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K, ESMNK I K AT MR, SRR K s i ke
T2 5 i 4= WMt % . Fitzhardinge 25(1989) M4 T 1R %
+ . BRIRAE 3 AR A YR ORI AR
VI E SO o FIEZES (2015)%F [ 5 A T fafk
(RN G AR R TS IF IR R T, R T 200k b 3 A TR 456 A Afe
A 1 B 2 1 A e R B AR A R
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K H 5 A WIS 2540, LAY A N T R R ) i
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N DL 57 Ry BE R £ K Ve HE MU (S) PN AL (F), A Fl B4Rk
HEMCHIAE 36 (3R 1) 18 Ak R R /K e AR s i D
SEMYRER EL K VS HEARTE 2017 4E 4 H 7 HHIWEI G
WATFRY, FRPJEWI R 28 d.

1.2 SCIGiEE

2017 4% 5 H 10 HEEIWARA T S A MR EL
1.3 HEHEERFEHEFE

B3 PR R 20548 3 BT A AR

I, ERARAE 3 AR, ARSI DIRE T DL
0.5. 2 F19 mKFELb, 2017 4 7. 9. 11 FH1 2018 4
1 A 5 i1 7 B 2 AR R o R UCRAE R LM R 4
MAHL 3 RS, RARRRR IR QAL )
(GB/T12763.6-2007)i#t47 . RAEHIE i A B4R N TIT
FH 5% H RS W[, ol ] S 6 28 M 2 T o

1.4 HESHT

Shannon-Wiener ZF:P: 3554 (H") Ml Pielou Y2
BEOWITHE ALK,
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J=H'/log, S
A, SOUFEMBIMZEE, NOUAER IR R,
n/N K5 i P ECSRE BRI, o 2
PEFREL
HE MR AR:
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Nfl

K, n/N RS i RS RSB A
S ZF SRR LR R . g Y=0.02 9AEY)
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K H SPSS16.0 H {4 AT 3 43 4 B M ge it 43
BT o T2 B 430 BT i 2 AR P A8 24 1) JELARDH: 22 1R L D B
(A EIC(EL 2 0 B B AN AR D I 25 B Fa b o BRAIR R 22
53 #7(One-way ANOVA)K I ZH N 255, P<0.05 R
SE,

F1 BHEERRTRYE

Tab.1 Size and quantity of artificial reef
fa fEZE A Type of reef R Code R Size(em) 0 Groups
i fERR £ K Jé Ordinary portland cement P 20x20x3 12
TR 5E R fERR R K8 Scallop portland cement S 20x20%3 12
AR TIron plate F 20%20x%0.3 12

2 #R
2.1 FhRAM

ARUFTRERE 4 UCRERER, SE MG R
69 F(K 2), Hrr, B OF R 1250, Bk
W1s Fp . WEEshi 25 B, BEEEShY 3 Fh . WL B
NI S =ik 7/ W LN T I 7/ I W NS R 7 B S
AW BT Ry 22 FF U (Caprella sp.) FE4EWE(Ostrea
plicatula) . 250G U (Mytilusgallo provincialis). fLf12%
(Ulva pertusa). & S MUEF(Stenothoe gingdaoensis);
WA R PE 75 B8 (Thais clavigera) . Th ik Bl Vh 7

(Perinereis nuntia) . 5313 4 ¥F (Ampithoe valida) .
£ H H YR (Sunamphitoe plumosa) . 8L (Balanus
amphitri teamphitrite) . Jit [ 3¢ B ) U8 (Hyale

schmidti)% o
22 ERHDHW

WA 3 FATRFN & A= ) B0 IR BOE T3 3 A
Gror AR, AR AR R AR R JE R B
B FRIE(E . STERARAMAARAES UL 3. WK 3 ATL
B3 AR A 1 B AR RN AR — L
{EHA 3 B o3 v R B A= R A A 25 5
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Tab.2 Species of attachment organisms on different-material artificial reefs

