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Evaluation of characteristics and preservation of Pacific oyster,

Crassostrea gigas, in view of the genetic resources”

Hironori USUKI*

Abstract Differences in characteristics among local populations of Pacific oyster
(Crassostrea gigas) in Japan, evaluation of several characteristics in their genetics and en-
vironments, estimation of heritability for improvement of economic traits, and preserva-
tion of sperm and larvae were studied on the basis of genetic resources.

Growth, mortality and other characteristics of local populations (Hiroshima, Miyagi,
Ariake and Goto) were evaluated in parental and progeny groups cultured in Hiroshima
Bay. For both generations, the Miyagi population grew fastest and the Ariake and Goto
populations grew slower. Though the mortality was not significantly different for prog-
eny cultured in pocket mesh bags, the progeny from Goto showed significantly higher
mortality among progenies cultured by the collector method. Progeny from Ariake
showed significantly lower mortality among the other progenies when cultured in narrow
(10 mm) opening mesh bags and is thought to be the most tolerant to deterioration of liv-
ing environment. Progeny of the Ariake population also had a spiny projection on their
valves and showed a higher biomass rate (volume after narcotization/volume before
narcotization).

Heritabilities for growth and survival of larvae and adult C. gigas were estimated by
nested design (3 male X5 female). The heritability for survival rate (h%.a = 0.85) between
May and October of one-year-old oysters was larger than that for whole weight in Octo-
ber (h’w:a = 0.4). Selection for improvement of survival was thought to be more effective
than growth. No significant correlations in growth and survival between larvae and
adults suggested that selection of larvae must be ineffective.

To estimate the influence of differences of spat locality and of culturing spot to charac-
ters of oyster, spats of Miyagi and Hiroshima populations were cultured simultaneously
at four spots in Hiroshima Bay and three-way ANOVA were performed.

Though spat locality and culturing spot both significantly influenced many characters,
shell width/shell length, density of shell, water content of flesh and water content of shell
were not influenced by spat locality. Color of the mantle edge and internal shell cavity
rate were influenced by spat locality more intensely than culturing spot, then, shell
width/shell length and water content of flesh were influenced by spot more intensely than
locality. Intensities of influence of interactions between locality and spot were obviously
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different among characters of oysters.

RFLP analysis of calmodulin intron3 for oysters collected at shores in Ariake Bay
aroused the suspicion of natural hybridization between spermatozoa of C. gigas and ova
of C. sikamea. Artificial crossbreeding between C. gigas and C. sikamea discriminated by
RFLP of 16SrRNA gene revealed that the same type of calmodulin intron3 as oysters col-
lected in Ariake bay could yield in spats. Moreover, 0.6~5.7% of ova of C. gigas insemi-
nated by spermatozoa of C. sikamea had developed and a few spats had set.

To determine an effective method for the cryopreservation of C. gigas sperm and larvae,
diluents containing cryoprotectants, cooling methods and developmental stages were
tested. For the sperm, the combination of a diluent containing 8% (v/v) dimethyl
sulfoxide (DMSO), 50mM sucrose and 6mM reduced glutathione with cooling in liquid ni-
trogen vapor showed the highest relative larval yield (45.9%). Fertility with sperm
cryopreserved at a concentration of 10° spermatozoa/200 1 L was equivalent to that with
fresh sperm when ova were inseminated in a concentration of 10° spermatozoa per ovum.
Although spermatozoa cryopreserved for 4 years showed lower viability (40.3~53.3%)
than the short-term cryopreserved spermatozoa (60~70%), the ratio of normal D-shaped
larvae and survival rate at 6 days after fertilization were 78.0 and 77.4%, respectively.

For the larvae, using 1/4 concentration seawater containing 1.0M DMSO and 250mM
trehalose as the cryopreservative suspension, and cooling to —35C at —1°C/min and kept
at this temperature for 5 min before plunging into liquid nitrogen, a oyster spat could
yield from cryopreserved trochophore larvae (just before making shell gland) after 8
months of cyopreservation. This indicates that it is possible to establish cryopreservation
of the Pacific oyster larvae by further improving the technique.

Key words: Pacific oyster, Crassostrea gigas, Genetics, Heritability, Cryopreservation
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Fig. 1. Sampling points of local populations
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Fig. 2. Mesh bags used for experimental culture
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Fig. 3. Conceptual diagram of biomass rate
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Fig. 4. Whole weight of parental groups. Numbers in
parencies after local name indicate growth rates (Apr
to Dec). Vertical bars added to symbols of Miyagi
and Ariake denote =S.E. Symbols out of lines denote
values of collector culture method.
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Fig. 5. Shell height of parental groups. Vertical bars
added above and under symbols of Miyagi and
Ariake denote £S.E.
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Table 1. Production of progeny of each local population

Miyagi Hiroshima Ariake Goto
Date of insemination 21-Jul 20-Jul 16-Jul 15-Jul
J 27 11 9 19
Number of parents
¢ 37 11 35 42
Number of ova(x 10 4590 678 1560 2442
Percent ova developed 61% 92% 65% 54%
D-shaped larval ratio 62% 94% 41% 37%
Spats yielded 1111 723 891 1062
100 [ [—o—iyen 08
—@—Hiroshima
80 o —A—éritake
- - ©- - Miygagi not narcotized 07 |
€ 60 o
E
:; 0wt A = 8 06 [
= =
20 Z 05 f
0 =
6/4 7/6 8/3  9/7 10/510/20 12/13 1/12 o
Month /date 04 1 9 Y=1.162X-0.365
: . (@ r = 0.781%%*
Fig. 6. Mortality of parental groups
03 1 1 1 1
0.6 0.7 0.8 0.9 1.0
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20 r Y=0.939X-0.245

r=0.978"

Shell volume + flesh volume (mL)

10 ,"’7 I I I
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Volume after narcotizing (mL)

Fig. 7. Relationship between the volume after narco-
tizing and the sum of shell volume and flesh volume.
Parental group of Miyagi, July

Biomass rate

Fig. 8. Relationship between Biomass rate and FV/
VISC. Parental group from Miyagi, July. FV; flesh
volume VISC; volume of internal shell cavity.
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Fig. 9. Biomass ratio of parental groups. Each sym-
bol denotes the mean value for one mesh bag.
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Fig. 10. Biomass rate of parental groups (individual). Broken lines denote in-

dividuals which died before October.
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Fig. 11. Whole weight of progeny groups. (pocket
mesh bags culture). Vertical bars added to symbols
of Miyagi and Ariake denote *=S.E. Symbols out of
lines denote values of collector culture method.

HEIEVELEREZ R L (Fig. 13)s

EUWHEP D /3 A 4 < Z Lo P E 3G IHER M
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Fig. 12. SW/SL of progeny groups (pocket mesh bags
culture). Vertical bars added to symbols of Miyagi
and Ariake denote =S.E. Symbols out of lines denote
values of collector culture method.

Table 2. Differences in SW/SL among progeny groups
(pocket mesh bags culture)

Groups Mar Jun Oct Jan Apr
Hiroshina-Miyagi - * — - *
Hiroshima-Ariake o o o o o
Hiroshima-goto - * * o *
Miyagi—Goto koK sk Kok koK ok
Ariake-Goto * o e o

** | Significant at 1% level, * ; Significant at 5 % level

—
=
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Mortality (%)
=
=

[
=

fe=)

no 72 23 7% 102 88 111 189 53 16 79 98

Pocket mesh bag Collector

(opening 20 mm)

Cushon mesh bag
(opening 10 mm)
culture method

Fig. 13. Mortali t y of progeny groups. (June to Oc-
tober). The number of individuals in each group is
shown under the bar.

BT HIKIEEE A 3D - 72 (Table 3), 7, AW
PERFHEMIZ10~128 12 1 THupEh & Fis 0 x4 A
< RS U ey, HHEEPIZ10~ 1 Hic» i Tl
EEML & [al kR ic R 2R —7, 1 H N0 HlER
WY Y 7K TR LT Wb D 2R L 1,
HHEELIAL T I3 EABERE I b 72 26 H LA) (i),
H BAAG IR I & 70 210 F RO IF & & i RER N
EMIEDITVETH - 126

=Ll
. 0.85 AN %
E 4 o
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@ A
Eo75 ¢ a @
o9)
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‘ O Miyagi @ Hiroshima A Ariake A Goto ‘

Fig. 14. Biomass rate of progeny groups. (Pocket
mesh bag culture). Each symbol denotes the mean
value for one mesh bag

Table 3. Differences in biomass rate among progeny
groups (pocket mesh bags culture).

Groups Mar Jun Oct Jan Apr
Hiroshina-Miyagi o * — o
Hiroshima-Ariake — * o o —
Hiroshima-goto — o o
Miyagi—Goto Kok * ok Kok ok

Ariake-Goto — —

** Significant at 1% level, * ; Significant at 5 % level

12 1
O Miyagi O
10 L ® Hiroshima o
A Ariake [ ]
= 8t A Goto
3 A ’
- A
% 6 A A A
- o [ ]
£ oab ab A‘ ® ° ©
g A
=2
0 A A
20 30 40 50 60 70 80

Whole weight (g)

Fig. 15. Filtration rate of progeny groups. Indirect
method by 20X 10° cells of Pavlova sp. at 10°C. Each
symbol indicates one individual.
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Table 4. Differences in mortality among parental
groups.

Miyagi
. . Kk
Hiroshima Hiroshima
. *%k — .
Ariake Ariake
Goto - - -
Miyagi not *% — — o
narcotized

Data for October were tested by Turkey's method
** | Significant at 1% level, * ; Significant at 5 % level

Table 5. Differences in mortality among progeny
groups (June to October).

Pocket mesh bag method
Miyagi

Hiroshima - Hiroshima

Ariake - - Ariake

Goto — - —

Collector method

Miyagi
Hiroshima - Hiroshima
Ariake - - Ariake
Goto * - -

Cushion mesh bag method

Miyagi
Hiroshima * Hiroshima
Ariake o =
Goto * e

** | Significant at 1% level, * ; Significant at 5 % level
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Fig. 16. Diagram of culture method at the Miyajima
and Institute areas
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Fig. 18. Concentration of chlorophyll-a and pheopigment Pheo) and transparency

Table 6. Mean value and ratio of chlorophyll-a and pheopigment concentrations

Chl-a
Culture spot Chl{)ﬂl;(ép/}gll-a Ph?zpé%rﬁ)ent Pﬁeo Pheo/Chi-a
(ng/L)

Miyajima upper 2.0 2.8 4.7 1.4

Miyajima lower 1.3 3.5 4.8 2.8

Institute upper 3.9 3.1 6.9 0.8

Institute lower 2.4 4.9 7.4 2.0

'89.5~"90.4

W= 57K @ chlorophyll-a& 1 £ 1A£T0.0~7.8 ug /LD LA [HAMBIEE] SR LT 5,
FpHicd v (Fig. 18), oMM ONFEETIRE BK FEH (Locality), ZBI5HT (Spot), H (Month) % [A]
HTIEcl3ug /LEEVWEEZ/RLTWS (Table 6) T & L =nliE DTt o5 R (Table ) 2R 2%
7, CTNRI0HETOERDICLZHEENIRESWEE &, AEE, REEER, B ERS SRR
bhsdEdEbic, 10HFTREAMICEBERNIEELL T T A BIEEIC DWW THEH OIRPEERL O IF
WA eI 7o b ORRREE DD IS o 7o T EANEMH MERIEDS, AR E < OIRE TEMB X CEREGET
Eho A5 (Fig. 19, Ktk TRR ETEE DFENEP 1 UL TOKETHEL L >TVT, FEH
b EKIE D I121F 2 5 Dchlorophyll-a®E 2/~ L, fHE PEMGHTO#EWPREIEE I RIE T REERE O,
DEENRKIETHLIEE I DPDOE 5, FPEHET HFOHEEICHT 2IPETH L2 eEE, RIAHEE
A % &7k & & iz Chlorophyll-atm it FEA NE X D EBXUHoEER (LI, #ifEEE LN Tl
1.5fEFEE 2 \W—75, /@ TDpheopigmentiidchloro- PEHIX H O HAEH S 1 B A FOKETHELELL - T
phyll-afE D 2£% Pl %75k L, chlorophyll-a & pheopig- W, IN5OIRETEEMEOZEDOH LN G IFAE
mentDFEETIE ENEE I3 E UEICE 5, Hfifiafs HICK O ERE2MWHANHEENVWA D, — 5, REET
ChHMENT S v b vb A+ >TWS & (FEEH X BRI O L HAEM A 5 %LU N OKETHE
F i3 pheopigmentE WA T VWKREETH 5, TdH - 1ohs, RS EREZRBER T 5 %kHEE

= SKIE E KRR DR 13 1 ~ 2 k m & FEEEASE O THHETIREL, »F0HoNBERICETS N
KHBb 59, A FOEMICED 2ERESME GO 52 ODIPEEEKRGFINER > T HEMB DO Z DB
LEIOICKRELEL->TVWEESR B, bNHBHEFVEDLLITVENVZ B,

EHEicowT, B, HE, AL MG IR REHEBOVEE R E EKE ENET 8 ~10H 00—k
I B IE P RAE, AEEGLHEOEIEG & V- 2P HICEZNES B0 2kkE, FIEF—BHL TS %L
BHaAPETE THEgrRIEE] LS LT 5, TOKETRE<BEMoMAZR L (Fig. 200, —
F 7o, e PG ER A EES SRS 7, KWPKE L TNE T 8 H & T i ERE D 2 A3

EEE S LOERD S 158 2 EEPIRIKER L DK E HE TR, 10 LKICHiEICE % (Fig. 200,
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A REREOFEMEE, SEMETHARETH 5
10~12 VIR ic 2 /b & bz Ei b b, M
B D BN T % 5 BRI g &K I KE R g T
FEEHIFEIC 1 % LI N OKETHELEEOE (L5
<EW) BN Z (Fig. 2D, kEbiEE O A E I
NS DE R TERMIME R —E L TS5 %LI T ok
THEHBOEPFEETHD, TOMOTEFLTLEM
ZM O R NO/KETHEL R ZMEA 3Z W (Fig.
22)0 HFOERICET 2IETH 2 25K, WA,
HAATR I RER & RS ZTERZR L1,

7 Al

5~ 8H D/, KPS B g ik}
NEETH2H, REEOMEEIMSNT L DEERM
LTWwd, [A—EEOEEE M AT AREmD,
ZHICbBD 57, EHEKE LEE RS0 KKIET
BEEEOVHEOEME IHEC, Co&EVWRED
BERWIELTVRE WV, 5~8 HOKRIZIEHL THA
2 &, EBEKETIRKIIKIE L D I HEL LTV B,
BHH3 /D75 < R E O WS Bk N E T b FE LAY E
CHNh L EEFEZADLEDLE, TORHOLEED
WA TR O SPEE D EHIZE O BN T ZHOE & 13

Table 7. Results of three-way ANOVA for characters of cultured oysters

Main effect Interaction F-test between variances of main effect
Locality
Character Locality Locality  spot X
Locality ~ Spot ~ Month X X X Spot  Locality> Spot> Mouth>
spot Month  Month X
Month
Shell height (SH) ok *E o — - ok _ _ _ _
Shell length (SL) ok o . _ _ ok _ B B B
Shell width (SW) o ok o * ok sk . B _ _
Whole weight (TW) ok ok ok * - ok - _ _ _
Fresh wet weight (FWW) ** ok ok — ok = - _ _ _
Shell wet weight (SWW) ok ok e - ok ok - _ - -
Shell dry weight (SDW) o b o ok ok o _ _ _ _
Whole volume (TV) o ok ok * Hox ok ok _ _ _
Shell volume (SV) o e ok ok ok ok ok — _ _
Shell cavity volume (CAV) o o A * i ok ok - _ _
Color of mantle ok - o — — * _ S M* _ _
Ratio of oysters having dark ok * ok _ _ _ o g _ _
mantle edge
Ratio of oysters having light .« - - B B B B o - B
mantle edge ,
SH/SL ok o o — — ok _ = _ =
SW/SL *k *x K% _ * *k _ _ T L
Swell index—1 o ok ok ok ok o _ _ _ _
Swell index —2 o ok ok * ok - ok _ M** _
Shell cavity ratio (CAV/TV) o o o * o o * S* M** - -
FWW/CAV 3k *ok Kk *k *k sk o o o o
Condition index o ok ok — - . _ B B B
FWW/TW *k *k *k Kk P ok o o - o
FWW/SWW i b o * - Kok _ M -~ B
SWW/TW Hox *k Fk — * *3k sk M* o o
Shell density (SWW /SV) — o o — — ok — _ _ _
Water content of flesh — o o _ o - * _ L* L*
Water content of shell — ok ok — *x ok — — _ _
Glycogen content of digestive o ok ok _ _ ok o o L QT

gland

** . signature at the 1% level *

. significant at the 5% level

— ! not significant

Swell index—1=SW/SH X100, Swell index—2=SW X200/(SH+SL),
Condition index =Fresh dry weight/CAV X1000 L : Locality, S : Spot, M : Mouth
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bE ORI L, KEDIZ
PTVHDEEZ LN D,

e, kR, RO —Rori s E S BT 54
SR ETH 5 &V ERTRIEZIEETH Y,
WFENIZOWT bEEH, EBRIGAT, HIE A 0 & xhE
BAEFEEPREHTEEELE LEHICTNT1I %L TO
KETHBETH - 7278 (Table 7), EHIOZEDOH D
NHRFETNZTNTHTRE > TV 5,

