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(Buccinidae), HAEEMIEKT, RIEH ST .
VR | RS A, A R TS TR
e, AN I B MR A PE 7 B MR (Thais clavigera
Kuster)FIE P 1R (Ceratostoma rorifluum) WA
5 A B ST TR i 2 R R
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JE R TS L X ) R DLIR A, B TR, [FIAEE A
FHTHEWGRTER o PR AS S50 S PE 7 AR L T
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Fig. 1 Breeding cage for experiment
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Tab.1 Experiment design
45 number FUREF[E] time to add the snails IR types of snails BIRAE number of snails
0 7.10 July 10 0
1 7.10 July 10 PETHANR  Thais clavigera Kuster 6
2 7.10 July 10 THE M IR Ceratostoma rorifluum 6
3 7.10 July 10 H HUIR Cantharus cecillei 6
4 7.27 July 27 PEFHFMR Thais clavigera Kuster 6
5 7.27 July 27 THEE M IR Ceratostoma rorifluum 6
6 7.27 July 27 U2 Cantharus cecillei 6
7 8.10 August 10 PEFLRNR Thais clavigera Kuster 6
8 8.10 August 10 THFE M IR Ceratostoma rorifluum 6
9 8.10 August 10 H HUiR Cantharus cecillei 6
10 8.27 August 27 YA FMR Thais clavigera Kuster 6
11 8.27 August 27 A T8 Ceratostoma rorifluum 6
12 8.27 August 27 U2 Cantharus cecillei 6
13 9.15 September 15 PETHARNR Thais clavigera Kuster 6
14 9.15 September 15 TS LR Ceratostoma rorifluum 6
15 9.15 September 15 H HUi2 Cantharus cecillei 6
16 9.29 September 29 YA FMR Thais clavigera Kuster 6
17 9.29 September 29 T IR Ceratostoma rorifluum 6
18 9.29 September 29 U2 Cantharus cecillei 6

it ordr, 45 LSEBE bR E 2 (X £SD)RIR .
PG AT B 3R U7 22 53 (one way  ANOVA),
225 W E MK BE N 0=0.05,

2 HBRE5HW

2.1 AEEIGAZEMEYE

SCEREE AR, MR ZE I BT A S B
IR TR R, S ik | A R
o H2LAY [] 050 4 531 A (87.00+10.52)% . (88.67+
12.04)%F1(77.60+7.12)%, 3 FhIZ Ay Al R0 3%
ZE5F(P>0.05, £ 2),

F2 3 FBEREYE

Tab.2 Recapture ratio of three snail species

n=3; xxSD
W2F snail species [B1KC K /% recapture ratio
PETHRNR Thais clavigera Kuster 87.00+£10.52
THE A 2 Ceratostoma rorifluum 88.67+12.04
F W2 Cantharus cecillei 77.60+7.12

2.2 HEpESEE R ERRR
XFIRZL 0 SO 8 5e BHWETE B (cm) AR K
SR A ()RR, EUa AN

»=0.0108x+0.586, 4LiAK# K 108 pm/d (&l
2).9 A 15 B 1 R I & e [ 4t as,
7o 4(0.586+0.045) cm, 9 H 29 H AL H47(0.735+
0.134) cm, 11 J1 12 H W55 554 (1.247+£0.259) cm,
12 1 19 H 558 8 J9(1.578+0.320) cm. #1555
LA AR K 1y=0.0081x+6.349, A= K K
81 um/d (& 2), B4t Kig

B 557 abalone shell height

A HUFFER oyster shell height

""" ST R AL HLR trendline of abalone shell height
- - HUFFE R4 HLR trendline of oyster shell height

8r _
n=30; xxSD
< 7F . | e { »=0.0081x+6.349
g ot
B
=6r
3
3
g5r
R
T
s - % =0.0108x+0.586
1} U
po -
0 50 100
H K KH/d growth days

P 2 5 e AL 7 = B I ] £ 78 1k
Fig. 2 The change of shell height of oyster and abalone
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2.3 AEKKAMT EHFMEHEMILR HOBRAAE T8 e bR R 5 SRR R T

B 12 H 19 H B 18 21 BCHE MR ) Fh 2 7F
1700 I A IS AR EOR B 38 A B, e
R 5E E IR R AR R TR R (A 3),
FEUAPEFH R | A VIRt e 5%
ARG o Y BB B SE AN AT RN
(0.0420.04)1~/ L, PeF5 BB RN PE A 1TIRLH 435 N
(2.49+0.91) >/ H F1 (2.21£1.05) 4>/ H, % B4 Ky
(3.33+0.46) 1/, H HUBRL] 59075 R AN 3 A O
W22 2 2 DL KRt BRZH =2 [RIAFAE b 25 25 5(P<0.05)

