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YIDIRETEAR, REAE 1 7 Lk WU RE v D RE 1Y 70 B J7 125 BRI
H PR 43 BT (biological traits analysis, BTA)# Kk
2 W2 R, JET 2 0 T T Bl b A K AR A
SRS, UIRFKAEMRIE DR g M S R gt
RSB B, R ZE PR 3 47 D 6 A [ s ]
FEN N T AR5 AR D R B 5 30 R DL s . A BIFSE
ia % Gt A= W) Z e 46 BOR AR W) PR R 43 7 i (BTA),

ZER T T IS By 1 RS A 4~5 RIS N T Ak

B 25 W A v 2 A TN D RE AR AR ) 22 5 T B Ak,
8 /S F (2 NN W (R 39 SRS QR I A RUIRE S € e
ENE SLINOE IS S iE T

1 MREFE

1.1 MRRXI

FFE X 38 T8 65 S A1 T2 25 5 JL A AR
M N T AafEX (1), HPEX A (artificial reef
area of A, AR-A)FIfEIX B (AR-B)N 1 HERAOHEX,
VLR R 2018 4F 5-8 H, #EIX i 9 12 Ak
MEF 0.8 T3 25 5 (5 T IR AL PRRE AL 1. AEIX C
(AR-C)FIffE X D (AR-D) Ny 4~5 SRS ARE X, #E BT

[ 2013 4E 2 2014 4, #EXH 18.625 T= A
YN 7.25 T3 25 7 A AR BE A R REE 2 . A7 B
BELDLRKFIEH#HATM I, S KAAPMETEHR 10 m,
[EJFEh 8 m, FPRER FAE FECHES, AR R #E 3
K3 mo AT LA P L A RS g
X4, JFK AR-A Hl AR-B A 3 I S S A X
(AR-AB). ¥ AR-C F1 AR-D & 0N KHEH X
(AR-CD). Hi#A i 57 /KIEIE N 3~4 m,
12 #HmxE&E

T 2019 FHF ., EEMBKEGS H. 8 A 10
)X S 45 I g 3N T ARREE DX A7 9 KRR D7 BRURE )
, XS 3 A EAEALE 1), B ES
BORE )7 3 R(FEFTEIAL: 25 cmx25 cm); &IHUEE T A
fORER T T A LR, AR A R SR i A
WA, Ay SC s E AT PR . e E . R
R 10BE (Nikon SMZ1000, H 7<) #3547 %
€, it WoRMS uki(http://www.marinespecies.org/)
X S 7 M WA 4 S AT RSN RN A A AL B
Y78 R EE 4% g 1 PR A BLYE ) (GB/T12763-2007)
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Fig. 1

Sampling sites of attached community on artificial reefs

A and B were the survey sites in AR-AB, C and D were the survey sites in AR-CD.
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SCHR UL K M E BCHE R K A% (B G MarLIN
BIOTIC: www.marlin.ac.uk/biotic I Marine Species
Identification Portal: www.species-identification.org).
AR IR AL 5 Yy R B ARA B, SR B 4 (3
il 0~3)W PRI TUIAE, o 0 FAHIFT, T 3
R AT . TR L8y b B 2 5047 9 1K,
PRI 75 % e — 2R W MR 2 b M RS B A T IR
B, Aeey s EA 2 Ry CH A
FATR, WA A BAT B3k 2 Ak e 7 Ul i {E
h 20 DIRe RIS 5 LA D Ry 5, X B o A
R T IRE R B = B S Z R, IRE SRR
SR I RETER(E . AW PR 73 Hr (BTA) 2 3
AN TR) 08 BOHE 4 - QD — il o7 1 0 o = R R I
QPR AP PERFERE;, ORI EFFES 5,
B — Sl o 4 A PRI Y S BRAR O S D
BEXF SRR, TEARA AR WP FE B 1, X5 Fh
FREHFEOBAT In(1-+x)F646
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Tab. 1 Biological traitsand categories

7NN PRRZEAY /5
biological trait trait category abbreviation

HEIt & predator F1
feeding habits Hi B P herbivore F2
DL & deposit feeder F3

e filter-feeder F4

G 3IHE S mobility  JCiE 8l AE I none M1
15 2 8E 71 T 4F medium M2

i Bl AE J1 5 high M3

8. 773X habitat [5%5 sessile H1
Wik swimmer H2

HEA burrower H3

JE4T crawler H4

F i longevity J5.(0-2 4F) short L1
H145(2—5 4F) medium L2

£ (>5 4F) long L3

AR N /<1 cm) very small Bl
body size at maturity JN1=3 cm) small B2
H14%(3—-10 cm) medium B3

K(>10 cm) large B4

BiRZE JG(<10°) none FLI1
flexibility 1£(10-45°) low FL2
1 (>45°) high FL3

14 BB

0 B A 0 B T B DA oK s B A
BFIREANL: ind/m?), R Margalef F 2 F 5 15
. Shannon-Wiener ZFEVEFEEL. Pielou H#J2]FF5
BRI Pinkas AH X 5 S VEH8 B0 0l 35 AR W)k T RE
AR 3T o