RS BRI EELIA TR IEAIRIc b, K
ﬁ*ﬁi@fmmﬁu%,$ﬁﬁmﬁmﬁ®%ﬂ5/
PIFOKETHEICEZ -7 (Fig. 23), #%E36 H
wBSHi?ﬁ@ﬂ%m%ﬂﬁ<,mﬁﬂbFﬂ%@
%ﬁ%%'@é@ﬁm%é(ﬁgZQOLﬂb,Sﬁm

DEOHT DFER D S 1k, RIC D W CEEH X &
ﬂ%%@xﬁﬁﬁiuﬁzii®%m&m%u5%m
HETHHE T (Table T, TEIGATIC & - TR
IO Z OB LN GBS IR 2 L BVA L,

— ), IROEM X ERIGHTOLHEEHELERD Z
NERBRICS KLU TN OKETHETH O, EHIGTIC

ko CEHMOZEDOEbN G BEL Z2ENH 5, B
RIITE, B BRI NE TG E s e R o 25 3K
HON VA, Mo FETIRI0A LI 5 %L Fo
KT EREMMOZSEHN S (Fig. 25), $74b
B, BEKETEEMoEET SN TRIgic oW T
FEHIR 0 2 3BT < o 10 H LIRS (3K O SR ELR A&
Michtcp e d/KBPED R EVTETRELEDLH S
LEVAT, F, HEEONIES RETH Y, #%
g D EEHIZE DB J5 1T 1d T Dt faf & 7> D FEK] 73 g 288
LTWaEEZ LN,

F 7, ARIE RSP E & B X H O3 HAE
AL 1%LUTOKETHRETHD, EMIIFHIEH

Ik > CHEMMOZEDOHE LN DB L% 2 {HR
WKhBIEMIMBbNE, THbL, BEKENE
DHIAT D 2 HS, REKINC8~10H LI FEHIRT D 75 5
AR 1275 % 6

FRE c RSO E L S b FIcHBEREAETROH
FRIEEERET NI EA SN B 08, FRIBOBEINZ C hicinx
AEEZF O AR EET) L %E O TE R REIEH 1T B D
EIAPREVWEEZ OGNS, LiILOHERM S, LR,
EHTERB TR NS ORENITM S D& S 5
LEZOND,

H L oBRET — 5 Th » BRI O BRIEREE T
SHTHERE L WIS WAREEE & & B 03, A IS kR I
BEd 2T & BREESI O OB EIZ, b - & HH/D
HOWEEKETERS - & b ECHEB L TWB 2 &L
S S IR iE R S iz o,

B RICBI L, M E DT N ET b EKBA

X2 CLI T og&EcEHbhn
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Hiso—EHLTENLTWL Aichd v, KifkiRT
By 7 v IS E 0B O ESERE Ebh
ZREAMI DN Z Y FRFHCRE VD, [H—FFET
DOEEHIF ORfES 22 E R SN h - 2 (Fig. 26),

AEGAHEIcB L TR, 2K aEn s LT
W%%@%&ﬁiﬂkof§@EMW®% if%ﬁ
2 <, wEEOEG ZEHEICEZ VL — 2003
ﬁﬁtf&ah& @g.w~mg2%o£ﬁmﬁ%ﬁ
AT OFER A ERE GG, BOfKoEHEB LT
HEE O E &4 T TEO FERHRIZ 1 %LU N Dk
THETH 2 (Table Do F 7z, ANERGIERE L%
BEEOE SIS W TIRERGHO ENER I 5 % DK
HTHLHETREL, NS FERSROEVICERE
HEISNG LRFEA 0, AEEGUH S X ORE
TEA D E & TIRIMEH OTZNES 1 %LU N DKEETH
BLB-oT0aH, IhRERoYHEHHTIT-T
WA, FRRIRNICEEN 72 & R0E H R TllE & o R
ML - fonREVEDSE B,

H & OERIRES O SN E RGBT A & 1 B
Th BN, FIIHHET HOEOEEI S M TR
W, Imai and Sakai (1961) (2, dtigE, =ik, L5,
HEAR D &I EEM D 538 A 72 AR 0 78 MEHER K 0 — %
RECOF, Dkt 5 B IC 1T TR L, &5
MICHIM s 25030 5 & Lo A, (1 - THERBIER
oty (RAETHB)] ELTVWT, BEMERICAS
SNBIEETHLIEEZRLTWVWSE, F, SH
(1949) @} 7 +oAEEGOtIc>VT, [HGICES
SNBFFICHBRT 250 RBEBTH 20, HEDIC
BET2b0REBTH S| LN, LRI AL
ShaEETHZELTWS, —7, Galtsoff (1964)
37 4 ) A H*C virginicaD ABFEE B O @ic->
W, [ARFICRE Lol —EHEROEHATS LIFLIE
EENRH SN, HEWSAECKE S OBEEA S0
B ERRTV S,

AW TR, AEREGIHBEICBET 2IEEIEV TN
bEBEREZENS S 2 5 2 < RIS, FEH 3
EHORHIERIZS BWKETHHEETIHEWI L0 5,
PEHIZE I BRI OB VWRRIEH OFEVICAEGS N
WWLELTEHNNbDTHD EEZ SN, LaL,
EHcoNAERBOLEDER, HHRTEEMEK
DI TO28 1~ RE, KEOMEKDO R TO1+H A
VIRRETHD, FEHELTREINETHSL LR
W, Fo, @l (1949) b7z k51 7'::“## g2
BxnsEdsds, HEOEEAM 2T 2 IC
BET 57 F 2 B ORFICED 1256, Bl
SR EARIRE O R L b KE < B2 aiE b b %,

LB ABRES &I 20 FBHEEEOB TR, AE
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BF IO OB EV S ONEEOH F & LT—HED 7
7V RSN, IREECBASNTY 3 EMERT &
DORHMITE D IREALDEDL C & 2B ET 271D b,
KIFFETIRAREIIHO OV TRFHRTWAE WA, Imai and
Sakai (1961) DT DR LDFER N T D F FHER
BIEEIZ Y TRE->TVW RO ET B &, Y
AR DOFER L B IS 2035 - 72 TREME & &

D, EIREE OB AL ST X D LB R O EE A
HEL22H 5 ENGEIHESN S,

Moty I R E R, MR E0% < & =IohiliE
BT CREM, EwEET, HOEZNRA 1 %L o
IKETHE L1 > TWT, IR BRI D&V AK
X<EEBLTWS (Table 1o

RN, WA ER RN A, KRR E
®/42EE, KEHEEE SHEBEESXOES A
1, 212\, EEH X ERIGHT, X H DL AAE
e 1%FEHE5%LINOKETHEL S >TW5S,
CohTHBRNARL (Fig. 31) B X AR ER
SR ERE (Fig. 34) 12 E2WIcE D VSl
PEHIZZ I TH 2 5 2, EHONREIHOIR LD
LKL FOKETHREICKZ VW, £, RABREL
oW THEMO R I ERIGFHOME LKL T 5
LI R OKETHREICKE L, RNERL A7
EEOHTS - & bR EMAZEZRT EER 5,
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Fig. 29. Ratio of oysters having light colored mantle
edges

NATELE 77 F O RERISE T 2 RIS S INE 5
ERHOREOLRAELRD L (Fig. 30), T OEI/NE
W & IEDETE B 72 D DERIRTBE R (3K = 72l
TERWVWI LR 5, MNAEREILIEBKET BN
TEAMMEZBECIZEELCEERTORAL, =
BRI FE T 6 H~10H 2 TEWE O s LA
LTILBED L~ o5 10~ 1 27 I 3EEHIRI O F
BEEP—EICEL 8505, 2 AR I EE o s
B L OEMRB O Z2BIN 5 (Fig. 3D, =HE/KEH
BERENTEZ»SIOHE TRERD 2iT->TVWT, fi
DO N & TR T/ > chlorophyll-af 23D 75 <,
LEBRFMOEFEE AL E D EVETHER LTV
B F A AR 13 1 F D RE OE BN 75 HIPRER T
H U, =K FEOchlorophyll-a& & pheopigment
mEDGEE 5 H~10H O FEETRLT ng/LEIEF I
KW (Fig. 19 mxNAT I3 Ak 3 B o 22 31
FIcHNZEEEEZ ONDH, DL TSR
T THREDOEVIGTREET 2 I >N THEMKBO
ENALHEICE DR Wb D E PN B, Ohkoshi et
al. (198D I3 EIKFE L ILEPED = 7+ Z =R O 2 K
WeElk L TREDIEHIRIEZH 7o, = DFEE, X
BERED SDOKIEHT EIEEREZIZM L 750 DI
L, BEWERZ2/KEDS b—HTEL DBRELIKL
el EDD, A F OBRERRIGELLIER & BRI
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KOMAICELGEND BTV B, BAR DR
MEOEKICKERKT 2D EEZ B L, RKFFLTOR
WAL DFEE 12 Okoshi et al. (1987) D & & 4G
L73 W\,

FSRH 1S O th TR IR E R Z ) TIc > b 0
13, BEIGHTIC L 0 2 2 EBER A RT, B RKE
LlEgs X ORI TR, 2EECREHEREED
WEIPLELLLMENBVWENSEEZON, TR
E&E» S GAMET 210 TcRMENGE IR
SOFEOMEIRET Fd 2 EEITH 255, Hi<HA
DT d 210 HLIRE 3= Bk B c i\ 4 oM
Z EED FR LTI ot U, KK FETidiE
FHEEWH 2 VIR TR ERICH 5, T1E, HEKIE
T M AR RIS T T R AR I B R D B Al
rHThbERbND, £, KK EHOLERTH
ZEAH B EE R E R X2 U CE
HIZEMIHTETH 2 —77, BNERIC LD 2 IEEHOE
GaRRTIRIEEER RN AR (Fig. 32) (310~12
AU EEHIZE SRR IS 15 B0 B AL E (=iRIKERE
REE RN X 1000) (Fig. 35) @& LEZEIE
BRI ER BN & Rk A TR 2R L,
SRR FETE10~2 Ao T S 1L E 2
(EE>EW) WEN LA, FEH X ERISHO%hEIE 5
WKETOHERETEHEL, I, Bl v7u
ﬁ®$mé CEDbDEHESIND,

I, B F 3R H%fﬁﬁén5$@%<@of%
TW53, B fEHmHO A F13, @EEBDaL sy ¥ —
Kﬁ%éﬁf%&btﬁ*@¢@%ﬁ@7m$—/a
VI ENREEE IS OWTEN LA b D% A TITL
HLUT—EMBEEK L cobIic UL T\wT, BEE,
E%%*iﬁ%ﬁ%ﬁémfmm@ot% T LE 75

OGS E D, EELSIEEE LGRS n
220 %H b, HFHHODE ®ﬂiﬁct%% K DA E N
KREL, BUAIARETINTE-7bDED LERDOIER
IS WCTRIET AR LELEREE SN S
(fig2E, 1993; Carriker, 1996) 73, [R—ERIETH - -
A EFB TR OIZIC > W TERZ 2 @3 s
i, TNREEMNERICE2bDEHZZI 55,

ek (Fig. 36), #é&#klE (Fig. 31, #
g,/ 75 (Fig. 38) R FhbikoE &0tz d %
EETH 2, TNENTHEBES > 1,

ik R S EER, #RkGE, Ao 3 coFHRV
TGN 1%L TOKETHETH 508, EEHIXERK
B, EEHEX H OLHAIEH L 5 %/KHET b E 2N
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—7, ke REIH TN WKETHHE
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Fig. 30. Conceptual diagram of cavity ratio cavity



BEEREE LTO <A+ O R & 51T 61

0.35
* %k
200
0.30
*
150
0.25 sk
0.20 100 *
*
*k *k
0.15 r s « 50
o Miyajima area * .
0.10 Miyajima area
89/6 7 8 10 12 90/2 4 0
0.35 89/6 7 8 10 12 90/2 4
0.30 [
« 200
0.25 [ s
dk 150 *%
0.20 ¥
*
100
*%
0.15 *k
Institute area 50
0.10
89/6 7 8 10 12 90/2 .
Institute area
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Fig. 35. Conditon index. condition index ; Flesh dry
weight/ volume of internal shell cavity X 1000
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Fig. 34. Flesh wet weight/ shell wet weight Fig. 36. Shell height/ shell length
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Fig. 37. Shell height/ shell width
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Fig. 38. Shell width/ shell length
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Fig. 39. Swell Index - 1
Swell index-1=SW/SH/SL X100
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Fig. 41. Shell density Fig. 42. Water content of flesh
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Fig. 43. Water content of shell

Table 8. Results of statistical tests for differences of shell density between upper and lower
layers in the Miyajima area

Jun Jul Aug Oct Dec Feb Apr
Miyagi - - — — _ o .
Hiroshima — * — — _ o o

**; significant at the 1% level, * ; significant at the 5% level. t-test or Welch's method was
employed according to significance of the difference between population variances.

63



64 b o
8 —
X Miyagi upper
7r X Hiroshima upper X
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Fig. 44. Glycogen content of digestive gland. Each symbol denotes one

specimen.

