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A nutritional demand of oyster, Crassostrea gigas larva as part of research for improving of utilization of micro-
algae being used for the artificial oyster seed production. The change of body growth and biochemical com-
positions of larvae were investigated during larvae rearing in hatchery. The larvae were cultured in 60 M/T
tank and fed mixture 6 different phytoplankton species, Isochrysis galbana (30%), Cheatoceros gracilis
(20%), Paviova lutheri (20%), Phaeodactylum triconutum (10%), Nannochryis oculata (10%) and Tetraselmis
tetrathele (10%). The initial feeding amount was 0.3x10%cells/mL at three times a day to D-shaped larva and the
feeding amount had been increased 30% gradually every two day since the larvae were raising. The larvae were
developed from D shape to pediveliger stage for 12 days. The daily growth of shell length and hight were
5.8~30.8 um and 8.7~31.4 um, respectively and weight gains were changed from D shape to pediveliger as follow:
wet weight was 0.52~15.0 pug/larva, dry weight was 0.2~6.5 pg/larva, and ash free dry weight was 0.1~8.5 pug/
larva. The larvae growth pattern shown a logarithmic phase from D shape to umbone stage but after that stage
shown a exponential growth aspect. The crude protein, crude lipid and nitrogen free extract (NFE) of larvae during
rearing periods were analyzed as 6.1~10.6%, 0.6~1.1% and 1.0-2.7%, respectively. And the total amino acid
contents of the larvae during rearing periods were in order as glutamic acid 1.26~2.24%, aspartic acid
0.97~1.70%, and methionine 0.12~0.33%. Of the total fatty acid in the analyzed larvae, the saturated fatty acid
(SSAFA) was decreased from 54.3% (D shaped larvae) to 17.1% (pediveliger) as larvae development but the total
mono-unsaturated fatty acid (EMOFA) and Poly-unsaturated fatty acid (£PUFA) were increased from 29.9% and
7.8% to 40.6% and 45.6%, respectively. By the way the each fatty acid of the larvae were composed of palmitic
acid 9.89~36.95%, oleic acid 12.17~32.29%, linoleic acid 1.96~33.55%, EPA 2.17~11.58% and DHA
1.95~4.51%. As a result of this study, the larvae of oyster were demanded a various nutrients for healthy growth
and the feeding control, expecially after umbone stage larvae are a rapidly growing time, is very important for suc-
cess of artificial seed production.
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dry weight (Kalk and Langlykke, 1986; De Pauw and Persoone,
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1= 180°CeliA 887 AXIAIZ] YR, 3°C/min® 230°C7HA] &
LA)7)51, 15%-7F F-A81L}. Carrier gast He (1.0 kg/em®yS:
ARE3I 01, split ratior= 1:200.2 3Ftt.

SHXE]

ZAute] 3t A=) 2]i= SPSS Version 10.0 (SPSS, Michigan
Avenue, Chicago, IL, USA) 7| package programrs AR8-3}1
One-way ANOVA-tests A%+ % Duncan’s muitiple range
test (Duncan’s, 19555 HAI3t] Bt 7+ H2J4(P<0.05y
Ayt

2

7| 4%

ARER1ge] whe fAe] 2 - AR e A7HEE Fig. 194
Fig. 2014 Bi= 23} 7} AR27]Q1 DE FAlA 2%
100 um 7k4]3= ehkst A 3he Holudrt, o] & AN 47
& BYuh, %3t A% DY /A Het g Z4ae] e
z}z} 73.5+2.8 um, 63.242.1 pumPA 3L, A 49 ® 27| 2]
S8 ZH2ZE 105.345.6 um, 109.1£9.1 um, A 88 € 537}

400

300

200

Shell size (1)

100

0 2 4 6 8 10 12
Rearing days

—&— Shell length —M— Shell height

Fig. 1. Growth of shell length and height of Crassostrea gigas lar-
vae.
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Fig. 2. Daily growth of shell length and height of Crassostrea gigas
larvae.
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Fig. 3. Variation of moisture, wet weight, dry weight and ash free dry weight gain (AFDW) of the Pacific oyster Crassostrea gigas larvae.
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Table 1. Variation of crude protein, crude lipid, crude ash, and nitrogen free extracts (NFE) content of feeds, eggs and larvae of