Margalef #1245 BE 45 44(D): D = (S-1)/InN

Shannon-Wiener ZFEEFE 5 (H"):

Sy

Pielou ¥J&) FEFE L I=H"/log,S
Pinkas AHX} B BAFEEL
IRI = (W/W + ny/N) x F x 10*
o, WA Wi, SRR AERE SRR E N RE
AR RE, m T wi RS | ARG EOR A R, F O
PREIATER, IRT= 1000 VE A AR BIbRIER
R Rao’s U TR KOk 7R Bt 25 A5 W VR 1)
IhfE e
N N
FDo=> > diRP,
i=l j=1
U, FDQ FnBEIE 2 A FEALY R G35 22 5%
FoRPR i FPRh | 255 (d=d;i F1 di=0), P A i
A B R B R L, PR § R A
B R LA

1 n
djj= EZ'Xik_Xjk|
k=1

A, n DI RERRIE G, X A X 3 3 S At i A
IS RERRE K BFEEE >,

KM FD/H'F/RINAETUAY, FD/HBOR, THRETT
AR A,

SR RS 5028 225 RAE SRR 2R WAV 1Y
PR B B T R IS4 AT, nMDS R4k
HOR M8 R 5 (stress) R Ml i, stress<0.2 A5 AT
#5124

e R 4 A LA T A s b B35 A= v it
TS, FELATIHESS A (trait category) Y =F FEAE[H] 2
Yife kAR (biological trait) & 3= B H A9 A 4t Rm T
PRAXTFEEE . #IH R 165 FD BIF it B Iine 2+
M, IR FEE spss 19.0 FR G BRI K 5 22 40 By
(one-way ANOVA) LI IIREMIRAXT F 5 . ThREZ
FEME TR BRI D) RETC R AR ER AT 25 4% 122 5.
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i 3o 5 2 B8 25 (Cluster) A B 1 22 4k bs FE HE 7
(nMDS) X A T 10 ik [ 5 25 Wi I 2 LA T R 2
Br, Z5 SRR, IR 295 00 8 2 o 4 R — 2R (A
2). HFETHIRAE T, BREKEE A2 F1 B3 Sb, KAl
G HERE 2 RN —2, BVEEREX A AR-A I
AR-B B Hh—2K, KHEWBTEIXA AR-C Al AR-D W
—J5(F3CLL AR-AB F/RHERY by 1 AF 1Y S S AR X,
L AR-CD F/R W N 4~5 4 KRR TR LX) o

HEM R AN TAERNELEY 94 Fh,
FOTEUSRE X 66 A, AR HE X 79 Fh (B 2)0 B
FEEWYh, WKW 33 Bl KRS 21 Fh,
W] 18 %, BRI TR, HEEHYITS
i, RS T RAE s 1145 3 Fh, B RS
28, BRI REREE T4 1 Bl OR[E 2R 2 Fb
Tl i F REEBEE 25 A D BEVR FRIE TR B L % 2. 3 R
BF 25 A5 4 B U5 FR AE 4R B0 I g T 25 R R,
Tt Xk T 00 REE R 55 2 I Vi 45 R0 194 52 i) R I AE 1) ol

1
o
ovg
P VAL sample site

4N 118 2D Stress=0.3161

m 52 spring
A B Z summer
® FkZE autumn

07 06 05 04 03 02 0l
HIBLEE similarity

Pl 2 fr R R A M v SRR M (Z I RN BE ik 22 HE R BE HE Y (£ 18T)
A, B 1IRHEIX AR-AB N ITAA 5 21 C FI D 2 4~5 I HE X AR-CD 1 149 5 3 i
Fig. 2 Cluster and nonmetric multidimensional scaling plots based on abundance data
A and B were the survey sites in AR-AB, C and D were the survey sites in AR-CD.

K2 AREVEEMEEMHEFRFIERY

Tab.2 Diversity indices of the attached community on artificial reefsin different seasons

% Z= spring H 7% summer FZ= autumn
07 Xk reef area 1 IRHED 4-5 BAIE X BEDCRAA 1 IIEIX 4-5 BRI BEXIEIR | IRIEX 4-5 IRk ECRIK

AR-AB  AR-CD total AR-AB  AR-CD total AR-AB  AR-CD total
YA HL species number 38 44 53 29 46 51 40 49 63
-2 42 /(ind/m?) abundance 3464 5068 4266 1352 5032 3192 2344 6460 4402
-2 4k My /(g/m?) biomass 1104.47 1368.96  1236.56  300.34  1296.65  798.12  728.02 164643  1187.21
5 R richness index 5.03 5.34 5.19 3.65 5.46 455 5.19 5.45 5.32
ZHEEFREL diversity index 3.37 3.69 3.43 3.60 3.91 3.85 3.98 4.29 4.19

5] 8L evenness index 0.60 0.68 0.61 0.70 0.74 0.68 0.74 0.76 0.70
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B FEL EYRE. MREEEEE. SRR
¥ 2] BEFR RO D7 I, R EERYAE X AR-CD VA
FRE 5 20 1 8 K TRl i X AR-AB (P<0.05,

% 3).