F2E IREL O

FHTE (1993) 13 HAEE 71 + H$ D T Crassostrealgd d
hFEELT
Crassostrea gigas (Thunberg, 1793)
vAHEF (h5) ZHEEH
Crassostrea ariakensis (Wakiya, 1929)
RI/sxHAE (EH) G
Crassostrea nippona (Seki, 1934)
A494F% B FERDM
Crassostrea iredalei (Faustino, 1932)
THIvAHFE D) My FEE
D4 FEERETTVWD,
HAREO-AFRIc>VwTiRInE TioglE, s v
NI KBTHE S WIS T A Y A AHTIcES L
72 HAFBAR O M3t 23T b 1T = 72 (Torigoe, 1978;

Buroker et al., 1979a; Buroker et al., 1979b; Torigoe,
1981; Ozaki and Fujio, 1985), L& L, HWH#ED H
FHRDLHTIEA (1971 7R L 7o 3 B F IS ERBIIA
#ro BN, Amemiya (1928) 2URL7ZZ YA A 12DV
TIEF NS DT DTSR ITTb N T DMK
RELTHO L TEIE WY, BEEERE L TORHME
D kR N THE A PE < 0 B H 08 RIEF o IR ELASEIH
INb,

vH AL, bEDEAmemiya(1928)ick h w4+
D—ZFE (Ostrea gigas var. sikamea ) & SNich
+Th b, Amemiyald kX NIFEEIEEGE O EFEIE
ICEBICA SN AN EDH + T, BiF L P kb,
MR FEVIEREESFZEL, MMoZVWHE R
TH5EIND, demili FTHREL, v H+Xkbh b
PERVIESBREE THm L, WEETOS MmOl
THFIDOEPPEOVNEICH S EWVD, BREMEL
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CENSEANTREENICEER—ESNT, 20k
OEIIM AR O BIFIT & ) ZFESIEA SR & LT
ToNB B >722 & bE L, AmemiyallfFENT
VA AT AT R I TN T T 5 72,

EE (1971 FEWEEO <+ b M+
WG MMEEHIEE ~ 7 F U0 % K < 2HE T 261 % & ik
BHS) &R/ LBOVEFEZ ok (AZS)
B, MLEAMS EXZHET 2% &K (A
o) EACZBLBVER BES) WEAT ST
EEERL, WO N F OMRESEMTEIEVwI L
o2 L7273, Imai and Sakai(1961) OAZECIEER T (13
lokS5BAFOFMERRINT, GIFHEICEISO
THFEILA KRBT LA FD0MTEDEEZLS
ncuk, £/, TDOH%D0zaki and Fujio (1985)1C
LBT7A VYA LTS, ABO S FB0HY v T
VIZEENTOWE - ealEt il oh->o b, HE
AEZGUEN O < 7 F 15 R OB ZE R /D
Swesh, ENTIEHAD A+ 15 R 3T
ICA L Ff - Tl L 72 B Th 5 LEFEks N 5 & 9
1278 - 72,

—77, WRTD v H AT 25 kIEHAR S 135273 -
TWic, 724U A7 GREVEE TIE1940FER B ICER
BoA\RifE» SMASNIcH FORTYH* & FEE
HELREORMENPEZLD KEL RSB VA FN
[Kumamoto oyster] & W2 &#d& L THEIsh,
1 & BB RIC X D B L 72 Olympia oyster (Ostrea
lurida) DfRFSHIE & L CBEHEINTE I,

COEHBEFEDOS E, Ahmed(1975) F HAE <
7 OSB3 BEDHII L < # F O YRR
BT 2 H S OMRDRERN S, FERED <+ %C.
sikamead L THARERND = 7 F Ot HRH & 13
Bl E 42 T &AL L, K\ CBuroker et al.(1979a)
ZHEAR, LB, EHO~AFHMAERADO T 1 Y A 4
ST & 2 EMEREE & T, REAROMEEKEZ~ A
F L3 BfE (Crassostrea sikamea) X9 NETh %
RN, WekTidrEADHITA M =Kumamoto oyster =
v 71 # (Crassostrea stkamea) TH 5 L HIL s 5 &
IITTE - 7,

Z ®1, Robinson(1992) 1T & » Kumamoto oyster
DRSS <+ EF8 5 T EhRE N b, KR
& U OB D O ORI IENE# S S b T,
f£75 < L CBanks and Hedgecock (1993a) (3= #'+ &
Kumamoto oyster® 3 b 3 ¥ N 74/ AITEMLET
% 16SrRNAE (=T D IEEECY) 2 gy U 7453, i s +
EbRAHF—DnTasA4TEFGL, M FHETIET
EROBBESEI > TWE T EER LI, HHIFTD
ZZICHD i ISR SR RIS Wi T 5

A< —%2fE L T7 357 % v MENICTE B0 A F 0¥
BITF AR L, My FaEWEHEE Ttz 3 &
HITTE - 12, & BlZHedgecock et al. (1993) 13, B4
(1971) EHEEO < A F THHIZRWEZ LTVt AT
< # % & [ABiKumamoto oysterDf§ T~ 4 Ui %
ZHETEH W AR L, w4+ & Kumamoto oyster®
M & 2 BRI O A SENIRREEDSFAE T 5 T & AR L 72,

— i TBanks et al. (1994) (37 » V) # ®Kumamoto
oyster®16S r RNAMBE L L7 57 4 v pRIER
FEE A BERIE ) SERI L 727 + TRIEE S, BHAD
VA A DIEEMEHEINBICE - 7,

BiE, RBR, SWEEXORILES EERL A F57
TER D KPERR G C B E SR IC X s~ A F O FHE
WK 2EBITONTVE, TRHSDIED S AT
BREEM E B EBERICEDES B HFEH VL0
EwH L, BHEOMREZRE L rRTVWELEDOE
FMETH B, Frlc<H*, YA, RI/2HF
WRAT 2EWmICER LG, < hFREERN &
TR & ORHEME DML &, R F &R O#Ez
R ZH S M T 2T ENNETH B, £, VA
AERFBIELTE 27 £ ) 7 TIERI8VFERE Tlo <
HE & OZMPEATLE W (Quayle, 1988), Banks
et al.(1994) BB XRTWVW B XL H1TdH 57D THEFED B
BV LEEINTVWS, TOXHIT, WHBRILEHEEE
DS & & MR DA B\ R EE R 5
LREELEEIOLNS,

AETIE, vHAFLIFFICERTHLIEVDATY
B ¥ A fuinac o AR TR ICE S W TH
TOEBOAMAEMRE TS EEbIT, v HFEvh A
D3 b3 FY 7DNAIAAET 5 16SrRNAE & T,
DNAIZ{EE 4 % Calmodulini@ (£ FDEE 3 4 ~ h o
v AR D HIRR IR UIW e 0 Z2 BN B D W 7o AL L FE R
ML, PNFAE» SHEICW R 3 AT 5
TEITLD, vHAERHFORMOEENES X %S
MR DB R 2 5T 5,

2-1. DNARHTICK B ¥ h A DHER

il &

19964F 3 HIc{ABRRES T O/M)IF L (st. DT,
K o+ A F AR L 72 (Fig. 45), 06
OHUFICIEZ~ A FOMICR IV 2 HFP v H 2B
LTualubhiTnd, HILTER I/ 2 HF &
[OONE | LN A+ EXBIENBH, ¥ 2
e AHFEFEXIlsNT [Lrv ] tRirshTu
bo TNODNF I KEMIERTICRE B 0,
S IEE 5 em Pl N /N D 1 F 88 A EmtDNA T
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» % 16SrRNAE (T & % DNAIZ & % Calmodulini{z:
FOFE 34 v o vl (LI, CaM intron 3 & W%
i) oo TRt L 7o,

F 72, 19984E5 Hicld, (HEEEE ORI
Do km Lificd 53 v 7 ) — M EEOEEE (st. 2),
g BRSO RIRETE(st. 3), KRR ILEKRER
INEFHE DT b B MG D REE (st 4) DR EEM S
(Fig. 45) T, K#io+#Rs I #EDJEIfH 515~90cm
DE SO TloemETHEH Y 4 XD H F 2B L
foo HEES)IEAG O BEMH (MK DB a2 i =21 5 &

IR TRORERICH 220, REEHIZ O
Wt KRB 28 & b 2R, DNEHEF D Sk
NENIIK D2 S g0 & & b IC R TE &
VG Th 5, TNEDNFOFEMHEEAHREIT 2720
B EH O &K E S H o 16~24 f /K % Banks and
Hedgecock (1993) @ Gk L RO S CGRIEER) OF
BT D W TI6SITRNAE O ric ik L 72,

X 50T, 19974 3 A& L 020004 3 A ISR
HTHRILcH FI2o0T, FEmMIiEiE 5embll T &N
LT & b & TN EIRDE TRERNS L CBEFEL TL
5158, B SEESEV EHER SN 7 F A3 L
T16sRNAi#E (=T & CAM intron 3 @ Hricfik L 72,

INoohFFEFROGHEND RE, @O/ %
ot L TRETEOT T H L I1F%B% A 5/ —THE
7€ L CDNAfEHT It U 7o, DNADOHIH 1ZQiamp DNA
mini Kit(Qiagen) =MW TR Dv =27 /Wl DI T -7

I b3 ¥ FY 7DNADI6STRNA# = 76K (3 PCR
IZ&k - TR L 7o 7514 < —13Banks and Hedgecock
(1993) BHW Iz b D, 975 H 55 —CCGGCCGCCCTA

Fig. 45. Sampling points in Ariake Bay

7 Al

GCGTGAGGG —3' B L U5 — ACTCAGAAAGGTTA
GGCTTAC—3 %Wz, PCRITIE25 uLdb 72 0 1T
TDNA %10~50ng, ExTaq® ! # 5 —+ (TaKaRa)
%1.25unit, 2.5 4 L®D10XexTaq buffer, &7 51 <v—
50pmol, ZdANTP%0.2mM, MgCl% 2 mM& & KRG
WaEHW, ¥—=<¥ A2 35— (PC-800, Astec)
IO, RPIOBZEMHIZ94°CT 247308, 2V T4C
<T30F, 55°CT30F, T2°CT30F D K% 35[E]#E b K
AKX RIBIRT2CT 557 & L TPCRETT - 70

iE L 72DNA I TBE (89mM Tris-borate, 89mM
boric acid, 2mM EDTA) buffer §10.2ng/mL®
ALz F o %288 3% 7 Ho—245 L (SeakemGTG,
FMCbioproducts) THEXIKE) L, K/ ERE LT
v R ZEER L 7oo 246bpfhitic 1 KD N v FRBIN 2
bDAE v H ATOmMDNA, NV FHBBEh L%
< A FRIOMDNAZ S HATH 5 L HE L 72,0

DNA T (ZCorte-Real et al. (1944) O k% L%
12, CaM intron3I\ZHFEINITHIET 527514 v —5—
CGAGGTCGATGCTGATGGTAAG—3 B LU -G
GAATGAGAATGTGTTGGTTTG — 3 %2 &1 L 72,
25 w 1D G HRIT 1385 DNA % 10~50ng, ExTaq
) * 35—+ (TaKaRa) #%1.25unit, 2.5 L®10XexT
aq buffer, %7 5 4 < —50pM, #%dNTP%0.2mM,
MgCI2% 2 mM& A%, CORIGHAE Fily —< L+
175 —=%2B0, RYIOBEMIZ94CT 24300, -
WTYLCTL5F, 61°CT30F, 72°CTL55 DRIE%35
DR L, REEEBIZT2CT 545 E LTPCRE
iT- 7, HEME L 72DNAIXTBE (89 mM Tris-borate,
89mM boric acid, 2mM EDTA) buffert1<0.2ng/
mLOBALTF VoL A2 EL 1 %7 He—27 0 (Seakem
GTG,FMCbioproducts) TESIKE) L, K73 & 5
LTy FEMKRL

M H D CaM intron 3 ®&ic> W, [a)FH(1978) 1
& Y Hardy-Weinberg P 1 4 FME 21T - 72

& R

GoEARANEL Ost. TTERIL 7o/ D A F D 1s
»ic, v ARO16SrRNAE AT % 7~ 9 [ER AR
I N 72 16SrRNAE L T O ¥R A A 5 178 0> - o fFIE
LITF, mt=#H+8AHF) 1>V TliE, CAM intron 3

FERCE—DMEIC 1 ANy BN, —H,
16SrRNAE 145 v & # BA R LR (LI, mt
vA AW A F) OCAM intron 3 13

A, <A F E[EUALE IS 121:@/\ v FisBIN B @R

B. A+ &0 bBOMEIC 1 AD/S Y FABN B EE

C. AEBD/~ v Fs[EIFRCEIN 5 EfA
D3OI Ntz, TITIRINSCaM intron 30
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gk ic> 0T, v A+ Tk +FrsEM (gg) 7
IDREEL, mtyA AMAFTE YA ARER (s5),
< HFEFER (gg) BLENA TV o KL (gs) MTF
560 EMELTLBROHEREED B LI 5,
mt 71 A 85 F DCAM intron 3 O &EI DIHE /1 %
Fig. 461275 L 72,

REEILIF Dst. 2 ~ 4 TR ¥ H1 A 132 TORREMA
THEE S Nz, R Y/ T Fdst. 2 220 ThER & 1,
7o, BENGOEWVREHEENKREL o7, ¥ A2 1E
st.3Thb-E 6%, 23/ A+ ERWICRMmICT
WIE EHERMBE T L, st 4TRIEBHEHD 530cmbl T
BHELE» -, = HFLLETOREMETED S
N3 st ATHITHBIR A E L, st. 2DIA TR I
VI EHBIRNS WEA D B - 72 (Fig. 4T O
k9T, Tho 3TEHO A FIFRERIC X © BEER
KEL LY, F72, FHricst. 2TRIEHE D S O ik
bREBEEEZ T,

HESIIW T TEREL L, Amemiya (1928) O/RIFED
ANFIHESWT Y H A TH B aJREMEDE O EHE L 2
#1 FICD W TI6SrRN A T2 40 #T L 7 k55, 19974
ICEREL L 72 1 + TIRS8T% Amt v H x B h +TH D, =

50
n=30

T 40
> 30 [
g
220 -
o
510»

0 1 1 J

Ss gg gs
(sikamea) (gigas) (hybrid)

CaM intron3

Fig. 46. Frequency of each type of CaM intron3 of
oysters having sikamea type 16SrRNA gene, col-
lected at the mouth of the Rokkaku River (st.1). All
specimens that showed gigas type 16SrDNA (58 indi-
viduals) had gigas type CaM intron3 (gg). Hypotheti-
cal names for types of CaM intron3 are shown in
parentheses.
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HE+DRALIZIBU TH - 7275, 20005 ICERHLL 72 H
FTRETHEmMtY B xHH FTH - 72, 19964F 175
JUET TS TERIL L 72 1 F 6Bk, mt v A # A + D CaM
intron3 4 v boiZldvh A ExH(ss), vHFE
T (gg), N4 7V v FR(gs) N b20%LL Lo
S THE L (Fig. 48),

100% Kashima River
80% (pier wall)
st.2
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0%
100% M M M — 1 |Nanaura, lida
80% (reef)
o st.3
60%
40% | |
20% =
0% =[]
100% 1 1 = —

. = T Konagai
80% (reef)
60% |- st.4
40%

[ C.sikamea
20% O C. gigas
B C. ariakensis

0%

15 30 45 60 75 90
Distance from mud bottom

Fig. 47. Frequency of C. gigas, C.sikamea and C.
ariakensis on the west side of Ariake Bay. Oysters
less than 5 cm in shell height were used

Table 9. x’ tests for Hardy-Weinberg equilibrium of CaM. intron3 type of
the oysters having sikamea type 16SrRNA gene, collected at the mouth of
the Rokkaku River

CaM intron3 type Observation Expectation
Gigas (homozygote) gg 10 9.6
Hybrid gs 14 14.7
Sikame (homozygote) ss 6 5.6

Frequency of g gene (p) : 0.567, F requency of s gene (q) - 0.433.
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Fig. 48. DNA type frequency of oysters collected at the mouth of the Kashima River. Oysters judged as “sika-

mea” by external characteristics were used.

Z =3

rRNA% 2 — F 9 52 DNA (IF# % O )¢ R I
FHEhTWE G, B, 1996; Canapa et al., 1999),
A% <13 Banks and Hedgecock (1993) ®Fik%
W, BIEEILPEENIC d& 72 B BRI ) R R DR I,
16SIRNAEIZ T I 2 BITH 2 h FFEHET BT &
W L tz, B S v A TH B ATREED S W & f]
Wr L 72 F FEERITI6STRNABR T8> 1 A T h B
MERIZ8T% L. ETH » 723, IKEBEPSIC X 2452 M
AESHESN, ABIr ST TINS ZHERITED
T30 RN E EbNtc, 16STRNA L T8> 4 2 7l
ERTAFOEMCAF EDEHRSHERETIET 5
CaM intron 3B REonic T &b, AFETIRT
NLIFE S 16SIRNABEEF R A ATID h F =2 51 4 &
FHEY, mty A xRHF | EOWIEHREHVS Z &
129 %,

2 X/ T A F 3G RSB O ] 135 O KRR
e U (EBEIE, 1985), BHRB <A +0 v %
DA I D &I RKEULT 2 e R&E s naHOH
D=2 50, FRICEELTCOARHEEY 1 X0
HERDT 2 E3WEETH 2, @ T ic & 24
BlE T DX BEEIC S EHIET 5, RIFFLTR
3/ 2 F OEENME—TEEE S N fcst. 20 R B
2% - e FEORIIICAIE L, fhofRErSic il
TR DD B A[E], BREEI S oD BRI
BEIT-> TOREWA, st 2TREIYICE 2BREITKDR
FhEEAF O REVWEEZ SR, ThickDd
EgoMiEyosx LFEATH 2 T EMHERS L,
F 7o, TR EEIDKICEER S ed v, 23/

I A FTREFER T — Y OB PGSR &
B LT D& D WERBSEIDS A E DR O 7o
WATH D L b g, —7, »A+FLvaridae
TOREHSETHRINZ I/ 27+ L0 bIEVERE
x> EFEZL SN LD, hEVITKE B TEIE
ELE Vst AT v A 2 BRI, ¥ 2 3T
SO THEICIRIEL TV B AfEEAE X Shi,
<A FEFst. 4ATELEL, 23/ 2 HFR VI A ITHK
LTIk HEOER b & i d X715 WERE & if
L Elbni,

