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Fig. 1. Light micrographs showing different developmental stages of the rock oyster
Crassostrea nippona .

A; A fertilized egg. B; A trochophore larva. C; A trochophore larva undergoing
metamorphosis. D-E; D-shaped larvae. F-J;Umbo-stage larvae. K; A settlement-stage
larva. L; A newrly settled juvenile. Scale bars =20 y m(A-K), 40 um(L).

Fig. 2. Light and transmission electron micrographs of a fertilized egg of the rock
oyster Crassostrea nippona . A;A light micrograph of section. Stained with
toluidine blue. Scale bar = 10 g m. B; A transmission electron micrograph showing
two types of yolk granules with lower(arrow) or moderate (dotted arrow)
electron density in an undifferentiated cell. Scale bar =1 um.
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Fig. 3 . The composision of the primitive trochophore-larva of the rock oyster
Crassostrea nippona . A1; A llight micrograph of section stained with toluidine
blue. A2; a schematic drawing showing digestive tract. Scale bars = 10y m. B; A
transmission electron micrograph showing two types of yolk granules with lower
(arrow) or moderate (dotted arrow) electron density in an undifferentiated cell.
Scale bar =1 um. C; A transmission electron micrograph showing the primitive
stomach with lumen (asterisk). Scale bar = 1 ¢ m. An, anus; DT, digestive tract;

M, mouth.
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Fig.4. A D-shaped larva(1 day post-hatch) of the rock oyster Crassostrea
nippona. A1; A light micrograph of section stained with toluidine blue, A2;A
schematic drawing showing the composition of digestive organs.

Scale bars = 10 £ m. B; A transmission electron micrograph showing two types of
yolk granules with lower (arrow) or moderate (dotted arrow) electron density in an
undifferentiated cell. Scale bar=1u m. C; Epithelial cells of the rudimentary
digestive diverticulum. Scale bar=1 ¢ m. D; Stomach. Numerous well-developed
cilia were seen in the lumen. Scale bar= 1 um. An, anus; C, cilia; DD, digestive
diverticula; Es, esophagus; In, Intestine; SS, style sac; St, stomach; V, velum.



VAMIZME 4 EOREN R BT AR E ORI T 5 MBRENRET B X U £ ENOHR O H

Fig.5. A D-shaped larva (3 days post-hatch) of the rock oyster Crassostrea
nippona . A1; A light micrograph of section stained with toluidine blue. A2; A
schematic drawing showing the composition of digestive organs Scale bars=
10 u m. B-F; Transmission electron micrographs. B;Velum cells containing yolk
granules with lower electron density (arrows). C; Digestive diverticular cells
containing numerous vacuoles (arrows). D ; Stomach. Debris of ingested
miclroalgal cell (asterisk) was seen in the gastric lumen. E; Style sac. Cellular
debris containing flamentous subustances (arrows) was seen in the lumen.

F; Stomach. Epithelial cells containing lipid droplets (arrows) were seen. Scale
bars = 1 um. Abbreviations are the same as in Fig.4.
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Fig.6. A D-shaped larva (5 days post-hatch) of the rock oyster Crassostrea
nippona . A1; A light micrograph of section stained with toluidine blue .A2 ;A
schematic drawing showing the composition of digestive organs. Scale bars =
10 u m. B;A transmission electron micrographs of the style sac. Scale bar=1 ym.
C:; Stomach. Cellular debris of ingested miclroalgal cells (arrows) were seen.
Epithelial cells accumulated lipid droplets (dotted circle). Scale bar =2 um.
Abbreviations are the same as in Fig. 5.
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Fig.7. An umbo larva (11 days post-hatch) of the rock oyster Crassostrea nippona . A1; Alight
micrograph of section stained with toluidine blue. A2 ; A schematic drawing showing the
composition of digestive organs. Scale bars = 10 u m. B;A light micrograph of the crystalline style
(CS) in the style sac. Scale bar =5 ¢ m. C; A transmission electron micrograph of digestive
diverticula cells containing numerous vacuoles. An asterisk shows the cecum. Scale bars =

2 4'm. Abbreviations are the same as in Fig. 6.
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Fig.8. An umbo larva (13 day post-hatch) of the rock oyster Crassostrea nippona .
A1; A light micrograph of section stained with toluidine blue. A2; A schematic
drawing showing the composition of digestive organs. Scale bars = 10 y m.

B:; A light micrograph showing the crystalline style (CS) in the style sac and
accumulation of lipid droplets in the epithelial cells of the digestive diverticula
(areas enclosed in dotted lines ). Scale bar =5 um. Ad; adductor muscles. Other
abbreviations are the same as in Fig. 7.
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Fig.9. An umbo larva (15 days post-hatch) of the rock oyster Crassostrea nippona.
A1; A light micrograph of section stained with toluidine blue. A2; A schematic
drawing showing the composition of digestive organs. Scale bars = 20 um.

B; Digestive diverticula. C; Stomach and intestine. D; Style sac containing the
crystalline style (CS). B-F; Scale bars =10 4 m. Abbreviations are the same as

in Fig. 8.
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Fig.10. Transmission electron micrographs of the digestive diverticula of the umbo
larva (15days post-hatch) of the rock oyster Crassostrea nippona .

A; Epithelial cells of the digestive diverticula and cellular debris of ingested
miclroalgal cells (arrows). Scale bar =2 ¢ m. B; Cellular debris of ingested
miclroalgal cells in the endcytotic vacuoles of the epithelial cells of the digestive
diverticula (asterisks) was seen. Scale bar =1y m.

Fig.11. A pedveliger larva (17 days post-hatch) of the rock oyster Crassostrea
nippona . A1; A light micrograph of section stained with toluidine blue. A2; A
schematic drawing showing the composition of digestive organs. Scale bar
=20 u m. Kd, kidney; Pd, pedal organ. Other abbreviations are the same as in
Fig. 9.
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Fig.12. Change in average shell length of the rock oyster larvae
Crassostrea nippona (mean+SD).
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Fig.13. The change of the volume of the stomach and style sac, and digestive
diverticula with the lapse of time (mean=SE). * means significant difference

between the stomach and style sac and the digestive diverticula by ttest (p<0.05).
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Fig.14. Change in the volume frequency of the digestive diverticula and stomach
with lapse of time.
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Fig.15.Change in the average shell length of the arkshell larvae Scapharca globosa
urusus in different rearing groups.
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Fig. 16. Light micrographs showing the different developmental stages of
the arkshell Scapharca globosa urusus. A; A fertilized egg.B; A trochophore larva.

C: D-shaped larvae. D-F;Umbo-stage larvae. G; A settlement-stage ( full grown
larva. Scale bars =20 u m.
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Fig. 17 . A fertilized egg and a trochophore-larva of the ark shell Scapharca
globosa urusus. A; A light micrograph of the fertilized egg. Polar body was seen
(arrow). Stained with toluidine blue. B; A light micrograph of the trochophore-
larva (B1) and a schematic drawing showing the primitive digestive tract (DT).
Scale bars =10y m.
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Fig.18. A D-shaped larva(1 day post-hatch) of the ark shell Scapharca globosa
urusus . A; A light micrograph of section stained with toluidine blue (A1) and

a schematic drawing (A2) showing the compositon of digestive organs.

Scale bars= 10 4 m. Es, esophagus; M, mouth; In,Intestine; St, stomach; V, velum.

Fig.19. Transmission electron micrographs of D-shaped larvae (2 days post-
hatch) of the ark shell Scapharca globosa urusus . A; Localization of two types
of yolk granules with lower (arrow) or moderate (dotted arrow) electron density
in an undifferentiated cell. B; The yolk granules in a cell under cell division. N,
nucleus; Ch, chromatin. Scale bars =1 um.



