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Tab.1 Chemical composition and sizes of the experimental substrates

TN em Lb P H i b/ % Weight ratio
Substrate size Treatment J[¥b River sand 7K e Cement
5%x5x%x3 A 88 12
10 x10 x3 B 88 12
15 x15 x3 C 88 12
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BB SR A R — B, A G TSR IS
T TR FE DL ) %85 B N 5 1 o S s 4k W 40 1 Y
[{ipcgi e o
1.4 HiEALE

B RR PRI IS b B R HE D130 4 5 Al
ME DL %5 B2, e 4 RS2 30 i ) B s 7 DL
(B EHE (A - em ™) FIEHI5ER (mm) o 5256
Bl 283 DL 10 S iKY ek B ab B, T SPSS
19. 0 #111 Kolmogorov-Smirnov ( LA T f&j F8 K-S) IF
SR B S AT IE SRR (P >0.05,%2)
FFE IR M . AL R ] SPSS 19. 0 Fiif
BAFEATIT 220007 (T LSD AT K 3, P <
0.05 W 2Z 55 3%, P <0.01 B EFRHRE; =
AR AN S5 23 N 3 4> 4 BEEZH v BE AL 8 TR
10 A~ BEAE S 5 H00 B 7 8, et 30 20 4040
i Excel 2013 22 4% & 5 7¢ & B AH Ak 20 B
K, & SPSS 19.0 H Y Pearson FEATAHIGE )
s K Sigmaplot 10. 0 22 HIHTLLIA

#2 KSESKEER
Tab.2 K-S results of normal test

S 2H

Experimental enviroment Item P
R ZZJE Density 0.200
Laboratory experiment i Shell height 0.070
WP AN 25 Density 0.055
Field experiment e Shell height 0.200

TE:P >0.05 i, 378 2 PRI A1 52 56 v i 49 DR/ 3o B ) 26 8 11
FeR AR R IES

Note: P >0.05 means that desity and shell height corresponding to
substrate size in laboratory and field experiments are normally
distributed

2 #EREHH

2.1 JRYK/NXIHIERE N ZEH R0

BRI 2P AR R JGE E N LRI
Je RPN SR RN B HE DL 4 R 1Y) 5 2
MR (F3,P=0.000)

®3 RYKDMIMERERE

JRH RN B DL %385 J3E A 52 MR 45 R A 1
Fiis o ENFEPAEER A B C 3 ASAb B2 (]
ZE R E(E 1,P <0.01),3 AL PR 5255
JEH B R B G HE DL BE S AR . C > B > A
2 N SEBG A HE DL AR P24 5 B 300 A 41 1. .06
AN em™, B4 560 4 - em7, C 4 12. 01
A+ om ™ PRSI Bk A DL A T35 85 1 43 A
2.41 - em?,B4H4.65 4 - em ™, C 4 6.90
A s em ™
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B 4h523 Field experiment
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PERE N/ (4 » cm?)

Settled oyster spat density

A B c
AERA /N

Three substrates

B 1 ZERSLIEFEFSA LG ch 3 FhItls
R B R E E R
Fig.1 Comparison of oyster spat density on three
substrates in laboratory and field
experiments(n =10)

VE AR 8 7% 1 S ) K/ G 9 A7 2 3 b 2% 5 (P <
0.05)

Note: Different letters show significant differences among

substrates of different sizes (P <0.05)

2.2 R¥KRANIIHEERE R T BRI
LR T7 22T A R AR O A Nk R B
HNSIEIRY, SR TR R /N Kok B 25 fE DL 52 i 9 52 i
R (£ 4,P=0.000) ;
SRR/ xt B 6 DL 5 o R i 45 2R G ] 2
PR NS SRS b, 3 A S0 IR P Ak B4 1]
ZESERE R (K 2,P <0.01) , MEEHED 7

ERIMKBERTENNER

Tab.3 One-way ANOVA results of the effect of substrate sizes on settled oyster spat density

SCESFRES Experimental enviroment df SS F P
2 [&] Inter-group 2 1.984 20. 125 0.000
ZE N2 Laborat iment
NI Laboratory experimen ZH N Intra-group 18 0.099
2] Inter-group 2 0.430 27.661 0.000
THNSLTG Field experiment
HFSPIEH Field experimen ZH N Intra-group 18 0.016