KETYH A C. sikameal RIZSNTWV S A+ (3,
MO TOANFRPEEAKRIERTH > 7o 72 % Kumamoto
oyster @M E NI, BT O TORBITH EDE,
Buroker et al. (1979) ¥ Banks et al. (1994) (IKumamoto
oyster D FFEZEZR T B 1 ICREARIR TS o h
FOTA Y HFA LGP mDNAT 21T > TV %,
FricBuroker et al. (1979) O X TiF, % I3Kuma-
moto& Lt E N T Wi WA, FREERZ R L 22 X H»
SHIWrd 2 EHEHETRE S FLERERTIARK
o +FE2HWIcEEbN S, L L, Amemiya
(1928) 12 & 2 TId v H * BEBEEWEICES
BESNTVE, fERDST A Y HicHaishics +
o IEEEGHBE TR A FREENATL
feboEBbh, W0 Em T 5 FIHEILE
Iy A A ORHEMRESN TV S LT NI,
Buroker et al. (1979) % Banks et al. (1994) 73\
TCREARIRLE 7 F o3 nctiiicid b b & v #
PHERLTWEL s calfetE b b b, F/c, B
SMATREVA, FIREEICH > TRELRY T
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13, SIS > A1 A A TR AR 9T BT — R I A
T HOTIREEL, B (1971) MBBRTVB X STy
FRIEHH L TOT, FEMLSDEVEEIREL
B AREE AR E W EBbN 5,

Amemiya (1928) [FHEHmICHEET % 7 + OMEESY
IZHOWT, YA E<AFREWE» S EEEE T
DT ENR I T HF BEERR ISR S 5 &b
N, VAADHEMIHEID HRPEWALEIC
DTOFULND 5 T EERL TV S, AWFET 3 &k
OHEEMIEE TE st 4ATRR IV 2 F & v A 217
LTOESSTHE LR, =4+ 3RHD 515~30 cm
TRIEETZ Y, AmemiyaDiEfii & (IPPEMT - 7o,
LH» L, 16SIRNABETFTONMHEFT- TR b D
O, TELFOKEZHENICZ I ) ZHELE - & K
WLB I AHBIRO NS —4, <A+ LD AVEE
SR L, BORE BB S BT X D S P AR
WHIEBFEZ LN,

BRI 3 NANBRREE D EERICS A 55
BIIHS>WTHHARUTVWAHEDO—~>THD, ¥h
ARZI ) 2 HFORRICHRICHKFEL TS &
DA F OELEEFIZHD T TORKAE L &SR
DERBWAIC LD FLOEWIC L7 S 15 ARENE D i
Vo HRIE, BHHEARICDOLY, SFEHO N F 0L
A, MR, KHOSKEERB cofHfEic>nwT
DNAMRIrEAN 2 O <C & 0 FEIc i ~N, BB & o
B AT I 2 MM D B,

BERGAIRAEYN T IL < 949 % calmodulin 15T D
intronfHIX 3 S ICRES N TEB O, AT RIERRE
@ calmodulini& {155 4 intronfEl # IS T X 3 2 =
N=H V754 2 =PEFEIN TS (Chow, 1998),
THCEEIT S W T Corte-Real et al. (1994a) 13 Mytilus
sp. DIRAEMFIH O+~ 7V % H W T calmodulinié {1 13
Wi LB 2AFETZ2ELIEDZAT, TOHIBDF
OB TR 7 54 = —12 & hCaM intron 3
2 B Dallele DTV 5B, AWE TidCaM
intron 3 OPCREMIZ <~ H+ TIIHEH—D NV KT T
HoteDITH L, mtyh ATHFTIE<HF E[E—D
Ny RERTEE, LD BEOWHE—D/NN Y NERT
ik, cho 20Ny FERTHE, A8z, K
W9EcCaM intron 3 Z#lEd 2 cdDICH W7 5 4
< — 3EEESE L, b LealmoduliniE{n -0 a1 & —
DEBELEL TV IZE LTS, TDHEDO—20D5HEx
TFEDintron 3 7213 ZHEIE L T\ 2 AJFEMEDS S W 729,
Bty Fid 2 Dalleled ks EHATIE ~F o7
BRITHBEZEAZ LN D,

BWEOMIEH T, ENTOREERTIE Y 1A
X2HFSOMAGEHLETRIRHEE LV, = HFS

X vHhA$OMABEDLEEIHT I LEEbh TV 5,
INE TRARBHTO <A+ & vh 2 ORI
LIS, SKEA L T v M YaquinaZ o f <l
DADE =7 32 H+»NT~9 HTH5 (Lannan et
al., 1980) @izt L v # £ (Crassostrea gigas kuma-
moto) i 8 ~10H ©& U (Robinson, 1992), EX D
GOWDtNd 5T &5, BYETDS HARHED
R AAREME B ETE RV, b L, ARy 2=
#H+ EI13E %5 CaM intron 3 Dallele?Z 1} 2> T
fERET B &, AW THEIZE SN/ CaM intron 3
DNy FOHBURDILE HARME S G 25560 HE
R ETFTE LIV, & 51T, B U 7o MEbE o 28 e ]
TZRMWABETH 57155, THITL DmtDNAM v A
ATTH D IEH S —E OGBS TERIT < A FITH
KT BEUAPEL Ve H 25, —T), T FX
VAR SORMENE >sTVWEETEE, vHFHO
CaM intron 3 alleles & 41 # fEfABENTRA T 5 Z &I
& U Hardy-Weinberg \E-f 8k 0 377275 155 T & 08
FrHEN D, ABICE D v 2 &< T FOEELT
DL o AT C ORISR 13580 5 h
1» -tz (Table 9,

AalE s I & - TRRBlS N cmt v A 2 B A &
DOHEE EORMEIC S VT REEFEIT DA DFES
GO SITRFT 2ENH B, DislLtbT 2
AICHET H2HRMDO b & L1781 EBbn 2 AR
SR BEWHRCHGFET 2 EMHERSN, < H+FE0
ERASMEBR DS EAE S 2 nREME DS RIS S Lt

2-2. mtPA;EAFETHEFDOKRE

AIEA T, GAMEICA B L16STRNASE L 45 v £
M<cdHsHFDCaM intron3I1c>WVWT, ¥ A 2
VA FRIBLUGNA T o FRIEHEE S N2 KD TE
HTDERR LI, INOORMTHFEmty A £
BhFOZMIcEEL BT EATEWHL, HWHEDH
FOEEERE L COBELHTT 22012, <
F & CaM intron 3 ZHIDOmMt v H * Bl A + A NFEER
TR S & TR EZTNS & & bic, BohcH
HicoWwT, v FviEzEs o s 2DNATINE
LNBZMEIDRELRHET ILEND L, O
19974 7 H (19974EACELHE) 38 X UF20004FE 6 H (2000
FERNED ICLBE~ A+, AHEST+, BLU mt
A ARA F ATV, TR D REERETT - 1o
REFEERICH W 2 H ODNAT AT~ 2 @2 T, CaM
intron3 IZ>oWTINFE TOMAETCaM intron 3 A3
VHAKRERTH BAFICED SN 1RO/ Y Fi
MAT, INERFEBYHFFEMELELLIES
1 ARD /N R Z2FO AR H I IciER s o, LIR,
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CaM intron3 ® v A A B>\ T, TNEFTDOHOD
v A 1R (ss), FilclchEERa N 2RO Ny K&
Fiobda v 2 (s¢) EMESHICT 5 (Fig. 490
¥, <A FDCaM intron 3 DIFRESTIE, gk
bsl3MT4bp, [6) U < s 13HIS6bpIEREN D15 18 -5 T
BY, WRESNOKRBIZCED INSDENELIEE
AoNTVE (FEO £FHE,

246bp

Only sikamea type can be detected

16SrRNA gene

519bp
445bp

gigas sikameal hybrid sikamea2
gg ss gs ss’
g —
s’ —
s I EE— —

Calmodulin gene intron-3
(with a shema)

Fig. 49. Electrophoretic patterns of PCR products
from 16SrRNA gene and CaM intron3

Litg, #Eommsibozd, HZ2NODNAKO(H
HRIFTEDIEFR LS - Tao#k L 72,

IhaVFYTO  ZDOCaM intron

I6SRNABETOH 3 o W
< HF < HF ~ 71 & (HUHRE, 1L S
gigas gigas gigas
vAA] VA e AL
stkameal 55 sikamea + sikameal
YH A2 L YHA YRR
Oh R stkamea2 S5 sikamea * sikamea?
sthamea NATY oy K VAR oA T
hybrid &5 sikamea * hybrid
< ¥ VAR A F
gigas €8 stkamea * gigas

7 Al

bl &

AMCAX1997THE 7 H 8 X U20004E 6 HITiT» 7o £54F
@ 3 B ic B ILEE O O TR ER M T #E X
IKPERRICAISE T/ TEK L e F ot 6, Bl L
AT RS Emt v 7 2 B F O RREESE O & b
nNaa+d, InLoRECTHS LI FEEDbN
LIRARZBEENE L TRAK, 12, 199TFE DK
TRIEEENOKREHAcTRELI T+ BIHE L
THWI, TSN F FEERICHBRETRD RO
5 BN ASE R O FEIRRESTE W & D 3R L

RIRER R 24 < FEIE 4™ 2 T &I & 0 JRAEFEIED & £}
U 7m0l 2 mes U CHERE =ML 72, &
SIEEE OO — AR L THiAB D LT
16SrRNA# = T-3 & 'CaM intron 3 OAYAHITE L 72,
[Gl—ODNAZZ RS EED S B, HEIHEONE B L
MEBHERPO - O ZHFICHML TV EEbN B
1RS> ZROBHEE L, ZREFEML 7 (Table
100, IR EREFIRUIBHETHRELL, i34 -7 =7
100um, HBTRE0umMmDFTS 7 %y bTEN
FNELTE 2 SHMER O 720 YBIERE % 250~450 1
/mL, FTEEA1.5%X10°~1.5X 104 /mLOHiPH & L
T300mL & —A —hc—5Bic kD EHE Lic, IRBLT
T Dt EuzidCoulter Multisizer I 7 (Coulter #:%Y4)
RV, BEINE 3 [TV, SR 2 B2 ICEE L
FeOc D W THIX & 250 EEEHEL, 2Mila~%
FHRDFEEDRS 5 2 H & &2 nRE L Lz, %7z, 2001
FEASHELARIC D W TR0 U T 1R LI R
ML THRy WK S & 7o R8I 0 YN % Coulter
Multisizer AN X 0 FHIL 7, BAERY 8 Hefilk i
IKFBENTFH L T BUIEE S 5 2 E <y | THD»IC
BREL, =4+ % HROHEFZRARBRE KT, mt
VA AT HOR DA IR IK T3 /AT ATRR L 72K
iz N ZENINE L CRB 2L Lo 199TH B
OB HEE 1315 5 N PRI R U T3.5~8.5(f /mL
E L7, 20004EREHIC D W T IR EHDAIMIK & T
LRI/ NI REEH W EFicky, £
RN © NP B ER DD 1500 - 12128, BB
TEIF D K AEEX D A & 7 /mL%A& LR E Uo7
JTEXME T 2 K5I B LD -, WH
2H®B S Emty h A F S HEROMA D FEKIZ
Robinson (1992) 12 5= & & S ITHEEE 2 N 2 /3R i
KEFHWIZ, IESBICIFALA 5 22 r (KES.5L)
ZHV, =7 L= a YOREKICE DY Dl
NEALWE S, HUkE; (27 v —va vidEIR)
PNBETORZICELE L THE L1z, BRE24RRILL
EREBEROYED S B, EEkS e v VERNEE
BRI THBHHFICHLEADED S DODEEEZIEFED



BEEEEE LTO <A+ O R & 577 71

BRI AR & L 7o, 199THEARELEF I i H s 9 HH <
Bahik Ui,

YERB PR IZH30~60mL/ min® =7 L —¥ 3 V&
TV, 2~4 HiIc—E oG TRIKET- 7o, Bk
123 Pavlova sp. ¥ & U Chaetoceros sp. =MWV, %)
H D Rl B & A TS U C0.5~ 3 Jicells/mL D 2
LB E5 1H1~20HE L, FHE/KPOEE
B 13Coulter Multisizer IHIAFHOVTEHE L 7o &
Eicid vy v v zoey Mk 2REEHELTH
FRRER 2R OEICE O fo, EHIEHR LI 3 LREH
Kot Tetraselmis sp. % #HS A 72,

IR EDEEITIZNT 7 4 Wb« TIY — LTI
7t FEEHK (Karnovsky modified by Zambrano)
RV, EERIOCCL N O THRIEL oo i
IKEEET02umDA— ) v Y7 4y —ClEBLK
bDEMWT, B X Y EFETE RO EK D KR $
24E1°C, KARMBKDOIES1F30~32TdH - 720
2000532 FLHF < (E B ERMIAT O <4211, 18HH & FIE
W~EE%D39H H O WA I > W THER & MR 0 &
Dﬁ%ﬁ%’ﬁiéwa%%ﬁﬁét , onlE Lk

KL BN AT Tce TDEE, vh 4 2T
HEWCBEET 25 13 7 — & D3 » TW IS WIo DRI L 72,

fEBG 6 » HiROMEHEZEYIEINEROIEFE DAY
WirEHccEl - iz THEHAERESR] & LTREBL 7,
N5 OfEE OIS W THIE & [AHk D /i TDNA
AN THHO B FHAHE L, ZHoELEES
ReaT L 7o

# ES

20015 ASFLEE D AW O INE N 2T~ 5 &, mt
v H AT A FDOIFECaM intron 3 DI b 59
ATATumfhIicE =27 0d 2 XL Ptz rd —
7, BWHE< A+ 1355 umfliLicE—2 Db 542D
Wiz Lt (Fig. 50).

mt A ATA F S OINFHO IR TIcBb 590 R
FOEEDRYERE $1280% LI EoE AR L T,
—77, WERZRELBVWESNTVARTF S Xmtvh
AN F S DA EDE TOIRE TIN DHHREIR
L, EWDRMERIHNER THE v+ ¢ X 24+
J&E%mm%uiwmé?bt(ﬂmmn Fig. 51,
19THEREH T A~6HEIODTTY A A « v A
xME%@@Eﬁﬁﬁ@@ﬁL%bb?mﬁm%iL
LCaEHcP L (Fig. 52)o Dk, 1997HER
LBt ic > W T IREAERG 9 HE TERBREIBY - 72,
20004E R I > W T, fFBEMBIIAH oA RRD
ZOnFE BT TR, MEEOKRT & b 5 %Dk
HETHHEETIREED - 7208, 18HH T RHER, ME oK
FEb5%L EoKEETHETDH - 7 (Table 12,
Table 13), T OEH TIIMER OB, HEH O & W,
B EZTTVE b, HlcATA S & MR
IKOWTIE YA A « g T ) THEERNEL, < F+
TIRWEE] 2R L2, HEEclR & ddiic<a+
TEl, YHA e 7)) TWEERL 2 (Fig.
53)o FEBHE21IH HICPSREEZRA LI, ok
MTEFLVITNOEBRX THYEDHEED 51

Table 10. Combination of parents for crossbreeding

Crossbreeding in 1997

J gigas gigas

sitamea*

¥ (Hiroshima) (Ariake) sikameal sikamea- gigas
gigas(Hiroshima) B B X X
gigas(Ariake) B B X X
stkamea-stkameal B B B B
stkamea-gigas B B B B
Crossbreeding in 2000

S e hamearbridsitamea s
gigas(Hiroshima) B b - b b
gigas(Ariake) B B B B B
stkameas stkameal B — B — -
stkamea-gigas B B — B B
stkamea-gigas B B — B B

B : Larvae were cultured in 4L glass bottle, b : Larvae were cultured in 500ml glass beaker,

X Larvae were cultured. — : Not crossbred.
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1o to, FBEME3IH HYIEDARLE D “ITRLiE Sy
WMot cid, HEER, MO TLbFEETIERE, 4
NI OBE VO ELZ T TVWAEEEFS A -
7z (Table 14)o L LMEBNICR 2 & < 7+ %2 M &
L 72 3QBCRELIA T 1320 % LA L D il 2 7R 9 2 EAE 2% <
WEDNENRENTVS D EEbNT,

T, MERZHELEVESbRU TV T+ ¢ Xmt
YHARH FTOMAGDEL S DL RLOMEA S
DY OYH E AR TRICAEE NS 5 T & 3D - 7o,

gigas (Ariake)

sikamea-sikameal

sikamea-sikamea?2

sikamea-hybrid

— — -sikamea-gigas

40 45 50 55 60

Diameter of Ova (zm)

Fig. 50. Diameter of unfertilized ova at crossbreeding
in 2000. More than 700 ova were measured for each
female

Ratio of normal D-shaped

7 Al

fEEG 6 » HRORERAEERIE, v h A AT
) OMETIZHIZAICE CDNABIO & OZALT S - &
IRV EZRT A, Lol ik [E UDNAT O 1
ORI TH > EbEWEER LT, Y H A« ¥ &
1OMETE, AR FERZIE Y H A « v HFHEE DRI E,
T DA DHEE ORALT, HERAERNKE -
foo Fio, IERZRLIBVWESbON TV A+ £ X
mt ¥ 7 * T+ 7 ORI A O ASHLAH & b~ K
WETIE 2 - 72 (Fig. 54,

7

®
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Fig. 51. Ratio of normal D-shaped larvae from cross-
breeding in 2000. gg, ss, gs and ss ; DNA type of
CaM intron3 of parents having sikamea type
16SrRNA gene. (gg) ; Oysters having gigas type
16SrRNA gene (=C. gigas), collected in Ariake Bay.
— ; not crossbred.

