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ABSTRACT

We determined the effects of neuroactive compounds known as synthetic larval settlement inducers on the
settlement of the Pacific oyster C. gigas pediveliger on the larval collector. Six types of the inducers, serotonin
(5-HT), y-amino butyric acid (GABA), L-3,4-dihydroxyphenylalanine (L-DOPA), norepinephrine, epinephrine and
methyl bromide (MB) were tested. All the chemicals induced larval settlement, MB being the most effective with
settlement rate of 42.7 £+ 2.7%, followed by GABA (35.4 + 2.0%), 5-HT (29.1 + 2.2%), L-DOPA (19.2 £ 2.1%),
epinephrine (15.2 + 0.9%), and norepinephrine (11.0 £ 1.2%). The chemicals y-amino butyric acid and methyl
bromide were also better in terms of settled density on the collector with their respective density of 1.97 + 1.42 and
2.37 + 1.86 ind/cm?, reminiscent of being most effective candidates for a larval settlement inducer in the oyster

hatchery.
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Leitz and Wagner, 1993; Keough and Raimondi, 1996),
H2E 337 (Hadfield, 1978; Jensen et al., 1990;
Zimmer-Faust and Tamburri, 1994, Andrews et al.,
2001; Zhao and Qian, 2002), 54 o] 4E = (Hadfield,
1978; Todd, 1985), ¥-27] A< HWx e} 7‘]7]' (Min et al
1995; Hur et al., 2008; Min et al., 1999), &3} 4
(Jeon et al., 2012) So] F3gS F=d), o3 A= '6“3}
sto] Rtz Hel|E sk 8ol AR3H A el
AdAel 2.3l $47] 54 Al A AL o] me A
A U EolAdql FEEAe] As Biladow A= Zog
o} (Crip, 1984, Morse, 1990; Pawlik, 1992;
Tamburri et al., 1992; Qian, 1999; Hadfield and Paul,
2001; Yu et al., 2008; Ganesan et al., 2010).

olg|gt Az e FHZ AEIAQ 2elEelA UdE 5
o3t getEA = Al AA AsetAow Agsl= AF
ARALEA (Coon et al., 1985; Bonar et al., 1990;
Johnson et al., 1991; Rodriguez et al., 1993; Martinez
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£33l 10 Min. vortex ¥ 1,000 g, 4CollA 1%7+
AR F oA $HS4E 33 A $F 1,000 g, 4TellA 1
g & HFAHor FERFSNCR 3|43
X
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USA), gamma amino butyric acid (GABA, sigma USA),
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sigma USA), methyl bromide (MB, yakuri Japan) 655
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Fig. 1. Concentrate variation of DOPAC, DA, 5HIAA and
5-HT at the larvae, Crassostrea gigas size.
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2] A ule} opulA] 32 E 3} serotonine Al &
#{u 57} B s, 4Alo) A4l wel o B2
9l 38,4-dihydroxyphenylacetic acid (DOPAC) %
dopamlne (DA) '61-\3]:.9. 7}71— 57] 71—%4 7] (<) Aﬂo ﬁﬂ- 7l;<}
120 zm=7)8 44+ 4.65 ng/mLe} 85.28 ng/mLel
A AR At FA7] fACdME 47 4.99 ng/mLet
38.11 ng/mL% DA< #7A]¢] DOPAC s5+ 2 Wiv}
AT, DA FEE 46.3% HA3gieh W] Az g
322l 5HIAAS 5-HT 55+ 47 120 pm 37]9) %
7] ZAR7] FAAAE 4 51 ng/mL<} 35.06 ng/mLolA AA
Z sl 2] FACME 42 8.73 ng/mLet 62.68
ng/mL2=Z Z715I3Y (Fig. 1).

g, AAAGEA serotonin (5-HT), 7 -aminobutyric
Acid (GABA), L-3,4-dihydroxyphenylalanine (L-DOPA),
norepinephrine (NorEPI), epinephrine (EPI) ¥ methyl
bromide (MB) 6%& sjZ-F27] 4] AA Az|gt & = F
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Fig 2. Mean setting rate of pediveliger larvae, Crassostrea
gigas for 6 Neuroactive compounds (Values with
different superscripts on the bars are statistical different
at P < 0.05; F value = 98.922, P value = 0.000).