0 7 b B2 0 W5 A R CFE TS AN AR e T
AR IR . PEFE AR | WA R
(R 43530 A (4.2+1.85)41/ K, (3.93£1.92) 1N/ H,
(4.08+2.69) 1/ H 5(0.65+0.22) 4~/ R (K 4), #ik

4_

:'i!

n=18; xSD

—ic*
YOS

oysters number
[\S)
T

SHAFEU(AN R )

C

v B L LY

control Thais ¥ Cantharus

group  clavigera Ceratostoma cecillei
Kuster  rorifluum

SCEG4H treatment group
K3 TR S S 2l Bl v b A7 I A 5 14 1 £k
AN B R 45 4L ) 22 5 18 35 (P<0.05).
Fig. 3 The number of alive oysters on the abalones
in three snail species treatment groups

Different letters indicate significant difference among
different treatment groups (P<0.05).
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Bl 4 AS[F 2504 855 T A5 R
ANl BE R A 21 ) 22 57 18 3 (P<0.05).

Fig. 4 The number of total oysters on the abalones
in three snail species treatment groups
Different letters indicate significant difference among
different treatment groups (£<0.05).

il 2 RIS R4 (P<0.05), PE75 kM2 5 18 5% A
FTIBURH 4 % B2 TG (. 3% 25 57(P>0.05).
24 AEXLEALHT FHIFF SR

B 12 H 19 B &) 18 2 BCHE U ) Fh 28 17F
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FH (L 5), Horp B o 2] 77 36 4 05 52 /55 ok (1.06+
0.19) em, ¥t 75 A% R FN I BF A 10 W2 40 A7 15 4 05 52
=553 M (1.294£0.30) cm F1(1.37+£0.40) cm, X} A&
HAETE TS B R (1.5840.42) ecm, HT HUBE 20 59
I SRR R E AR TR 2 41 DA K X B2 = 35 2 1)
A1 i 35 22 57 (P<0.05) . TEFLT4E W5 5% = A 25 i
W (B 6), BEUPE 7 A IR Y 41T T 4 W 5
(0.88+0.28) cm, THF A 112 47(0.93+0.28) cm, H
02 7 (0.7340.27) cm, X BB ZH 4 WG BE T 58 5
(0.92+0.24) cm, M HURAFET 4T W55 5 WK T
HoAth 3 41(P<0.05).
2.5 AR B X 60 7 L G4 £ A 30
HET W5 AN FIOR: DAAE 158 | & 30100 405 5% 7%
Bom kI, PEds BOR AR BOR T [ 3R 7 A 10
H.7H27 HM 8 H 10 H AW pH iR b2
PR HWEERSE, 76 8 H 27 HAI 9 H 15 H kW
PE 7% B IR AL i 55 b W % e Ak B B R T AR
FLE ] IR Y 3 4H(P<0.05), WifE 9 A 29 Hi%
TP 7 B MR B0 55 o 0 % e K e B B 3 v T
5 ZH(P<0.05)TE A HIRTE 9 H 29 H Ml &

2 a -
"|' n=18; x+SD b
- b
5% e
B T
B2 1
S5
T g
O NHa penkE s T

control  Thais 2 Cantharus
group clavigera Ceratostoma cecillei
Kuster  rorifluum

SIS treatment group
Bl 5 O] S0 00 20 0 58 b A 05 1Y) 72
AN A SR 3 7w 45 L[] 22 57 1. 3 (P<0.05).
Fig. 5 The shell height of surviving oysters on the
abalones in three snail species treatment groups

Different letters indicate significant difference among
different treatment groups (£<0.05).
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Fig. 6 The shell height of dead oysters on the abalones M%Uﬁ{ﬁq;i%égﬁi o MHVERAEA ] AR ] 257
in three snail species treatment groups et A A B 5T AT H i B H 56 R4
Different letters indicate significant difference among

different treatment groups (P<0.05). %E\E%‘(P<0.05, &l 8)o

COYEZH MR Thais clavigera Kuster THPESA OME Ceratostoma rorifluum O H 48 Cantharus cecillei
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2 (P<0.05).
Fig. 7 The number of dead oysters on the abalones in three snail species treatment groups
0. Control group, 1. Launched on July 10, 2. Launched on July 27, 3. Launched on August 10, 4. Launched on August 27,

5. Launched on September 15, 6. Launched on September 29. The data of Cantharus cecillei on September 29 was lost due
to the loss of the box cage. Different letters indicate significant difference among different treatment groups (P<0.05).