Table 11. Percent of ova developed in crossbreeding

Crossbreeding in 1997 unit;%
4 gigas gigas stkamea- stkamea-
(Hiroshima)  (Ariake) sikameal gigas
¥ gg gg ss gg
gigas (Hiroshina) gg 98.5 99.1 0.0 1.0
gigas (Ariake) gg 91.7 92.9 0.0 0.6
sikameassikameal S8 94.1 92.9 95.4 94.0
stkamea-gigas gg 85.0 92.0 89.9 97.3
Crossbreeding in 2000 unit;%

4 gigas  sitkamea* sikamea+ stkamea* sikameas
(Ariake) sikameal sikamea2 hybrid gigas

% gg ss ss' gs gg
gigas (Ariake) gg 98.2 5.7 — 2.7 3.5
stkameassikameal ss 94.1 93.5 92.0 94.1 94.9
sikamea*hybrid gs 90.3 88.9 - 87.9 89.6
sikamea- gigas gg 86.9 81.5 - 92.0 79.6
stkamearstkamea?  ss' 95.2 - 94.0 — —

gg, ss, gs, ss'; types of CaM intron3d. — ; notcrossbred
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HEREIR E L TO~ A+ ORI & 717

10 1 2xd

—e— (gg)Hirosnimax (gg)hiroshima
—a4— (gg)Hirosnimax (gg)Ariake

8 r —®— Ariake(gg)x (gg)hiroshima
—&— Ariake(gg)x (gg)Ariake

6 - -0 gsx (gg)hiroshima
-o-eo- gsx (gg)Ariake
oo s8X gs

47 0o 88X 88
---@-- gsx (gghiroshima

2t - gsx (gg)Ariake
- - gsx gs

0 - - gsX 88

0 2 4 6 8 10

Days
Fig. 52. Survival of larvae from crossbreeding in 1997

Table 12. Two-way ANOVA for survival rate of 11th day larvae in
crossbreeding in 2000

Source d.f. SS MS F p value
Total 15 0.148868
Female 3 0.02669  0.008897 1.34212  0.32091  —
Male 3 0.062519  0.02084  3.14384  0.07950  —
Error 9 0.059659  0.006629

Table 13. Two-way ANOVA for survival rate of 18th day larvae of
crossbreeding in 2000

Source d.f. SS MS F p value
Total 15 0.33561
Female 0.07912  0.02637  5.80874  0.01724 *

3
Male 3 0.21563  0.07188  15.8301  0.00062  **
9

Error 0.04086  0.00454

g %

(gg) ss - -

(gg) gs o o

(gg) gg - -

ss 1 gs - -

ss . gg - *

gs : gg * -

** | significant at the 1% level, * ; significant at the 5% level

LxAN
—&— (gg)Ariakex (gg)Ariake
—a— (gg)AriakeX ss
—&— (gg)AriakeX gs
—&— (gg)AriakeX gg
- ssx (gg)Ariake
©o 88X 88

> o

0 ssX gg
--®-:- gsx (gg)Ariake
~A--gsX ss
- mgsxgs
-4 gsx gg
—o— ggx (gg)Ariake
—&—ggX ss
—H—ggxgs
o ggxgg
<ot ss'X (gg)Ariake
X ss'X 88!

Survival rate

Days

Fig. 53. Survival rate of larvae from crossbreeding in 2000
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4+
9
0

(g2 ss gs

Ratio of normal D-shaped larvae (%)

%

Fig. 54. Surival rate at 6 months after insemination from
crossbreeding in 2000. Ratio of the number of 6 month juve-
niles against the number of D-shaped larvae. —; not crossbred

Table 14. Two-way ANOVA for survival rate of 39th day larvae of
crossbreeding in 2000

Source d.f. SS MS F p value
Total 15 0.65572
Female 0.14385  0.04795 1.41548  0.30094  —

3
Male 3 0.20699  0.069 2.03671  0.17927  —
9 0.30488  0.03388

Error

Table 15. DNA type frequencies of juveniles produced by crossbreeding unit; n
Female Male Juveniles (6 months after insemination)
Supposed  Supposed 16SrRNA gene CaM intron 3
CaM int3 CaM int3 . gg
type type stkamea  gigas or ss ss' s's' gs gs'
gn
1 (gg) (gg) 12 12
2 ss (gg) 12 12
3 ss ss 12 12
4 ss ss' 12 7 3
5 ss ga 12 2 9
6 ss gg 12 12
7 ss' (gg) 12 6 6
8 ss' ss' 12 3 9
9 gs (gg) 12 ) 7
10 gs ss 12 8 4
11 gs ga 12 2 6 4
12 gs gg 12 5
13 gn (gg) 12 12
14 gn ss 12 7 5
15 gn ga 12 5 2 5
16 gn gg 12 12
17 (gg) (gg) 12 12
18 (gg) ss 1 11 12
19 (gg) ga 1 7 1 7
20 (gg) gg 1 9 10

;DNA type expected to appear. numbers in italic ; DNA type not expected to appear
(gg) ; Oyster having gigas type 16SrRNA gene (=C. gigas)
s% The female used in these crosses were supposed to have a nondetective intron (n).



EEERE LTO =+ OREFIMN & 17

e HODNAfRITOfER L e oHEE SN 2 HO
DNAZNZHS>WT, CaM intrond TlE, Y Hh A « ¥ 7
A2 DA ZWEET A GO TIEEDMA S
DETS A v FIVERLED S MBS 1 5 RED
Hn, 72 PifshsuEBIIEE NS - 72 (Table 15),
TEHRZHELLVWEELN TV A+ XmtyH A B
NFSOMAEDLED S L, D & HCaM intron 3
DA A 1R AERTHE AR WA T REASR DS
HU 28RS NT, NS FHEREORTE H3Eh
HLTRELICBDEZZ NI,

—H, VYHA2DAAIMLEFA Y FIELE, S HEH
PHIfFs 2 RFEUSHEbLRB WP S L uE
BRIBENDHI A SN, £, mtDNAICDOWT,
THFSEHF NS DA GDLETE, Dign
ISR HR E BN 2mtDNADORISH N /o,

E =

INFETIAFIIX Y AKEFOHAEDE RIEE
B TFHRAEHOT RS RELBTVESR TV
(Banks et al., 1994), AMFETEFFTEWVEITWVA
VB TFEETS v FIIXmty A 2 Bl F T 0kl
HBEDE TiE CIBDFEREM I, £z, TOK
BeAH o 1 DALY 3 0 M H AR EE 2= (3t D A B & T
NTCHICH DL LI N ERMDr -7, TNHITOVT
F M DAEAL DKET- « ISR A L 7o A fErE R,
F O Pl A HEREE R TEREL L 72 9IS T 28R A L TV
THRE L CHEZE LICAREESEZE A o5, L
L, TRINTZ 2 HERLL ERSE L RS2 TIRED
MTHFAELTVAINIZED LNEBWT LS HEZIED
TREME T <, S ERE B E B T i3 contamination
ICHIL D IEE Z L - TW A 72 Ok5F « IR EA
LUcaffgtt 6 {Rw, A <, 20 L7cHH O CaM
intron 3 ®THE D CaM intron 3 T2 & HH A HHR
INBMEGTRT—HLTWVWABE I EZ, COHHNK
BLic HW/cHEHED 71 + DOSZFFIC K D A U o T & 2]
IRELTW 5,

Banks et al. (1994) (&< # It 2 > 2 k5T
DNERENDVFHN EERL, YA XREF &~ 7+
NIRRT D SIS D 4y FHERE S T # D PR D R T b 5 L
MLTWB, KFETMtY I AR A F X HFSD
TR F XA FIEES ERIFORELRDIE
WD ERNE SN, T, A FEXmtyh AR
HFTORETEEBE B OFAELLING 2 0H%OIER
DRAER O HEFER MO REX EFETH S C
LEZEZDE, ZTHEROMT 7 ATRERIAFEVH A
MO RIAEFEAELEVWEEZ SN, T ORHE
TIIHET « IR O 5 TN HE— D [REEEE T b 2

75

LRI N5,

B (97D 13, HETR YA AEEIZONTVS
GFEEDOATIO < #F 0ilic>WVT, Jbil, =K
JE B D EHEE < A+ DX T £ O TIEZREFE90%
Pikchv, GHEEOBHO <A+ 0T & ORE
TIIEESHETR (dry sperm®10°~10"F5HE/K )
2RO ESZERNT0~90%TH 5 T LE/RLTL
%o dry spermDf5T-RE A 3 F 10"/ mLE 35 &
CNRBAREBROIVEZ LD FREICHI: S, T,
Banks et al. (1994) Imt>H xflH+ ¢ 0Oy (1,200
T/mL) ZHAWV7ic—/{5BT, mtyh 2 MAh + 5O
I (500%E T B) £1391.3%, < H FHET & 1394.5%
DZREEREF TV ED, IEILIROFAERILIC DOV T
FEARHTH 5,

AWFFET1ECaM intron 3 DHAZ N ENTE Zmt
A A RMEOIIZ G, EHCEE TR WP & Z X
SN LM TEE TS E k%, CaM intron 3 2%
BOmty 7 AWM F I BLOTHFIOETTZIFS
HRFORAEREIEFEDHGAER IV TN OR DR
THPAZ S ERML, mtyh A8+ ¢ OIIDFIFE
H DB 13 D 16SrRNAE (£ T CaM intron 3 @
iz ibasnttnwbo b,

WD AR S W T IRI99TEASEC B TR E W I
HEBl O EWIT X B2 BIE RN A SN, 200000 EET
b A EMGISH B SR, HEHOEVIC X &8
Utco —fRITH FHHO A FHEB O INE B EWIEESZ
R LA ETREICEIEL, o ORI
K& 750 MER AR RIS ENE L 5 2 LD H
D, 197X DX S B TH 2 Al 5 2
5N b, Lo L, 2000FsCBLEE O HER 04 13 B B
TEIIHH CREDEVIC L 3AESEENRRL O NI, -
i b b o FERMFTO18H HITi > THEHMSH
TWwa e, RENRUADERNPEEL TWE EE
25N, TOH LA FEMBUCH WD 5
L2 F X2 A FSLNTIRE S NI SR I
DI o fctcd, MOIEX & 1EFR S 0 500mLE — 7 —
THBLTHED, o EIkERT 2HBFEREBEO®E,
BB LTV AfEEbH 5, LL, YA oA
7)o OHERHEOMAGDOEIEAL TR IO X
578 LIRS, BIR TR D ENER L AR b
DETIHREENS TS 5 7273 &, EERIS BN A2 L
TLEbDEREND, 51T, SHFEVHA -
NA T OIS G B T O I RT3l
BlOBE LR OREPHOITHITE >/l Eh b,
TCBT 2 E E oL RSN, 5% E SIS
T EMEMH B,

MNEMN~SENBICH 7 2 EBEHIGOHE TRBO
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BEWICX PSR AERA SN > e, TORS
TOMEREIEOMMICEIRICE > THHEMBRHLT 20
THHSFHIE TE RV, L L, HEHEHER D st5
IRWOBE T = H + Z MBI Lo X TR LR 2
W LB OoNT, v AFEMBE LoD
BIEEDNEBRICELD DD EEZAOLNDE I EhL, <H
F OHER D S DI, o lEE D 5 DRI 4
RENCEBRIAEVW D EFZ St FFig, #HEH
BHAG39 H HEFS T O WA O R 30.20) F A 7Rd 8
DB, AFidmty A A RBA F & X <4 F SO,
Hoo4Ho5 5 3HIECaM intron 3 ORIAEIL 2
mty A AMHFES LORRMTH D, BlnTHkO
EPEELTCVI b0 EbN, WENCOTEHE
IEREN 215 S NI EEME L 258 BHEE &R A /D78
(B EEZONDD, FHEMEBIIHHOYE DR
REMEHAEFERIC oL BRSNS, A
DR WASEE T & BRI id T O EMEKR L TV
b0 EHERs NI,

B MMESORC oY et 3 E Rt THIE S TARNE G =1 9519
PR EZP N5 728, R TRERFEITcdt L
TMER B D15 5 120 £ D72 CaM intron 3 12D
WTEEST ORI L Twizv, LarL, v
HA e VAL EMEE LG EERVICAETORN
F» &4 UrcMEH o KA o BRI 513, DS
& GRPEDREGHMNZIEIN~HEH ORI THET 5 &
WS T &ML, CaM intron 3 75 £ ¥ F il s % L
TWBEIEELET HHDTIRED -7,

—h, vAR e v A2 RMERE T RO
®CaM intron 3 T I AR NS WEEE T AH
n, i, HEPERINZHNHEN L VH S H - 7o,
YHA e YARL2EXTHFSOREHTEFHN12
AR DOHEH D5 D 6 MRS BB SRS iz v~ 4
FHTH >7c, v A FED L OKE Tl EEANA L
LT EMHIONTVWT, FFICHKEDE WA TIZ20%
ST 22 M5 TWS (Thiriot-Quiévreux
et al.,, 1988) ARWIFLDOABLTHER KD Je k£ » b
D 9 5 calmodulini (=T DMFAE ™ 5 GL LR T A W) 1
wkbh, TOMEPHERINE chEEE - EIOES
% LR DCaM intron 3 72 T= A FAIA RS A
HEMED & 578, RO £ T b B RHULZ RS
WA Fog ikt v b (n=10) ®Hh 5calmodulin
BIRFDFAE L TO B QRS BRI &R TR
bNBBENS Y, KEROFEROME L LTRIEA
I W, Ffo, AEETREMESK TN RA T B
BInEI 5 TWwah (Na-Nakorn et al., 1993), A
MDY h A« VA X2EXTHFSTORDNAMD
AEELYE R A TR R A T TR

7 Al

MoV, ZHHFAO M RA I ERICHEET 5
CESANEETHY, ThnEKTH B AlHE: 3KV,
& S5t O AZELX & D contamination @ A REHE 1T S
TH, (MEAGODNAMBSRTHATVS L, fio
REHL TR Z O L S BHH 0T &I kD AfREH:
FEWV YA A e YAALIXYIA < VAAL2STD
gkl <& CaM intron 3 IZ > W THHMBHARFE NS 3
SOMDH B 1 DMBBINGE -, Thid, HFrEE
B DI h s fcteDRitih 5 o nfElEnid 2 & &

b, MR TIT@ERIIC R S HLD B ntcn]
EHEdsELAOSNE, WFNITL A, CaM intron3 @
VH A QBT OWTIEIDNAMT S S ED LB E 61
BT 2 8N D 5,

— R EYI TIEmtDNA R R REBZE T2 EED
nNTWws, LoL, A HAHMytilus sp. ® (Zouros et
al., 1992), T TIE 74 Y Tapes philippinarumT &
(Passamonti and Scali, 2001), ¥ T DmtDNAAIY
IRA L THEBIA R OmtDNA & & b icikfi~g] &k
BNBHBESNTHT, ThiEKHEBEITES A5
NAJRTCEFBLhE RSN TV B, A HAHT
13 C OHEBIH R OmMtDNADMR A L 7oA 0s, £%
5 { ZDNA EmtDNA & ofgdHic kb, 0 CHEMA
LI o> THEFZEKL, HBHEROMIDNAN X 5 IC
RO~ LRI EHANTWYW L T LI mtDNAD
WESRH & HERI DR 2 1SS 5 T & & 72D, Doubly
Uniparental Inheritance (DUD) &M:EN TW 3
(Skibinski et al., 1994; Geller, 1994; Saavedra et al.,
1996; Saavedra et al., 1997), 7z, WAIHTH % <
U 2T b S5 T I3 O mtDNA DS IR Az
SENBEWHSNTVS (Gyllensten et al., 1991),
AW TIE~H+ £ Xmtyh A7+ 7 DETORL
e, HEHIC v 7 * BLOmtDNAAKRH & 1L 2 @K A
DRI SRS N2, AL TH O 72mtDNA O ¥
BlETE A FHOMDNARRE I Wiy, C
DEFICHFHOMDNAGEGENT VWS DN, F
fo, mty A ABIA F § X2 A F 7O 5 OfER
1< A FHEHROmtDNA %G 9 2 JIK NS FFEAE L 72
EIDRIARHTH B0, <~ HF &V H A DmtDNAD
[Fl—EARTHEAET 5 ETNIE, 16SrRNAEE T O T
I TRHFEmty H A B F 2 MEFITHBId 5 C
LRRNEETHY, L2l oFikekild 2081 H
5o Fio, =HFPITRALK YA A BOmMDNAN
AT EERRICHERER I D > T a5 h
FHEHREZEE L CHERT 20E8RH 505, o off
EHOAGERE I 2 F > LT hiE, LTl
FIVYRYTURUVTHEIAFEVHADT ) LD
LTV AREN H 2, F/, v+ Tld—EDM
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IR B RS S T W B DS, ARGl A3 Bl 4
LR ICHER S HERE T SR T B I b a v R Y
TISEAGE S 2 ENGIT X 0 EAIE & T v B alREN: 7S
E, 5% EmtDNADOR & ¥ & OEJ#i > mtDNA & #%
DNADOHEIER bEDT Y I 2 &= 4+ DI « bRk
B2 N2 0D 5,