Fig.20. D-shaped larvae (3 and 4 days post-hatch) of the ark shell Scapharca
globosa urusus . A1,B; Light micrographs of sections stained with toluidine blue
A2 : A schematic drawing showing the composition of digestive

organs. A1 and B were cut from the same individual. Scale bars= 10 um.

C: A transmission electron micrograph of D-shaped larva (4 days post-hatch).
Arrows indicate yolk granules. Scale bars = 10 u m. DD, digestive diverticula; SS,
style sac; Other abbreviations are the same as in Fig.18.
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Fig.21. Transmission electron micrographs of gastric epithelial cell of

D-shaped larvae of the ark shell Scapharca globosa urusus.
A; 2 days post-hatch. B; 4 days post-hatch. Arrows indicate lipid droplets.
N, nucleus; L, stomach lumen. Scale bars =2 um
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Fig. 22. An early umbo larva (120 u m shell length) of the arkshell Scapharca
globosa urusus . A1-3 ;Light micrographs of sections stained with toluidine blue.
Lipid droplets (arrows) were seen. A1-3 were cut from the same individual. Scale
bars =20 4 m. A4; A schematic drawing showing the composition of digestive
organs. Scale bar=20 u m. Ad, adductor muscles. Other abbreviations are the
same as in Fig. 20.
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Fig. 23. An umbo larva (150 um shell length) of the arkshell Scapharca globosa
urusus . A; A light micrograph of a section stained with toluidine blue (A1) and

a schematic drawing (A2) showing the composition of digestive organs. Ingested
miclroalgal cells (asterisk) were seen. An arrow indicates the crystalline style.
Scale bars =10 u m. Abbreviations are the same as in Figs.22.

Fig. 24. An umbo larva (180 um shell length) of the arkshell Scapharca

globosa urusus . A1,2 ; A light micrographs of sections stained with toluidine

blue. A1 and A2 were cut from the same individual. A3 ; A schematic drawing
showing the composition of digestive organs. Asterisk indicates the crystalline

style. Scale bars = 20 4 m. Kd, kidney. Other abbreviations are the same as in Fig. 23.
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Fig.25. A full-grown larva (250 #m shell length) of the ark shell Scapharca
globosa urusus . A1; A light micrograph of section stained with toluidine blue.
A2 :A schematic drawing showing the composition of digestive organs. Scale
bars = 40 u m. Pd; Pedal organ. Other abbreviations are the same as in Fig.24.
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Fig. 26 . Light and transmission electron micrographs of fertilized egg and
trochophore-larva of the pen shell Afrina pectinata .A1; A section of fertilized egg .
stained with toluidine blue. Polar body was seen (arrow). Scale bar = 10 u m.
A2:A transmission electron micrograph of fertilized egg. Two types of yolk
granules of lower (arrow) or moderate (dotted arrow) electron density in an
undifferentiated cell. Scale bar = 1 4 m. B; A section of trochophore-larva stained

with toluidine blue. Scale bar = 10 y m.
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Fig.27. A D-shaped larva(1 day post-hatch) of the pen shell Afrina pectinata .

A1; A light micrograph of a section stained with toluidine blue. A2; A schematic
drawing showing the composition of digestive organs. Scale bars =10 um. B; A
transmission electron micrograph showing two types of yolk granules with lower
(arrow) or moderate (dotted arrow) electron density in an undifferentiated cell.
Scale bar =1 um. C; A transmission electron micrograph showing the primitive
stomach. Numerous cilia were seen in the lumen (asterisk). Scale bar =1y m.

Es, esophagus ; In, Intestine ; M, mouth ; St, stomach; V, velum.
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Fig. 28. A D-shaped larva (5 days post-hatch) of the pen shell Atrina pectinata .
A1,2; A light micrographs of section stained with toluidine blue. A1 and A2

were cut from the same individual. Epithelial cells of stomach and digestive
diverticula containing lipid droplets (arrows) were seen. A3; A schematic drawing
showing the composition of digestive organs. Scale bars = 10 ym.

B; A transmission electron micrograph of stomach. Debris of ingested miclroalgal
cells (arrows) were seen in the gastric lumen. Scale bar =1 ym. DD, digestive
diverticula; SS, style sac. Others are the same as in Fig. 27.
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Fig.29. An umbo larva (10 days post-hatch) of the pen shell Atrina pectinata . A1; A
light micrograph of section stained with toluidine blue. A2; A schematic drawing
showing the composition of digestive organs. The crystalline style (CS) in the

style sac and accumulation of lipid droplets in the epithelial cells of the stomach and
digestive diverticula (areas enclosed in dotted lines ) were seen. Scale bars = 20 um.
B; Transmission electron micrographs of a stomach epithelial cell filled with lipid
droplet(asterisk). N, nucleus. Scale bar =2 y m. Ad; adductor muscles. Other
abbreviations are the same as in Fig. 28.
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Fig.30. An umbo larva (29 days post-hatch) of the pen shell Atrina pectinata.

A1,2; Light micrographs of sections stained with toluidine blue. A1 and A2

were cut from the same individual. Open square Indicates the electron micrograph

area. A3; A schematic drawing showing the composition of digestive organs.

Scale bars =100 1 m. B; A transmission electron micrograph of the primitive kidney.
Scale bar =2 ym. Kd, kidney; Pd, pedal organ. Other abbreviations are the same
as in Fia. 29.
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Fig.31. A pedveliger larva (35 days post-hatch) of the pen shell Atrina pectinata .
A1; A light micrograph of a section stained with toluidine blue. A2; A schematic
drawing showing the composition of digestive organs. Scale bar =100 1 m.

CV, cardiac vesicle; G, gill. Other abbreviations are the same as in Fig. 30.
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Fig.32. An early juvenile (35 day post-hatch) of the pen shell Afrina pectinata.
A1,2; Light micrographs of sections stained with toluidine blue. A1 and A2 cut
from the same individual. A3; A schematic drawing showing the composition of
digestive organs. Scale bar =100 ¢ m. BV, blood vessel. Other abbreviations are

the same as in Figs. 31.
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Fig.33. Change in average shell length of the larvae of the Japanese

egg cockle Fulvia mutica (mean=SD).
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Fig. 34. Light micrographs showing the different developmental stages of the
Japanese egg cockle Fulvia mutica . A-C; D-shaped larvae. D,E; Umbo-stage
larvae. F; A settlement-stage larva. G; A newly settled juvenile. Scale bars=20 y m.

Fig. 35 . A trochophore-larva of the Japanese egg cockle Fulvia mutica . A1; A
light micrograph of a section stained with toluidine blue. Yolk granules (arrows) in
an undifferentiated cells were seen. A2; A schematic drawing showing the

primitive digestive tract (DT). Scale bars =10 u m. M, mouth.
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Fig. 36. A D-shaped larva (2 days post-hatch) of the Japanese egg cockle Fulvia
mutica . A1,2; A light micrograph of section stained with toluidine blue. A3; A
schematic drawing showing the composition of digestive organs. Scale bar =
10 4 m. B; A transmission electron micrograph showing yolk granules

with moderate (arrows) electron density in an undifferentiated cell. Scale Bar=

1 1 m. DD, digestive diverticula; Es, esophagus; In, Intestine; M, mouth; SS, style
Sac; St, stomach; V, velum.
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Fig. 37. A D-shaped larva (4 days post-hatch) of the Japanese egg cockle Fulvia
mutica . A1,2; Light micrographs of sections stained with toluidine blue. A3: A
schematic drawing showing the composition of digestive organs. The crystalline
style (astersks) in the style sac and lipid droplets (arrows) in the

epithelial cells of the stomach and digestive diverticula were seen. Scale bars =
10 um. B; A transmission electron micrograph of stomach. Gastric contents (GC),
microvilli(mv) and a lipid drolet in the epithelial cells (arrow) were seen. Scale

bar =1 ¢ m. C; A transmission electron micrograph showing the crystalline style
(CS). Scale bar= 1 £ m. Abbreviations are the same as in Fig.36.