Crassostrea gigas

Larval stage

Contents(%) Feeds Eggs D shape  Early umbone Umbone Late umbone Pediveliger
Shell length (um)’ - 53.2+1.4 73.5+2.8 102.3£7.0 194.8+10.6 301.4452.0 319.7£19.0
Moisture 70.2+1.5 33.0x14 61.9+1.7 52.1+0.2 52.0+0.4 56.0+1.5 56.6+0.2
Ash 5.0+0.2° 7.7+0.3° 30.2+0.2° 39.6+0.1¢ 37.4+0.4° 31.1+0.8° 29.8+0.4°
Crude lipid 24£0.1°  12.8+0.6° 1.1£0.1° 0.6+0.1° 0.8+0.1° 0.9+0.1° 1.0£0.1¢
Crude protein 11.3£0.1°  40.0+0.4° 6.1£0.3° 6.4+0.4° 8.7+0.3¢ 9.8+1.5¢ 10.6+0.2
NFE 11.1£0.0° 6.5+0.1° 1.0+0.1° 1.3+0.4 1.7+0.2¢4 2.120.9¢ 2.7+0.2¢
Total organic matters 24.8+0.2°  59.3%0.3° 8.2+0.3° 8.3+0.1° 11.1£0.3¢ 12.9£0.8° 14.240.5°

"Values are mean + standard deviation of 30 larvae.
Different superscripts are significantly different(£<0.05).

1w FE8E B
23.9% F=Folqltt.

Az o B 27 102.3 pme 2714787] /A4 o1 F A
| A7184L o AE FAHE AFIUqAT, A4 FA7]
FEQH 7Y & £HEE BR A A8 el vis)
2¥7y AL 7.5% (9.5 mg/g/wet), TFAL 26.5% (106.0 mg/
g/wet), Br3HE-S 31.1% (26.8 mg/g/wet) 0= Lol H| 3
- e gEg BTh ey 3R dizio] ¢hds] ¥4
He D A4 APIRE £ ST Kol gel vlal] 737
S 387.2% (298.3 mg/gwet)d] E71E B
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2 2 4o] 91.5% FAasHA 7FE T8 084S Bl o
S0 Tzl 84.7%, @rElE 84.6% T OE UERAT

e 2 Az {7180 gl e A7) dYa
vl Fig 48k 2ot Z42te] dd A el ddol
67.5~77.9%% 25t ¥ 3 YERNSIL(P<0.05), T2
Z B (NFEP] 10.9~18.8%, ZAHo} 6.7~13.2%% 713
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Fig. 4. Crude protein, crude lipid and nitrogen free extracts (NFE)
content of total organic mater of an eggs and larvae of Cras-
sostrea gigas.
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Aof|A] DY FACE WA F obinte] 73.5%7 3
A om, AR adRQl 27] 477) fAAdAlelA Lol v
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DA 40.1%7H4 SEEHSIC 3, 35 Holded] ¥
of| Al ke dof| HlSIME WkANE, 2 {4 WA
olm|izAt 74 FFRTRE Fqi euh HAEQL opmiit

FHE el BT AEE B3
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Ho| 5 F-42) waeARd AHE 232 Table 39 22}

AAF 02 FAo] 3ol we} 8R4 (saturated acids)
& 27] D RN 543%2] H& 24E Bl F fdol A
el et Zhaso] B3] {04 17.1%2 S5 &
T3 At 2 G EE 3119 monoenoic acidsye ZF -3-48
g gAlof|l A 29.9~40.6%% 2714787 FATRE S F
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Table 2. Amino acids composition of feeds, eggs and larvae of Crassostrea gigas (% in dry matter basis)

Larval stage
Amino acids Feeds Eggs D shape Early umbone  Umbone late umbone .
(1day) (4 days) (8 days) (12 days) pediveliger

