 3 NFE, REE
T FLA 10 cmx10 em, B RE & FH B B0, A
S%F A /R Eh ARV & 22, A5 [P] SE I8 5 AT S 4
1.4 HIES

B} A= i ¥ RN S A .

P=m/s

Kb, P OB LR (m?), m B YT

Kb, SHREFMMFEEE, POV Ay
AARKL S RE S A BN ARB FEEL (NN o

PEFFh i AR B ()€ . ¥>0.02 AT
HHEAXT

Y =(Ni/N)x f,

Ao, fONER TRHBLASREL, N SR AERE S
T A RPN, NGRS | R B R L A
A Primer 5 THERRIRE A L IE AV 2
FEMESH . R SPSS 17.0 JAiE 41811244007, #A
¥ J5 2% 43 1 (One-way ANOVA)# 56 4H N 2% & |
P<0.05 N #5313, P<0.01 H2ZEFH 5E.

2 #R

21 WHEWMELEMTHEREYE

2 WHUREM & A A KRS an ik 2. K 3 Fis,
WG 2 IRBURE R B %, HARM T T Ak -5
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K2 2015 4F 11 H G A A KRB0
Fig.2 The growth status of fouling organismsin November, 2015
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Fig.3 The growth status of fouling organismsin March, 2016
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[T ARP SRPET] 3FN L HREET] 20 TR 6 Fh .

W] 8 Fh S ARsh il . Elash] . AE s
Wi, B4 18,

MATRK Je 265 & (3 3), 20154 11 A PS |
YRy 7R, PF. PP, CA 58, PC R
3 ;2016 4 3 AWM £ 2|48 PF.CA | PS.
PP. PC, Fh3&y5Ih 17, 15, 12, 11, 8, 2015 4F
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Tab.2 Different kinds of material adhesion on artificial reefs
AN T faffE# K Material of artificial reef
& Species A Wood PF PS CA PC PP

1 2 1 2 1 2 1 2 1 2 1 2
WL WA Grateloupia turuturu - - 4+ - 4+ o+ - - _ _
filiZ% Ceramium sp. - _ o+ 4
483 Porphyra sp. + + - ¥ S - - - - - _
W33k 41 Plocamium telfairiae - - - - - + — _ _ + _ _
Z & Enteromorpha linza - + - - - - - - _ _ _ _
LA 2 Ulva pertusa - + + + + + - + + + + +
NI=E % Cladophora sp. + + e e S S
&% Petalonia fascialidingba + + - - - - - - - - - "
& ¥ Scytosiphon lomentarius - - - e
F T Caprella sp. - o+ s s e
£ UF Gammarus sp. - - + + + - - 4 - 4 + -
F 4T Amphithoe japonica - - - -+ s+ s+
FY\HHL I Lineus fuscovirids Takakura - - -+ - + - - - - - -
7R J5 /N dE Chthamalus challenger - - o+ o+ o+ o+ - -+
%25 %4 i Bugula neritina - - - - -+ - s - - - _
WA Vb % Platynereis bicanaliculata - - - -+ - -+ - - -
£ 15 B> 7 Perinereis nuntia - - A
rh B 4145 A8 Aglaophamus sinens - - s + - 4 - -  _
SR RUAE Lumbricomeries heteropoda - - - - - - - - -+ - -
W) B Artacama proboscidea - - - + - + - + - - - +
44 . Marphysa sanguinea - - - + - - - - — _ _ _
524 itk Typosyllis fasciata - - - - - 4
T i3 # 24 1l Typosyllis adamantens kurilensi - - -+ - - - - -+ -
A g% 1 Harmothoe sp. - - - + - - - - - _ _ _
/UL Muculusnanus - — 4 4 4 _ 4 _ 4
s & B4 Armina (Linguella) babai - - - - - - - + - - - "
I PUHR 4 Bt Quasitetrastemma nigrifrons - + - + - + - + - + - +
- ff115 1 Planocera riticulata - - - - - - 4

TE: "1 NS LUHURE, Y27 WS 2 R

Note: “1": The first sampling, “2": The second sampling

R3 FAEAMBRAIEHNMEENTHEXZYRENE

Tab.3 The species and biomass of the fouling organisms on different artificial reefs

Wi A=

Wi Ay

Mater}i\alTéfﬁjjﬁ?cﬁl reef Species of fouling organisms Biomass of fouling organisms (g/m?)
2015-11-19 2016-03-23 2015-11-19 2016-03-23

PF 5 17 620.11 1453.06

PS 7 12 755.43 1072.43

PP 5 11 888.29 1601.44

PC 3 8 402.01 1254.63

CA 5 15 752.07 1956.94
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11 A, AR T M LB A 48 AR 20 /MK
W N PP.PS.CA.PF.PC, =¥ % 888.29.
755.43, 752.07. 620.11., 402.01 g/m?, 2016 4E 3 A,
KB UL E A Y B RN, CA A ELY
MAERZ, N 1956.94 g/m®; HRM N PP, P.F,
P.C. P.S, 4=#& 4% 4 1601.44, 1453.06, 1254.63,
1072.43 g/m?, 2 WHUEEH , A Wi die i CA 4, H
Wk PP K P.FWI4.