Fig. 38. Umbo larvae of the Japanese egg cockle Fulvia mutica. A1; A light
micrograph of a section of an umbo stage larva (6 days post-hatch) stained with
toluidine blue. A2: A schematic drawing showing the composition of digestive
organs. B1; A light micrograph of a section of an umbo stage larva (8 days post-
hatch) stained with toluidine blue. B2; A schematic drawing showing the
composition of digestive organs. Scale bars = 10 ¢ m. The crystalline style
(astersk) in the style sac and lipid droplets (arrows) in the epithelial cells of the
stomach and digestive diverticula were seen. Ad, adductor muscles. Other
abbreviations are the same as in Fig. 37.
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Fig.39. Umbo larvae (10 days post-hatch) of the Japanese egg cockle Fulvia
mutica . A1,2; Light micrographs of sections stained with toluidine blue. A1 and
A2 cut from the same individual. A3; A schematic drawing showing the
composition of digestive organs. The crystalline style (astersk) in the style sac and
lipid droplets (arrows) in the epithelial cells of the stomach and digestive
diverticula were seen. Scale bars = 10 u m. Kd, kidney. Other Abbreviations are
the same as in Fig. 38.
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Fig.40. A pedvelger larva (12 days post-hatch) of the Japanese egg cockle
Fulvia mutica . A1; A light micrograph of a section stained with toluidine blue
A2; A schematic drawing showing the composition of digestive organs. The
crystalline style (astersk) in the style sac and lipid droplets (arrows) in the
epithelial cells of the stomach and digestive diverticula were seen. Scale bar
=50 um. CV, cardiac vesicle; G, gill; Pd, pedal organ. Other Abbreviations are
the same as in Fig. 39.
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Fig. 41. A early juvenile (15 days post-hatch) of the Japanese egg cockle Fulvia
mutica . A1-3; Light micrographs of sections stained with toluidine blue. A1-A3
were cut from the same individual. A4; A schematic drawing showing the
composition of digestive organs. The crystalline style (asterisk) in the style sac
and lipid droplets (arrows) in the epithelial cells of the stomach and digestive
diverticula are seen. Scale bars =50 ¢ m. Abbreviations are the same as in Fig. 40.
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Fig. 42. Change in average shell length of the larvae of the ark shell
Scapharca globosa urusus under different feeding conditions (mean %= SD).

Table 1 Changes in the freqency of three larval stages under different feeding conditions (%)

Days post-hatch
Feeding conditions larval stage | 35 7 9 11 13 1B 117
D-larva 100 100 100 938 167 0 6.7 67 167 33 34
Chaetceros. Calcitrans Early Umbo larva 0 0 0 62 833 100 933 933 833 967 966
late Umbo larva 0 0 0 0 0 0 0 0 0 0 0
D-larva 100 100 100 966 60 70 36.7 129 387 145 173
Paviova. lutheri Early Umbo larva 0 0 0 34 40 30 637 839 548 655 655
late Umbo larva 0 0 0 0 0 0 0 3.2 6.5 20 172
D-larva 100 100 100 100 100 100 100 100 100
non—feeding Early Umbo larva 0 0 0 0 0 0 0 0 0
late Umbo larva 0 0 0 0 0 0 0 0 0

_63_



Tl IR oK RE SRER S T 70 i

(2) 4B RIHAFEHEDORE, £EZIC
x93 % HXINERMOFMHMR

HHEOREERBECTHD 72 NVR U A
Scapharca globosa ursus DFE 5 A FE T, DA HA Y]
A s &R TEERS A ~ OB TR TRRIFTTH H 1
I KEBRFEOEFHIBEINTND (Fr52000,
2001 ; KB H2002), % 2T, BESLEOMBT
HReat 4T o To L 25, BREEHCEIEDIAE
DEREIIN DFE T HIC < BB AL, RN BAME
FFA~OE W BZRIEDOH D = LRSI N
(KAB2003), “HBOfERE S LIC, vHXZE
L35 RIS E E 41 2 INETRRL 2 i)
A ORERHC IR 2B EEBRE LIS (K
20062), TRIESIAEDRKRE, LRICKITTRREZE
HNTHRIET BIZIEE - TR, AT, <70
X UNEER A B LT B INERY (LUT, JNEERR
ML W) AAEBREE S L bI v P A R T A
SRR L, FORE - ABRICHT AR
AR LT DO CHRET D,

MEETTE

SHESEE S K UINERYMORER

fE EBROAEEHEEE & U T Chaetoceros calcitrans
L Paviova lutheri’ FA\ 1=, C. calcitransid HIB FLER
() BLOPHE IS (95X 108 cells/ml) ZHEA L,
GRRBILAICER LTz, P lutherihXFEZHE (Guillard
and Ryther,1962) % FA\ CRREE3000lx, X{E20CD
EIRENTS—THE &L, MluEEA6—9X106
cells/mlZE L= b DO EMHEH Lz, JIERMIL, %
BH2006-271208 (KAE2006b) (Z¥E L T20054-5 4 24
AR/ N R AR A CEREE U 7 A~ 0
ARSIV BRIV A AR L CHWIRR L
fro Thbb, <A XINIEIRRE TR IR
X7 b D ERED TIREWAK THA Lk, A—
F=Z5umDR y b &R CIERER T 577
WECHE R Ik L CON BRI 2 R D 7o, IRERIRRL
FEbicA—7=r1umOxy FE RV TE
HElioE A IR ORI L LT, 5 D= IRERY
31w mEA T OER THERR ST, AR LTZ

#37% 20114

SRR L NS BRI ATE L T20°C DM BEEN T
BORSIRTT UG RE RO LB R 2 AR LTIV e, IR
BEf) & C. calcitransiX, 1BKEERESTEE (VU =
F ¢ (SMIl-E) (#%) 74 = HIL) THRE
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AEIN A ST, ZREINIKIE25CO T A —F —
AP ERE L 725000 U B — R A A R TR
&, BADAMSA (AF) 24 —T =V
720 pmO 3% v M TEI L THR Uz, AERR
13200545 031 BB L, BRI XK DA%
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5\ INER B 5 IX BRBRX) & RIRX AR,
25°CITFRHE U7 fEIRAKIE (2000) PRICRRIE L7230/
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6mm® H T A T40mlminTHER L, @B
B U, HWOKIIRENWE DR ES —T =
Z20umdOF vy NTHEHIRL T, JHE L #iEmX
CHOIAET S FIETEBITo 7, BERHRET
15 A #aK%IZC. calcitrans & 510X 103cells/ml, P,
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AR U7, RERKICIIATEERICINZ T, JNEE
et % B B B T2 /me/lday & 72 B £ 91, xR
K IR EE TRIEDC. calcitrans & VLI
BhE LT,

B, RIESSAEHBRER L OERRIT, 28
2Bl U 72 PiEsh /A D BoR D 7, el TeRik
THEBRWTEEZEIEL, # T H TIEEERX
130E/E, PR IX200M8 (A& % JIE LTz, sXTEIENE
HBL R34 K60R A D 5 HER 120 u mPA L D18
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FFETEAI L OB ATENIE O 72 8 Ok T
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BRELEE L, BEUAIERY 7 =17 =
UEEPATC THEYM G L, FWE THMSE JEM 1010
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LaiE,