Aspartic acid 3.0 4.7 1.2 1.0 1.2 1.7 1.7
Threonine 1.5 23 0.6 0.5 0.6 0.8 0.8
Serine 14 2.6 0.6 0.5 0.6 0.8 0.8
Glutamic acid 3.8 59 1.5 1.3 1.5 2.2 22
Proline 1.3 1.6 0.5 0.4 0.4 0.6 0.8
Glycine 1.6 2.0 0.7 08 - 1.0 1.3 1.3
Alanine 22 2.0 0.6 0.5 0.6 0.9 0.9
Cysteine 0.3 0.7 0.2 0.2 0.3 04 0.4
Valine 1.6 23 0.6 0.5 0.6 0.9 0.9
Methionine 0.5 1.2 0.2 0.1 0.2 03 0.3
Isoleucine 1.3 2.0 0.6 0.4 0.5 0.8 0.7
Leucine 25 33 0.8 0.7 0.9 1.2 1.3
Tyrosine 1.0 1.8 0.5 0.4 0.5 0.7 0.8
Phenylalanine 1.5 2.1 0.6 © 04 0.5 0.7 0.8
Histidine 0.7 1.3 0.2 0.1 0.3 0.7 0.7
Lysine : 1.7 3.4 0.9 0.7 0.9 1.3 1.4
Ammonia 04 0.7 0.4 0.3 0.3 0.5 0.3
Arginine 1.9 34 0.9 0.7 0.9 1.2 1.3
Total 28.0 43.2 11.5 9.3 11.5 17.1 17.3
SEAA 12.7 20.8 53 4.1 52 7.8 8.0
SEAA/NEAA (%) 454 48.2 45.6 435 449 45.9 46.0

EAA : Essential amino acids.

NEAA: Non-essential amino acids.

Table 3. Fatty acids composition of feeds, eggs and larvae of Crassostrea gigas (% in dry matter basis)

Larval stage .
Fatty acids Feeds Eggs D shape Early umbone Umbone Late umbone Ped-
(1 day) (4 days) (8 days) (12 days) iveliger

14:0 6.3 9.9 7.1 22 3.6 6.1 1.3
15:0 04 0.8 0.9 0.4 - 0.3 -
16:0 20.0 325 37.0 152 14.3 15.5 9.9
17:0 0.7 1.3 1.9 1.5 1.0 1.0 0.3
18:0 4.6 5.1 5.6 33 2.3 4.4 38
20:0 0.7 2.1 2.0 0.8 0.6 0.7 1.9
21:0 - - - - - 0.7 -
24:0 - 0.2 - - - - -
16:1n-7 153 10.2 5.5 4.3 7.1 8.4 2.5
17:1n-7 2.1 0.5 0.6 0.3 0.6 24 0.5
18:1n-9 20.7 12.2 16.4 323 28.0 233 24.6
20:1n-9 0.4 3.1 6.3 3.6 2.4 43 24
22:1n-9 - 22 4.7 - - - -
18:2n-6 9.3 2.0 3.0 16.6 16.6 4.6 33.6
18:3n-3 1.7 1.6 0.7 1.7 2.6 23 4.5
20:5n-3 6.4 5.4 22 4.9 7.3 11.6 52
22:6n-3 2.1 33 2.0 33 4.5 33 24
Unknown 9.5 7.8 4.5 9.4 9.0 11.1 7.3
Saturated 32.6 51.8 54.3 235 21.8 28.9 17.1
Monoenoic 385 28.1 33.6 40.6 382 383 299
Polyenoic 19.5 12.3 7.8 26.6 31.0 21.8 45.6
EPA/DHA 3.1 1.6 1.1 1.5 1.6 35 22

-: trace (<0.05).
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Ba7) fA0R o|fshiA tha TAdis Ade B, ol
LB 3K (polyenoic acids)y 0] WL ] e} 7.8%
oA 45.6% ol AEE Ho| EpAAN dfx2H]l =
AulE B3t

‘?Pé, oF Wl 7} {4 Aol s e gulE Kl

WHAEE palmitic acid (9.9~37.0%), oleic acid (12.2~32.3%)
1) finoleic acid (2.0~33.6%)%3 31, EPA®} DHA® & 7t7F