27 FAE e E Fakfal a9E 2R 27 AA £4
FAel g Ha F2ES 47 29.1 £ 2.2%, 35.4 £ 2.0%,
19.2 £ 2.1%, 11.0 = 1.2%, 15.2 + 0.9% % 42.7 + 2.7%%
MB= A2t AHBFNA FoJdoz 71 =& A9E BY
3, 92 NorEPI Az|7olA 7P v P58 23
(P < 0.05). AAF 2 L-DOPA, NorEPI, EPI Ag+=
FAE T (23.4 £ 2.1%) ° W3 o)A LR vk FAES
Boj Ba| S BAF Rk At e AoE vyt
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% H3}= Table 19} Fig. 34 B 73 2} 2 37 )
B71A em® FAE = A RS Ao} |53t Ao
2 GABAS} MB HTelA Z+7F 1.97 + 1.42 ¥ 2.37 +
1.86 mle)/em®’E AR P 2o RAMEE BT
NorEPI¢} EPI A g]olld& 22k 0.61 + 0.44, 0.84 + 0.55
nlellem’e g 7P} vk R e g Bl (P < 0.05). &
A, em’ FAulelge] #HeE= 5.HT 4.337}], GABA
10.507}2], L-DOPA 4.50v}2], NorEPI 2.17v}2], MB 8.83
ulg], EPI 250718 123 dixTolA 3.507}2]E GABA
AelTollA 7 W2 FEE H9E 293, NorEPI A2
TolA 71 & Fads HeE Zlvk XEEE v
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fem?, 0.75 Ple)/em®E gzl vl Ax3 JEEES B
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Table 1. Descriptive and ANOVA table of the settlement density Crassostera gigas spats per centimeter squares

on the effects of the six neuroactive compounds

95% Confidence

Neuroactive Mean Std. Std. Interval for Mean .
. Min. Max.
compounds (N = 90) Deviation Error Lower Upper
Bound Bound
Control 1.41° 0.88 0.09 1.22 1.59 0.17 3.67
5-HT 1.64> 0.80 0.08 1.47 1.81 0.33 4.67
GABA 1.97« 1.43 0.15 1.67 2.27 0.00 10.50
L-DOPA 1.07% 0.75 0.08 0.91 1.22 0.00 4.50
NorEPI 0.61% 0.44 0.05 0.52 0.70 0.00 2.17
MB 2.37¢ 1.86 0.20 1.98 2.76 0.17 9.00
EPI 0.84% 0.55 0.06 0.72 0.96 0.00 2.50
ANOVA Sum of dr Mean F Sig.
Squares Square
Between Groups 213.592 6 35.599 31.210 0.000
Within  Groups 710.616 623 1.141
Total 924.208 629

¥ Values with different superscripts are statistical different at P < 0.05.
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Fig. 3. Histogram of the attachment density frequency on the six neuroactive compounds of Crassostera
gigas spats per centimeter squares (cm?).

5 Eolv AL AA FEANF ZAAQ] JFE 1A qlew Agsty gled], AiAes Foldl PV a5
el vl Fagh, oje} 2 ol FA] A 3 Aoz Has FEF 5 olvhd dFFE] kRS T4
o] A=m AAn wWE)s} A= %Jaii FAALZ o]e] 7 4 3k (Yu et al., 2008). ©|23 A& FHekste] & A7
2]7] wjEo|c} (Faimali et al.,2004; Najiah et al., 2008). = A7 25 233 o7l A5 L BEF ¥
wpebA] QlFEE AAAA A AHB Al B2 HEEE ol 7] FA el Al E i Fake skt 2t 9l Al
A =4, ERAERS U471 231 9 (L et al., Z w3 oE3HA 3}3ME9l serotonin, 7 -aminobutyric
2006). &3] AE A gPEe] B21r] $A0] )=l Aus)A acid, L-3,4-dihydroxyphenylalanine, epinephrine,
of H2&}z] ok x W, upda}l o] 7]A glof A5} norepinephrine 2 methyl bromide (bromomethane) ¥}
k] 8 FAle] WhAsle] B EES HolmEE F2 8 e ARALEAZF (Coon et al., 1985; Bonar et al.,
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1990; Coon et al. 1990a,b; Fang et al., 2001; Kang et
al., 2004; Garcia-Lavandeira et al., 2005; Gao and Liu,
2006; Yang et al., 2008; Walch et al., 1999; Yang et al.,
2011; Séanchez-Lazo et al., 2012; Teh et al., 2012;
Mesias-Gansbiller et al., 2013; Yang et al., 2013) = A
BAA AgAe F ARE 9L W AR A PR
Sdskon] B3 PEAE 2ARkRA NS A
A9 oA 2nd Anke) 9o Aol E B3c). o)9) 2E A
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TolA thzTol vlsl oA eR =& AMEE &9 em
R w7} =4 YeREA]9E epinephrine, norepinephrine
% L-3,4-dihydroxyphenylalanine A &]7-A= diz7ef
nel felAer vk AnE Roled], ol e An:
Beiras and Widdows (1995), Coon & (1985, 1986),
Walch 5 (1999) # Fang 5 (2001) ©] ¢]& B4 &, C.
gigas frAe] FAE freshed adAolzla Rug 23
Eﬂiﬁfﬂ A7E Bk AG7HA] A7-AR sHeEe A=
7b 2 At FAFTE AL A HeE 24 Al
Z 93A o] 3 (Coon et al., 1985; Okano et al., 1996;
Murthy et al., 2009; Sanchez-Lazo et al., 2012) 2% Ak
A QlFFEFEdA FAT} HejeS =ol7] Sl ol&
R ARTFsAE AL ol Ale kb & A2
= v dzAolt). o|gA dxAal AelE Hal olf+
ARAA A B Aoz FAR S o] 3F9 FHHEo}
WAL e B35l 2E2H wg w2 AbskE e
7o) gl & AdHA A B2 A o]F FE AA
gl & Az ol|A] AR AkslE o] <kar} A3
¥ Aoz FA=} Serotonin (5-HT) E3 =5 (Couper
and Leise, 1996; Leise et al., 2001; Pawlik, 1990) ¢} #
FxM54  Pinctada maxima (Zhao et al., 2003),
Pinctada fucata martensii (Yu et al., 2008), Pteria
penguin (Wassnig and Southgate, 2012) 1&]x 33}
Mytilus coruscus (Yang et al., 2013) 542 F-212} He)
5 F=3MA9t AE-F9] Haliotis rufescens (Morse et al.,
1979) ¢} Z, C. gigas (Coon et al., 1985) A2 Hej=
1:5—}_;(] Es].l—_ 7-] o7 OLE:]);] o].‘:;ﬂ _‘5‘__ }Jéloﬂ/qvl,:_ H]EE
48 A AT Ao A& FAEEE 47 29.1%
9 1.64 PlE]/em’e R dlF=Tol FAETel vls] 27 6.3%
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<} 0.23 viellem®e 2 7k A vehdAlel, fo) A<l
+ 3tk ©]= Coon 5 (1985) o Zzpe} v|idt A¥E B
AL glek 3, FFAEA (CNS) oA AANAAL =
Az 7P 3 #E=E Zlo] 7 -aminobutyric acid,
GABA (Schousboe and Waagepetersen, 2010) ¢ld], <14
Z59 AAAGEARE 2 A 9t} (Osborne, 1971).
A 27X GABA+ W38F  (Garcia-Lavandeira et al.,
2005) Aulacomya maoriana (Alfaro et al., 2011), A=
+ Haliotis rufescens (Baloun and Morse, 1984), H.
2006), AFxIH
Pinctada maxima (Zhao et al., 2003), P. margaritifera
(Doroudi and Southgate, 2002),