23 LB

T AR A AR A A 22 e, R
T il e =2 1B A A 3 [ A AL Al RO 35 B9 4 A
MIEHEIAAE 2SR 4). HE, MK AR-AB

5 AR-CD {3 Fh )61 & k41 12 (Rapana venosa) . FL
%€ Bz i §§ (Molgula manhattensis) . K & I 8 &
(Membranipora grandicella) I P4 ] £45 H (Hydroides
ezoensis) 4 M, B ZAK S S 3L R SRR AR % 5]
W& i rh 48 E )7 % (Xanthias sinensis) 2 Ff, fkZ&
(1) e [ A 34 Sk Hp 4R 30 7 & (Xanthias sinensis) |
% %% ] % (Pilumnus tuantaoensis) . A 15 ¥ i
(Lepidonotus dentatus) f1 il /N E R (Mitrella bella) .

®3 KEBRKATLESENEEHIERESY

Tab. 3 Diversity indices of attached community on artificial reefs between the 2 ages

n=18; X+ SD
7 X35 L/Rs ke “FJE/(ind/m?) TEIE/(kg/m?) PR R TR Koy REHE R
reef area species number abundance biomass richness index  diversity index  evenness index
1 ##EX. AR-AB 36.51+6.80° 2387.05+862.73" 710.94+328.51° 4.62+0.69° 3.39+0.36° 0.65+0.05"
4~5 kX AR-CD 47.32+£8.26 5520.67+664.8" 1437.05+150.80° 5.42+0.05" 3.77£0.27° 0.7120.04°

e RIS R S BERIR AN [F 20 A 2 0] 25 5 5k 2 (P<0.05).

Note: Different letters indicate significant difference (P<0.05).

X4 AEETFTKEHERGHEMNESEWEZMATEM(RI>1000)

Tab. 4 Dominant species of attached community on artificial reefs between the 2 agesin different seasons (I RI>1000)

Z A SRR N Tk X J AR-AB K HER N T fafE X 38 AR-CD
season fE#4F dominant species AP IRI fiE#4F dominant species A IRI
K k4142 Rapana venosa 5224 I # HL Membranipora grandicella 4826
spring FL2 K i85 Molgula manhattensis 4319 Jik£1 42 Rapana venosa 2555
K2 3 & #L Membranipora grandicella 3977 A 1515 % H Lepidonotus dentatus 2108
NI #5451 Hydroides ezoensis 1408 7% Bz 345 Molgula manhattensis 1731
Wi /NE R Mitrella bella 1125
NI 745 i Hydroides ezoensis 1144
S K2 5135 5 L Membranipora grandicella 5694 14515 % 1L Lepidonotus dentatus 3386
summer k4[4 Rapana venosa 3214 rh4g3r )7 1§ Xanthias sinensis 1874
M/NEIR Mitrella bella 2343 K2 53 E . Membranipora grandicella 1542
rh4giT J7 % Xanthias sinensis 2883 Z5 U4 Chlorostoma rustica 1144
1% &% Pilumnus tuantaoensis 1204 FIRR I Cirriformiafiligera 1003
H ZA4% Charybdis japonica 1071
&= rpAE3T )5 Xanthias sinensis 3343 1575 % 1 Lepidonotus dentatus 3033
autumn 1 [FFUF Acetes chinensis 2340 FRAEIT )5 8 Xanthias sinensis 2234
115 B 0948 Pilumnus tuantaoensis 1944 Y5 L Pugettia quadridens 1270
14 15 15 i H. Lepidonotus dentatus 1514 m/NER Mitrella bella 1284
FL2& K ¥ Molgula manhattensis 1418 FH % &304 Pilumnus tuantaoensis 1134
i /NERR Mitrella bella 1355
T 15 4% % J& %% Clibanarius infraspinatus 1010

24 WEEWMRITHEEER
3 ANZ A RERR A A AR v PR IR IR - 2 A

XFFEREGE T AE SRR, A SR £ AR R R
D REME IR 20 25 S B, E BRI R
SR RRTE T30 3 AT7H(E 3). AR

(AR-CD) il & & P (F 1A X =F B & 3 o 0 ik i
fE X (AR-AB), i 8 £ £ 1 ) dnb 251K T J EE 1% ffe IX.
(P<0.05), AR-CD 587 i fig J3 (M3) AR AR X = B
ST AR-AB, 1M1 JGiE e J1 (M) MR B AEXT 4
FEN R ZEL T AR-AB (P<0.05). AR-CD HEA#i(H3)
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AT (HA PR 9 AE XS B 2% & T AR-AB, i & 3), K 53%. 58%. 57%. 43%. 36%F1 51%, 1%
FHHDHARN] 2 ZE KT AR-AB (P<0.05), 7£ 6 fil TN R R A