318 o

2020 4

=

INF R A > B > Co 3 P S5 FiE G #E DL A P2
FeE A A 26 14.10 mm, B 44 8. 69 mm,C £H
4. 44 mm ; BF AP SR HE DL 7S = 400 A 41
17.83 mm,B 24 11.61 mm,C 4{ 7.43 mm,
2.3 ERNMEFIILHMEERAILE
U F 7 2250 W a5 SRR W (3R 5, £6): 2
+ 2 H A AT BiE 35 HE DL %5 R 5 e 2 (P <
0.05) ,XF 72 5% W A ik 3 (P > 0.05) 5 % PN Ay
AP SIZ I P 0T B HE D1 %85 B 52 e B3 (P >
0.05) , X 7¢ s i 3 (P <0.05) , HBFAh S5
Fom B E R TENER(P=0.000),
2.4 HiFHNZEESRTSZEAMERXE
Pearson FHICHES BT 45 SRR W - 2 PN S0 50 Fn B
SRS AT HE DL FE 5 e A DG AR SR, HL oy
TAHDG, Hor, S N SR R A e (R 7 ,r =
-0.840); By A SL g A A G M (R 7, r =

220
.
':3‘0 18 a —e—Bf488 Field experiment
= —o— NS Laboratory experiment
— 16
—
E2 14
411\@ ]
B 12
X o
gy 10
S 8
Z 5
© 6
o
2 4
5 2
A ERMIR N

Three substrates

B2 ERLEMEFILE 3 FHLEKRY L
HUFHE N E SRR
Fig.2 Comparison of settled oyster spat
shell height on three substrates in
laboratory and field experiments
TE AR 7 BE 7 78 A 3 R/ IR 9 Il A I 25 PR 25 5 (P <
0.05)

Note: Different letters show significant differences among
substrates of different sizes (P <0.05)

~0.726)

R4 EVMRPIIHERNTSZMHEERRATESINER
Tab.4 One-way ANOVA results of the effect of substrate sizes on the shell height of settled oyster spat

SZESFRES Experimental enviroment df SS F P
21 [6] Inter-group 2 0.360 29.651 0.000
ZE NS5 Laboratory experimrnt
EeR R Ty exp 21N Intra-group 18 0.012
LIS NS o) #H ] Inter-group 2 0.270 104. 686 0.000
Field experiment ZH A Intra-group 18 0.003

RS ENMEFIIZRENAMEZTENNEAFHTESNER
Tab.5 Two-way ANOVA results of settled oyster spat density in laboratory and field experiments

df SS F P
4% Environment 1 0.058 1.012 0.321
JEYI R/ Substrate size 2 2.177 38.143 0.000
8 x R K/ Environment x substrate size 2 0.338 5.922 0.006
i%2= Error 36 0.057
BT Total 42

x6 ENMEFILUENAMETSHNNEFATESINER
Tab.6 Two-way ANOVA results of settled shell height of oyster spat in laboratory and field experiments

df SS F P
3% Environment 0.258 35.609 0. 000
JIEY) K/ Substrate size 0.630 87.106 0.000
HEE x IR K/ Environment x substrate size 0.011 1.554 0.225
%72 Error 37 0.007
B3t Total 43
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3 ZEWN(a) FEFM(b) R PHIFHENZESTEREXESTE
Fig.3 Analysis of the correlation between shell height and density of oyster

spat in laboratory (a) and field experiments (b)

x7 ENZWFAEIIZEFEESTEH Pearson 10X 5T

Tab.7 Pearson correlation analysis of density and shell height in laboratory and field experiments

SLEGFAES Experimental enviroment P
2 N SEL Laboratory experiment -0.840 <0.01
P HRSEHG Field experiment -0.726 <0.01

W 0.8 < Irl <1 AIEME;. 0.6 < Irl <0.8 FihAHK; 0.4 < Ir1<0.6 JHEFREMIL; 0.2 < 1r1 <0.4 AFMHK; 0<I1r1<0.2 K