2.2~11.6%, 2.0~4.5%% e}, 2A) -FA4A o)A EPA7} DHA
o vlal 0 %A (1.1~3.5%, EPA/DHAYS HAUE &H54%

o] g Eo] Ak ZAgu]s f8 o] AakRAdu) o n)siet

T Bk

P
S A0, AIES 3R E 7kl Hle

0
ok
ofN

. ko
o

e
=
L

A g £1L3 A2skE Zolok ufzia] AR
SERE ?‘1*}%&6% Ul 2 AL AARHE zax*
S BT adol AHRAE 2 gel - 8419 8

01: J0] 9 740][1] 7471
Z) o £ HlEE

Mt’r(Newklrk et al., ]977; Collet et al., 1999; Garcia-Esquivel et

, 2001).
oqa-]:c;_ ll:fy] DH*L*gS <] 7—«—;} El7], /\])\-] n] »\gﬂ]xqol =

Aol whe HekA]Y] o
A, o4 5 e
Asloqo} g,

i ol L EAAA oA AR el Fekeat
ZAe] 713k ¢l Wolo] ok} & (Wilson, 1978; Helm and
Laing, 1987, Lamg, 1995; Min et al., 1995; Powell et al,
2002), 31 Foll upi: Ay3}8kA WM3l(Holland and Spencer,
1973; Gallager et al., 1986; His and Maurer, 1988; Rodriguez
et al., 1990; Farias et al., 1998; Videla et al., 1998), ¥o] A
Z W A A F=74(Gerdes, 1983 a, b), elV1#] 2437 (Holland
and Spencer, 1973; Farias et al., 1998; Labarta et al., 1999) &
vha=e) A} Qlek, freful et ARk RS AR
Auf uis wlo]e) B3t Aol w11 aqtFde] det
A7) Wil zhzhe] AlRgzzdel gk AAFR] dkarE
rgef] thet ¥l A7IsiaL, 3] wujell4i: Min et al.
(1995)2] -~ glelli= e A7} ¢ UIW H*’H Hg
Aol et QlgEIL AL sl ZIRAE fhait el
olel el AN 7k B Aol

Qderer 7 P Bsl) BE AL F40) 4
Bt Alzde] AFErE WstE FARRos
1= Fgolx el A 208 HEs]) & 7 U] wikel o]
3k sk 24 2] Wslel] #TEE Hil(Mann and Gallager,
1985; Gallager et al., 1986; His and Maurer, 1988; Napolitano

ol Z2h) Aol web) A8 @ 99

wgalo] TEahe Al s vlol:

-] 1%
x| QEFHAAL I

1990: Farias et al., 19987} Ul
1:,_},57(4 7t} ‘—‘J,}s}oq ek ol 3Ly HAYAL o}
slek

et al., 1990; Ferreiro et al.,
RARE,
Aol B A AN Bai- A ol ¥ 4

B A8 At 22§47 2] gl wh Az
7}319) AAe- ARG E7I0] FUE Min et al. (1995)2] A4 2
o) v)5=819ith. Z18vt His and Maurer (1988)7) 7= 23.2
o] Aol A T F8S o A AGE-S AN

A}, 27) D F27) F482) Z7)= 242 67 pme} 324 um
2 B A% 73.5um, 319.7 um$} ¥]528 F17]E BN

R3] A AFER=E 27900] Agsjo] i AEe 122
T ATk Zjo]i meliay), o9} e 74»}/ Ak 35
EE 50 B57)7ko) Holge] dif o] JEs wo

w(Loosanoff and Davis, 1963), 53] §~20] .:l/ﬂ 7IE R
2 wekeic), ey A5Eke] Waks 128~7,000 ng/larva®
A& 0} 200~6,500 ng/larva®}t B]5:3F F7HFE HA