REPEIRH, DIIEEEMEF4) . TiGshEE (M), [HE AN [F) 257 1) e B % £ B B 5 A 0 BV T e
BIHD), KFEMES 4, L3), LEEREHHEELDM R EEFEZER(E 4, HBEIKE, T
/N (1~3 em, B PR IS AR X = B d5e v (I Ty he P AR 2 YA X = B S 8 ok B o R

100
n=18
90  zisD
80 -

o] I
*
60 [ J -
50 I
40
30
20 |
10

Ix

=

FEX}=E BE/% relative abundance

Tmf (s

I*

O AR-AB
OAR-CD

I

il B

0
F1 F2 F3 F4 M1 M2 M3

H1

H2 H3 H4 L1 L2 L3 Bl B2 B3 B4 FL1FL2 FL3

B3 RIS 5 e ik i e B 2 ) D RE P IRAR X =
A F BRI i R s B MRS AL L2 1, o3RRI I X 4l 2 1] 2% 57 12 3 (P<0.05).
Fig. 3 Relative abundance of different traits of attached organism on AR-AB and AR-CD
The abbreviations of trait and category are shown in Table 1. “*” indicates the significant difference (P<0.05) between the two areas.
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il 7% Al h 7 227 7
R / 75 T / é 75 [ o /‘
5 sor 1 [] sof s 50 -
S — . . |
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E P e I . . 0 olld I . .
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A %Q&xg’ o %&'Yi E Vy\x?’ g %Q&,vg’ & %&ng’ %&Q,o Y},J& =
(a) HEA = feeding habits (b) T 3lRE Sy mobility (c) 6.8, habitat

2 100 OLl OL2 @L3 OBl OB2 B3 FIB4 OFL1] OFL2 [&4FL3

_g r ? ? 7 ? ?r- ‘a 00— M M ™—@ — — l1oor ? ‘a Z Z

g7 - é ,// é é é s ] L 75 | ,// % 7 é
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L UH - el

# B I

7 AR I R I S

E 0 0 s * . " " * . * . P 0

oY oY oY oY oY oY & oY oY
L ELLSTSE FEFTLTSE L LSS
(d) # i longevity (e) ™MAEK/ body size ) BEZHE flexibility

P 4 R % - R % £ R 7 A 0 O v D) RE MR AR R A 4 284k
FFRERECFE T RN MRS T DL 1, Spr. Sum., Aut S3HIFRREFETE . HFARE, AB Fon | BT, CD 2y 4~5 i3 k.
Fig. 4 Seasonal variations in proportions of the trait of attached community on AR-AB and AR-CD

The abbreviations of trait and category are shown in Table 1. Spr, Sum and Aut represent spring, summer, and autumn,
respectively. AB and CD represent 1-age reefs and 4—5-age reefs, respectively.
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(F1). #iGshfE fi(M3) . ligvk(H2) . HEAE(H3) . JE1T
(H4), A (L), hEEAE(3~10 cm, B3), Z=1[H]
Ty e 1 IR 25 AU AH X 3= B b B S S ik B v
(F4). LiEshfeiM1), BEHFRHD) ., KHFA(L3).
/MM (<3 em, B1), ZMMAE(1~3 ecm, B2).
25 INEESHEFEFINBE U RIBEH

R I N T AR A YRR TS D e 2 R PE R £R(FD)
FTIRETUATE B (FD/H ) A8 1675 4390y 13.89~17.03 F1I
3.87~4.23, 3 AT, KAERIE X I & A R TR
ZREME K TG i i i X (AR-CD>AR-AB), HZF AR
F A EW IR TUAFE S (FD/H) %3 7 AR-AB> AR-
CD (P>0.05), RIZhAETUAFREE I AR-CD>AR-CD (& 5),

25 O 1#¢fafEAR-AB
n=6 O 4~5ib fa i AR-CD

e 1

TR RS
functional diversity (FD)
s o 8

w
T

(=]

#F spring  HEFsummer  KZF autumn
61 n=6 O 13 #FkAR-AB
& 5| ®SD O 4~5 ik i AR-CD
T st
a?p%% 4t L i i i
gy
&S
24°
8
S 1}
&
0
%% spring  HEZF summer  FkZF autumn

K5 ANTR) 21 (it B AR iV B D RE
Z AR TI R I U R85
Fig. 5 FD and FD/H' of attached community on
AR-AB and AR-CD in different seasons

3 it

3.1 IREERTEIXS B E LW REE LR R

TR BTG A= DR T O R 2R 4 . B A2 Ak 4k
AN T A0 B P A 25 A0, T R 5 A ) A v 1) R 2
2 SR B A i A2 AR i () S S R R
TSN [R) I 8] e 51 £ Tk R A= W0 BT SE e I, BEE
IR B Z REVESR B WA S AR R PR