EREN S S UINERMDIEER S
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B i3KjeldahVE (B « @/E 1977) THr#r Uiz,
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ELTRLTE, Zb DOy, sEE
ELTRLUT, il L72MAE O —88iX A Fr=
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BERRERT, BUHD) ot LIBRAEER & R 72,
BEELD T X EeREAIE, BORHO0 mgZ 6N HCITHN
KGR, 7 X/ BE5HTEE (ALC1000, S BLUERT,
AL TRDTZ, 277U, P lutheri \Z-D\\Tifit

A ATOREGEC BT HHEHREORRICET 2 MEFENRE B L CHEE & EA~OMRDIGH

AR O M B ME < BRUBHRICHIRR A B 0, AR
WIBRAH SRS J VT X BERHAR D - 2 IE LTz,
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75, SRIX T A A9 CERIERSN AN THER
L7zd, BAIBARETImed, K TEOHER
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TII80% LA EZ R LTV, MRE TIHRS15
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ERECHLE BB OFEEN & HITEATS
(Fig48), H3, 78 I OMNIISIT 2 M X DT
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MH RN EDIEF /R, e Db - R
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Table2. Proximate compositions of crushed mature oyster ova and Chaetoceros calcitrans (%)

Crude

. *
B e Crude lipid Crude ash Others Total
Crushed oyster ova 16.5 3.9 31.7 479 100.0
C. calcitrans 9.8 5.5 31.2 53.5 100.0

*Values are calculated by 100~(crude ash+crude proteint+crude lipid)

Table 3. Amino acid composition of crushed mature oyster ova , Chaetoceros calcitrans _and _Paviova lutheri (%)

Amino acid Crushed oyster ova C. calcitrans P. lutheri
Taurine 11.9 0.0 1.8
Aspartic acid 9.7 8.9 9.6
Threonine 4.6 4.1 5.1
Serine 54 40 45
Glutamic acid 13.3 9.9 12.7
Prorine 3.7 59 50
Glycine 42 76 6.5
Alanine 3.6 9.5 1.7
Cystine 0.8 0.2 0.0
Valine 46 6.6 6.7
Methionine 2.6 2.1 2.1
Isoleucine 43 6.9 57
Leucine 6.9 11.3 9.4
Tyrosine 3.3 3.6 0.0
Phenylalanine 5.7 8.4 71
Histidine 2.3 23 2.2
Lysine 1.3 45 6.3
Arginine 5.9 4.3 1.5

Table 4. Fatty acid composition of crushed mature oyster ova, Chaetoceros calcitrans and Pavlova lutheri (%)

Fatty acid Crushed oyster ova C. caleitrans P lutheri
14:00 41 143 16.3
15:00 0.7 * ! *
16:00 215 6.8 17.6
17:00 1.3 * *
18:00 * trace? 0.4
20:00 trace trace trace
Total saturated 276 211 343
16:1n-7 5.2 30.2 27.3
18:1n-9 3.2 0.1 0.6
18:1n-7 5.2 0.3 45
20:1n-11 * * *
20:1n-7 04 * *
20:1n-9 1.6 trace 0.2
Total monoenoic 15.6 30.6 326
18:2n—6 1.3 0.2 0.6
18:3n—6 * * *
20:2n-6 * trace *
20:4n—-6 0.5 trace 0.1
2n-6 1.8 0.2 0.7
18:4n-3 1.9 14 3.0
20:4n-3 0.3 0.1 trace
20:5n-3 8.1 18.3 8.4
22:5n-3 04 trace trace
22:6n-3 9.3 trace 1.7
2n-3 200 19.8 13.1
Total polyenoic 21.8 19.9 13.8

! Not detected. % Trace amounts under 0.05%.
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Fig.43. Growth of ark shell larvae. Experimental (Exp) and control (Cont)
groups were fed with algae supplemented with crushed mature oyster ova

and algae only, respectively (mean=SE).* means significant difference by
nested-ANOVA test(p<0.05).
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Fig.44. Incidence of umbo larvae in the experimental and control groups.

* means significant difference by ttest ( p<0.05). Abbreviations are the
same as in Fig. 43.
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Fig.45. Changes in survival rates of experimental and control groups during
rearing trial. * means significant difference by f-test (p<0.05). Abbreviations
are the same as in Fig. 43.

Fig.46 .Transmission electron micrographs of early D-shaped larvae

(1d post-hatch). A; Gastric epithelial cells containing yolk granules. Cilia
(asterisk) and microvilli (arrows) were observed. Scale bar = 1 ym.

B; Two types of yolk granules with lower(asterisk) or moderate (arrows)
electron density in an undifferentiated cell. N; nucleus. Scale bar =2 ym.
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Fig.47. Transmission electron micrographs of D-shaped larvae (3d post-hatch)
A: Stomach. Asterisk indicates gastric contents. Microvilli(arrows) and lipid droplets
in the stomach epiteral cells (dotted oval areas) observed. Scale bar =2 um.

B: A yolk granule with lower electron density (Y) in the velum cell. N; nucleus.
Scale bar = 500nm.

C; Digestive diverticular epithelium. Numerous vacuoles associated with
digestion and absorption of nutritive substances and lipid droplets were
observed. Scale bar=2um.
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Fig.48. Light micrographs of the accumulation of lipid droplets in umbo
larvae A, 120 um shell length;B, 150 um shell length ; C and D, 200 um
shell length. Areas enclosed in solid line show epithelial cells of the style
sac (SS), stomach (St) and digestive diverticula (DD) containing lipid
droplets. Sections (C and D) were cut from the same individual. Toluidine
blue staining. Scale bars = 20 um.
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Fig.49. Change in the volume of lipid droplets with lapse of time (mean=%SE).
Significant difference between the dietary treatments (* p<0.05, * * p<0.01).
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W, BRINIE20064E7 B 6 HIC A TRESREERIE (I
H - BEH2000) TATVY, MEUEM, HEIMEARD B
BLOWINL, ZHINKT00070R 2/, /6
NI EINI24 CICIR L 7 4 — & — 23X NIT
B LT MK E T2 L2500/ U 1 —F %A kK

IR LI b S/ e, SRINE IS LT K
IXIEARR E LIMBR 21T o0, ZHE, xR
IXENZEIN95%, 96% Th-oTo, INEROEMN
BhIR OGN ITEE AL PE TR & [RAIFE O H 252006
FEZBSRIC BIRKIN L 725248 IR D 5 5 #2300 77 KL
AW, BONT2REINES00AR Y A — A A
NKRICINAE L, FF8HIB I b L IziilEs)
HRERICAWE, ZREER, BERIEhZEh
83.7%, 842% Th o7z,

BENEDRE

7 H EERIT20065E7 A 7R S EHEA LT, LS
A (HA1D DRSSV AE~DEREL > T, 4 —
T2 740umDF y NTR NS EIL,
MEA/mIDEE B CRTBIREICNA L, fEEE
(SR L7z D 4 — & — S ZANITERE L 7250004 U
H—RFA MK E AWz, fAFIEEARRT
1TV, FABKOBERICI/ NIRRT (FF7A
AIA508, —w V—, BE) HVEKIHTD
Rinotc, FEKIY A ZXOLERT HHEIED
WAOMENMRNT EABE LT, BR20027E
TiElpmDO B — 1+ ) v T 4 V& — (1PA K
PEIEAR () BR#ED) CIER L7z #okizs—20%
DAREKRERE L CTHESMEZIE LK E
AWz, KEKEZRES LEKIIFHETEE LR T
VA —F—NANTIHBRESE - R L THEH
Lz, HAR~DAEADRESZE, B416E Tk
20%, BE2FE TiX10%, BE27ETIEIS%E L
7o JGEKRZIRA LT FB MK ORI E K
WRERITE (VU =7+ (SMIl-E), 7%=, ®
=) EROVTHIEL, 20%IE4 T27—28%0, 10%
IRAE T30—31%0, 5%IRA T3233% Th o 7=,
fAEMEKIEREESL, NIARZ LIC2EE
Bk Uiz, £70, SEBKOSEMRKEFICEEK
BB OB AT o7z, KIRIZHRIND
8FE TILIME L C25—26°CO®BHE#ERF L, B9
PB2TE TIHGHEI L T24—25°C, HE27LARRIT26
—27°C O % HERE LTz, SEERIART H O 147K IR
13257+t 1.1CTH -7 (Fig. S0A),