pullastra (Garcia-Lavandeira et al.,

Aol

diversicolor supertexta (i et al.,

wgkzol  Venerupis
2005) ¢ WA=
Ostrea edulis (Garcia-Lavandeira et al., 2005) 42| -

Aok el fuche s dnn g fbel P
Wej2 E8ks GABAS] oFelzel 282 GABA AT

ol A 01%4 ISR o] o]Fe] wWE WHHE
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$EAS N HonA PR Frs: Aew 24s Y
4| (Barlow, 1990), tixl&dez F23 He f= iﬂﬂ}
W Fof 431Ral T ATERAPNA A8 $8
©° 2 RyE3 gt} (Mesias-Gansbiller et al., 2013). 2 Al
HoAw H ABEH em®F FALET} FoAal Aol
ST ]‘J methyl bromided] 42.7% 2.34 v}g)/cm?Erl=
2 35.4%3} 1.97 PlE)/em2E R 659 AAATEA F
‘ﬂ]ﬂ—*‘ gt ANE Ho| T3] T AdTFTR A o)
ZHel AAA s 2Rl 2R &8 7 Jow Wt
e}, g, B APoA 6259 AAANGEA = F o5
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$+=d], methyl bromide= 3|4 f7|B=zH 3hE3E F2
49 $TAHAZ Yol |8, 4 T Y
EUL ASIES, S L 2ed F 992 A
F 3 Saks e, AT 2S4S, H discuss 2
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et al., 1994; Kang et al., 2004) 3}= HoZ HUEW 9%
uk ARAo 7 F C. gigas H% 27 S gAtew AldE
A= flek gAlet A% F27] 149 A% 700-1000
ppmOE AT u 00-100% Ao fEsichn A,
¥ g gst 9 1 AskE waslt olgA, AE
Aoz Au/AL A4 X% 0.1 M) 2 AT methyl
bromide sl4-8lell A7 9| Wppez Aok AL
7FEsA diEF g 4 gom g AR F qlTEl HHokz]—
AN ARES AT e EHoR 489 5 9 A
o7 gk o)) AAE F3EH,
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w912 245 S5 655

7 -amino

= F27] 59 2§14l
(serotonin, butyric acid,
L-3,4-dihydroxyphenylalanine, norepinephrine,
epinephrine, methyl bromide) o] AAAGEAS u7]A

o A7 Azlelel 2 2] $4) B2 §u B 2
Feh =AM A AREE A7 291 + 2.2%, 354 +
2.0%, 19.2 £ 2.1%, 11.0 = 1.2%, 15.2 + 0.9% X 42.7 +
2.7%% MB AzTeld 7P w2 ZAds 2y,
norepinephrine 22|74 FolA ez 7P w2 AdE B
ek @ < 0.05). HENA em™ FALE9} FablE =
-amino butyric acid®} methyl bromide *]2]7F-oA 27}
1.97 + 1.42 ¥ 2.37 + 1.86 vlel/em’® 7P 2 F-2hd
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