FIE EEEOHTE

3-1 FHESLUVLBEZRAWESMNTE
VI DIZE O RBUT B ZIN & BRRENIC L 2
2T 5, EHL00ERMNID@EIIERAT 2L
YO BEENE RPN ERGOREN T RICL DR
WED, ZLDEETRELSOERD S sz
FTW3, INoDEREFHICHEELTHET S
PEEZEOMNEEE BN TH 20, v AFDX
ST R AR T EIE ™ 5 KEEAEY) T (27Kl ATk E 72
E DO BRIGHEINZE AABTNTEET 51T 1342 73 IR % ff
SLENEZ WV, £ I T, EEREREALINCEEL T
HEYNCRBEINA S5 LIk D HET 3IEEEZE &
5L 5 [HiE] CHART S &K%, BREICHE,
RO 5 ZF R E O BRI D 2Bk,
RMEERE, SEUAEN, RALERFGHIEEOFELSH
Bo WEPHAD LR EREFICHELSEEOZ < 3,
BUWICHINN TR A2 DV NS I8 ) 25> 2 M o ik
FickhXEshTwad EELOoNTWT, BIYEHE
ELCGERARICKI 2UENPYFHTE 5, Himhic L
OEEOXBENBYRFTE 20103, [MBEAR O i
RELEERIC X O KD IBIERTTYHT 5 ENTE,
THBE¥T3~ # # (Lannan, 1972; Hedgecock et al.,
1993), 7A YA HAF, Z3—8v v kT HF (Newkirk
and Haley, 1983), F Y — # % Ostrea chilensis,
(Toro and Newkirk, 1991; Toro, 1995), & ¥ ~X4
#' % Saccostrea cucullata (Jarayabhand, 1995), 7
3 ¥ # A Pinctada fucata martensii (F1H ,1984;
Wada and Komaru, 1994), = — o v /¥ A # A4
Mpytilus edulis (Stromgren and Nielsen, 1989), &
v ¥/ R I 4 Mercenaria mercenaria (Hadley et al.,
1991 FFIZ2WVT WK DL DO ETHELEEDHETE S 1
TWw3 (Newkirk, 1980), CNH6DH b AHFITOWV
T, \EICHARD Sl S ALK EAF R T -
s hcx e REErHOTOT, HEOHAENIC
HET 5~ 4+ ORI 2RI DE 0,
Bk (T TRRLOELESR) &, REMICAHS
NEEFHEDSEENKTNED O FANLHERT AR
ThobipZmds, RUEHETOAEYMICLDRILS
b ciad, HAEHR TS RT3 RS 5 7
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W, FEBGERICH O 2 RE T LTk 20D B
xR, 1990, F1z, Rl—oEHTLEEREZ O
fhOBREEFEINIC & O SRS 5 700, BEFRIIEE
EEROEHBERE N TRD 2L ENH 5, LrL, B
EBRE, O OEERELKST LIy, HH
RES O E WSIEHRICE. 2 2 B0 BRI A & B
WIEROHBEEHE AR 2 2 &3, REOBERIEE
IKHEMRBERESZ 2EEZ oD, WS Ohd bl
EEHETEHED S B, AL NREIC X 2 W0 T
LB S Ot B ECC BRI By A S &
¥, Eo, HEEL, MEBIBNC O BUKY A R B 72w BEE
ShEIC X 2RO OfERNIC bR &, SR O T
HIER TV 5,

— RN < 7 70 & AR B O T AR PE C RS
HERANEROHEEICHE L THEEMOSEEL L, *12,
FRc & R B KOBRESEL LTV D ZKEAN
IR, eI K NSRRI 5720,
PR OFRIE B IEME & 712 2 28, BRE O W W) oS ik
PHYTHNE, WEROEERREERE 5%
TEcolllolE I HETE S, T2, TAUAA
FTRFMNCERE L 228413 EREF IRV ELE 2R
FEEERNE SN TV T (Losee, 1979; Newkirk et al.,
197D, = #AFIKOVTOYEMOKE LR ETOKRE
WHBEA S IE, K ETRET 5 T &5 GEERMT]
REEH L EMMITE %,

AETIE, HAENOD <7 +HAENERV, &5
PNAALIT & 2 EWL o trikic & 0 WA HER AL
MomkE, BE, ERRLEOBILRERDZE &b,
B /NG & R ERD, BRGEOED
DEIERHIEEIC 5.2 BB AR LT,

bl &

BHEHE L CTHEHE-FBLULEE N+ 2HO
TH A BRI L 7o, B~ 7+ (319934 2
Hic R REALESRERL S RIS & 2 5 THRIR,
[REEE = 77 1319944F 1 HIic &R 2 AF Ui, &%
PP XK BERT R s T 0 T fE R, AWHE< T+
Z19944F 9 H, [LBEE < /7 + 1319954F 6 HIic Ul T
IR L, BERINARRLE T - 720 W TCBOR, e,
SEEB X OCKIESEEE O % Table 161, %4
i E Sk & Table 1712789

HIRMNT & 7 ke % T A28 O KISy e
EMNBEIELEICED vy IRy M EE, H
KO AFHETIE IV ¥ — 1Tk 28 & B E
Wahy, ARCNICL VBT ENETH S0, 2
L7y =T & BTG TE B O FHET A O bk
%, RERGUAKEEHARNETHD, KFLLE
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Table 16. Parents used for estimation of heritablities by nested design

Locality S hSheﬂ Who}lle Fresh ﬁvet
% ex n eight weight welght
(male X female) (mm) @) (2)
Ariake male 3 99~142 56~ 90 9.7~21
(3X5) female 15 74~130 48~106 6.4~16
Hiroshima male 3 74~ 99 69~ 92 36~46
(3X5) female 15 69~108 42~103 22~53
Table 17. Larval culture method
Ariake Hiroshima
Date of insemination 1994.9.29 1995.6.28

Method of insemination .
dessection

Culture container volume=3L)

artificial insemination by

4L glass bottle (water

D-shaped larval ratio 81~100% 83~100%
Density of larvae at start 1 larva/mL 3 larvae/mL
Water temperature 23~24°C 26~27°C

Feeds Pavlova sp. and Chaetoceros sp.
- 47 days,
Interval of water replacement 2~3 days, 1/2~2/3 of
full replacement
volume
Fragments of Fragments of
oyster shell oyster shell
Spat collection were spread on were spread on
p the bottom on the bottom on
21th day after 16th day after
insemination insemination
overflow
(¢ 16)

XXl ’ water flow

AN

'3\{

T]qs

13.5cm

Fig. 55. Structure of upwelling culture tube
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M HMICE L CTVWE EIFEARY, TITIIT
B TERKEE T Y Ty = ) VS ERFEIC KD EE L
oo THOL, REHERZAZTE LI umb =+ v Y
T4y —TEB LK EANLENKET
Pavlova sp., Chaetoceros sp., Tetraselmis sp.% 5
ATHBEL, 12H2 S ERIEGBEKICEET v 7Y«

)y BB A o, S 512199645 Hiclk v 7
b v T A TR P XK EE TS AT I O e T 1k
TEKL, FESA»PoREIITERET v 7T 2 v
JEKD 2980T THEERZ1T - 70 7 TEK
IRHAWISMmMEB L F 5 mmO+ 7 b v 4 3 (35emPUiy)
RV, Ty 7v=) v IHOESZE L THZEI0mm
DIFE A 7 AMT 6 BICXY) - 72 (Fig. 55) ZA{E
L, SBICHF2NELTERL b v OFRPKEIC
ARG A R A X BT L 72, A EN I
T (R @ERERAGVOEEHV AR OM
FIEFEFRICEREL, KERIGCTOHAEVEEZ 12,
1 ADREY70 OFIKEIFLS5 L/min& Ui, Mgk
&b RGO 1 FEERIK Y 70 0 OIEERL G 7
TELEEHAD2MFEEKE L, BroeMpIconT
2ODED IR LUERX 2T 1o, i, GWIE~ A+
DVWTEAENBEOMADPEO NG D s fclcdn T8
B 7T 2T - 12,

LB PE & GIARE O W DR EAERRICOWVWT, A
BETRSSICHH (ZHBEFEOEINATHS 8HB
O ch 210H) oaEREEFERRICOVT,
Becker (1984) I U Bogyo and Becker (1965) iz
SVTRAESEANTIC & B EEREHETE L 1, RIE
BEETH B EERICS WTIREG O R %5
EEBERICABE L IEEAY, NERNEIZ 5
SLEB DA D SEATIC L HETE Lz, XL, BH
WOBLERIIAFEEICO VWTIEIEREIN, BOELE
BXBNcEE L, AERICSOVWTRINSEZAAICL
THH L,

1) AW~ #+

BFEBMX oD, ZHE20 H #4003
EIZZNZN68.5~78.3 um, 104~207 umOFPHTH -
7z (Fig. 56, Fig. 57 7, JFEERXDZHE20H %
OMEB L2 » HHOMAOEERRIZZh TN 2 ~
58%, 0~17% OHiPHTH » 7= (Fig. 58), wkElTD
W, DREIKIAE, SH520H %O BIE OIS 0 65k
O icER (his) 138540.05, 0.44TdH - 72 (Table 18,
Table 19, —7, RS H» SR iz (W'
BOFhd 1 KO REBEEK -7, FERITHOVT
13524620 H B SIAE T A Y h> & Kb 7B 53853014,

Survival rate (%)

R D 5 & & 7B H30.07TH - 7 (Table 20),
HIFRFE IS W TR EIRBR IS S EAEESE S g
Mo DTINPHRDOIEEIT >V TELERIEL T
1p ot s, ZRERIEL FRE L2 BEI0H o2 EE
BakdE L TREMBTOERKRE L H0—T, BE5E
RSB TR E L EDH - 120 (Fig. 59)

80
o5 | ] IIII
70

65

Shell length (zm)

Fig. 56. Shell length of D-shaped larvae (Ariake)
Vertical lines in bars denote standard error. 10~109
larvae were measured per one female (mean number

- 45)

250

200 r [ I

150 r

100

50

0 \ G T
|

ol1l2ls]als

a 1 2 3

Fig. 57. Shell length of larvae 20 days after insemina-
tion (Ariake). A couple of bars for one female express
a replication. Vertical lines in bars denote standard
error.

60 r

n 120 day

50 020 day

40 - B 2 month
Bl 2 month

30

20

0 | | L

91‘2‘3‘4‘56789101112131415

4 1 2 3

Fig. 58. Survival rates of larvae at 20 days and spats
at 2 months after insemination (Ariake). Several bars
in each period for one female express a replication.
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Table 18. ANCOVA for estimating heritability of shell length of D-shaped larvae (Ariake)

Source d.f. SS MS EMS

Between sires 2 668.90 334.45 0 %w+64.30%+215.57 0%

Between dams
within sires

12 2350.18 195.85 0'w+39.590 %

Between progeny
within dams

0'23:0.10, UZD:4.82, 02\\7:3.29, hzs:0048, h2[):2348

667 2196.24 3.29 0w

Table 19. ANCOVA for estimating heritability of shell length of larvae 20 days after in-
semination (Ariake)

Source d.f. SS MS EMS
Between sires 2 176726 88363 0 %+57.6801+253.71 0%
Between dams 12 366345 30528  ok+51.060%
within sires
Between progeny 777 891285 147 o}

within dams

0'252212.94, 0'2[):575.42, 0’2\7\/':1147.09, h2§:0440, h2[>:]..189

Table 20. ANCOVA for estimating heritability of survival rate of larvae 20 days after in-
semination (Ariake)

Source d.f. SS MS EMS
Between sires 2 763.65 381.83 0%+ 0%+1.96 05+9.66 0
Between dams 12 1609.59 13413 0lwr0i+1.930%
within sires
Between progeny 14 833.31 5952 ohtok

within dams

0%=30.46, 0*»=14.13, 0°w=821, 0%s=47.38, 0%, =47.41, 0%:=46.86, h’s=0.141, h*,=0.065

20 1

50
X
:15’ 2 40 1
< 5
g10 =30 7
¢ £20t
ER 50 |
= z |
0 ‘ ‘ ‘ ‘ 4 ‘ ‘ ‘ ‘ - ‘ ‘ ‘ ‘ | 0 | | | | | | | | | | \H\ | | |
Q1|23 4|5|6|7]|8]|9|10/11|12]|13]14|15 91‘2‘3‘4‘5 6‘7‘8‘9‘1011‘1213‘14‘5
& 1 2 3 & 1 2 3

Fig. 59. Whole weight and survival rate of oysters (Ariake). whole weight ; 13 months after insemination survival
rate ; between 3~13 months after insemination. Several bars for one female express a replication. Vertical lines
in bars denote standard errors
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2) IREE~< T+

KFEBRX TODIGA (R 2 HER), ZFE15HEZ D
Wik s KUK 6 » Ao KA (HE&W 5mmd
TR DRtEOEEI: £ 2 186.1~91.8 L m,
110~270 um, 5.9~10.5mmTdh - 7z (Fig. 60, Fig.
61, Fig. 62), Th 5 DREITOWTRHKLS D 53K
O IBEFRITE 42033, —0.158 X 0°0.09, BEEES D>
HRDICEEFIZ039, 0838 L UV086TH - 12
(Table 21, Table 22, Table 24), %7z, Z¥515H%
£ TONEDERRO NS, RS o8 EF
(384093, 0.74CTd -7 (Table 23), ZFEEFE 8 H
E10Ho&FEED VPEEB L US~10H 0AERITZ 1
ZTN15~2Tg, 19~45gH & U'32~100% D HiPH 72 - 72
(Fig. 63, Fig. 64, Fig. 65),

I 0 6 OEIEFRIF 8 HoaERT0O LT, 10

Shell length (um)
®
Ot
T

Fig. 60. Shell length of D-shaped larvae (Hiroshima).
Vertical lines in bars denote standard errors 23~399
larvae (121 in average) per female were measured

300

A AN [FTR

150

(
N
o
o

T
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Shell length

50

1‘2‘3‘4‘5
1

4

Fig. 61. Shell length of larvae 15 days after insemina-
tion (Hiroshima). Vertical lines in bars denote stan-
dard errors. Several bars for one female express a
replication.

Whole weight (g)
=

Q 4Joo o

81

Ho4ERET0.06~0.430%HHTH D, 5~10H DA
FT0.77TH - 7z (Table 25), ZHERFEDIOH D4 HE
EAEHMERE Lo o NMESE, AEEK, 150
W O, FAEERE S OMBREIE —0.42~0.41D
#HiPHTdH - 7 (Table 26), HIERMIMAEOHRE LKA
DLEE & OHBIRKE T v 7Y =) v IR T —0.28,
H TEKT—0.30TH - 72 (Fig. 66),

3) T T o) v IENEE A TEREO R
JLEEE < #3122 W IR B G > © HTef 41 30
ThHI0HF COLEROFIHBENRE T v 7Y =
) Y 7ERCTIE A TEBICE ARV EEZR L (Fig. 67)0
ZHEH14~16 n HOHERR R T » 7Y = ) v BT
55~100% (F1995.6%), # T#&ERK T40~100% CF1g
89.0%) THy, ®ERELTET v T = v IEK
DEBRREVERRER LI (Fig. 68)

)

Shell length (mm

o

I I I I
2lslals]|a
3

I I I
2l alols
2

1‘2‘3‘6
@ 1

4o

Fig. 62. Shell length of juvenile oysters 6 months
after insemination (Hiroshima). Oyters less than
Smm were not used Vertical lines in bars denote
standard errors. Several bars for one female express
a replication.