22 BESEMTWL

25 R (K 4), 2015 4F 11 /1, Pielou ¥4 iE 45
518 CASPP>PF>P.C>PS, Kk M 0.44. 0.33,
0.32.0.28.0.20, ¥/ ,PP 5 PF £ % A i 2 (P>0.05),

030 1 —5015.11

[E2016-03

F P.S P.P

AT iR

Various artificial reef materials
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Shannon-Wiener diversity index
)
=
S
T

HARA YA 235 22 5+ (P<0.05), 2016 4F 3 /1, 73l
N PS>PF>PP>CA>PC, Pielou 5] B8 UK IR N
0.37. 0.35. 0.34, 0.29, 0.26, F', PF. PP #i4l
% 5N #(P>0.05), CA. PC WiZH 5] BEHE 5T [,
HAKHAY BT, 58 1 EUEE Shannon-Wiener ZF
P R BRI CASP.P>PF>P.C>PS, 735 4
2.26. 1.90, 1.72, 151, 1.25, RHAMIFERFHEER
(P<0.05), % 2 IKHLFEAK K} PSSPF>PP> CA>PC,
Shannon-Wiener ZFEPEFEEUKIK 2.80, 2.79, 2.72,
231, 1.92, Hrh PS. PFMiZH 2% %A B3 (P>0.05),
H & A7 W% 22 5% (P<0.05) . 2 WK HUFE
Shannon-Wiener ZFEMEFE SO E = N PP 4, H
Kh CA K PF4, &A% h PC4.

3.00 -

P.F P.S PP P.C

AT amEdt

Various artificial reef materials
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Fig.4 Shannon-Wiener biodiversity index and Pielou evenness index of fouling organisms on artificial reefs

23 MELEMABHEMABE

2015 4F 11 A, CA. PS5 6 Mt HFh,
PP 54, PF4LH 44, PCAA 34 . HH/N
J# 4 (Chthamalus challenger)7E P.C 2H 5 4 %3, 1
PN 0.48, #JUF(Gammarus sp.)7E PF. PP, PS,
CA M rh XL, #5350 0.46. 0.28,
0.66. 0.37, 2016 4= 3 A, PF & PP W4 flt#Fh43 51
394, CA K PSP AlA 8 MEHF, PC A
54~ FLA7 28 (Ulva lactuca L.)7E &2 v 5 4 5 A 3
/NHILIE Sk B B AR

3 itig
B2 AR WA KA TR | EREE . BRI L IR

XSO TR S0 (Su et al, 2009; FE %I, 2008Y;
MRFIGESE, 2011), 2 YCRFERTEEIRG R 4 S H, BtE
A RS BETR S5 R AR AR AR 25 5
2015 4F 11 H, B TF/KIREAR . okt als, BiE A
Y AP S BRI A, 2016 4F 3 A, BEE R
Y AERRNEIM, LR VIR 2554, Y
FRSECAREE 1 kA 13 FhBGmENEE 2 R 27 Ff PLsifh
R TR, 5 RS EIZKJEZRA A TR L BE AR SR
FH BB R AR T /N B ar 3 48 SR fL A 26 . Shannon-Wiener
ZFEVEFREICR Pielou 3415 EFREIUR 2 R RIERE IS 2 €
PERFE bR . — MR UL, — TS 1 ZRE PR SR 45
FEFRHOE S, W R & V% T AR S R AR
R (FNEE4E, 2004), Shannon-Wiener ZFEPEFE %L
(HO)WA RTS8 VIR 1.73, 565 2 1IkF

1) Tang GM. Study on biodiversity of macrobenthos in the rocky intertidal zone of Qingdao. Master’s Thesis of Ocean University
of China, 2008, 30-36 [R5, 77 & AR KB A= 20 A= ) ZAE PR A RIS v B R 2L IS0 A 2038 5, 2008,

30-36]
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¥1oh 2,51, Pielou ¥5) FEHE 5L ()P IR BUFE AR L85/
B 0.31 284 0.32, A=Wy REE 3 I s R
FaE