FHA, Aol uk: ARd 2] sk ©ekEY 0.2~21.0 ng/
larva (0.4~1.7%/total organic mater), A 10.1~208.7 ng/larva
(15.7~37.7%), T2 16.5~973.9 ng/larva (61.6~83.1%)% His
and Maurer (1988)3~ B.al&tii-d],  d¥HA = A
2.3~140.0 ng/larva (6.7~13.2%), TN 31.6~1,556.5 ng/larva
(74.2~77.9%), B34S 5.3-394.0 ng/larva (12.6~18.8%)% &
RECIRNE - U]“—b} A HH v, AA T Wlar, &
e o] ke wlg- 52 3RS WY}, H3E Park et al
(19992 =1 xdat 2 D3 282 #|dgeo] 2.7~5.0 ng/
larva® RHIrslo] B A& 3} v]5=28k ,q/d TS 5]31;(]111_}’ A

~

Aoz el AAFFE Aofsl Aol wek Hol vieh
= R0% waEk). olg) e Zske] Aojiz ATHRAN

q.z-loﬂ}q H] rﬂ %Eo] xﬂo]/\g o _Q?sL«H Z451 ol;]n} o}
oFot Fo2 FYHQ Mol T Hsh: AizAe) Jokeish
= Aol7h 9 molFar glek. wehd Ql¥E gl
A 7R % 7] S TRse ceret ) Ho| s

& FEshe ol T FPIAE A4 F g A0 B

1‘%’1/‘]“} B 239 73} His and Maurer (1988)2] 2=}
oA Aoz FAYe] Aol wE 30l FUhe] WE= D
& G0l Z7) 548 2717 A} o] Fellks 5
2% Z7HE Holal K3 :‘«%0}01 thA] ZAste] wissst
7A8s ®le), olg) 4k ARk DA FAellA 2”*7] IR
Z7eflis FEES) AR A T evR S FHAE v
ol 2]&Estal, 7—:“3 | FA8eNA F7121747] A7 &
o] o|iFo] x> HolHgr| e} F47] A
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ARt o7 ZohFe] SATYelA HFxo) W, B3] Lo
529 A1) FRe A 9 A9 A Al A3
©7 & v)x|=tl|(Lannan et al., 1980a; Gallager and Mann,
1986), Gallager and Mann (986} WX|Uo} &, Crassostrea
virginica®] & W A ATHE A2 F71ED F 6.0-25.5%%
A F7184 T 10% ofake] A A2 727 $A471X] A

FEO] Hob o] F4 a1, 18% ool A TS Bel

N

[e]

ol 8= Hol 27PaaPdel Xl TeAE & AN
ARt SN} st 242t 84.7%9) 84.6%9] ]84S
i

=
B, U ATASS DAl Ut 9 o
& QRS 7] el 2R, A D BesE )
oz g 27 BYHINE ofetgol Qo] 39

| Fodel
T QA AEahe] By A 9le Rasisic
(Webb and Chu, 1983; Thompson et al., 1993).

UukA o Tl BE Fik FE AAE-S o]F= V)
A Fekai 7P 7k gokdolnt. A3 ugeld At
WFo] BiAg 8207 ARyl uEt A3 2 AE
& I Holgfo] g1, §3] dpopu|Ate] T
DA AR o] BSFA] ol WHEA] Fasict. w442 2
Frobr At @ 7R AESHA TEEA 2kRE 9T A
Zof| ¢ %28l HEnright et al., 1986).

& AReA] oAl F Fpotu|abe] NI gL e
48.2%, TS 43.5~46.6%% V| WA = VSR DF FAl
A F37) A7 242 g G ofu| il AR S
AAH oz gof vlal] & TS HART, 20| v d
S UErIglcE. v fAe] el M gt ofn
A FAe) e ATARE A Rl F2 s v
EAEHE HlE olEeol AT whebA 3% B} HEst o

T aTRE TEsk] AsiAE Bk AlAAQ Ao A
yElojoF & Ziolr},

o) 7kx| o} FFe S Akt o] AEAE 242 o
¢ Fos8h, 7IAE wdske AP By 240l ol
AAtel] tjgt A g7HA] A AaRs 23A 9L, B3] myristic
2F} palmitic A, DGAEFZSHALES T2 A 9 EF oy
A& o] 85 ZAeE H YT (Enright et al., 1986; Thompson
et al.,, 1993), == 3L, EPA, DHAS 3%, A9, o
F 9 B2 F50] it EE(Volkman et al., 1993; Castell et
al., 1994y} o|ulisli i §-442] 2 2iako 2 ¥lE Ak (Langdon
and Waldock, 1981; Thompson et al., 1993; Brown et al.,
1997). 18]3L 20:4n-6 (Arachidonic acid, ARA)}S E-H-55,