= (S [ W
o o wot O
1

E  mesh bag

’ O upwelling

Fig. 63. Whole weight of one-year-old oysters in
August (Hiroshima). Vertical lines in bars denote
standard errors. Several bars for one method express
a replication.
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Table 21. ANCOVA for estimating heritability of shell length of D-shaped larvae (Hiroshima)

Source d.f. SS MS EMS
Between sires 2 2399.7 1199.86 0%w+136.8 0 h+421.4 0%
Between dams 9 9529.0 981.00  0%+109.20%

within sires

Between progeny 1445 291721 20.19 ol
within dams

0%=2.02, 0%=2.39, 0%=20.19, h’%=0.329, h*=0.389

Table 22. ANCOVA for estimating heritability of shell length of larvae 15 days after in-
semination (Hiroshima)

Source d.f. SS MS EMS
Between sires 2 59193 29596 05+204 0 H+961 0 &
Between dams 13 2164308 166492  03+1800%

within sires

Between progeny 9948 10737127 3642 b
within dams

0%=-164.99, 0*%=903.45, 0*w=3642.17, h*%=-0.151, h*,=0.825

Table 23. ANCOVA for estimating heritability of survival rate of larvae 15 days after in-
semination (Hiroshima)

Source d.f. SS MS EMS
Between sires 2 1149.7 574.86 0+ 05+2.0005+10.6 0 2
Between dams 13 24878 19137 0wt 0ht2.000%

within sires

Between progeny ) )
within dams 14 833.31 99.52 Ot 0w

025:37.74, O'ZD:29.84, O'Z\w':94.07, 02b3:20.08, 0'2}32, - 1872, O'Zm: 1890, h25:0934, hZD:0.738

Table 24. ANCOVA for estimating heritability of shell length of juvenile 6 months after
insemination (Hiroshima). Oysters less than 5 mm were not used.

Source d.f. SS MS EMS
Between sires 2 140.98 70.49 Ow+78.401+246.3 0%
Between dams 9 357.36 3971  0i+56.30%
within sires
Between progeny 730 1720.86 236 ob

within dams
02320.07, O'QI):O.667 0'2\v22.36, hzq:0085, hzr):0.860
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Whole weight (g)

40 o

4

Fig. 64. Whole weight of one-year-old oysters in Oc-
tober (Hiroshima). Vertical lines in bars denote stan-
dard errors. Several bars for one method express a

replication. ] ; upwelling, B2 ; mesh bag.

Table 25. Heritabilities of whole weight and survival rate estimated for adult oysters (Hiroshima)

100

80

60 T

40

20

Survival rate (%)

83

Fig. 65. Survival rate of one-year-old oysters between
May and October (Hiroshima). Several bars for one
method express a replication.
[1; upwelling, B ; mesh bag.

Culture

method Replicate h’s h* h%.p
upwelling 1 0.00 0.05 0.03
Whole weight in August ~ 2 -0.06 0.38 0.16
(one-year-old) mesh b 1 -0.01 0.06 0.08
S bag 2 -0.13 0.49 0.18
upwellin 1 0.20 0.34 0.27
Whole weight in October o P & 2 0.43 0.23 0.33
(one-year-old) hb 1 0.29 0.32 0.31
fmesh bag 2 0.06 0.75 0.40
Survial rate between upwelling
May and October and 0.77 0.93 0.85
(one-year-old) mesh bag
Table 26. Correlation coefficients with whole weight in October
Character Upwelling Mesh bag
Diurnal growth rate 0.243 0.406
Survival rate between May and October -0.204 -0.159
Shell length of 15 d larvae -0.275 -0.304
Survival rate of 15 d larvae -0.212 -0.415*

* ; significant at the 5% level

55 1 O upwelling
i (r=—0.275)
w0
= ® mesh bag

+ °

g4 J . (r=—0.304)
Gy ° [ ]
> é
=35 f ° °
.20 ° ° ® 0 e
15} O e
z o) O oe o)
° (@] O o ° oQ Py %
E 25 ® & o°
= o o

15

140 160 180 200 220 240

260

Shell length of larvae 15 days after insemination (um)

Fig. 66. Relationship between larval shell length and
whole weight in adults
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Fig. 67. Whole weight at 14 months and diural
growth rate from 14 to 16 months

E /\  mesh bag

=z z

bBHIEEPERENTHEEED L&, TORENE
EFRICL > TRESNTLEEEIERKICH, T
JEEBE» L FEEINE EEDERICOER TS
M, T 2oOo0EKIEEL TR W (Falconer,
1989, HIEICBIL, EETHAE (Vo) &RBS
B (Vo) DL Veo/Ve KD EHRED 5 5 &L T
BEIC X > TRIESNAEEEZRL, [JEROELEE ]

7 Al

a1
100 [ m M m

60

20

01 02 03 06

72
100 [ M M M

09 11 13 14

100 77

80 r

60

40 r

20 r

16 17 18 19 21

O upwelling B  mesh bag

Fig. 68. Survival rates between 14 and 16 month after
insemination. Oysters were divided to two (upwelling
and mesh bag) methods at 14 months after insemina-
tion.

EMEEN D, Ve& Veld, 8, BEED BRI
ETET, HEARARLHRP 7o —r (Ve=0) =M
WTVpZEHEEL, ITNALTOBEETHEMEL > TL
% b & OEFORFAR S E > S5V T2 DEFDOVE
HeTd B, 7272 L, HEOEL AT 2 85T
DT FWIAHDOBERN 2 125y i THIL 2 L1
A, KRTEHLWELRTFEERKT 5 L1035
DT, HEEEFREEYEHARobDTHD, Dk
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5 1 IR E L TR R IC S 23 E#EE LBV, —
F, BT Vo) EHEMEESE Vo), #
e (Vo) BLUThootHEER (V) icsElT
=, MEES B (V) ERBESE (Ve) DLV,
Ve 3RO LT & Z IV 72 EF O E
k- TIRESNDEIGERL, RFBOBMEE] LT
INnb, B [BER] & 0WIEE1E REOELEER]
EEWL, BREIEICIIEEICEELSMHTDH S
(Falconer, 1989),

KBFE TIREA D NASELIC & D D BILR KD
723, DELYIA, SZRE15H F 721320 H iR AR B & UHE
AMomsE <, G « ILEFE & & Bk S 2 5 D
EHRITL OB 2 5 OBIRR D18 D RE 7Sl
ZRTEMIC S - 720 REESY D & D EF TN
A D fhc HaBER BT e B R A D -
TWasDEah, IO Ehs, Thoolgicid
Bl 2 E R D IV D 20 il = T O BHERh RIS EAVK &

HELTWD EES NIz, KR TIERICH 2
D A RENTHARER D FE A O EK I & LTV
Mmotzb DD, DEUNARIZIZ A TE81~100% Dlighs
boteo 2 AFO [IVE] 1TEAT 2 IS EFRITEE D
S, SO FE I HEIS IO B I HEBI T el S i D
Db - AREENREZ SN B, TN SHEBIN O @R
TR % e/ NRICHIZ CEEORE S B 1coicig,
BHE OIS TS A MG Uik & ook
EATEHKEUMASEEbIT, BEATEITy 13V
7S A CREINVERTEX 2 HEOHELLETH 5,

THHEHBE O WA DOFRE O BIEFIT O W T, Newkirk
(A9TD R T AV A A FDORYDRZEITED 6 HB XU
16 H¥hAET0.25~0.50 #EZE L 720 &7, Strémgren
and Nielsen(1989) 133 — o v /¥ A H A DN
Bic X 0 14H B X U 28H WA Dk K D HEBR Yy 5> S D
BLEREZNTN08B LUV0SEHEEL, WIn b
PR TE BT EERLTVL B,

KRWFFLT, WS D & OMEAILL L D& 3 HER K
6O (b)) %, ZhLIANDBE IR » 5
EMERR S & DEDFEE ((Ws+ h'y)/2) %z
L4 2L, HPED L CLEEOYERDRSA D
i T0.058 £ 1°0.36, HIEATSA DR T0.448 L U
0.34& 10, HEMPEDOHREICSDWTIREDL S DRE
HMOHFTET A HHF EEREDBELERTH - 2,
L L, WEoBRE kB o 2= a0 i d0 ik
HHBEPKEHBMEES LOKIGENEAD &N F
(Table 26, Fig. 66), 4Bt < DI IC & 0 @WK
EA2RTEEHZE CL3HFTERVEEZ S,

— AN B RRPME WV E GBS R L P T
<, flfFEK LD 3RFJEEDPENTH 5, KT
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F10H o &FERIT DV TREUL S 5 DEER DT
WiE7 Yy 7y =) v 7&K <c0.3l, # IEKTOITT
Ho, BRGMEEZITOBICREREEAE L TV EE
BThHsEE25, ~HFHHOERDOELELRIZOL
T, Lannan (1972) (&= # F 04 WA X 00.33,
Hedgecock et al. (1993) 134824 0 B & Ok 4 o nAShl
TORWITE D 02REE EHEEL TV T, AR TOM
LV BDITE > TV D, PO THADSHE S ek
EEECTHRBINTE LI FBIEBEDTF &3
Mg piEhcitReicbo L Ebh sic B
boF NS NEREDOBEFEERLI &, KA
WoeEREICBT 2 B UK FILE SRR N TX
E L cBIG AR e A RIE T 5,

ILBETOREMII> W, AEREILERLD
EWEBEREL - 70, BREREIKRDONE P o72bD
DHHAE O REBIN AN T & 2Rk IC & 0 AEERE IR E
CHRB->TOWT, FERIAHEE LD A ELD
SHEBTE 5 EEZ LN,

—RRET, RS SEINE LSRR ERICH ATEE
BEEEBEWVEDRH 5 ESHNTWS (Falconer,
1993) %3, Beattie et al. (1980) (ZEEALIIH 2 E &K -
o B FRMBESRIEL D bEVEEERT EL, K
e D9 & [ERR, BIRICHR SEENE RO FE %
HfF TV 5,

BB, EEEOSLIX $1h 604 Wbk 3Bk
PRV IE LFEBRXIChrb 5 F, —H L THoRES
D250 1 EEOLERERE R L (Fig. 68), O
SRR AR O I o AR OB L D b FFICK
L - ENDS, WO LIVEDEENEES]
WilehEREZONT, 15 OEENEERIC X
50 EHEE I NI, T OERDME FICERKT B b
O EHEOHASDLEICEIDEL S D0 IFHEYD
RHLEFIT K 20N 20 L7\ &R S 80 hs, sSRCEE
WTOZ D& D BERN) 7 SessBEOTEAE I, M E
EAEOLRAR R E L@ ROMTEICKEBEL
EH5Z56DEEZ N5,

ILEEIC>WT, Ao LEEDOEEETE, Ty
o) v IER, hIEKES, AL LI0AT
BERSEWEHRFID B - 72,

FEBRXANTO 8 HE10H 0 AHEREDOEHRE DXL
%Fig. 6NTRT A, EEERHOILSHAITTRT v 7
U ) v SERE S TEREOIEYFREOMIC 3 EEE
M5 L (F=0.576, df=1, 73), £/, 1 Kh/havlfiz%
R T EDS, MEREED 2 » A TRME N2
RIRE D N5y 23D L T EDIRD, H TEK
T IR BT O ] B 1 LR 0 1313 2 f5 T
b o tens 8 ALK IFFEERX b 72 b DPEHE /N E <
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+ Mesh bag
Y=0.692X+0.043 N
05 +*=0.677
5]
S 0.4
O
S
£ 0.3
% O Upwelling
0.2 - Y=0.602X+0.029
r’=0.559
0.1 :
0.25 0.35 0.45 0.55

CV in August

Fig. 69. Relationship between coefficients of varia-

tions for whole weight in August and October

1o f e DR R R — 2 DFEA 1L & DR S MEHIN
YEBEABTZL L2 2 EA0H OBEEEE 8 H &
DD =2 DRRTH 2 AJFErENH %,

F 7, Fig. 69CHEREDOYUIR IC3fEM=R1%7T
HEAMMH O (F=30.86, df=1, 74), 7 v 7 v = v
TEIG A TEBRICENFEBRXN DN F Y F 8K /)
S BBMERDD >, TNERFEIE, Tyl v
7&K TE C oM ofkE (1.5L 45 /&) BRs
T, i, REOMEKREZETRICEE L /i),
FRIC KT O A TR AR B S & 72 0 SEERX N o {#
RO RINEDRD LTz tod EHEES N1z,

—F, SHOAERIIOWVTEED K LERD Y
HOEDtRETRT v 7o =) v ENK, 7 ITER
EB 5 WKETHEEDD BN LT > TH - 723,
W0AKRET vy 7Y =) v 7 EKNT S WKETHREED
HHEN 1, D" TBRTRIBBLES BT NT
NIfHTHY, RERBIIHOVWTT v 7Y 2 v &
DR UEBRROMOEEZ/NS S T2EPHZ D
DEEbni,

N6 &k, REBEBKICEEZT Yy 7YY
Y UEKTIE A TEBICERERX O T OB O &
BINS KT BT EMABEEEbN DD, touiikE
DOIERBNETH 5 T EDlER SN,

BRI AN T v 79 = ) v ITEBRD D5
PrEWEER LA, [H—sBCH o 0 L F2ERXH
DEDHMEEGFT 2 &, Ty 7 v v IEKT
105%, # I/ TII5% &7, LEETORERRER,
HRETET v 7Y =) v IERO G BEBRX O/ O
ZERINSS T EEB D >t LOLT Yy 7TV
TERTIE, BIRE DRI E U FEERX N O fthif
I L GHEEMICBIL S LedT Vi s b
BExh, FAKERDEVESE IO Sk ER
XEDOZENRKE L LB HEE b & 5 T &Mt s N,

Gl

FAE BFLPEORERE

BC A 1 0 BUAS PRAT (S R, fEEMOE ILs
K ORTEAEMIMRE S L4 B0 TcoLHB G TE,
FEROFTRTTICEAlLIN TV S, KEEY
DOEAEFIT 2 VT b HASRAFET 0 FEERI 79813 72
ENTVWEH, BENXENTECTH > oK
BIbici3E > T, L LIEE, AWkt o
ENOBILBEE 5D, KEAEAEKEOEEE
B AR O —> & LT b RLIEF O BFE R AFICBE L Tk
b~ E,sKD 5N TW3 (Thorpe et al., 1995),

AT, v H+EEERORGFEHEO—>EL
T, Z O LYHEDOHFERIZIC S W TRETT 5,

4-1 BTFORERRE

—HEHNTHE F I INTE A D W R FEEREEDE L)
ThH, KEEBHSHYI TEIY =, TIERPHFRE
DG D BHAERAFICBT 2 MENH 5, = A FID0
TR MEsHad 2 HE 2RI L CHEESERIC L 2 AR
WbidA o Tws (Lannan, 1971),

= A FHFR O BFERIFICBET 5 T E TOFKIC L
D, BEREHE L TR IAFILRVEFEY F(DMSO) A
GxhTd 5 & (Bougrier and Rabenomanana, 1986;
HH 5, 1989; Yankson and Moyse, 1991), #ifsHE
ROSZAEREI PSR L 0 HE 5 & CEH S, 1989)
BEMBPHLMITEN TV S, HHILFFEELTEA Y/ —
Woe R4 74220 hk CEHS, 1989) ik
WEFREK[EZH Vi H ¥ (Lannan, 1971; Bougrier
and Rabenomanana, 1986) 75 EDSERH STV 5 743,
WAREE FAR K T O FR I 20l 73 1 E T U 72 15 A
Skt anic T &, BRI RIS
RIS HIEEE & 5 R T DRI 5 2 2 2 B D ME H
EINTV S, F T, HHEE R FAQEL T B P E
&, [6 UEA» SERILL 7o &2 2 lic b 7 b {di
T EMEND BEE, BRINLIKEEZ e v M
NI TERET 5 T ENERIN B 720, RO THR
DR DORE T 1T M I B D RS I LB IR R o
Sl SME LS S, 51T, INE TOMEFTOMR
IR R H~%» ATd 20, FHMICIZEERI
HARENEREN B 120, EMRESSTFICKZT
WEBLTT 205 b b b,

