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Tab.1 Results from two-way ANOVA examining effects of

oyster shell and biofilm on the densities of settled oysters

A S H iR ZE N 5E5G Lab experiment ZEAIPNLES Field experiment
Source of variation df W75 MS  FHGE Ftest PAH P value Y725 MS F 5 Ftest PA{H P value
H17E Oyster shell 1 0.841 9.261 0. 008 2.665 9.276 0.008
H: W Biofilm 1 0.558 6.142 0.025 4.503 15.676 0.001
- "
A7 Xét%ﬂk 1 0.380 4.179 0.058 2.038 7.094 0.017
Oyster shell x biofilm
Eit Total 19
1.2 Lo 4.0 Lo
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P Ho
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Bt IH 5% Wi A 5%

Ju Ju
01d shell 01d shell
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HWEFE Oyster shell

Fresh shell
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) (B)

El1 2019 £EHREW(A) KL (B) PFmMIAT LHIFHMES
Fig.1 Settled oyster densities on the fresh and old oyster shells in the lab (A) and field (B) experiments of 2019
W RER EARNE FRFROREAR BEMZE T (P <0.05)

Note: Different lowercase letters over error bars indicate significant differences( P <0.05)
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Tab.2 Results from two-way ANOVA examining the effects of oyster shell and

tidal zone on the densities of settled oysters and barnacles

A SR B i #1145 Oyster J#é 4 Barnacle
Source of variation df Y& MS FRK Ftest P{H P value 22 MS F R F test P{H P value
HEWEFE Oyster shell 1 0.084 50.495 <0.001 0.148 0.916 0.343
#1X. Tidal zone 1 0.001 0.832 0.366 0.737 4.546 0.037
A7 x @“Z 1 0.01 0.569 0.454 0.211 1.305 0.258
Oyster shell x tidal zone
3t Total 59
0.25 0.25
® A B35 Fresh shell @ B W 375 Fresh shell
-3 BIH5% 01d shell ~3 a B [H5 01d shell
s 0.20 e ‘=7 0.20 a
(SR © g
-8 a - 3
Eu01s €y
fud o0.10f b b fmo
o b o
B B2
$E 0.05 . @E
0 0

15d 45 d 70 d
0.6m HWIX 0.6 m tidal zone

15d 45 d 70 d
1.1m X 1.1 m tidal zone

B2 2020 FEFIMKIEPHETEMIAT EHIFMES
Fig.2 Settled oyster densities on the fresh and old oyster shells in the field experiment of 2020

T R EAR/NE PR B BEVEZE 5 (P <0.05)

Note; Different lowercase letters over error bars indicate significant differences( P <0.05)
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32020 FFFSMRWHFEMERE LEEHES
Fig.3 Settled barnacle densities on the fresh and old oyster shells in the field experiment of 2020

T REE EAR/NS FHRFRHA B ZER (P <0.05)

Note: Different lowercase letters over error bars indicate significant differences( P <0.05)
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Tab.3 Results from two-way ANOVA examining the effects of oyster shell and

tidal zone on the shell height of settled oysters

AR S5 Source of variation B i df ¥ MS F K56 F test P {H P value
HEMFFE Oyster shell 1 11.022 0.429 0.513
i X Tidal zone 1 10. 592 0.412 0.521
HWE5E x X Oyster shell x tidal zone 1 4.713 0.184 0.669
31 Total 359
12 B35 Fresh shell 12 W3 5% Fresh shell
A BIH5 01d shell B BIH5 01d shell
a
a
g = g 9 a
EE" EED a
IE © IE ©
= RS 6
B e
& S
%] 7] b
3 b

15d
0.6m X 0.6 m tidal zone

45 d 70d

15d
1.1m X 1.1 m tidal zone

45d 70d

4 2020 FEFIM KW P EFIEMIEE EMEHFRNFHTS
Fig.4 Shell height of settled oysters on the fresh and old oyster shells in the field experiments of 2020

T R EAR/NE PR FOR B BEVEZE 5 (P <0.05)

Note; Different lowercase letters over error bars indicate significant differences( P <0.05)