2 N T 7 #1 kBl Material of artificial reef

Species WM AR ER K IR P B RERRER K VR HEAR S MR F

W&
T+
W E 1 b
17hA=Y
LAY
TR B
R RS
ZLRE 1 A
B RS S
e 2 e v
Z e E il
LLan i
(B3] A5 A iy
A L
IR 7 BE IR
FRIEEL 1 Fip
KP4 W
rhagir %
16
H & AR g AE
E H B IR
S M B A AF
RIT /N
Jiti [ 3% 38 44 R
LIPER AL
R R R £ R
e e A
HARE
IR
T
G
ZEEE
IR IE R
8 1| RS2
FER
Az
Azl
Kz
%
548 ) it o
TR f
GE RS
EAS RS
A
H 2 b

Enteromorpha prolifera
S. pallidum

Phaeophyta
Entermorpha intestinalis
Gammarus

Perinereis nuntia
Tambalagamia fauveli
Amphileptidae
Phyllodoce papillosa
Ophiodromus angustifrons
Tharyxmultifilis

O. plicatula

Cadella narutoensis
Placopecta magellanicus
Hiatella orientalis
Janthinidae

Grassostrea gigas
Hemigrapsus inensis
Cellana toreuma

S. gingdaoensis

S. plumosa

A. valida

Chthamalus challengeri
H. schmidti
Jassamarmorata
Liljeborgia serata
Balanus cristatus
Grandidierella japonica
Pyrhila pisum
Porcellanidae

Ilyoplax deschampsin
Bugula neritina
Ophiactis affinis
Haliplanella luciae
Heterosiphonia japonica
U. pertusa

U. lactuca

Ectocarpus sp.
Sargassum thunbergii
Sthenolepis japonica
Lepidonotus helotypus
Perinereis sp.

Pernereis cultrifera
Phyllodocimorpha

Neanthes japonica
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2
Species

AN T ffERE B Material of artificial reef

Tl e K I HER P R ERRER K AR S W F

LMD M. provincialis
S5ZRNG UL Pernaviridis
W Mitraferruginea Lamarck
PEFHBNE T clavigera
k4142 Rapanavenosa
FINL LR Nassarius festiva
BEWR Littorina brevicula
EF A Caprella sp.
LU HEAE B.amphitri teamphitrite
KBS #EF Photislongi caudata
TR MR Podocerus tuberculosus
AW Planocerareticulate
BRI NF Eogammarus sinensis
BRI 4YF Jassafalcata
LR H 1M Isopoda
WRERFE Corophium sinense
RERVT B Hemigrapsus sanguineus
WEMIE®E Raphidopus ciliates
fLEH 1 F Membran iporidae
NI ¥ E W Bugula californica
TEHH 1 A Ascidiacea sp.
JKIS Hydroidae
W2 U Planocera reticulata

+ + +
+ - +
+ + +
+ - +
+ + -
+ _ _
+ + -
+ + +
+ + +
+ + +
+ +

+ + +
_ + _
_ + _
+ + -
+ _ _
_ + _
+ + -
+ + +
+ + -
+ + -
+ + +
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Tab.3 Principal component analysis results of attachment organisms and species

&AW

Representative species of attaching organisms

BIR e g U
Material of Component Eigenvalue Contribution
artificial reef p & rate (%)

WS T R FSr 1 3.406 42.571
LK VEHEAR P

FE s 2 2.139 26.732
FE 53 1.366 17.081
LA EAN FH 1 3.785 42.051
IKJeHEM S
F5r 2 1.727 19.190
FE Ry 3 1.386 15.396
ENN 0.979 10.878
Bt F F 1 3.285 36.505
EWor 2 2.146 23.847
FE 53 1.772 19.687

4G O. plicatula V5506 DL M. provincialis 2% H Caprella sp. .
RIS UE A. valida

4L O. plicatula KT 0 M. provincialis . 227 H Caprella sp.
LA 2 U. pertusa Sk BYS3R P nuntia KB 528 UF Photislongi
caudata

FAHWE O. plicatula. & BWHEF S. gingdaoensis. *2Ma I M.
provincialis . ZFFH Caprella sp.