AR5 A S A A 5 [

Note: 0.8 < Irl <1 is exstremely correlated;. 0.6 < |rl <0.8 is strongly correlated; 0.4 < Ir| <0. 6 is moderately correlated; 0.2 < |7l <0.4 is

weakly correlated; 0 <17l <0.2 is extremely weakly correlated or uncorrelate

3 i
3.1 JRMIK/NIS i EHE N Z B RS E
AHEFELE RARI, W) RN 225 5 0 5 HE
DUBH A %5 B2, BRSO, HE DL B A %85 R B
T AL SIS B, )y L fb L 25 B R, — B
A4 RS , St B Y o s oAb A 4
[ Aok ISR SRR 2 i E EME 2B
A LI 2 AR 22 2 45 4 B 2 TS A ) JE A
W4 AF ( Ruditapes philippinarum ) . & 5 ( Cyclina
sinensts ) FlIRE 7205 ( Mercenaria mercenaria ) [ Fff B
T = R RN A e o ] i 2
LILLIS %5 B 5 SRS 01 41 K/ e 56 9 J 1R 4
A H SR B3 . ADAMIAK-BURD 4 %
Bk iR 4h HUH G Bk E T ROT BN Fo X
ALRE S BT R A A 22 5 WO 25 i F 5T
FH] 2 FhRLAS 1SS R /N R it R L 4 1Y B A
A T REIE 2 RO A A AL T
FREIRE A 2 I Fr 1L 2 AR S, S A 58 1 3%

4022}

THRBE SR T J7 ], IF J A S0 4% LR AL T AR
[z ], FUCHS 4817 BFANIF 9T 5 BUTE 1 5
FRJEE 40 2 DI WG E DL ) 35 H 5 22, 5 AR SE IR BT
TR, T AR iy T 52000 X A 4h o
W T3 A FRFA . K 2Bt WG 4 k2B %5 1
ABIT AR AR b, KR4 BRI T 4y e
(T B, (L FAARR TR 0 L ) B (30 FE L R 5
SN SEER A Ab FIZE f B 5 e DL BE AL T AR 52
AT RE S h T 28 P9 SR SR NI K P A 4
T EFAN S B v — B &y R B % B S |
AT (25 S TR 40 R 85 (O R 05, 1R 4
L FE R AN SRS A /N &y B 19 A
134 B WA
3.2 WERIESMZTENEXE

BE R DL 52 o 5 R R O . IR 2 BFSE
ARSI 5 R, Uk 2 Y BT R B AR Rk
AL PR B2 R4 B A AL I ( Chlamys farreri)
HE DL BFE5 5 ) S 2 3 7 A A A DL 5 125
ZE A S R . WRBRAE Y TR 5 s B % 8t
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%t Wi ( Ostrea enselamellosa ) %] M & F & (3
A mL U4 A - mLT) Ak B2 R Y 1 AfE DU
BB SR TARE B A H 4] (1 4> - mL™' 1 2
A emL7h) AR 0 TR A H A
DRI Ay Bt HE DL B 45 5 A 084 R, B0 S () 5
B R, FEMAE R KB ZE, WA
B HE DL FEAR T HAE B NS 25 3 7 i 200
mTEN LA R X R B 5
24y LR 9 T 55 Hh L 2% A AT RE 23 3 S e 1Y 22
S, BT LA W RN 5 5 B 58 e 22 ) BB A DG 1
AR BEERALHE D A K B R R Z —, U
FeA IR R B il B A PR SR R A G,
ERHE T IR SRS R oR, $RIE 15,20 FI
25 4 ARACHEWARE DL 7 v W25 e TR 35 1140
21 5 L RE SR A R R HE DL RiTEIRLE 28 C 4
BFEETEE16 C .20 C 24 CHF 32 C4,
FHE BRI, 2 pH O 8.1 ~7.0 B JLTT4E
Wi (C. ariakensis) W) 5L 2B pH B9 10 5
MR
3.3 ENFMEFIILBERBLLE

i 3 2 N AT S G B6T BE, FRATT A S g
P58 X8 i o M DL %85 B 52 0 A I 25 T H 5 i) KR
B BE ELAE ) 85 B 50 S 3, AT RE S T AL W
2J) OO B TR 8 VR AL T R 58 JR M 22 5o
SIEIR PR RS B HE DL 58 e 2 2, XA AT BE
PARP IR, — P2 gl e 32 B i A ], 3 2R o %
JEE AN TR, DT S M RfE DL 58 v 20 5 9 — o B
S ) P B T R A W B AR PR R 52
HAEFAXTFE S 35, AT R BB A 25
XoF 2 1R IR R T ) R/ (B DL %85 8 ) b R
IR
3.4 NG