$2 4

% ABAE AGHEE R AR L BT IR R ROR H AR 181

A W) R BE 0% X6 45 A 5 A Y B 22 BRI G
HHEZh W) 0y B & AT o AR B AL
JOEE1S R0 S e B A 0 R AL P 2
55, A 7R e 207 5, AT 75 5 7 1 4))
W% Ar &1 RODRIGUEZ-PEREZ Z!") %
I, A= VI RE B 75 S RO L W &)y R BB
RS Bl A ) B P ST B R o AR I N
SR T VINREL Y TR = A ] e
R AEANTE M TH 52 1 B 508 5 100 78 B 0 52 55 vh
o I Z5 R 58 A R, AR WD I S 3 1 e TH AL W 1Y
BT RACEE BN 7 %) B 1 R IR S ), 3X
gL LT RE 5 S0 FE 400 A0 Ah R85 5T b A B AR
K2EFA K, HETIH., ¥ LAY E R
I, RETERI (% N SESa Bih i A 0o 3 d) R
PRE T ¢ B B v R0, AR TR B o 1 (B A S
BBt v SRS 2 40 d) PN Rl E A5 R Y B D Y
INHRCR SRR MAE IHT _E AR & B 1A X
e IR TH 5 1Y B 1 2003 52 e A FR , {HL A
AR I PN LT A Ve R 1 SRR 2 R Y

T DX 5 M 5 B 5 P OGS R - 2 — B
T DX AR s AR AN T4 W 4y e i B A
gD B BTG R R W], A R R
W w B 2 AN TR B X, & S TR R T 4l
W o 3w N IR T IRl 0 E
A RIS S PR, X G b 05 E
W B 2 e A S I AN S 2 RT R T SR R
T DX B TRT B /N o Wi 4 S 2 B S
FEARBIE . LR A DX v, PR 0 5 () B HE
DUR5E R A DL I 2 Pk 22 5, T LA 25 ) o 3K A
EWGFE I AN 23 % FE DL 14 AR K o 3 M 1 1) 5
S HIER .

AT B, 8 oe B B RIOR SRS T IH
7, M H P 22 5 3 35 1 38 45 B0 B
TR A o DRI A A W R B A v I S BE TR
FoeMERIRY , oA w5 4 3 P A AR A A 5%
H, AR HE— 20 5T Ak 2 21 I S A 4 1) 5
5 TE ) WY 7 e s s 1) A 00 2 S 1 Dt R B
MLEE,

S 3k

(1] 2RRE, tofes, PRk, S5 00 H X5
M A TRE MWK HERE [T ). A& 25 4%, 2006,
25(10) : 1234 —1239.
QUAN W M, SHEN X Q, LUO M B, et dl.

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

Ecological function and restoration measures of oyster
reef in estuaries [ J]. Chinese Journal of Ecology,
2006, 25(10) ; 1234 - 1239.
RO, HRERF, AR, fF. BRI
PR DRE B AR S RS (B LT ] A
B4R, 2007, 18(4) . 871 - 876.
QUAN W M, ZHANG J P, PING X Y, et al.
Purification function and ecological service value of
Crassostrea sp. in Yangtze River Estuary [ J].
Chinese Journal of Applied Ecology, 2007, 18(4) .
871 - 876.
MR, S8, FHRS, S LD R
PR S TR AR SIRAG [T]. A,
2017, 37(5) : 1709 - 1718.
QUAN W M, FENG M, ZHOU Z X, e al.
Ecological assessment of the oyster Crassostrea
stkamea  population and  associated  benthic
communities on restored oyster reefs along Jiangsu
Province coast, China[J]. Acta Ecologica Sinica,
2017, 37(5) . 1709 - 1718.
N, W, KRRV, AF. SN T B A R
AW R SR ] NS,
2014, 25(10) : 3032 -3038.
GONG P H, LI J, GUAN C T, et al. Estimation
and experiment of carbon sequestration by oysters
attached to the enhancement artificial reefs in
Laizhou Bay, Shandong, Chinal J]. Chinese Journal
of Applied Ecology, 2014, 25(10) ; 3032 -3038.
BECK M, BRUMBAUGH R, AIROLDI L, et al.
Oyster reefs at risk and recommendations for
conservation, restoration, and management [ J ].
Bioscience, 2011(61) :107 —116.
QUAN WM, FANR L, WANG Y L, et al. Long-
term oyster recruitment and growth are not influenced
by substrate type in China: Implications for
sustainable oyster reef restoration [ J]. Journal of
Shellfish Research, 2017(36) . 79 - 86.