AR B I47E @ 5 K B ¥H  (Chaetoceros calcitrans



Tl R oK o s BRAR Je =

,Chaetoceros gracillis, Paviova lutheri, Phaeodactylum
toricornutum) ¥ X OV IR % 3FE D HEE D IR
Wz iz, BREHEREETS K OWNERY) OfGEERIE
Fig. SIZ/r L7e, C. calcitrans & C. gracilistX i iR
gh (C. calcitransid  #35X 108cells/ml, C. gracilis
13494 X 108cells/ml, HIREEZR (KK R) ZHAw,
A1 B 10> 6 B 4515F C2—3 X 104cells/ml/day
DFFE T, BETAT6H D HF42FE TE—16X
103 cells/ml/day D& H T ESN £ DR & AT
EERL ChEREEZFE LT, P. lutherilI TR
O (KW21, E8E, fBA) 2L
R EEK & O C RS 000, SdE20°C O 1HE
B2 TS—7HEER L, MR EDL6—8X106 cells/
ml/day \ZHIFE L 7= b O &V, HS2005 B 4542
F T2—9X103 cells/ml/day D &5 [ TIFEN A D K
REABELZZE L CREFELZFIE L /=, Ph
toricornutumiEP. lutheri & [RIA% D S THEFR L,
0 AR 5 BE 323 X 106cells/mINZ BEiH 9 5 & Th
FE LIS D% BA17H H24¥E T25-5X103cells/
mi/day D G CTHIEE U 7z, 57 BE 79 13 4% BF2006-
271208 (KHE2006) IZHEL T ¥, ¥4 X
L~ F 7 U CRRII LI LIz b D& Hv
oo W XNERDIHBTINGLET, X147
FINEVDIHBINGIET, <& AT U LI
FeiE H 3157 61772 b NS B 330368 £ U341,
1 Z 10.09—0.36mg/l/day, 0.03mg/l/day, 0.13—
0.25mg/l/day 2 TR L7z, #AEEERIT H 142051623
mbEholc, BEHIHUKEZIZIHIETT 7,

TR AT A BRI B A 7o D B 2% (B4R
LTEREMET D & & bICHIE O RR A B2
L7z

M AT S IR O RMEN R DORRE
IR DEIMBN R 2 G D e O § 5
BRI320065F8 H 10 H IZBA%A L 72, DRUMASh A 12 48
BB L72fbshAd (BA1D) 1%, 2—7=2740u
mDF v b CTHALRE» BRI L, SEERIXS21F 7/
mil, %t BREK6.2{I (A5/mlo> 35 P CAB B IZINAE L
T, BELE, FMEAN, SEKOHEPEERS X
OB KOG BTG A PERBR Rk E L
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Teo BABEKIFZIumDHI— 1Y v VKT 4 VF—(1
PA FRPHIRAL (BR) SROUHR) Cllial L 7=¥Kic5—
20% DAKIEK EIRA U CHIS IR 2 05 L 7-vgK
ZHW, KEKRERS UMK EEE LR
LU —F—"ANTIH@ZES - TR L TE
ALT, AKEKERA LB K OES T
WAKRERIE () =7« (SMIl-E), 7 # =,
HE) ZHWTHIEL, BS13FE Tid27—30%,
A-3147° H25F TIH30-32% Ch o 7z, KIRILA
BHEAKEZ O THS I H8E TrI25—27°COHE B
Z, BEINH25E Tid4—25CORMPE Z MR L
7o, EEWIR T ONERKIRIZ25.5E£1.0CTH -7
(Fig.52), EBRMIMILM X DEFKREN10%LLT &
ol HE25ETE L,

BBk (33FE o> RE KL B 28 (Chaetoceros calcitrans
,Chaetoceros gracillis, Pavlova lutheri) ¥ X OVFE
AFERBIZA W3 o BEOINERY & FH
oo HEEREEHIS KON B O fs fE & 1 XFig. 53
IR LTe, C. calcitrans & C. gracilisiZ i i (C.
calcitransid. #J5X 108cells/ml, C. gracilisid #94 X
108 cells/ml, HIFFEER (BF) ) ZFv, FBRX
TIERTFE LB 5 HA1036 L U022 525F Tl
—4 X 104cells/ml/day D& T, BHEIZHF1UNLH
H4525% T3—15X103 cells/ml/day D0 T lE%)
LEDORR EABRRZER L CTRTEZIE LT,
P. lutheril IR OIRAREHE (KW21, E#4E, fig
AR) B EIN U T S EDREE MK 2 F VO T RRES 0001,
KIE20°C DOIEIRE TS—THERE L, MBI N6
—8X106 cells/ml/day|\ZHEFE L 7= H D% v, B4
1736 H325F T3—15X 103 cells/ml/day D % B ¢
RS A DR & ABEE B8 L TR R % g
L7z, SHRKIIIPER ) OUSINE A B8 L THR
X D15 2fE B AR LT, IV~ 4 %51
BERII B S5 H25E T, ¥ A 7 XINERIL
HBIDNDHI3ET, ~&H 7 U LIERSIIE S
41 H19E T, F I Z110.09—0.27mg//day, 0.03
—0.06mg/l/day, 0.25—0.5mg/l/day% ¥ L 7=, T
X & bRl RITHTl603 R b & ofe, ffEIdH
KBTI BUEAT o T, VRIS AEIR2 B HICBF K
D EEBICHRE L CGRELZRIE Uiz, EA=R
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L USRI A EREOEIG TR, THEES)
A OB TR L O A 1L CIEAE
Kimlh o, BS17THE2mibh O7EEsh £ $k % 50
BIE LT EHE E U ORD 2, BR25ICH1T D
B E RS AR B L ielas, BEK
SmiR OFBESN AR & 6EIIE L 72 TFBME L LTK
Wi,

EEMEOHEE

B EBRIL, BH35B L UB6 CRIEN LT
AFE D BB U 72 HE 2 3181E (R & AV T20064F8 A
NENGBRME LTz, 2095 B12fEEE, =R
FELERICA == 7200umD ARy M
8 o 7o HA332mm X 7 300mmD T v T = U
JEIBYRE (Ty vy, HP=IRERRE
JE, &M #AVWCHESUSE THE Lz (BN
B, fFMBEEEEAKE R LIZS00/AR Y B —
RIA SN RTR OB 2 K E25cm & 72 5%
EOCRE LTz, BHEEHE LT AS3600 BN
ISE TIHERDE v b EICHER 2 EHEROCHE
L, BAREZIIRW -, BBT16nLITEBA
BELLTT ATV A b (Br&6mm) & Vi,
FBEMAITBEIR T RSD-10 LA ¥ —, FHI)
ZHAWTI0 Imind/KETHAK L, BRISE T
F v MEED S B, BASREEOFEM Z B4
L7z BE76L I L E bl bIEmIZIAT T
fRBEWK IR S, IR Figs4llm LT,
RERHIC gracilis, P. lutheri, Ph. toricornutumZ R\,
H B75% TIXC, gracilisZ2—4 X 10* cells/ml/day, P.
lutheriZ=3—6 X 10* cells/ml/day %, H 4376 L iXPh.
toricornutum % 3—4 X 10%cells/ml/day, P. lutheiZ3—
6 X 10* cells/ml/day DEIFH CHEE DR & A% %2 %
L TREEL, WICEEE KPS EEARETEY &
ETAREBAEMERF Lo, BEIXAA75% TiX1A1
|, Ok ABGEEE (FIFEER B BRR
AT A, Prw—, KR ZHAWTIH4ELZ
T TAT o 12, FBEWKORBIE, BH75E T
THIEAEAERE L EBOHEKE, ZOHRIIEFEEX
R BEOKMEEDWAKEEAN LA ——T 11—

