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100%; 0.1%~0.4% ,
0.1%~0.5% R lh 100%, 0.5%
R 2h 100%; 0.1%~0.2% ,
100% 30 min 1 h 100%,
0.1%~0.5% , 1h 0.3%~0.5% 2 h 100%
x1 HEFENNABSEHMREXBNESRMERER
Tab.1 Effect of menthol on the attachment of small-sized A.japonicus
1%
0.1 0.2 0.3 0.4 0.5

10min 6.6 16.7 233 26.7 38.3
10min 30.0 70.0 60.0 90.0 100.0
10min 13.3 533 533 90.0 93.3
1h 100.0 100.0 100.0 100.0 100.0
2h 100.0 100.0 100.0 100.0 100.0
3h 100.0 100.0 100.0 100.0 100.0
20min 16.7 233 333 48.3 51.7
20min 90.0 93.3 100.0 100.0 100.0
20min 66.7 90.0 833 90.0 100.0
1h 100.0 100.0 100.0 100.0 100.0
2h 100.0 100.0 100.0 100.0 100.0
3h 100.0 100.0 100.0 100.0 100.0
30min 26.7 30.0 36.7 50.0 55.0
30min 93.3 100.0 100.0 100.0 100.0
30min 73.3 90.0 833 90.0 100.0
1h 100.0 100.0 95.0 91.7 88.3
2h 100.0 100.0 100.0 100.0 100.0
3h 100.0 100.0 100.0 100.0 100.0
40min 28.3 31.7 38.3 533 55.0
40min 100.0 100.0 100.0 100.0 100.0
40min 76.7 95.0 96.7 100.0 100.0
1h 100.0 100.0 91.7 88.3 81.7
2h 100.0 100.0 100.0 95.0 933
3h 100.0 100.0 100.0 100.0 100.0
50min 26.7 333 40.0 55.0 56.7
50min 100.0 100.0 100.0 100.0 100.0
50min 80.0 96.7 100.0 100.0 100.0
1h 100.0 91.7 85.0 85.0 70.0
2h 100.0 100.0 96.7 93.3 91.7
3h 100.0 100.0 100.0 96.7 96.7
60min 28.3 38.3 46.7 60.0 63.3
60min 100.0 100.0 100.0 100.0 100.0
60min 833 98.3 100.0 100.0 100.0
1h 95.0 88.3 76.7 70.0 65.0
2h 100.0 96.7 95.0 91.7 83.3
3h 100.0 100.0 100.0 98.3 95.0
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Tab. 2 Effect of menthol on the attachment of medium-sized A4.japonicus

/%

0.1 0.2 0.3 0.4 0.5

10min 33 33 5.0 10.0 26.7
10min 6.7 10.0 30.0 36.7 70.0
10min 0 6.7 23.3 30.0 63.3
1h 100.0 100.0 100.0 100.0 100.0
2h 100.0 100.0 100.0 100.0 100.0
3h 100.0 100.0 100.0 100.0 100.0
20min 6.7 15.0 28.3 33.3 40.0
20min 53.3 90.0 90.0 96.7 100.0
20min 0 63.3 70.0 76.7 86.7
1h 100.0 100.0 100.0 100.0 100.0
2h 100.0 100.0 100.0 100.0 100.0
3h 100.0 100.0 100.0 100.0 100.0
30min 13.3 28.3 33.3 38.3 40.0
30min 93.3 100.0 100.0 100.0 100.0
30min 20.0 80.0 83.3 93.3 100.0
1h 100.0 100.0 100.0 100.0 93.3
2h 100.0 100.0 100.0 100.0 100.0
3h 100.0 100.0 100.0 100.0 100.0
40min 16.7 36.7 45.0 53.3 58.3
40min 100.0 100 100.0 100.0 100.0
40min 26.7 83.3 88.3 96.7 100.0
1h 100.0 100.0 100.0 91.7 85.0
2h 100.0 100.0 100.0 100.0 100.0
3h 100.0 100.0 100.0 100.0 100.0
50min 20.0 38.3 46.7 56.7 65.0
50min 100.0 100.0 100.0 100.0 100.0
50min 333 85.0 91.7 100.0 100.0
1h 100.0 100.0 95.0 88.3 81.7
2h 100.0 100.0 100.0 100.0 91.7
3h 100.0 100.0 100.0 100.0 100.0
60min 26.7 43.3 50.0 63.3 75.0
60min 100.0 100.0 100.0 100.0 100.0
60min 433 90.0 98.3 100.0 100.0
1h 100.0 91.7 88.3 85.0 70.0
2h 100.0 100.0 95.0 93.3 88.3
3h 100.0 100.0 100.0 100.0 100.0