EEARE . AR | AW B RO 1 8 i 3
TS, ARBFTEIR K B 4~5 RIS N Tt R I 25 A W
TR BN R Z R B W S T 1 R
X (P<0.05), &K Ml % frffE F2 1 K ZHBEAT — @ SR H
BRI RE I 2, MATIESE | AT R . HoR
W3 E BB RRVP A K, X TR GRS R AEROI 1
AN TAAERTIEREI . EAMEZAS GRS
T A REFR T 02 A S B, B 2 IR R A e v iE
TR Y (3 D12 CAnE AR B2 5 A7) RN 22 B 2 (AN XLk [ 7>
H RN ) SRR TS AR SR, PRk 4~5 4F
A it U £ EE B 2 VR HA T S A R,
FEREY

fREREE A PRI LR Rl 2 B sk 4
A FRF ] 1 3t B 5 5 20281 A b A A 4
TR T i 1 O 35 b S 2l K4 W (C. gigas)™';
T A5 A 2 M VS IR /K U0 R AR B 3 A 4 4 X A
Pkt 215 A2 LB IS, 7 H M2 FF Hi(Caprella sp.), i
e 9 AL 11 AFKAE 1 A ¥ R K8 4 W5 (Ostrea
plicatula)®; K IV 25 if 3 VR 35 + 0 Bk 4 AR B AR
) ¢ XA B o = 1 A7 (Balanus trigonus)P”, A
V353 AS () 2 4 FRIUAN [+ EE o 00 6 O 25 A T A 0 %) P 34
FAFFE 22 57 (R 4), AR —PFh 5 48 4 L34
TEOL,  HLACHE I o AR 0 S5 P A i O 320 B I A T et e
I 0 R, X SR I RN 2 A R A AR M B A R 1
PG AN . 2 2 Rk R Tl X (AR-AB) B 3 A= WU HE V&
R AE Y /D, ATRE S B R R R S A R,
WARESE T 2019 4F 8 H I & KR S it bg, &
N A0 B E A A BT B, iR R A X
(AR-CD) Hh T i iof (5] 5 /A, £ f 3% 187 BT B &2
GURVHEZ, BAEEWASE R, AL
T RSB A s, AR HE TRE 2 YRR
3.2 IheglER AT T TR 4L LUK ot o 9 B Ml iz

BT, N Tk E A ik s 244
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Appx.1 Assignment of trait categories of attached organisms

(LSS BRI i 3hfe LS o BEERPIE
PFp species body size feeding mode mobility habitat longevity  flexibility

BS1 BS2 BS3 BS4 FMI FM2 FM3 FM4 Ml M2 M3 Hl H2 H3 H4 L1 L2 L3 FL3 FL2 FLI
W %% 51 Diogenesedwardsii 0 0 3 0 3 0 2 2 0 0 3 0 0 0 3 0 0 3

W
(=]
(=]

T4 %5 Clibanariusinfraspinatus 0 0 3 0 3 0 2 2 0 0 3 0 0 0 3 0 0 3 3 0 0
98 2¢ HR % Oregonia gracilis 0 0 3 o0 3 0 0 0 0 0 3 0 0 03000 3 0 0
A EKRIT /7 B Hemigrapsussanguineuss 0 0 3 0 3 2 0 0 0 0 3 0 0 0 3 03 0 3 0 0
rh4E 3T )7 8% Hemigrapsus sinensis 0 0 3 o0 3 2 0 0 0 0 3 0 0 03030 3 0 O
Y #&T J7 % Hemigrapsus penicillatus 0 0 3 0 3 2 0 0 0 0 3 0 0 0303 0 3 0 0
=Jetk T # Portunustrituberculatus 0 0 0 3 3 0 0 0 0 0 3 0 2 1 2003 3 0 0
¢ LR Alpheus heterocarpus 0 3 0 0 3 0 0 0 0 0 3 0 2 1 203 0 0 3 0
2 A Balanus amphitrite 0o 3 0 0 0 0 0 3 30 0 3 0 0 00 3 0 3 0 O
W ¢ i Balanus reticul atus 0 3 0 0 0 0 0 3 30 0 3 0 0 00 3 0 3 0 O
B BAE Pilumnus tuantaoensisi 0 3 0 o0 2 2 0 0 3 0 0 0 0 0 303 0 3 0 O
G R Pilumnopeus makiana 0 3 0 0 2 2 0 0 0 0 3 0 0 03 03 0 3 0 0
H A #1449 F Gammaropsis japonica 30 0 0 0 2 3 0 0 3 0 0 3 00300 0 3 0
1 5 3% Corophium sp. 30 0 0 0 2 3 0 0 3 0 0 3 21300 0 0 3
G4 Paradromia sheni 0 3 0 o0 3 0 0 0 0 0 3 0 0 03000 3 0 O
U5 L Pugettia quadridens 0 3 0 0 0 2 3 0 o 0 3 0 0 0 3 03 0 3 0 O
5% M7 Balanus cristatus 0 3 0 0 0 O 0 3 3 0 03 0 00030 3 0 0
H 743 Charybdis japonica 0 0 3 0 3 0 0 0 0 0 3 0 2 0300 3 3 0 0
HEL#-E AR Heptacarpusrectirostris 0 3 0 0 3 0 0 0 0 0 3 0 I 0 203 0 0 3 0
£ 2L kR Heptacarpus futilirostris 0 3 0 0 3 0 0 0 0 0 3 0 1 02030 0 3 0
|5 #5 K B UF Palaemon macrodactylus 0 3 0 0 3 0 1 0 0 0 3 0 3 020300 3 0
it /2 B %51 4% Scyra compressipes 0 3 0 0 3 0 0 0 0 0 3 0 0 03000 3 0 0
4 EUF Leptochela gracilis 0 3 0 0 3 0 1 0 0 0 3 0 3 003 0 0 0O 3 0
J& JIVUF Trachypenaeus curvirostris 0 0 3 0 3 1 0 0 0 0 3 0 3 0 00O 3 0 3 0
Z i FT H1 Caprella acanthogaster 0 3 0 0 0 2 3 0 0 0 3 0 2 0 23 00 0 3 0
152 #T it Caprella scaura 0 3 0 0 0 2 3 0 0 0 3 0 2 02300 0 3 0
KA FF L Caprella equilibra 0 3 0 0 0 2 3 0 0 0 3 0 2 02300 0 3 0
21 26 #i i ITF Lysmata vittata 0 3 0 0 0 0 0 0 0 0 3 0 0 0 33 00 0 3 0
R APV Macromedaeus distinguendus 0 0 0 3 3 0 0 0 0 0 3 0 0 0 3 03 0 3 0 0
rRAE R MR Eogammarus sinensis 3 0 0 0 0 2 2 0o 0 0 3 0 0 333 00 0 3 0
PETF AR AT Latreutes planirostris 0 0 3 0 0 0 0 0 0 0 3 0 0 03300 0 3 0
HIEE G T Alpheus hoplocheles 0 3 0 0 3 0 0 0 0 0 3 0 2 1 203 0 0 3 0
FETN 4 Porcellana pulchra 0o 3 0 0 3 0 0 0 0 0 3 0 0 03000 3 0 0
==