\

SR B FETITo T2, KR BSTSE CrIiiEE
Kz AT CRIZICHERF L2, £ ORI
REThihoT (Fig50B), HH358 X 0U36T
BN L7-FER D 5 H1o6fEEIL B R53rba& L,
570mm X 320mm X 90mm®» R Y =5 L K (=
UEE, M RERES, M) R —T =0
200 mDF v M EBNZEFHERRICIBEALE Y
AVFICNA LT, BH82E TRIBRMAE/KER
BRUCOMIZET OKRIm) LTEB L (fF
MEER), & 5ICAS8E TOAFEMHN LI
TEBIBATINE R E 0E L, WETEZ LT
v (RY=F LB, FEISD N L TR
WIS T (kIRSm) 32 HIETHAI33E TH
B LT, EAHFEEROFEBKIRIZRREAGRDEIC
1T 5 ERBEKE TR L (Fig50B),
ENEFEREOAERIY, ANTSTHHERKES
TofRl B HE B O E AR C 3 5 AT E AR OFE
ZRHV, BSNSTIREAEH HEBIC KT 5 4% A
B DOEIEZRCTEMN Ui, MESaEROLRR
RITEBRIC O @R R T 5 AR OE
AW CERH LT,

RERME & VSRR LRSS
< HE, FATEBLOFX AT U EREIN
7> 5 FHEL U 72 3FE O IR 1 X — ¥ & -20°C THRAF
L, 7/ EHAE & ONBIRERER &2 IE L7z,
C. gracilis, P. lutheri, {22V T b FIERD H1ET—H
PIRAEL, REMARRRARZMIE Uiz, 7 X/ MK
1%, REHOmgZ 6N HCITMAKS#EL, 7 X /B
et (ALC1000, SiRSU(ERT, HUED) THML
TR, NEViERM I, Folchn D51k (Folch
ctal 1957) THUBMIZHIM L AF = AT UELL
7, HAZa<w s757 (GC17A, BERUERT,
FAR) Tt LTRD T,
faR

RSN EDRE
HENEDEHHREOHB RS L OEERE

Fig.55\2R L7z, BRI HA17T98.81+3.4 um,
H47T1332+84um%Z R L, F1EE CTRIEN
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MAEITEE LTz, £DH%HAS13T213.3+256 um,
A-519T303£39.5um, HA425T370%£32.7 u mi
HELD, HE250529F T Z ORI IA L
TeRBEWFETFE D TE CTREDIERB A LN, &
JEHERITIA S35 THID THE L, HS43ETIZA
ETLASME R DB K2 FERR LTz, AFRFILH DS,
17, 30TEALEN3S%, 23%, 1.5% T, fAEH
Whb AE8ETE, HA25-290M TR E <
FELlo, BERBE»OHABZEE COAEBRITN
0.04% CThH -7z,

kR B DVFIESAE DIV HE % Fig.56 A-TIC
LT, ZREINIERK0u mOERE T (Figs6
A), KiR24°C, SZFE%RGFREMTHIML Lz, ks
AIEEROumD S a7 3 THAETH - -5
(Fig.56 B), BRISEIOAEE B0 S W20 b Sk
2L (Fig56 C), M{bi4k24k¢ M DAY, L
IZERB LTz (Fig56 D), DAAWIEA DA DHRE
13988E34umTH o7, DMEASHAILH B2H5
Hibss B OEANRR O, BEZHELEEEZ
bivle, BESTIIBRIEN A Z A OERTEDNIE
L7 B2 bNAMESHEL, FOTEREY A X
I$120umTdH -7 (Fig56 E), D% AS9 (OF
¥ £150.3£10.0 u m, Fig.56 F) TIXhakigA»n
JEBRDTREL, &4 T XaIash A (RS
RIEEAZTRTLIICRY, BE25E CIEEYyHR
B 137 p m/day % R LRGEIZEE L (Fig.56
G)o LU BE29FE Cidaid Lz & 9 IClEN
5 L7,
AKIA~DFFE_EBR % 5 WFEI IS AR E R &
WU THERMEE S, FRCERBBIAD HARTERIY)
HOBBETHEFE L7, KPR FITE S
IERSERILT LRSORELZRIE LN, 20
BRIL T Tlahole, EATHRFH OB
FLEBSEMES Loz, fHEKEREE IS
TLEDR, DEBNLRH-TT 1y 7O
e o TRBRICILET 2O LONE S
iz, RENBRIFTH -2 H59—25120MF T,
TNE COWFEIZ L > THAEDRBERENMEF L
el bd b, B EBHBERTHENED Uiz,
REEFORENSHOEML, 7o v 7ot

REESE BN LT, BISR Sz ihlishE o g
DIEBIIAETEROE( & L <HE LTV e,
BIE AT B 525 F TloR33 5 A £ T
L7cied, E0RIT2AKEZ 1AM E LD THEE
ke L7, £O®%GEFEIREE, BH30E T
(CRIO TR, AR TS % E TR Lz, L
2L, BA31TRUNEEBRE AN L400.7+10.0
pm%Z7R L7z, %400 p mOENFAE CrE R
DRI HER S, EEMGELZEEZLND
AT, L7220 ORERE B ThEF &
BEDO—EBH LS LAEFRDTERL ST D DA EIER
s (Figse H), KB OH R I3sh#o F
(CERR DTG RIS, B EEITHE L
R L R ORENFE SN, BERidshig e
NBRIRY, EIEREOERIR 5 BBl &
iz, BIEHMEIIRE L -BEE2 W TIERIC
BE L7z (Figs6),

FEMEIZRT DINERMOFMHREDBRET
FERX IS L O BRIXAIZ 81T B FRlEsh A D - Kk
ROHERRB L OAEEEFigs7oR Lz, WEER
X &b ATSTHRESSHAENHEL, AH11TT
NTCOFFUWENENZTEIAN IR E Lz, £
XXX OFELREX BTN S19F THE R
ENRONTER RE, p<0.05) EBRX TIIH
TADPOREMEW L, EBRK TR (425 o
B i e 1L FEBR X 2483257 um, %F I [X294.0
+392umThH o7z, XIRX TILREH~OBIT
ETITHFENES, AHBOERRIIERK T
82.7% Th o 1= DT L TR 1324.2% Th -
7o LNLZOBERXTHEFENER, HH18
DATLRITEERX38.5%, XTHRRI81%E 720,
FEBRAE T IR D AR IIT R 2.6%, XTHIX4.9%
Tholz, 2B, WX EHERKTHRLET 2k
BELTEDS, WTFNOFHEEOAEEICIIES o T,

EEME
EEMEIIASISTRAICHER S, FEE

BLHTENAHEOEHREF1240.1mmT
bole, BIEMEHDRITE - kO ER %
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Fig. 58127~ L7z, Sk D Y& 1351415259 4
mT, f/MI460um, FHKITST0umTH 7z,