B TR N T XV R AR ) A A ORI
W IR L MU AE N T A (VT Ik S5, 2013).
TEAR A (2020) % KW 5 47 g e T Ao il X A9 YR BE 1 0
T RN A il e i L B AR b AT T A, R IRIREE £
Tl A Ak R A L B 5 AR 0 A it s, UREHIRBE A
TAaREEA A AE D A SR . ARG, SRR
FKJERA g N T afErd, PF. CA PR AWkt &
K#x%, CA. PP, PF =#/E¥mi£, PF, PS, PP
ARSI R, T PC LA YRS R A
fz/V, Shannon-Wiener Z #1455 f1 Pielou Y42 5
B RAR . AT AL, SRR 7K U8 (CA) SO B RE R
ERIK IR (PRl Ay N T A e A 40 B 25 RO B
B 5 A RE IR £5 K I8 (P.C) N T A1 fifk 2 1y [ 25 350 4 ot
W2,

MA &, SRR ER /K e (CA) Y A 24 g 383 7K
P 2-4 4%, FEMTESER TR, BHF. Sk
KAt (bl ) 55 TR, VR N AR R P L
AN KR R EERRER K I8 (P.P) H Hi 4 7 Hedse b, Ak
VIt ERCR AR, WA, o HNE S
FiE R 3k 7K Ve (P.C) LA He A 50K ik iR 48 /K U (PF) Je
EEEIRERLKVE(PS) R, HAEYIM S B, A
LEAHRTEL 2 o TR K L R £R 7K U8 (PF) A A BLARAI
T ELAE W B 6 S5O R A, 2 B30 % R0 A 283k 25 24 o
#, Kress (200255 &8, 175 40%—60%08) 145 K
FREEAA I, 58 IS A R0 R 2 i 35 T Al TR 5 = A4l
JREDCHEEAAS o By JRE I RN s ol A i N T A ik LA 3 s e
JESREE . Joi5 e | K S 45 R AR B AR A A (0 55 R
&, 2014; HHAERH, 2006), 25 FRTIAR, BB IR £ K
P IR T A RE AT LR Tl 3R A, b
Tl X PR S Y i 7, [RJERE AT AR A N T A e
PR, AW R R, B RE AR SRR .
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Sudy on the Organisms Attachment of Artificial
Reefs Constructed with Five Different Cements

L1 Zhenzhen'?, GONG Pihai?, GUAN Changtao?, LI Jiao®”, WANG Tengteng™?

(1. College of Marine Science, Shanghai Ocean University, Shanghai  201306; 2. Key Laboratory of Sustainable Devel opment of
Marine Fisheries, Ministry of Agriculture, Qingdao Key Laboratory for Marine Fish Breeding and Biotechnology,
Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Qingdao 266071)

Abstract In order to study organism attachment on artificial reefs made of different cements, we
hanged the artificial reefs constructed with five different cements including Composite Portland cement
(PC), dag Portland cement (P.S), pozzolana Portland cement (P.P), fly ash Portland cement (PF) and
aluminate cement (CA). The artificia reefs were exposed to the marine environment near the Xugjia
Island in September 2015. In November 2015, we collected the first water samples to analyze different
reef materials on organism attachment. We found that the biomass of fouling organisms on different
artificial reefs followed the order PP> PS> CA > PF > PC, and the values were 888.29 g/m?, 755.43 g/m?,
752.07 g/m?, 620.11 g/m? and 402.01 g/m? respectively. The number of organism species on PS was 7,
and it was 5 on PF, PP and CA. We collected the second samples in March 2016 and found that CA still
had the largest biomass that was 1956.94 g/m?, followed by PP, PF, PC and PS on which the biomass
was 1601.44 g/m?, 1453.06 g/m?, 1254.63 g/m? and 1072.43 g/m? respectively. The number of species on
PF, CA, RS, PPand PC was 17, 15, 12, 11 and 8. In the first sampling, the Pielou evenness index (J)
followed the order CA > PP> PF > PC > PS; in the second sampling, the order was PS> PF > PP > CA
> PC. In the first sampling, the Shannon-Wiener diversity index (H") of fouling organisms followed the
order CA > PP> PF > PC > PS; in the second sampling, the order was P.S > PF > PP > CA > PC. Our
study showed that the aluminate cement and fly ash cement artificial reefs were most suitable for
organism attachment, whereas the composite Portland cement had poor biological adhesion capability.
Key words Different types of cement; Concrete artificial reef; Attaching organisms
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