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Tab.1  The survival rates of C. nippona in different epinephrine treatments and larval stocking densities %
1d 3d 5d 7d 9d 11d
control groups
/(mol/L) 5x10™ 100 100 62.5+2.3° 62.5%3.8° 36.4+1.3" 8.6+0.4°
concentration
1x10™ 100 100 86.7+4.4° 76.542.7° 64.0+2.2° 44.442.3°
5x107° 100 100 88.9+3.5° 66.7+3.2° 52.9+3.4° 42.9+2.8°
1x10°° 100 100 75.0+4.5° 66.7+4.8° 455%1.1° 33.3+1.9°
5x10° 100 100 83.3+3.6° 61.5+5.8° 60.0+5.1° 35.6+3.2°
/h 0.5 100 100° 85.7+6.2° 61.5+1.4° 33.3£1.7° 21.742.6°
time
1 100 100° 85.7+5.4° 63.6+4.4° 55.0+3.2° 35.7+2.3°
3 100 100° 75.04£2.5° 58.3+3.1% 42.1+2.7° 27.743.4°
5 100 87.542.4° 69.2+3.6™ 50.0+2.5° 39.3+1.9° 26.6+2.5"
7 100 77.844.3° 66.7+1.3° 54.5+1.6™ 26.7+1.2° 18.8+1.1°
/(@ /mL) 0.5 100 100° 81.8+2.8" 455+6.1° 40.0%5.4° 36.6+4.3
density
1 100 100° 83.3+4.2° 66.7+3.8° 57.1+2.3° 40.6+2.4°
2 100 100° 92.3+3.6° 77.843.7° 41.8+3.6° 34.8+4.5°
4 100 100° 75.0+4.4° 43.742.6° 37.5+¢1.5° 35.7+4.7°
8 100 95.3+4.3° 73.242.5° 58.1+4.6° 27.5+1.7° 20.8+3.2°
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Fig. 4 Changes in the shell height of C. nippona juveniles at different induction times

2.3
5x107° mol/L 1h
5
(P>0.05)
g 60
SN a a
240t 7 Tooa
2
o
S 20
I
()
E 0
0.5 1 2 4 8
/(. /mL)
stocking density
5

Fig. 5 The metamorphosis rates of the eye-spot larvae
of C. nippona at different stocking densities

http://www.scxuebao.cn

2 ImL 41.67%+5.19%
13509 (P>0.05) ( 6)
11 05 /mL
[(930.00+21.66) pm] 8 /mL
(P<0.05) (P>0.05)
3 05-4 /mL 100%
8 /mL (95.3% P<0.05)
(1) 11 8 /mL
(P<0.05)
05~4 /mL (P>0.05)
3


http://www.scxuebao.cn

11 1733
1200 -
1000 |
=
«= 800 |
ES
2E o
T
G400
200 - H]
ot L]
1 3 5 7 9 11
I 1] /d
time
6
Fig. 6 Changes in the shell height of C. nippona juveniles at different stocking densities
(Tegillarca granosa) 3h 4 h
[19] [29]
[20]
31 (C. sikamea) 10"° mol/L 1h
' 5.20612
(42.9%)
107" mol/L 1h
90.8%""
H [21] .
(C. plicatula) (Os (47.1%) [31]
trea edulis)® (C. iredalei)®
(Mytilus galloprovincialis)®” (Chlamys
varia)®¥ (Haliotis asinine)®*
(Ruditapes philippinarum)®® (Panopea oH
zelandica)®” 2]
5x10°° mol/L 1h 3.2
50% 8 /mL
Coon ™ 8 /mL
80 /mL
107*~10"° mol/L e
0.5~1h
8 /mL
Doroudi 0.5~4 /mL

(Pinctada margaritifera)
10° mol/L 10° mol/L
70% 10~° mol/L

http://www.scxuebao.cn


http://www.scxuebao.cn

1734

42

[33-34]

4 /mL

3.3

[9 12 35]

(C. virginica)
(C. ariakensis)
Teh @

15~20 min

[1]

[2]

(Haliotis rufescens) (2€]

[7 37

) , b F, . r
NI T , 2012, 19(4): 700-706.
Wang Q Z, Li Q, Liu S K, et al. Estimates of genetic

ao

D T

parameters for growth-related traits in adult Crassostrea
gigas[J]. Journal of Fishery Sciences of China, 2012,
19(4): 700-706(in Chinese).