(fF%E to be continued)
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(Z2Rff 5% 1 Appx. 1 continued)

PFh species

LSS

body size

FRIGI

feeding mode

HoifE

mobility

W85 =X
habitat

Fhr o BERREE
longevity  flexibility

BS1 BS2 BS3 BS4 FM1 FM2

FM3 FM4 MI M2 M3 H1 H2 H3 H4 L1 L2 L3 FL3 FL2 FL1

K= FEFLE 1 Membranipora grandicella
5 %4 I Bugula neritina

AL AL E B Membranipora similis
Fikk Il & HL Watersipora subtorquata
2L 1tk Bugula stolonifera
.28 Bz i385 Molgula manhattensis
LAY AR Amaroucium constellatum
E {44 Halocybthia roretz

7F U B2 £ Chaeturichthys stigmatias
Wi 8 Styela clava

SUYEIREE A Tridentiger trigonocephalus
VI B354 Botrylloides smodensis
WU BRI Obelia dichotoma
FHHF A IE Obelia plana

Vb4 Virgularia sp.

#:5% 72 i Phascolion sp.

2 B [ AR 1L Antillesoma antillarum
1T A2 EA Moerella jadoensis

R J7 BEM A Hiatella orientalis
L7 IR Monodonta labio

k4112 Rapana venosa

BRI Xenostrobus atrata
mi/NE IR Mitrella bella

i /R /N2 Mitrella burchardi

i) fF 35 47 %% Lepidozona coreanica
R I Felaniella usta

FEA 547 Ruditapes philippinarum
5 U112 Chlorostoma rustica

R I #G Moerella iridescens

i - BEiA Dosinia corrugata

TbEIEE Mya arenaria

75 M 2802 Nassarius festivus

YA LIS IR Nassarius variciferus
KO- #4EG Crassostrea gigas

YT 4T Crassostrea ariakensis
74k Glauconome primeana
Eiff Anadara kagshimensis

%5 3CIA Meretrix petechialis

A 15151 11 Lepidonotus dentatus
4857445 11 Hydroides elegans

PN 34545 1 Hydroides ezoensis

R JE b 4% Cheilonereis cyclurus
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(Z2Rff 5% 1 Appx. 1 continued)