GOELZ T, VOGT B, HARTLEY T. Alternative
substrates used for oyster reef restoration; A review
[J]. Journal of Shellfish Research, 2020, 39(1) .
1-12.
COEN L, LUCKENBACH M. Developing success criteria
and goals for Evaluating oyster reef restoration:
ecological function or resource exploitation? [ J].
Ecological Engineering, 2000(15) : 323 —343.

BRUMBAUGH R, COEN L. Contemporary approaches

for smallscale oyster reef restoration to address

substrate versus recruitment limitation: A review



182 oW 2021 4
and comments relevant for the Olympia oyster, Osirea al. Taphonomic degradation of molluscan remains
lurida Carpenter 1864 [ J ]. Journal of Shellfish during thirteen years on the continental shelf and
Research, 2009(28) :147 - 161. slope of the northwestern Gulf of Mexico [ J ].

[10] SMYTH D, MAHON A M, ROBERTS D, et al. Palaeogeography, Palaeoclimatology, Palaeoecology,
Settlement of Ostrea edulis is determined by the 2011, 312(34) . 209 —232.
availability of hard substrata rather than by its (18] & 5%, XL, tmnlss, 2. JNE A sh
nature; Implications for stock recovery and BEEBEXERMWE N ER [ J]. K55,
restoration of the FEuropean oyster [ J ]. Aquatic 2020, 44(1) . 118 -129.
Conservation; Marine and Freshwater Ecosystems, LIANG X, LIU HY, YANG L T, et al. Effects of
2018, 28(3): 662 -671. dynamic succession of Vibrio biofilms on settlement of
[11] RODRIGUEZ-PEREZ A, JAMES M, DONNAN D W, the mussel Mytilus coruscus[ J]. Journal of Fisheries
et al. Conservation and restoration of a keystone of China, 2020, 44(1). 118 -129.
species: Understanding the settlement preferences of [19] CAMPBELL A H, MERITT D W, FRANKLIN R B,
the European oyster ( Ostrea edulis) [ J]. Marine et al. Effects of age and composition of field-
Pollution Bulletin, 2019(138) . 312 —321. produced biofilms on oyster larval setting [ J ].
[12] VuER, & 8, [EEF, & Ry SRS Biofouling, 2011, 27(3) : 255 -265.
o IS4G ( Crassostrea gigas) %) Wt 25 1975 5 [20] HADFIELD M G. Biofilms and marine invertebrate
[T WS WA, 2016, 47(6); 1193 - larvae; What bacteria produce that larvae use to
1198. choose settlement sites [ J ]. Annual Review of
FAN R L, CHAO M, REN G P, et al. Effect of Marine Science, 2011(3) ; 453 —470.
calcium form in substrate and larvae abundance in [21] BARTOL I K, MANN R, LUCKENBACH M.
seawater on spat settlement of Pacific oyster Growth and mortality of oysters ( Crassostrea
Crassostrea gigas [ J ]. Oceanologia et Limnologia virginica) on constructed intertidal reefs: Effects of
Sinica, 2016, 47(06) : 1193 —1198. tidal height and substrate level [ J |]. Journal of
[13] PRESTON J, FABRA M, HELMER L, et al. Experimental Marine Biology and Ecology, 1999,
Interactions of larval dynamics and substrate 237(2): 157 - 184.
preference have ecological significance for benthic [22] WANG T N, FAN R L, CHENG Q Q, et al.
biodiversity and Ostrea edulis Linnaeus, 1758 in the Intertidal zonation of the Suminoe oyster Crassostrea
presence of Crepidula fornicata [ J ]. Aquatic ariakensis and the Kumamoto oyster Crassosirea
Conservation; Marine and Freshwater Ecosystems, sikamea on the coast of the Northern East China Sea
2020(30) ; 2133 -2149. [J]. Journal of Shellfish Research, 2020, 39(1):
[14] LOPES R. Ichnology of fossil oysters ( Bivalvia, 31 -41.
Ostreidae) from the southern Brazilian coast[ J]. [23] 2% fh, FRLIE, B b, 2. Z2IHEREARH 1G4
Gaea-Journal of Geoscience, 2011, 7(2) :94 —103. A ERAERKRSEFRLT]. W AAESS
[15] SUMMERHAYES SA, BISHOP MJ, LEIGH A, et 2, 2020, 31(3) ; 1008 - 1014.
al. Effects of oyster death and shell disarticulation JIANG W, WANG T N, CHEN S, et al. Spatial
on associated communities of epibiota[ J]. Journal of pattern in larval distribution, settlement and growth
Experimental Marine Biology and Ecology, 2009, of Crassostrea sikamea in Xiangshan Bay, Zhejiang
379(1-2) . 60 -67. Province, China [ J]. Chinese Journal of Applied
[16] WALDBUSSER G G, STEENSON R A, GREEN M Ecology, 2020, 31(3) : 1008 - 1014.
A. Opyster shell dissolution rates in estuarine waters ; [24] FUENTES C M, WHITCRAFT C R, ZACHERL D