CAPEFH AR Thais clavigera Kuster W H MR Ceratostoma rorifluum 0 FF 42 Cantharus cecillei
a a a a
a
n=9; x+SD & n=9; x+SD
~4r a 4 4
E< E ]’:[7 5 ab gy
5 NI X2 i
<a 'i_, § b p < E
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Bgot b EE2r 52
Hbo ’_v_‘ &7 c g 2
% ;‘:d o -
"0 1 2 3 4 5 6 0 1 2 3 4 5 6 0

FHE s} E] launoh time
B8 RIS 6 g fifl e b A7 7% ks B9 4k
0. XFHRZL, 1. $IetE] 7 H 10 H, 2. #8EtE 7 H 27 H, 3. $i2nta] 8 A 10 H, 4. $Watm 8 A 27 H, 5. HUEatE 9 A 15

H,6. $IRIE 9 A 29 H. W AR 9 H 29 H A AR 8 T 208 22k AN 7 B 20 45 21 ] 22 53 12 35 (P<0.05).
Fig. 8 The number of alive oysters on the abalones in three snail species treatment groups
0. Control group, 1. Launched on July 10, 2. Launched on July 27, 3. Launched on August 10, 4. Launched on August 27, 5. Launched
on September 15, 6. Launched on September 29. The data of Cantharus cecillei on September 29 was lost due to the loss of the box
cage. Different letters indicate significant difference among different treatment groups (P<0.05).
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Fig. 9 Number of dead oysters on abalone shells
On the left, Cantharus cecillei were launched on 27 August. On the right, Cantharus cecillei were launched
on 15 September. Red arrow indicates dead oyster shells.
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Effects of three kinds of snails on the control of oysters attached to the
shell of cultured abalone
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Abstract: Haliotis discus hannai Ino is a commercially important marine mollusk with a well-known high nutri-
tional value. During cage cultivation, biofouling organisms such as oysters, sea squirts, coil worms, and barnacles
often attach to the shell surface of abalone, subsequently affecting the appearance and commercial value of the
abalone. Oysters that attach to the inner wall of the cage also affect the growth and survival of abalone. Because
manual removal of biofouling organisms is not possible, prevention and control of oyster growth are difficult in
abalone cage cultivation. Currently, two aspects of fouling organism prevention and removal are being studied:
Fouling organisms attachment mechanisms and other influencing factors can be reduced on the one hand by lowe-
ring the adhesion rate; on the other hand biological control can be achieved by selecting oyster feeding species,
co-cultivating with farmed shellfish, and attempting to reduce the number of fouling organisms. In this study, we
compared the effects of Thais clavigera Kuster, Ceratostoma rorifluum, and Cantharus cecillei on preventing
oysters from attaching to the outer shell of the abalone. Starting in the middle of July, three different types of
snails were placed in the cage every 15 days for a total of six times. The cage without snails was taken as the
control group. According to the results, at the end of the experiment, the number of surviving oysters on the
abalone in the Cantharus cecillei group was (0.04+0.04)/ind, the number of surviving oysters in the Thais
clavigera Kuster group was (2.49+£0.91)/ind, the number of surviving oysters in the Ceratostoma rorifluum group
was (2.21£1.05)/ind, and the number of oysters in the control group was (3.33+0.46)/ind. The three species of
snails were significantly lower than the control group, with Cantharus cecillei significantly lower than the other
two snail species (P<0.05). The timing of snail addition also affects the effectiveness of the snails in preventing
oyster fouling. Late addition of the snails resulted in a significant number of remaining oyster shells. The control
effect can be guaranteed when the shell height of the oyster is approximately 0.5 cm. In addition, the dead oyster
shell height of the Cantharus cecillei group was (0.73+0.27) cm, which was significantly lower than that of the
Thais clavigera Kuster group (0.88+0.28) cm, the Ceratostoma rorifluum group (0.9340.28) cm, and the control
group (0.9240.24) cm (P<0.05). These results indicate that the size of oysters consumed by Cantharus cecillei was
smaller than that of the other two snails. The three types of snails had significant control effects, and Cantharus
cecillei was the most effective in preventing oyster attachment. Oyster control is affected by the time when the
three types of snails feed, so it is necessary to choose the appropriate time to release the snails. When a large
number of oysters have attached and grown to a certain size, Thais clavigera Kuster and Ceratostoma rorifluum
can supplement Cantharus cecillei.

Key words: Haliotis discus hannai Ino; raft culture; biofouling; Ceratostoma rorifluum; Thais clavigera Kuster;
Cantharus cecillei
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