, , . I [J1. ,
2003, 22(5): 31-33.
Yang C, Su X R, Li T W. The cultural technique of Pa-
cific oyster, Crassostrea gigas[J]. Fisheries Science,
2003, 22(5): 31-33(in Chinese).

http://www.scxuebao.cn

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

v ;oY i [9].
, 2016, 40(1): 10-17.

Chen H, Fang J, Teng S S, et al. The induction of meta-
morphosis in cultchless oysters (Crassostrea angulata
and Crassostrea gigas)[J]. Marine Sciences, 2016, 40(1):
10-17(in Chinese).

L ¥r I [D].

T , 2013.
Wang C B. Studies on single-seed oyster spat produc-
tion and culture techniques of Crassostrea Sikamea[D].
Qingdao: Ocean University of China, 2013(in Chinese).

, s, 1
[ B1. T * , 1995, 2(3):
29-35.
Yang A G, Niu X D, Shen J F, et al. Study on cultchless
spat and culture techniques of Pacific oyster Crassostrea
gigas[J]. Journal of Fishery Sciences of China, 1995,
2(3): 29-35(in Chinese).
Coon S L, Bonar D B, Weiner R M. Induction of settle-
ment and metamorphosis of the Pacific oyster,
Crassostrea gigas (Thunberg), by L-DOPA and cat-
echolamines[J]. Journal of Experimental Marine Bio-
logy and Ecology, 1985, 94(1-3): 211-221.
Bonar D B, Coon S L, Walch M, et al. Control of oyster
settlement and metamorphosis by endogenous and exo-
genous chemical cues[J]. Bulletin of Marine Science,
1990, 46(2): 484-498.
Yu X J, He W H, Gu J D, et al. The effect of chemical
cues on settlement of pearl oyster Pinctada fucata
martensii (Dunker) larvae[J]. Aquaculture, 2008, 277(1-
2): 83-91.
Coon S L, Bonar D B, Weiner R M. Chemical produc-
tion of cultchless oyster spat using epinephrine and nore-
pinephrine[J]. Aquaculture, 1986, 58(3-4): 255-262.
Searcy-Bernal R, Salas-Garza A E, Flores-Aguilar R A,
et al. Simultaneous comparison of methods for settle-
ment and metamorphosis induction in the red abalone
(Haliotis rufescens)[J]. Aquaculture, 1992, 105(3-4):
241-250.
Beiras R, Widdows J. Induction of metamorphosis in lar-
vae of the oyster Crassostrea gigas using neuroactive
compounds[J]. Marine Biology, 1995, 123(2): 327-334.

. 5 . w

[T , 2016, 46(11): 136-142,


http://dx.doi.org/10.3969/j.issn.1004-2091.2003.05.016
http://dx.doi.org/10.3969/j.issn.1004-2091.2003.05.016
http://dx.doi.org/10.3969/j.issn.1671-6647.2016.01.002
http://dx.doi.org/10.3969/j.issn.1671-6647.2016.01.002
http://dx.doi.org/10.1016/0022-0981(85)90059-0
http://dx.doi.org/10.1016/0022-0981(85)90059-0
http://dx.doi.org/10.1016/0022-0981(85)90059-0
http://dx.doi.org/10.1016/j.aquaculture.2008.02.010
http://dx.doi.org/10.1016/0044-8486(86)90090-6
http://dx.doi.org/10.1016/0044-8486(92)90090-8
http://dx.doi.org/10.1007/BF00353624
http://dx.doi.org/10.3969/j.issn.1004-2091.2003.05.016
http://dx.doi.org/10.3969/j.issn.1004-2091.2003.05.016
http://dx.doi.org/10.3969/j.issn.1671-6647.2016.01.002
http://dx.doi.org/10.3969/j.issn.1671-6647.2016.01.002
http://dx.doi.org/10.1016/0022-0981(85)90059-0
http://dx.doi.org/10.1016/0022-0981(85)90059-0
http://dx.doi.org/10.1016/0022-0981(85)90059-0
http://dx.doi.org/10.1016/j.aquaculture.2008.02.010
http://dx.doi.org/10.1016/0044-8486(86)90090-6
http://dx.doi.org/10.1016/0044-8486(92)90090-8
http://dx.doi.org/10.1007/BF00353624
http://www.scxuebao.cn

11

1735

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

186.