HE RISl N O RTHICRE IR HTIB T
METER L, RINES CIafords & OV B3 5852
LCWWe, F7ER T8 Ll & onf g s
JER ST e, BEH BRI CIERICEE
L, fBLEEIRTOMA H 2V TJER & BEm & 0
BEREITRIR A W U TR Z FE LTz, |
SRl B RE & VR A B RO LR OHER 2 Fig 5012,
A REZFig60lZr LTz, ENMABEE CIIHEAR
DERITELS, H543 (EERLEM%, Figso A)
DOFRHRT6.2E 1.8mm, B4357 (EE3ME M,
Fig.60 B) TiX16.3+4.5mm, H572 (EESERME,
Fig.60 C) TI326.0E5.5mmiZE L, Z DD
AR EIXFIE1681.5, 8459, 12126 umT
o Te, HEH OB EITENIRE1SmmATE 2 5l
b U7, AFERITEE®ZFIGE D B 4575T76.8%
D, BERETEILIA SN T, Lk
LZ DR OER & BIEARAEL, BE18 (B
RN ) OB EIX37.653.7Tmm, 5%
RI171.6%, HED D OEHKEITSS5.0% ThoT,
7599 Lo HE E IOV L B BT o il 03 s <
720, AEENRERL T,

—77, VIS ERE CIIEE B O R
83 2.6mmTENMHER & =070, HH8TE
B D331 75 1.9mm & BN EREEZ 0L T A -
Te PAEFRRIT849% Th o7z, BH830 HLigH AR
BICBAT L7230 RIE R 2R E S 2R L,
HA13312 31T 5 E ¥ E1364.3153mm  (Fig.60
D) &0, ZOROAERITI00% TH- 17,
IR E S VEEHEROIEE RS

SHTRE R A Table 5,612/ R LTz, = 0¥, #A4 5
FRELG~F AT U EREAIN OB U3/
IR DT X BRRLRTY, v X TR
VB, T AT T2 BIUBT AT X
R EIZN13.1, 1048 L U9.7%, A4 F7FT
IXTNE I, TARSEUBBLOE YY) v
DENEILZS, 105BLUV0T% EBmoTz, <
FRATOETEHEI TV, FAEIUEBEBIO
T ARG RN ENEIZ4, 1228 L084%

FARHR A O RENEIZ BT 2R EORRICHET 5 MZRE 8 X OB EE~OMR O

ThHolz, BIHBHBERIZONWTHRDLE, v F
TILBRRN IR EEHE B 0340.4%, &/ T VBRI E
P3154%, NEFIAEIIAFR EA3342% TH Y, VU
J —/)VER, EPAR L UDHAIZFNEN1.2, 1378
KXO128% ThH o7z, ¥4 7 X Crafaffs i
E03334%, FJ T URREDN164%, NEAFIAS
IR ED8.0% TH Y, U/ —/EE, EPABLD
DHAIZEN 1.2, 28BLV09% THH-T, <«
FH T T IR B A333.3%, £/ T
IR T.T%, FEIFIREIEAR E138.1% Th
v, U —/VEE, EPAK L UODHAIXZNFho0.6,
0.58 L TV0.05% K TH -7z, C. gracilisTIIEA
FREN BRI B 315.7%, E ./ = FEk & )321.8%,
NEAFAEN BE R B 1.8% CH Y, U J —ILER,
EPAR JUODHAIZZE£h04, 11.58 L 00.5% T
HoTc, P lutheri TIIEAFNEIAEERED3164%, T
J T FRRR16.8%, EAFIIERAERIER133.6%
TH Y, EPAB X UDHAIZ = £ 2138 L O
44%T, V= NVERIIRH ENdednots, TR
BT, A TXBL O I TUETH
7 DEHERPE N To, BRI I~
FRIREATETY ) —NVEBREFRN, ~ 4%,
C. gracilis, ¥ X P, lutheri CEPAE, A ), ~ N
X CDHAD G B RN EmMho T,

B

AT XOFEHEEEITFENENOHERICED
BB ICARE) LI\ T, A H
DEAEAR (BA%1998) & 2 W E10fEk JIES
2004) IZlFE S TERY, BEPEIED CREE 2L
LM bR CE R, EftoBlaE&trias
DOFRBRFER TIL, BENEDEFREKOREIED
QD> THET HBLNKERFEDO TERN &
SNTED (%1998 ; A « KAK1984 ; (RE D
1986 ; JIIJF 52004 ; 2 H ©1998 ; 7 H1964),
WSO EaBEIET 5 23T 5 2 & 36
BEOEEREKRRE SN TE R, LnL, Rk
WEDRBBFEDTAET DRI A AR A
LT OV Tikth oo “HCHEE & RERICELY b,



TG R K i A BRI JE 3RS

BBIDBLBHbDILD T &3 hoT,
HEELICLAKREDO ZNE TOMRBER (KiE
52004, 2005) Ti¥, DRI EDKIRLEZD
N5k F110 u mAi# CRPCRBICHE - 72235, i,
DOEWEND BIFIEFRORIN TH D T & HEEE
Shi (FHBH1986; H)11 - A#k2002 ; F)1 -
3 J112003,2004,2005 5 /M1 - F41995,1996 ;5 1A
2000), HEARDL (A - KA1984) (3% E1104m
A% CRRT ABEIZHOWT, FEBRBICL S
Wa TERE LK 6 HEEE O REMEIC b BEh
LTS, ZOBRETA XIIDRIEN HRIE
H~DOERRINCHTZY, 7P INVRTTATHR
BB REERNRAET D (KIB2003), 7+
TR T H A TIEZ ORI INER I O T 3
WZHT=D T EBHLNTR-TEY (KIF2003),
Z DR~ 1 X IR O I U 72 IR ) %2
BOBNCHIET D Z & TEE LILRE & RV AR
REBDLZENTETHD (KES 2007), 4lH
DHA T XFBENAEDOEERERIZINTUL7 <
VR T A A THELNIRERZIGHL, <
HXIP O L T2b 0% LT HINERY (K
1852006 a,b) DU ERL T & T AT AEPEFR
THMEEOAEICE ST, BIZMROMRETERT
%, HEEOLEIEEL -T2 b DD RF13IC
B DARRICENRONEE S ABTLUEAE
FENR BN, FEAEPERRCIEF A T X1l
A DIFFEIIRRTEHRIH O AEG8E TRl b RE <,
SN EE R D EIMB R OET BRI ISV T HXHRX
MEFI3E TIZ242% ETHEFE L2, 2L, 7
VIR T H A TR A C R D LTz K ESERE & Al
EIERSORAERY L EHL TV, ZbD
TN HZA THICBWTH VAR TA L
[ERE 2 BENEAE L TV RN N EE X 6
o, SN OFINC & > CRIEHIS A ~DBAT
IE R ELT LI B OEANA F D DRI
B, MEAEEER IR L TLD 2L
DEEHE P BAERICE SRR E N L&
Z bz, AOT3EOINERIL, 7 X/ Bl
WTIRE U ) EERPEL, TR TIXY
J—/)UE2, EPA, DHAD G A DR ST, # U