4G O. plicatula . 506 DL M. provincialis . ZUMEA B.amphitri
teamphitrite

EHBEIF S. plumosa. fLALE U. pertusa. B B.amphitri
teamphitrite

LA ZE U pertusa. ¥84HU5 O. plicatula, L3 D M. provincialis
LG M. provincialis . ZZFF 1, Caprella sp. . T B VY% P nuntia
Bl B IG Cadella narutoensis . 5 SHEHEF S. gingdaoensis

FFF Caprella sp.. & AR S. gingdaoensis . 22 H & I
Bugula neritina

FFFH Caprella sp.. T MR S. gingdaoensis . ¥ JBIE 4T

Photislongi caudata
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3 AR AR K PR EEAR BRI 3 A F i, 34 E
AT RELTTHR R IE 86.384%, FE5E 1 WA, #
i R B K S o i I, 163 0.860; 7E5E 2
B, e R R ARG, Sk 0.844; 1E
553 B, Bt REUR K G B A, s
0.729,

W REFRER K U HE AR B 4 AR, 4 A E R
A BRITTERR L 87.516%., 1E58 1 B4, Hifr
RBURK I REZFT R, 155 0.981, FBHRAEFKZ,
J0.974;5 FEE 2 FRH, B R BRI RS
W5, k%] 0.746, KGR, K 0.6565 7E55 3 FAL
s, B REURR IS E H IR, 83 0.774;
FESS 4 B BT REUR K ISE R UL, 2 0.609,

BAMRECH 3 SRS, 3 A TR B BB
ik 80.039%. FE 1 ERUH, i R B KR 2
LRI, =ik 0.925, BIBARISRZ, H 0.914; £
2 B, B REUR R EZERER; 5 3
FRAH, SRR BT R AR R, N 0.696,

2.3 MEAHEREME

LR 4 UORSERES, K RERRER KU HEAR Bt 5 14
YIRS 25 (53 Ay, 3 B AERRER K R HEAR IR Z (51 Fil),
INRAR (31 Fin) o 4% H 437, 2017 4E 7 A K& LE W Fh
B RERR ER K Ve AR e, AR AR 9 H I A=
Yy Fp A IR BE R R K Ve MR IR, MR AR 11 H
Bt 25 A= BRI B LUR ek R SR K Ve FE AR R e, ARG 5
2018 4% 1 H M& AR LN A dee i, AR RR Eh /K
PeHAMREARGR 4),

x4 TRAMBATSBERNMEEMMELE
Tab.4 The species of the attachment organisms
on different artificial reefs

[IE<REX//RLES
Species of attachment organisms
2017-07 2017-09 2017-11 2018-01

N T fa bk
Material of
artificial reef

T R
. 33 17 19 18
KJeHit P
MR ER K e M S 38 25 20 16
WAk F 21 12 6 20

R 4 UORSERES, W rE IR KU H A 738
AW B R (4717.50 g/m?), R 0 ik R R /K Ve 4
B (2621.12 gin?), WtRfN163.86 gm?). $% A5,
2017 4F 7 AR A R, R R R 7K e A i
%59 A LY LUK RE R /K Ve HE AR i 5 , B MR e 11K 5
11 A EY i R K R R, ARARIRAIG; 2018 4F

1 AAYra kiR K e HER R &, B ARAR(EE 5).
VIR B 9~11 H .

24 WEEMRBEMRABE

2017 4F 7 A, kR K Ve HEM . MRk RR R
KIEHAMR 2 Al 7 B F, WA 6 MMER
Filr o 22 AT H7E 23 il R R 7K VR AR FeE R R /K T8
FEAR 7 L, PRABE SR 0.56. 0.65. 480 N1
TERMIAMR G e X3, PR3N 0.52, 2017 49 H,
W RERR SR K VR HECA 2 AR, Ry aERRER KU
FEACA 3 LR, B 4 LSRR R4 7E
3 i 1R 7K R HEARCRT R Ak R R K VA o 4 Xt
P ARRIEAT RN 057, 0.44, FFFRAERM A 54
SFRH, HEEH 0.58, 2017 4F 11 H, M@ rERRER
IKIHRA 4 DMEHEF, MR ERKIRHENRA 7 4
PEBFD, SR 3 AP FFP . 8 A 5 7 5 Ak Rk /K
YeHE AR A FeE PR /K U AR 7 X L 4, DR 4%
54 0.65. 0.68, FLAZELENA T 5 AL XTLH, L
JEHR 076, 2018 4F 1 H, ¥HEAERREEKIREEMR . #
FERRER KU HEM 2 50504 7 DLHFR, WikA 8 4~
AT 8 4 5 70 3 38 e R R 7K I AR RN Ak R R
IRUSHEAM 5 A xR, PRtk 0.40. 0.52, %
FEARAERIMR 5 e 3t r, 3N 0.16,

x5 TRAMBAI&BERMMEENENE
Tab.5 The biomass of the attachment organisms
on different artificial reefs

(g 7h

Biomass of attachment organisms (g/m?)