Wang C B, Li Q, Kong L F, et al. Establishment of
single oyster (Crassostrea sikamea) seeds[J]. Periodical
of Ocean University of China, 2016, 46(11): 136-142,
186(in Chinese).

Itoh N, Tun K L, Komiyama H, et al. An ovarian infec-
tion in the Iwagaki oyster, Crassostrea nippona, with the
protozoan parasite Marteilioides chungmuensis[J].
Journal of Fish Diseases, 2004, 27(5): 311-314.

Yoon H S, Jung H T, Choi S D. Suminoe oyster
(Crassostrea ariakensis) culture in Korea[J]. Journal of
Shellfish Research, 2008, 27(3): 505-508.

= ap

[ , 2007,
26(12): 689-690.
Li W J. Biology and cultivation of oyster Crassostrea
nipponal[J]. Fisheries Science, 2007, 26(12): 689-690(in
Chinese).
Okumura T, Miura N, Semura H, et al. Seasonal changes
in glycogen contents of the Iwagaki oyster, Crassostrea
nippona from the coast of Toga Bay, Konoura, Tomari,
and OKki Islands in the Sea of Japan[J]. Nippon Suisan
Gakkaishi, 2005, 71(3): 363-368.
Tanaka M, Hisada T, Fujiwara M. Possibility of natural
spat collection of ‘lwagaki’ oyster Crassostrea nippona
in western Wakasa Bay[J]. Bulletin of the Kyoto Insti-
tute of Oceanic and Fishery Science, 2010, 32: 17-22.
Adachi K, Yokoi T, Inoue K, et al. Karyotype revision in
the Iwagaki oyster Crassostrea nippona[J]. Chromo-
some Science, 2014, 17(1-4): 9-10.

, . ] [M]. T

¥ , 2008.
Wang R C, Wang Z P. Science of Marine Shellfish Cul-
ture[M]. Qingdao: Press of Ocean University of China,
2008(in Chinese).
. Yy, i : 0

[91. , 2001, 25(6): 28-30.
Zhang T, Que H Y. The effects of delayed metamorphos-
is on growth and development of invertebrates[J]. Mar-
ine Sciences, 2001, 25(6): 28-30(in Chinese).

) ) (Crassostrea
sp.) [. , 1992, 22(2): 125-132.
Wang Z P, Wang R C, Xu C X, et al. Studies on culth-

Lo, .V«

less oyster, Crassostrea sp.[J]. Journal of Ocean Uni-

versity of Qingdao, 1992, 22(2): 125-132(in Chinese).

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

Garcia-Lavandeira M, Silva A, Abad M, et al. Effects of
GABA and epinephrine on the settlement and meta-
morphosis of the larvae of four species of bivalve mol-
luscs[J]. Journal of Experimental Marine Biology and
Ecology, 2005, 316(2): 149-156.
Teh C P, Zulfigar Y, Tan S H. Epinephrine and L-DOPA
promote larval settlement and metamorphosis of the
tropical oyster, Crassostrea iredalei (Faustino, 1932):
An oyster hatchery perspective[J]. Aquaculture, 2012,
338-341: 338-341.
Mesias-Gansbiller C, EI Amine Bendimerad M, Romén
G, et al. Settlement behavior of black scallop larvae
(Chlamys varia, L.) in response to GABA, epinephrine
and IBMX[J]. Journal of Shellfish Research, 2008,
27(2261)-264.
Wang X B, Bai Y, Huang B. Effects of chemical cues on
larval survival, settlement and metamorphosis of aba-
lone Haliotis asinina[J]. Chinese Journal of Oceanology
and Limnology, 2010, 28(6): 1261-1265.
LuS M, Bao Z M, Liu H F, et al. Effect of epinephrine
on the settlement and metamorphosis of Manila clam lar-
vae[J]. Journal of Ocean University of China, 2006, 5(2):
141-145.
Le DV, Young T, Alfaro A C, et al. Effect of neuroact-
ive compounds on larval metamorphosis of New Zeal-
and geoduck (Panopea zelandica)[J]. Aquaculture Re-
search, 2017, 48(6): 3080-3090.
Doroudi M S, Southgate P C. The effect of chemical
cues on settlement behaviour of blacklip pearl oyster
(Pinctada margaritifera) larvae[J]. Aquaculture, 2002,
209(1-4): 117-124.