(LSS Erdavpsl c 1% 3 AE ()W Har BREBIE
Y#p species body size feeding mode mobility habitat longevity  flexibility
BS1 BS2 BS3 BS4 FM1 FM2 FM3 FM4 M1 M2 M3 H1 H2 H3 H4 L1 L2 L3 FL3 FL2 FL1
‘& I Marphysa sanguinea o 0 0 3 3 0 0 0 o0 3 0 0 3 003 0 0 0 3
7 FUM 8% 1 Harmothoé imbricata 0o 0 3 0 3 0 0 O 0 0 3 0 23030 0 0 3
155 W Eulalia viridis 0 0o 3 0 3 0 0 0 o o0 3 0 3 2 000 3 0 0 3
7 FAF i Notophyllumimbricatum 0 3 0 0 3 0 0 0 0 0 3 0 3 2000 3 0 0 3
XL [l b &% Perinereis aibuhitensis 0 0 3 0 3 0 1 0 0 0 3 0 3 02030 0 0 3
ER Cirriformia sp. 60 3 0 0 O 3 0 00 3 0 0 30030 0 0 3
ik EC 25 3k Mysta tchangsii 6o 0o 0 3 3 o0 O 0 0 0 3 0 2 21003 0 0 3
i 1 7L #x 1. Thelepus plagiostoma 06 3 0 0 3 o0 O 3 00 3 00 300340 0 0 3
KU Lumbrineris latreilli 0o 0 0 3 3 0 2 0 0o 0 3 0 0 300 3 0 0 0 3
rhE 2 5% dt Anaitides chinensis 60 3 0 3 o0 O 0O 0 0 3 0 2 02003 0 0 3
[El 75 & H Eumida sanguinea 0o 0 3 0 3 0 0 0 0 0 3 0 2 02003 0 0 3
K| 8 Ht Chaetozone setosa 0o 3 0 0 o0 0 3 06 0 0 3 0 0 3 0030 0 0 3
K- L Pista pacifica 60 3 0 0 O 3 0 00 3 0 0 30030 0 0 3
225 vb 4% Drilonereis filum 6o 0 0 3 3 o0 2 0 0O0 300 300340 0 0 3
4 (/N AL, Micrura verrilli 60 3 0 3 o0 0O O 0O 301 20300 0 0 3
IfiL 5,541 Bt Ramphogordiussanguineus 0 0 3 0 3 0 0 0 0 0 3 0 1 20300 0 0 3
4[5 i1 41 . Emplectonema gracile 0 0 3 0 3 0 0 0 0 0 3 0 1 20300 0 0 3
{5912 Stichopus japonicus 0 0 0 3 0 0 3 0 03 00 0 03003 0 0 3
YN 5 Haliplanella luciae 0 3 0 0 3 0 1 0 0 3 0 3 0 00030 0 0 3
MR 2 FMEEESBEATEBME S WEEE A AR
Appx. 2 Species composition of attached community on artificial reef in Furong Island, Laizhou Bay
712§ phylum PFp species 2444 scientific name l—yealr Eﬁ:ﬁf@iﬁ?{{—AB 475_;:3 ?ze%ﬁzi-CD
TR Arthropoda
RGBT R Diogenes edwardsii +
T A Clibanarius infraspinatus + +
Hili 98 S L g Oregonia gracilis + .
AR Sl Hemigrapsus sanguineus + +
rh AT Jy Hemigrapsus sinensis + +
'k Siip Hemigrapsus penicillatus + +
=R T Portunus trituberculatus + -
fif B % R Alpheus heterocarpus + -
LU A Balanus amphitrite + +
I S e Balanus reticulatus + -
141 &5 7 ) % Pilumnus tuantaocensisi + +
HICER S Pilumnopeus makiana - +
[ERNEIVE-ALIN Gammaropsis japonica - +
Ut Corophium sp. - +
T A4 Paradromia sheni - +
P AL Pugettia quadridens + -
1= e A Balanus cristatus + -
BN Charybdis japonica + -

(f¥2% to be continued)
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(ZEff 3% 2 Appx. 2 continued)

['12% phylum Py Fh species 2£ 44 scientific name 1 i g 4-5 Ml
1-year reef AR-AB 4-5-year reef AR-CD
AL i AR Heptacarpus rectirostris - +
IR WL Heptacarpus futilirostris + +
[EE R =1 N Palaemon macrodactylus - +
i 2 B A5 Scyra compr essipes - +
EEEE Leptochela gracilis - +
J& JTCR Trachypenaeus curvirostris + +
ZIFE R Caprella acanthogaster + -
FRFE Caprella scaura - +
KA FF Caprella equilibra + +
EAR 3L Lysmata vittata - +
NG Macromedaeus distinguendus + -
LRRESIERALI Eogammarus sinensis - +
P BAER Latreutes planirostris + +
2 AR Alpheus hoplocheles + -
X Porcellana pulchra + -
HEEZYI] Bryozoa
KERNFE R Membranipora grandicella + +
A B Bugula neritina + +
AR FL 5 1 Membranipora similis + +
TR I 5 Watersipora subtorquata - +
(SR Bugula stolonifera + +
BRI Chordata
L5 He i Molgula manhattensis + +
R T Amaroucium constel latum + +
FLIFHY Halocybthia roretzi + -
R UF R Chaeturichthys stigmatias + +
1958 g Styela clava + +
AL IN R Tridentiger trigonocephalus + -
[LIREERPE R Botrylloides simodensis + +
RIS 1T Cnidaria
UK R A 1 Obelia dichotoma
- $H R IR Obelia plana + +
b Virgularia sp. + +
YA ML 25 Haliplanella luciae + +
Y] Sipuncula
Lo 3 Phascolion sp. + +
T AR B Antillesoma antillarum - +
HARFHYIT Mollusca
VL P B Moerella jadoensis + +
ARy BEWG G Hiatella orientalis + +
oY 15 Monodonta labio + +
Jik &1 8% Rapana venosa + +
IR Xenostrobus atrata + +