2017-07 2017-09 2017-11 2018-01

N Tt ffEpr ek
Material of
artificial reef

i ik R R
[£] I PAC T,
§ 9.88 4801.09 4766.41 907.09
IKYEHERT P

e ER

R 7.92 7585.13 10246.10 1030.84
IKPEHERT S

Wik F 21.59 347.16  214.65  72.02

25 BEESHEN

M 1a AT LIFE 1, Shannon-Wiener ZFEPEFE 4L
(HYTE 2017 4 7 A N e R Eh /K e HEAR (2.41) >
REFRER K VB HEMR (2.22) > MM (2.21), AR 5 8 ik id
KV HEMR 22 R B3 (P > 0.05), (H#L 5 8 fEM
KV AT i35 22 57 (P<0.05). 9 H Wiy fik iRk
IRV FENT(1.71) > 30 ik iR £ 7K V8 £ 4 (1.33) > 4R AR
(1.31), Z5EEP<0.05), 11 HHE@ LKk
HHL(1.95) > B EERR ER /K PR H:A(1.94) > SN AR (1.41),
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J 8 BOBCT- Y08 R B (0.58)>3% 1 i iR 15 7K e H: Al
(0.48)>Hr hEfRER K Ye HEAR (0.46)

3 itig

T A0 28 W VAR SR B 5 A A i 288 32 Dy TR K R
FUHRAN, REEWG(EFTSE, 2000) . R0 D1 (FL K IE 4%,
2000) . SRR (RS, 2001), 2 FF A 6K 4,
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2061
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Changes of biodiversity index of attachment organisms to different material reefs

1991; PMiSLZE, 1992),

FEAR B A W VR 0 2 R S 2R 8 TR (TR
BB BESE)ME(Su et al, 2009), 7 H LR,
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Effect of Different Artificial Reefs on the Community
Structure of Organisms in Shique Beach of Qingdao

WANG Zhen'?, GONG Pihai®, GUAN Changtao®, LI Jiao>", SHI Baibai'*

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

Abstract To study the structure of organism attachment on artificial reefs made of different materials,
we prepared artificial reefs with three types of materials: Ordinary portland cement(P), scallop shell
portland cement (S), and iron plates(F). The artificial reefs were exposed to the marine environment near
Shique Beach, Qingdao, in May 2017. We collected samples to analyze the effect of different reef
materials on organism attachment on the artificial reef in July, September, November, 2017 and January
2018. The results showed that, in total, 69 species of attached organisms were identified. The numbers of
species on ordinary portland cement, scallop portland cement, and iron plate reefs were 51, 53, and 31,
respectively. The dominant species on the ordinary portland cement and scallop portland cement reefs
were Caprella sp., Ostrea plicatula, and Mytilusgallo provincialis; the dominant species on iron plate
reefs were Caprella sp., M. provincialis, and Stenothoe qingdaoensis. Biological attachment peaked
between September and November. We found the highest average biomass of fouling organisms on
scallop portland cement (4717.50 g/m®), followed by ordinary portland cement (2621.12 g/m?), and iron
plates (163.85 g/m®). In July 2017, the Shannon-Wiener diversity index (H’) of fouling organisms was
observed to follow the order P>S>F; in September 2017, the order was S>P>F; in November 2017, the
order was P>S>F; and in January 2018, the order was F>P>S. In July 2017, the Pielou evenness index (J)
followed the order F>P>S. In September 2017, the order was S>F>P; in November 2017, the order was
F>S>P; and in January 2018, the order was F>P>S. Our study showed that scallop portland cement
attracted the largest biological species and biomass, and was most suitable for organism attachment. This
study provides a reference for the evaluation of the characteristics of biological communities attached to
artificial reefs and the selection of artificial reef materials.

Key words Artificial reef; Organisms attachment; Communitpy structure; Diversity index
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