i [T , 1999, 6(3): 41-44.
Fang J G, Kuang S H, Sun H L, et al. Inducement of set-

ap

tlement and metamorphosis by chemical cues in Tegil-
larca granosa larvae[J]. Journal of Fishery Sciences of
China, 1999, 6(3): 41-44(in Chinese).
b i
[D]. T , 2013.

L0 X Y. Studies on the techniques of artificial reproduc-
tion of the Crassostrea sikamae and cultivation of the
cultchless spat of Crassostrea gigas[D]. Qingdao: Ocean
University of China, 2013(in Chinese).

-G s ,v H .3

http://www.scxuebao.cn


http://dx.doi.org/10.1111/jfd.2004.27.issue-5
http://dx.doi.org/10.2983/0730-8000(2008)27[505:SOCACI]2.0.CO;2
http://dx.doi.org/10.2983/0730-8000(2008)27[505:SOCACI]2.0.CO;2
http://dx.doi.org/10.3969/j.issn.1003-1111.2007.12.013
http://dx.doi.org/10.3969/j.issn.1003-1111.2007.12.013
http://dx.doi.org/10.2331/suisan.71.363
http://dx.doi.org/10.2331/suisan.71.363
http://dx.doi.org/10.3969/j.issn.1000-3096.2001.06.010
http://dx.doi.org/10.3969/j.issn.1000-3096.2001.06.010
http://dx.doi.org/10.3969/j.issn.1000-3096.2001.06.010
http://dx.doi.org/10.1016/j.jembe.2004.10.011
http://dx.doi.org/10.1016/j.jembe.2004.10.011
http://dx.doi.org/10.1007/s00343-010-9013-6
http://dx.doi.org/10.1007/s00343-010-9013-6
http://dx.doi.org/10.1007/BF02919213
http://dx.doi.org/10.1111/are.2017.48.issue-6
http://dx.doi.org/10.1111/are.2017.48.issue-6
http://dx.doi.org/10.1111/are.2017.48.issue-6
http://dx.doi.org/10.1016/S0044-8486(01)00736-0
http://dx.doi.org/10.3321/j.issn:1005-8737.1999.03.010
http://dx.doi.org/10.3321/j.issn:1005-8737.1999.03.010
http://dx.doi.org/10.3321/j.issn:1005-8737.1999.03.010
http://dx.doi.org/10.1111/jfd.2004.27.issue-5
http://dx.doi.org/10.2983/0730-8000(2008)27[505:SOCACI]2.0.CO;2
http://dx.doi.org/10.2983/0730-8000(2008)27[505:SOCACI]2.0.CO;2
http://dx.doi.org/10.3969/j.issn.1003-1111.2007.12.013
http://dx.doi.org/10.3969/j.issn.1003-1111.2007.12.013
http://dx.doi.org/10.2331/suisan.71.363
http://dx.doi.org/10.2331/suisan.71.363
http://dx.doi.org/10.3969/j.issn.1000-3096.2001.06.010
http://dx.doi.org/10.3969/j.issn.1000-3096.2001.06.010
http://dx.doi.org/10.3969/j.issn.1000-3096.2001.06.010
http://dx.doi.org/10.1016/j.jembe.2004.10.011
http://dx.doi.org/10.1016/j.jembe.2004.10.011
http://dx.doi.org/10.1007/s00343-010-9013-6
http://dx.doi.org/10.1007/s00343-010-9013-6
http://dx.doi.org/10.1007/BF02919213
http://dx.doi.org/10.1111/are.2017.48.issue-6
http://dx.doi.org/10.1111/are.2017.48.issue-6
http://dx.doi.org/10.1111/are.2017.48.issue-6
http://dx.doi.org/10.1016/S0044-8486(01)00736-0
http://dx.doi.org/10.3321/j.issn:1005-8737.1999.03.010
http://dx.doi.org/10.3321/j.issn:1005-8737.1999.03.010
http://dx.doi.org/10.3321/j.issn:1005-8737.1999.03.010
http://www.scxuebao.cn