5375 20114

U t, AEESAEICB O TRER UGG
PE~OBREBER SN TEY (D 2004,2005),
U ) —NRIZ=Y 7 U EOREETMEIC ST 5 2
LR E I TV D (Fukazawa et al 2005), EPA,
DHA (B O EMOIE L 2o TV D (3
B51995), v HXBILOH A T XINERMD Y
) — VR EHRIIC gracilisO¥BfEERL, <A
X PN DEPAE B HIX, C. gracilis, XL UP
lutheri X 0 (KD > 72725, DHAS BRI\ Mo 7,
IHHDT E0 DR IEBET BRI 7R R TR
TholobtBEX b, 1272, FMEEEFERTIE
MU E L EIB130.04% TH Y, TNEF D
ZHE ORI FEBIZEB W T HRTER & TOAKRRIL
M b U7z 3 & DOR%ICAER SN LTl LAER
DAEEIZIZES 2o T, 7<FARUTA (K
1% ©20052,2006) <oA1 U A% (K#E 62005b) THP
PR & BN U CAT o To Rl AR E T, BRTEIINC
R LI RIIRE BN R o T RIFREZ
BCNWBZ NG, ¥ATXITKRT DINEBRI
L B EEMRIITREY E CORRICIHPRERL
7o, ZTOBIIIBEBRAFHTHoT=EEZLN
Too ZHVETORERAEER T, SIEHLATS
RELPRETLITHINZ S TEY b -
AJI1 1963 ; YEAS « KAK1984 ; GHERFEE H 1986 ;
¥ 51998, 1999 ; KA © 2004,2005) ¢ TH M %h
HEDOREROM ENESEIOH B OEREIZT S L
Tl EEALNTHD EEZ LN, HIEHNI
AT DREER O X ORMRRED HFIEIC
DNWTIIABROBRNBLETH D,
BIEREOMRER L OEEE COMEDEFEEH
RZDWT, AT MBI R 5 & 3F
HICKACEHBTHD L INTWD, ENEE
EERRIZBIT 5B FRE /R 53R 12600—700 p m &
WEIN TSN (JIES2004), RAHER O
B OO N R TrImkE44—940 u m & HE A3
HHIEWTRBRENTVD (HFF51985), 4HE
B ALHER OF KRR OSNER EIIRER (B2
1998, JIJE £52004) (Z B2 & 9372 0 /NETH -
e, RIHEAD L/ LNEOFKERNICH Y,
15 5T HE H OEEE B R THIER 2B ENT
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binlE2x i, NKRL (2004) 1IF A 7%
AN B S3B3LABRR R0 u mE B X THEE L
RN EIZDONWT, ATV XA A DYETHD
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Table 5. Amino acid compositions of crushed mature ova of Crassostrea gigas, Atrina
pectinata, and Haliotis madaka (%)

C. gigas A. pectinata H. madaka
Taurine 6.8 9.7 13.4
Aspartic acid 9.7 10.5 8.2
Threonine 46 43 5.7
Serine 54 49 45
Glutamic acid 13.1 13.5 12.2
Prorine 3.9 34 44
Glycine 42 3.8 35
Alanine 3.8 0.0 5.1
Cystine 0.8 8.5 1.1
Valine 46 43 5.1
Methionine 2.7 2.6 25
Isoleucine 43 40 45
Leucine 6.8 6.3 714
Tyrosine 3.3 3.3 33
Phenylalanine 10.4 5.7 42
Histidine 24 24 20
Lysine 7.3 1.7 6.5
Arginine 5.8 5.1 6.4
Total 100.0 100.0 100.0

Table 6. Fatty acid compositions of crushed mature ova of Crassostrea gigas, Atrina pectinata,
and Haliotis madaka ,and the 2 species of microalgae Chaetoceros gracilis and Paviova Iluthri

(%).
C. gigas A. pectinata H. madaka C. gracilis P. luthri
C14:0 4.9 2.6 8.3 114 7.0
C15:0 0.5 * * 0.2 *
C16:0 29.6 23.1 22.9 3.6 8.7
C17:0 0.8 * * *! *
C18:0 3.2 7.6 2.1 04 0.7
C20:0 1.5 0.1 0.1 0.1 *
Total Saturated 40.4 334 334 15.7 16.4
C16:1n7 7.0 49 5.4 21.3 15.1
C18:1n9 3.7 4.1 0.3 0.2 *
C18:1n7 44 6.2 9.3 0.3 1.7
C20:1n11 * * * * *
C20:1n7 * * * % *
C20:1n9 0.3 1.2 2.7 * %
Total Monoenoic 154 16.4 17.7 21.8 16.8
C18:2n6 1.2 1.2 0.6 04 *
C18:3n6 * * * * *
C20.2n6 2.3 trace * * *
C20.4n6 0.6 20 45 05 *
n-6 series 4.1 3.2 5.1 0.9 *
C18:4n3 32 0.8 0.1 05 *
C20:4n3 04 0.2 0.3 * *
C20:5n3 13.7 2.8 1.5 11.5 21.3
C22:5n3 trace’ 0.1 1.1 0.1 *
C22:6n3 12.8 0.9 trace 05 44
n—3 series 30.1 4.8 3.0 12.6 25.7
Total Plyenoic 34.2 8.0 8.1 13.5 25.7

! Not detected.

2 Trace amounts under 0.05%.
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Fig. 50. Water temperature during larval (A) and juvenile (B) rearings of the pen shell
Atrina pectinata . Open and closed squares represent indoor rearing and rearing at sea,
respectively (mean+SE).
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Fig. 51. Feeding regimen for the pen shell Atrina pectinata during larval rearing on
microalgae and crushed mature ova.

C.calcitrans;Chaetoceros calcitrans ,C. gracillis ;Chaetoceros gracillis,

P. lutheri; Paviova lutheri, Ph. toricornutum ; Phaeodactylum toricomutum

C. gigas; Crassostrea gigas, A. pectinata; Atrina pectinata, H. madaka; Haliotis
madaka .
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Fig. 52. Water temperature in experimental larval rearing tanks of the pen shell Atrina
pectinata fed with algae supplemented with crushed mature ova and algae only
(meanxSD) .
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Fig. 53. Feeding regimen for the pen shell Atrina pectinata in the experimental (left) and
control (right) .

C.calcitrans;Chaetoceros calcitrans ,C. gracillis ;Chaetoceros gracillis, P. lutheri ;

Pavlova lutheri, Ph. toricornutum ;Phaeodactylum toricomutum , C. gigas; Crassostrea gigas
A. pectinata; Atrina pectinata, H. madaka; Haliotis madaka .
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Fig. 54. Feeding regimen for the pen shell Atrina pectinata during juvenile rearing on
microalgae. C.calcitrans;Chaetoceros calcitrans ,C. gracillis ;Chaetoceros gracillis,
P. lutheri ; Pavilova lutheri, Ph. toricornutum ;Phaeodactylum foricornutum .
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Fig. 55. Changes in growth and survival rate during larval rearing of the pen shell Atrina pectinata.
Open and closed squares represent shell length and survival rate,respectively.
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Fig. 56. Light micrographs showing the fertilized egg, larvae and juveniles of the pen

shell Atrina pectinata at different developmental stages. A; A fertilized egg. B; A trochophore
larva. C; A trochophore larva undergoing metamorphosis. D; A D-shaped larva. E-G;
Umbo-stage larvae. H; A settlement-stage larva. Primitive pedal organ (arrow) was observed.
I; A newrly settled juvenile. Arrow-line indicates larval shell length. Scale bars=50 u m.
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Fig. 57. Changes in growth and survival rates during rearings of experimental (open)
and control (closed) larvae of the pen shell Atrina pectinata. Circles represent shell length
(mean=xSD) and squares represent survival rate. * means significant difference by t-test
( p<0.05).
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Fig. 58. Larval shell length in early juveniles of the pen shell Atrina pectinata.
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Fig. 59 Growth of juveniles of the pen shell Atrina pectinata in the indoor rearing tank and
suspended container at sea. Open and closed squares represent the indoor rearing tank and
rearing at sea, respectively (mean=+SD).
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Fig. 60. Juveniles of the pen shell Atrina pectinata at different size distinction. A;43days
post-hatch. Scale bar =1mm. B; 57days post-hatch. Scale bar =10mm. C;72days
post-hatch. Scale bar =10mm. D; 133days post-hatch. Scale bar =50mm.
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