(fF%E to be continued)
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(ZE/fl5% 2 Appx. 2 continued)

['J2% phylum P Fh species 244 scientific name i 4-5 M
1-year reef AR-AB 4-5-year reef AR-CD

i /NS W Mitrella bella + +
i RN IR Mitrella burchardi + +
L £ Lepidozona coreanica + +
TR ey Felaniella usta + +
A=A Ruditapes philippinarum + +
5 ] 4% Chlorostoma rustica + +
VAN Moerella iridescens - +
W S Dosinia corrugata - +
b vl i Mya arenaria - +
FAERS Nassarius festivus + -
ENIERECS Nassarius variciferus + —
IRV VA5 Crassostrea gigas - +
SIRAR AR Crassostrea ariakensis - +
HEFE LR Glauconome primeana - +
Fulf Anadara kagshimensis - +
S SR Meretrix petechialis - +

KA Annelida
EERIae g Lepidonotus dentatus + +
ERFE R Hydroides elegans + +
AR HESK=AI Hydroides ezoensis + +
7y =S Cheilonereis cyclurus + -
Falil Mar physa sanguinea + +
T RO 1 Harmothoé imbricata + +
IEH Eulalia viridis + +
B Notophyllum imbricatum + +
WL Rl 7 Perinereis aibuhitensis + +
B Cirriformia sp. + +
K A 251 Mysta tchangsii - +
U m s A Thelepus plagiostoma + +
b Lumbrineris latreilli + +
rhAgpgE Anaitides chinensis - +
2RSS Eumida sanguinea + +
P i ey Chaetozone setosa - +
A FEAR B Pista pacifica - +
2 AU Drilonereis filum - +

AL 311 Nemertea
A /NBA R Micrura verrilli + +
QRGN 50 Ramphogor dius sanguineus - +
4115 [t 21t Emplectonema gracile + +

W2 3% 1] Echinodermata
i Stichopus japonicus + +

TE: " FRIRIZ YR LB, <Rz Rh oA

Note: “+” means that the species appears,

«

means that the species does not appears.
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Community structure and functional traits of attached organisms on
an artificial reef near Furong lsland, L aizhou Bay

ZHAN Qipeng', SUN Xin', DONG Jianyu', ZHANG Yuyang', ZHANG Xiumei*’

1. Key Laboratory of Mariculture, Ministry of Education; Ocean University of China, Qingdao 266003, China;

2. School of Fishery, Zhejiang Ocean University, Zhoushan 316022, China;

3. Laboratory for Marine Fisheries Science and Food Production Processes, Pilot National Laboratory for Marine
Science and Technology (Qingdao), Qingdao 266072, China.

Abstract: Artificial reefs are a key tool for the restoration of ecological habitat in marine ranches. The construction of
artificial reefs has many ecological effects, such as flow field, shelter, and bait effects. The attached community on
artificial reefs are an important factor for the formation of bait effect. To explore the effects of reef age on
community structure and functional traits of attached organisms, quadrate sampling was conducted on an artificial
reef at Furong Island in Laizhou Bay in the spring, summer, and autumn of 2019. A total of 94 species of attached
organisms were collected. Arthropoda had the largest number of species (33), followed by Mollusca, which
included 21 species. There were 66 species on short-age (1 a) artificial reef (AR-AB), and 79 species on long-age
(4-5 a) artificial reef (AR-CD). There were differences in the species composition and dominant species of
attached community for different seasons and reef ages. AR-CD were significantly higher than AR-AB in Margalef
species richness, Shannon-Wiener diversity, and Pielou evenness indices. Six functional traits (including feeding
habits, mobility, habitat, body size, longevity, and flexibility) were selected to compare the relative abundance of
functional traits in different seasons and reef ages. The results showed that the artificial reefs in this area are more
likely to be attached by those species with filter-feeder, inactivity, sessile, long-lived (> 5 a), and extremely small
(<1 cm) characteristics, but no body flexibility (Membranipora grandicella, for example). The differences in
functional traits between AR-AB and AR-CD were reflected in feeding habits, mobility, and habitat. The relative
abundance of predator, high mobility, burrower, and crawler characteristics in AR-CD were significantly higher
than in AR-AB (P<0.05). However, the relative abundance of filter-feeder, sessile, and inactivity characteristics in
AR-CD were significantly lower than in AR-AB (P<0.05). The functional diversity index and functional
redundancy of the attached community of AR-CD were higher than that of AR-AB, though the differences were
non-significant. In this study, traditional biodiversity indices and biological traits were used to analyze the
differences in community structure and functional traits of attached organisms between short- and long-aged reefs
in different seasons, providing a new perspective on the ecological effects of artificial reefs.

Key words: attached community; artificial reef; reef age; functional trait; functional diversity; marine ranching
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