1736 42

[ b [J]. , 1998, Caribbean scallops Argopecten nucleus and Nodipecten
20(5): 55-60. nodosus[J]. Aquaculture Research, 2008, 39(6): 603-618.
Liu B Z, Zhang F S, He Y C. Study on induction of EE o G L s i,
metamorphosis in larvae of bay scallop, Argopecten irra- [ 2016(3): 100-105

dians, by some neuroactive compounds[J]. Acta Oceano-

logica Sinica, 1998, 20(5): 55-60(in Chinese).

QiuG Y, She Z M, Yu R H, et al. Studies on culthless

oyster, Crassostrea ariakensis induced by

[32] . i i ) _ ) )
epinephrine[J]. Transactions of Oceanology and Limno-
[D]. : , 2013.
. . logy, 2016(3): 100-105(in Chinese).
Chen Z. Studies on settlement and metamorphosis of lar-
36 Baxter G, Morse D E. G protein and diacylglycerol regu-
vae and the growth of shellfish larvae in Paphia undu- (36l P yigly g
late[D]. Fuzhou: Fujian Normal University, 2013(in late metamorphosis of planktonic molluscan larvae[J].
Chinese) Proceedings of the National Academy of Sciences of the
[33] Gruffydd L D, Beaumont A R. A method for rearing United States of America, 1987, 84(7): 1867-1870.
Pecten maximus larvae in the laboratory[J]. Marine Bio- [37]  Coon S L, Fitt W K, Bonar D B. Competence and delay
logy, 1972, 15(4): 350-355. of metamorphosis in the Pacific oyster Crassostrea
[34] Velasco L A, Barros J. Experimental larval culture of the gigas[J]. Marine Biology, 1990, 106(3): 379-387.

The induction of metamorphosis in lwagaki oyster (Crassostrea nippona)

WANG Tao?, LIQi™

(1. Key Laboratory of Mariculture, Ministry of Education, Ocean University of China, Qingdao 266003, China;
2. Laboratory for Marine Fisheries Science and Food Production Processes,
Qingdao National Laboratory for Marine Science and Technology, Qingdao 266200, China)

Abstract: The lwagaki oyster Crassostrea nippona, is a large sessile oyster inhabiting intertidal hard grounds and
reefs along the coast of East Asian. Because of its unique flavor, delicious taste and edibility during summer when
other oyster species are unavailable, C. nippona is highly valued and has a broad market prospect. To obtain
cultchless oyster with a regular shell shape and uniform size, epinephrine (EPI) was applied to C. nippona eye-spot
larvae to induce cultchless metamorphosis. To determine optimum levels for C. nippona, the effect of EPI concen-
tration, exposure time to EPI, and larval density were examined. The results demonstrate that EPI can significantly
facilitate larval metamorphosis. 0.05 mmol/L and 1 h treatment were the optimum for single oyster seed produc-
tion, and shell height and survival rates of cultchless spats showed a curve of descending with increasing EPI con-
centration and exposure time. However, there was no significant difference between EPI treatments at larval dens-
ities <8 larvae/mL. The growth of C. nippona was also examined in the following days, which showed that shell
height and spat survival rates were higher in 0.5-4 larvae/mL than those in 8 larvae/mL. Therefore, 8 larvae/mL
was the optimum for single oyster seed production, while a density of no more than 4 larvae/ml was the best for
cultchless spats cultivation.
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