-

b

alolF Y TS5 Aol vle- £ prostaglandin
o} ATEA, ol 75 Y FRAE £2% 9IS sh= A
O 7 g5 IeApdAke £ 8 e 1 Qlok(Castell et al., 1994).
= Ao AFelMn dollr] 27] FAEdA el o] 2771
FESPAPUARY] Ago] A YER L, A SA717 B9 BE
g} At F DB WARS 29.9-40.6%%F 2H7) -G48
VA= 7k & HaRAe g s 2asie
d], £3] Palmitic acid= 7] D& 4olM 37.0%% & %=
AL Holurl B&27] GAloA 99% FTFEOF ZHAE T
18:1n-9= DY F40lA 16.4%F=d), 247 7] -40lA
323%E oL A F-A7]OlA] 24.6% TEOFE Holbs
t}hoo]g} & AR Hol o] T Ak H-42) A
ooz Agd ZAow wkgd. e} pEEEs)
AARE o] Biekstel] whet 7.8%0014 45.6%% o=
A% HYLh B3] 18:2n-6= DY FAoIM 3%AA R H2}
7] FAANME 33.6%2 ¢ w2 XSS B0, EPAY
DHAS] &gn| 9] Rishe -fAddairo] wha} 2 2ol g9l
A%, EPAE 7] D& FAIA 2.2%, 71437 8ol A
11.2%, 5-27] §80llMe 52%= Wskslgict. o)} 242 Az
T oA AP WA BRo] Sl Ao® 4

53] §27) fellx] HotR)s A2 wigje} #wo] 9l
107 wokEn), Ao w B AR A= A QF
JAF Al ddzAdlo] Tl mE {8 A9 AlRA

518 2R AsE ARAQ 99 27 2AR: ohlg)
A

1o o e oo
ey

e F

X, g olsh gAE ATgel 7| 2H AR 0lgE 5
NE Ae® AR T2t FE ABFHL A A5

2 olgHE Yol ¥ e HHE Fuow olg4E ol &
o) At AEEE Aust] FEATFES WIS A

37] 9 we} AR A AT} Sasojo & Zold),
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gzl ek 2x)7 4l el sk d GAihA|o)

)3l ekl 580 24 5(0.6~1.1%), 28 (6.1~10.6%), B

F3HE(1.0~2.7%), oAb B AP 0 2712787 1
AR FAEtal, o) o L HA R AT Rl ¢
B GAg) ofulicAt 24 ulE- {AQl whdblel AdEglol

H)528 A1) 5 glutamic acid (5.85%, 1.26~2.24%)¥ aspartic
acid (4.67%, 0.97~1.70%)7}F 7V =& 238 Bylvh A
A7) 2l d 4ol A0 B A leucine (0.83~1.26%), lysine
(0.90~1.35%) & arginine (0.92~1.25%)°] 37l we} vl
A A FH¥ DF FAIA F2] RAosR el
IpgollA] EFAPARE 65.5% (54.317.1%)%2 FoliE3laL, &
QST Ak TSRS EIARS- 12} 35.8% (29.9—540.6%)
3} 484.6% (7.8—45.6%)F Z X v}, ©] & palmitic acid
(9.9~37.0%), oleic acid (12.2~32.3%) X linoleic acid (2.0~33.6%)
7} 0] A 358 28 B9T, EPASE DHAS: 212} 2.2~11.6%,
2.0~4.5%% LFERY, A 8204 EPA7E DHA® Bis %
& %) (1.1~3.5, EPA/DHAYS ®SIt},

ZtAtel 2

A ikl AR AT AR (RP-2008-AQ-
043) Aol o] 3% AFAA]IYrt
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