[17]

Effects of pH and shell legacy [ J]. Journal of
Shellfish Research, 2011, 30(3) : 659 - 669.

POWELL E N, STAFF G M, CALLENDER W R, et

C. Adaptive restoration reveals potential effect of
tidal elevation on oyster restoration outcomes [ J].

Wetlands, 2020, 40(1): 93 -99.



$2 4 % ABAE AGHEE R AR L BT IR R ROR H AR 183

Substrate selection for oyster reef restoration. Differences in oyster
settlement and recruitment on fresh and old oyster shells

JIANG Wei'?, SUN Zhaoyue'”, SHI Wenjing'”, FAN Ruiliang’, LI Nannan®, QUAN Weimin®
(1. College of Fishery and Life Science, Shanghai Ocean University, Shanghai 201300, China;
2. Key Laboratory of East China Sea Fishery Resources Exploitation, Ministry of Agriculture and Rural Affairs,
East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China)

Abstract; The lab and field experiments of 2019 examined the effects of oyster shell type and biofilm on
oyster settlement and recruitment. Results from the lab experiment indicated that both shell type and biofilm
significantly affected the densities of settled oysters. There were higher settlement and recruitment of oyster
spats on the fresh oyster shell with biofilm than on the old oyster shell with biofilm (P < 0.05), but
differences in the densities of settled spat were not evident between these two shells without biofilm (P >
0.05). Biofilm significantly increased the attractiveness of the fresh shell to oyster larvae (P <0.05), but
had little influence on the old shell (P >0.05). The field experiment of 2019 found the contrast patterns.
Oyster shell type had no influence on the densities of settled oysters, while biofilm significantly increased the
biological acceptability of the old shell.

The field experiment of 2020 examined the effects of oyster shell and tidal zone on the densities of settled
oysters and barnacles. Two-way ANOVA found that shell types significantly affected the densities of settled
oyster spats, while tidal zone had little effect on oyster settlement. At each of the two tidal levels (0.6 m and
1.1 m), there were consistently greater densities of settled oyster spats on the fresh shell than on the old shell
on the 15 d, 45 d and 70 d(P <0.05). Results from two-way ANOVA demonstrated that neither shell types
or biofilm had significant effect on the shell height of settled oysters. Settled spats measured on 45 d and 70 d
had significantly greater size than those on 15 d(P <0.05).

Results from two-way ANOVA found that oyster shell had no influence on barnacle settlement, while tidal
zone significantly affected barnacle settlement. Higher densities of settled barnacles were found on the fresh
shell than on the old shell in the 0.6 m tidal zone on 15 d(P <0.05) , whereas the difference disappeared at
each of the two tidal levels on the 45 d and 70 d (P >0.05).

The study indicated that there were generally higher oyster settlement and recruitment on the fresh shell
than on the old shell, and the evident differences extended to the recruitment season. Therefore, it concluded
that the fresh shell were more preferable substrate for oyster reef restoration than the old shell.

Keywords: oyster reef; substrate selection; oyster spat; barnacle spact; settlement; biofilm