60 min lh 0.5% s

88.3% , 100%; s 0.1%~0.5% ,
0.1%~0.2% , 2h 100%,
0.3%~0.5% 3h 100%; 0.4%~0.5%
0.4%~0.5% 3h R 20 min
95% 93.3% ; 0.2%~0.5%
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Tab.3 Effect of menthol on the attachment of large-sized A.japonicus

1%

0.1 0.2 0.3 0.4 0.5
10min 6.6 10.0 23.3 45.0 48.3
10min 23.3 36.7 60.0 70.0 83.3
10min 0 33 6.7 43.3 433
1h 100.0 100.0 100.0 100.0 100.0
2h 100.0 100.0 100.0 100.0 100.0
3h 100.0 100.0 100.0 100.0 100.0
20min 13.3 26.7 53.3 68.3 70.0
20min 40.0 433 73.3 93.3 96.7
20min 0 33 40.0 63.3 63.3
1h 100.0 100.0 100.0 100.0 100.0
2h 100.0 100.0 100.0 100.0 100.0
3h 100.0 100.0 100.0 100.0 100.0
30min 13.3 30.0 73.3 83.3 93.3
30min 36.7 73.3 86.7 93.3 100.0
30min 0 13.3 63.3 76.7 90.0
1h 100.0 100.0 100.0 100.0 100.0
2h 100.0 100.0 100.0 100.0 100.0
3h 100.0 100.0 100.0 100.0 100.0
40min 16.7 40.0 83.3 86.7 96.7
40min 40.0 83.3 93.3 100.0 100.0
40min 6.7 16.7 70.0 76.7 95.0
1h 100.0 100.0 100.0 100.0 100.0
2h 100.0 100.0 100.0 100.0 100.0
3h 100.0 100.0 100.0 100.0 100.0
50min 20.0 56.7 85.0 93.3 96.7
50min 40.0 93.3 100.0 100.0 100.0
50min 10.0 40.0 70.0 80.0 100.0
1h 100.0 100.0 100.0 100.0 100.0
2h 100.0 100.0 100.0 100.0 100.0
3h 100.0 100.0 100.0 100.0 100.0
60min 20.0 67.7 88.3 90.0 96.7
60min 70.0 100.0 100.0 100.0 100.0
60min 10.0 533 76.7 93.3 100.0
1h 100.0 100.0 100.0 100.0 88.3
2h 100.0 100.0 100.0 100.0 100.0
3h 100.0 100.0 100.0 100.0 100.0

, 20 min 3 ‘Iﬂ'ﬁ'_\,
90% ; 0.1%~0.5%
: 0.4%~0.5% 3.0 RAGHEELEY—BEHGFR
10 min, 0.1%~0.3%
20min, 90% R ,
1h 100%
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Detaching effect of menthol on the attachment of sea cucumber
(Apostichopus japonicus) apart from sea squirt (Ciona intes-
tinalis)

ZHANG Yan-ping', HAN Sha?, LI Cheng-lin?, ZHAO Bin?, HU Wei?

(1. Qingdao Agricultural University, Qingdao 266109, China; 2. Marine Biology Institute of Shandong Province,
Qingdao 266104, China)

Received: Nov. 11, 2015
Key words: Apostichopus japonicus seeding; Ciona intestinalis; menthol; detach; anesthetization

Abstract: This study aims to develop an efficient method for removing sea squirt Ciona intestinalis from the sea
cucumber nursery system. The detaching effects of menthol (0.1%~0.5% in volume) on the attachment of sea squirt
C. intestinalis and different-sized sea cucumber (Apostichopus japonicus) were tested. The results showed that
menthol was ineffective in killing or detaching C. intestinalis from the attachment. The detaching effect of menthol
on different-sized sea cucumbers significantly differed. Over 90% of detachment shaking from settlement substrate
was found in the large-sized (0.58 g + 0.05 g) juveniles exposed to 0.4%~0.5% of menthol for 20 min, me-
dium-sized (0.32 g + 0.05 g) juveniles exposed to 0.2%~0.5% of menthol for 20 min, and small-sized (0.17 g £+
0.01g) exposed to 0.4%~0.5% of menthol for 10 min or exposed to 0.1%~0.3% of menthol for 20 min. These juve-
niles, after being detached from the attachment, recovered to reattach after 1 h without ulceration and evisceration.
Therefore, this method is highly effective and requires minimum effort, which is desired when removing sea squirt

or seed grading from a sea cucumber nursery system.
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