AWFTE R, ARG W T R KNS
FLUGHE DL R A5 2 B S 0 2 A IR AR G, BRI, A
FEWARE A BB S b IR RN 20U 1) 75 S
R~ — P G A% Y I ) FT  25 $2 e R A
W4 R B B DA 5 A A AR A A Y

AR SR ASIE B JRE ) JR/IN %k L W 4y 1 fi 5 5
M S8 255, O A 36 E 4 H B 3 ) e 3 T ) A, AT
7 N —L TR .
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Effects of substrate size on the settlement of oyster larvae.
Evidence from laboratory and field experiments

FAN Ruiliang"*, LI Nannan', WANG Taoni', SUN Zhaoyue', XIU Yuna', QUAN Weimin'

(1. Key Laboratory of East China Sea and Marine Fishery Resources Exploitation and Utilization, Ministry of
Agriculture and Rural Affairs, East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences,
Shanghai 200090, China; 2. College of Fisheries and Life Science ,Shanghai Ocean University ,Shanghai 201306 , China)

Abstract; In order to study whether the substrate size and experimental environment could affect oyster spat
settlement, we designed experiments to examine the effects ( density and shell height) of three kinds of
substrates , experimental environment and their interaction on oyster larvae with two-factor randomized manner.
Larval experiments are mostly about the screening of substrates and inducers. There are few reports about the
effects of substrate size on the settlement of oyster larvae. The substrates were concrete modules made by
mixing river sand and cement in a ratio of 88: 12 after grinding. Laboratory experiments were conducted by
Pacific oyster Crassostrea gigas larvae from fertilized eggs to pediveliger larvae in the seeding farm. Ten
substrates of each size were randomly selected and hung on bamboo poles for experiments. The field
experiment used Kumamoto oyster Crassostrea sikamea larvae, conducted experiment of settlement on the
bamboo raft built in oyster culture area of Xiangshan Harbor. During the experiment, salinity, temperature,
water change and feeding were measured to ensure the stability of the experimental environment and the
settlement of oyster was observed until it could be counted clearly. The substrates were photographed and
counted with a DSLR camera in both laboratory and field experiments. Twenty spats were randomly selected
and the shell height was measured with Photoshop 7. 0. The experimental results of settlement demonstrated
that the average density and shell height of settled oyster spats in group A,B,C of the laboratory experiment
were 1.06 ind + cm *and 14. 10 mm,5. 60 ind - ¢cm > and 8. 69 mm,12. 01 ind - ¢cm *and 4. 44 mm
respectively. In the field experiment, the average density and shell height of settled oyster spats in group A, B,
C were 2.41 ind - ecm *and 17.83 mm, 4.65 ind - cm * and 11. 61 mm,6.90 ind + cm “and 7. 43 mm
respectively. Results of one-way ANOVA showed that substrate size affected the density significantly (P < 0.
001). The larger the substrate, the higher the density of oyster spats. However, the opposite was for the shell
height. There was a significant negative correlation between the density and shell height of oyster spats. The
environment of laboratory and field experiments had no significant effects on the density of oyster spat (P >0.
05) ,but had significant effects on shell height( P <0.05). The results of two-factor ANOVA showed that the
interaction between experimental environment and substrate size had significant effects on the density of oyster
spat (P <0.05), but not on the shell height (P >0.05). It indicated that choosing suitable substrate size
could significantly improve the settlement density of oyster larvae in the ecological restoration of oyster reefs.
The results have important theoretical and practical significance on the selection of substrate size and oyster
culture in oyster reef restoration.

Keywords: substrate size; ecological restoration; settlement; shell height