AW T~ 7+ RGO BHFERAF IO W TRED
WFZE0) & bt & U<, wliBhi /s s AR A o i sh 2,
MAERARKIC K 2 EE L E Ui S, B
RF DFE T-IEBE MRS 2 D R E 1T M3 I 528 K U2k
ICHERINS 7o 0 DR FRER 5L L bic, Th
5 DfE RIS W AR BRI RAE U 7o8G i <ok
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L7 FAER B 5, BRI O TR L O nlhert &
BErl tazHmE L,

4-1-1 REREH L SNTEOR

il ik

FEERZ19914F 8 H A 519954 9 HiZh 1 Thr - 72,
MOEHC 3 U XK EERRF S FT e o fRic e N LT =
B LIl ~3EWMOILREZ CEEWME~ T+ 2HO
72o TNOHDHF ORKRMANATHE LIcEYPls &%
O BRWTREEBY, #7195 2 Exy b TR L%
ol U TR - RINETT - 7o,

HEREA OBETEHS (1989) TS %2/308
FEANT K & Utce JRFGH % 2/308 N Til/KIiT X D
—TEDEEICHRL, Th & 3B BmERER RN
L e mig 2 ek, o1 40LETRELT
REMOKE L, F2500 u LOAKEFH A o —§F
HE (AR 3mm, £5120mm, Hibe=—18, =
TP TEEM) 12200 p L2 flEe, —bin % ZAEhig U < &
AL Tee BRAFTIREHE DFE FIRAE 1310848 1-/200 1 LA 5
KELUl, HART CIWWHEZBGL, BEK THRO
2 b o —FRiREERp D LS T RRLLERE
Ltco MEZMIEEHLTVE LR Mo —EFholik
WCEVEES & v 4 — 2 S LiIAA TREER L 7o,

R II T A L o= H/KEKp (21~24°C) 1T R b
o0—EE 1N ERIETAIEICE DT, KT D
HEBR130.3% b )oYy TV =R Z W 72dye exclusion
Ik DHEL, BAMEE N coMEEB MG ++ JrEo
AR ICER)), + (3P EOFEFH3EH),
+ (REFHLITORF2ES), — (13T NTOHR
F5ERIE) O 4 BRE TR L 72,

RS 2T CICZRE LA =y =212k b LI
7 522 (F=E100mL) N O100mL#E/KF~105{E D
PE AN IcERICA b e —EIRSORRERNL 7 5
23 FTHAIR-> THIFAT ST EITLDITYL, &
HIRIMEOPINIIT DO D - oo BRI IIBAMEE N T
AR EE b 200 % 6/ Lo, 1A 2
~ 3WlRic 7 5 2 AW SERILL 7290 D 43 EIN o E|
GAaROTZIERE L, T 72, TR 6 ~ 7RI, I3 A
BT7 5 2aNERSEIIALLERICERRL c—E
= DK O A (A~ & R4
UNAGTHEL, 2BUCHT 2 W E O EI S % Bl R
& L7,

MEDEE ZFLE2umDH — ) » V7 4V F —
THEE Lok E AN 5 ZBIDILAE —H —thT
fro, R E L Tid 7 O Pavlova sp.& WV 7o,

P bohdid, HrodfEREIcBT s nlifEo

FER T Ham L TRV,
TR, HERER OB EENAED
TR & SRS L, RS 3R I 20 R PRAF IR AR R L
THRTOERRERN U, 72, HlEEKRER OV
56 & BUERE IR % O 725G O Rl AR SR o L A FH X
FRENIAERE LCEB L, RIS AGDE
b 4RO b u—FEHERL 7,
OuE LR
8 %DMSO% F7- 2 BERH#EH & 5 15T, ik
DAL EAMEIR O R B L KD T OLEDOEE, O,
W RENE LTy a—ra—2 @RI Ly
F A vBLXOCHRRIME 2R L 2 Fidomikic -
W, R O RS T O AR & R R A R L 7,
BERAHER DI 13 W N SIS & TR AR O K T
(% 3R 27RT
TR A 8% DMSO
B 8% DMSO, 50mM Y1-70-Z, 6 mM
SCyTwILYM A
T C 1 8% DMSO, 36mM ¥Ya-7o-3, 4.3mM
SESTILYN Y V)
20% ARGV
5B, WEHIAEOREHT IEIE B &2 W,
QBHI Tk
Tas 5 A7) - -FORREEEEFHE T,
A be—FERGHTEHEELT,
FHik 1 R ERRAARDORKIN» S 5 em FIC
SR » =2y —OEmMEBEL, TOHh
IR b u —EHAFEEINE L CL00HFHHE

k2 EES (1989) oIS E, 45
ZEEABREIC A P o —FENELTA Y/ —
Voo B 5474 2605 iR E

FHiE3: Ao —FoE FHILEBEA (—80°C) (260
oy RelEE

D 3 AR L e,

# e

RIS RE O EER I EDIRHTET T C %
HOEBAERTIO%L ETh - bEm0iEzRL
(Table 27)o —77, FXITFEGARIT EDHPIE TS
Hik1ThboEbRED -1, HiE 1 OFRERTE
W %2 WK T 5 E PR B145.9% Th » & b5
<, BWFAEREREN -2 CRI24% &S - & HEL
AR L 7o Frz, FHUE B T IR I BE
THRENA X DBEMT, EREOID BVWNEST
Hotoo 1B, —60CE TOENSEERE I, Kkl
TIE—114.3°C/ 4y, HiE2TWE—94"C 4%, 53
Tld— 61C/ HTh-1,
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Table 27. Effect of diluent type and cooling method
on the viability and motility of cryopreseved sper-
matozoa and relative larval yield.

Coolin Viability Relative
Diluent moe(‘)uhog of sperm Motility  larvel
(%) yield(%)
1 61.4 + 34.4
A 2 65.4 + 3.8
3 59.3 =+ 1.9
1 72.7 =+ 45.9
B 2 o7.7 =+ 6.7
3 52.2 =+ 1.9
1 7.5 + 12.4
C 2 72.5 + 1.0
3 75.5 =+ 0
Diluent
A 8% DMSO

B 1 8% DMSO, 50mM sucrose, 6mM reduced glutathione
C : 8% DMSO, 36mM sucrose, 4.3mM reduced glutathione,
20% fetal bovine serum
Cooling method
1 @ nitrogen vapor, 2 : methannol-dry ice, 3 : deep
freezer (-80°C)

Z =3

v A FREBFEROBIM E L CTEH S (1989) 1
5/67 N Tiff/K1c 4 ~16% D ELFH TR L 72 6 BEp
DOEEDODMSO% L, 8% TH » & bELZhiR
%3 TW5b, ¥/, Yankson and Moyse(1991)130.6
DT vy ARG RV IS I K 1< 5 ~20
% DDMSO% /AR L 1o TR & i L, < 47+ Ok
FIF10% T, FlEYERZINB TRETH-72E L, &
SlceHF ERBOC tulipaD R Tl1E, 0.6% 7V
v Y OFBTIRING & 0 BRI B AR O AR A
M bkd 52 &A2MRELTYL S,

KR TIE NS DR ICE S W TDMSOD R 4
89 & L7chs, ABRICHIBINITINA 7o BUERER O
TR C AR B D RS D HE R R @ B 1 fx & DR i 22
DA O Te VLI 13 LI O BEE M0 B M E
OHFERFICEE S, AL O KRS T OZENIC
B2 EFELAOSNTVS (HHS, 1989), AWFIL TR
FRR «GEEE G & b I RRRME 2SO HIK CH T
NEEEHVA, BEoEWHERZRLEZY, Tho
RS E R I R s g, Wi - & B KL
BEsot, TOTELYD, WHEC THO AR
Mikd, MREETOZEENZMOLDO B TR
SHLh, HDHVIRIEFE SR EA2HET 2 algErE 2
» 5 EBDbNI,

Va—/ 0 —R15EHBEOREELRE T Vv — IV

Gl

(3IEFE PR E R & LTI O Bk IBE S L 72 4R
HEIEH A RTEDNTWD (Franks, 1985), %72,
BV & F & v BRMERPAKERE GER) &
DHfAEDHERHER 2 H b A, KT, 1989), &5
I KPGEES 7 Salmo salar (Mounib, 1978) 8 kX U
v (Lindemann et al., 1988) T3k T D EEED IR
FRRNRDBED N TV S, AWK Ty 2a—sm—2 &
BT 7V & F A VAR U ARE B &, %O
T OEERECHEE L FICED 2R ERS B h -
too UL, MERIND AITHAEWHTRES AR %
U7 & EIRBURSIR OEIED A L B 1 2 )
DHESNILTED S, LD~ H F kB REH
DA E L TRAIEB &2 W72,

—RT, A B ORE T, RS L%
BIEIRET 2BEOMIMELE LTI, _vy b, £ ¥
J = ¥ 54 74 R, RIRERERE, 5 21L
7O A7) —F—EHWEHEREND B,
7 F OO HFEFEETINE THO SN T X GEH
HEEEZET, BHEE S TEaEHRE IS E VD H B,
AWE T, HEGEOEOCATHREDEV LD B
KA R KR E R BA R A2 5 T EhRS s,

HHS (1989) (3, 8 %WDMSOZ BiFERHERE L £
§ /= K54 T4 REHWISENTEIC L D #100%
DI ZIERAEB T VDD, KWPFFELTA Y/ = F
A TARCKBEENE (Fik2) TRIFEREPES
N -tc, HHOWRTGHBIE» OFA EN S5
HIBHIE10 2 OIRIE 3 —25°CTH 258, KFEDH
A2 TlE—675CT, H#E3TH—-365CThD,
Sl s Ntz 72 —80°CHTE T O R F R A3 3047
PlbicE L,  ORITHEFIT] S o O K7 R E D FE
ELEAREELEZEZ NS, b L, AIEEEMS
(1989) L D#EHDOEDSH W EMOHEEDP X b o =K
BEDETHEL 2GHIEEOEVEFICLE2bDTH
BIES, AF /)= FIA4TAREICEBEEGS
R O B RN W &I 5,

R ERRERBNTHEN T S IR EHZELRE R
WHIL el &2 2 0 & 2R EZRPICRE L TRET
50T, FlLEEeEM z N LS, Eil b -
L OAL T, B 7 0 OB b 2 VRIS S B,

4-1-2 REZEREIICKDZHSANHEORE

7 &
W% TR ORI & 0 IR ERRAER RN DR
T3 ENEE, IRERICERIE L, 2 TR
HR DR FHERRIET 2 R L 1,
Tt E=—llF 2 -7 (N 4mm, RSH
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30mm) %W TIER L e XFFBIc A b —
BEEHYLBEMLBEVWESICELIA, T
IR IR E R LD S 5 emDFFEEIC L % X
HITTEEICHIE L TARKUCE s ¥,

SAET 1 (AU < 10em D FEREIC7E 5 & S ICEE L T&
SUTERH & H 7,

SR 0 A b o —FZ2SREAIER O IHE (M 9 mm,
E&#120mm) T ANT, FESKEER
FH» S 5 emD S S I 5 K 5 ITHEE T [H
E LT,

1%, RARGERORELSMISEM TICX 0 sAIL 1,

& ES
ST &I T EEHIBHIE R 10~25F) o i ic s HI
D EEEBB O EHNIT & - T 5TLL O BEE IR A7
nHoNE (Fig. 70) A%, &M<l EEBEA O i
nIns Ly EiRchthsh, HHPOERE EF 3
EAERONIE D 5Ty BEMENOEEFDOIZS D&
BN E b o & SIGEEEDE WAL T
HEFERMT44% 2R L, BEIRE DS W ho — kX b
HEH S M IcE D - 72 (Table 28),
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Fig. 70. Temperature changes of sperm in the straws
cooled in liquid nitrogen vapor. I ;exposed, 5 cm
above LN, 1II;exposed, 10 cm above LN,, II[;in sheath,
5 cm above LN,

Table 28. Viability and cooling rate of sperm cooled
in nitrogen vapor

Cooling condition Viability of  Averege cooling

until-60°C sperm(%) rate
mean s.d. n (°C/min)

I 63.4 50 5 -79.8

I 599 71 5 -07.5

il 744 59 5 -38.2

E z

Bougrier and Rabenomanana (1986) (210%DMSO
THEREAE LCHY, AERKEHEO 5cem 5O
AP T 3 NEBHIREARER T NMRTET 5 itk
D 46.9~92.4% DS SZHERZG TV 503, IHEIEE
FEOFHMIAHTH 5, AL TR, BAEELEELTR
TOWVL DD DIBHIGI TR 28T 5 2 &L 2ME U,
PREEHEE D E VI K O RBR O FARENEIT 5 C
EARFER U, S Efho 250 TA SN %k
BB D BUHEIEOE WA S 0 2 Fi TR BREFIC
B B FHENI T OKBTEBIRE AR - T b
EHEER SN B D, HRBOFEIHEDOEIISE A v L
TThh, D EbERBIFLTEINS DML
DEVPTEMNEH T2 EREA RV EEZ SN,
F o, FHMIC LD [E—DIHNE ICE-RAD A b o —
HEINL CmEIT 254, e —ELIUhE, &
HVIER Mo —ELS LMW EEMESEDEIT K -
THHBROBHEESEBLEDLORE W T EXTFHERT
Bovon, llrcoz o —-EE2Y L THNdT 54
e LEMEME L TR ABETH D EEZ ST,
S 51T, WARERETD S O /NS WAL D
HEErZFIT WEEZ LN, DkoEBRTOBEIG
M1 TIT - oo
4-1-3 SKEHEBEOETFREOKRS

bl &

B FPORINL 72 EHB ORI (=K, #BEE2.5X
1085 T-/mL) %10°, 107, 10%5T-/200 « Lo JEEE 1< 75
L CHEREL, MMkt EREZNENORE
TR L 72 & 2 OZEREFEE T & K L oo /5T
RE, FEEE—EZED 1%+ V<Y vig/KTREE
%, 1075 ® 1ICFHR L CHMEE N CliBRBEEE I
L OEHE L TR 1,

#® e

10X NG T AEER O S B I iR T98.2% T -
TSRS TIRT3.2% TH D, T DOl IZ SN DR
FEEBEL L BITONTIHIE N L, RO
SEE B 12 10° X THTEERS I 0 36.2% 1256 L SRS 1 < U
28.0% TdH - 72h%, 107X TIFHTEERE#30.3% 12 5F L 31
FEHE R T3 1.5% S BBITIR N L7c, F 70, Wik <
10X TIRIZFEEN4.3% £ TIE N L7z (Table 29),

% =
< I F KOG HIRF DR T-IRE 1SS W T, Bougrier
and Rabenomanana (1986) (I AMIFE & (35275 2 FE %A
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Table 29. Effects of concentration of sperm at cryopreservation on viability and fertility.

Concentration Fresh sperm(%) Cryopreserved sperm(%)
(Sﬁjfgl(%zzﬁf Viability Fertility Viability Fertility
mean s.d. mean s.d. mean s.d. mean s.d.
10° 98.2 3.5 36.2 3.3 73.2 8.8 28.0 2.0
107 - - 30.3 1.9 45.2 15.8 1.5 0.3
10° - - 4.3 1.8 18.4 8.0 0.2 0.2

DT AFV1/5~1/0DTIED > 51/ 155G 5
ICZRERDBE D > 12 ERRTO B, KR THE, BRI
IR5 D Hig7K D IR A D T RENE 2 RS 12 AL IHE e KD
BB EER L, TWROIERFEREROMIRE T
AR TEE (R b —-Ebich o &L,
TIHEED & B EERE R O AERELTHHFIC L DK T
5T EBHEESNL D - b, BRI TRISEIED
KT 8%/ 013 321> THH S D SRR A
A5,

SAER DI S B 2N DINERE LI & 72 b DFE L
REDFHICIDEL L EEZONED, KIFHDSE
PR TR SRS O RS R T 10%K5 1 /200 1 Lar 5 107k
F/200 p Lz 3 THEFREZ 290 1 KT LTV
WA, ZHERIZ18) D 1 FRE T TABMITE T L 7,
Kurokura et al. (1990) 3 LRI D ~ 7+ 5T DA
PERE L OTEREDZA L & 721 T 1IR3 SZFE R O
EKTRZ2HPALABLOVELTOVT, KFRICH T BHER
bINEE[STE2HDTH > 12,

TN, REETITBT LEREEZERP S, i
HIFF O T IR 3R T 10%5 T /200  LIZ ML EE T H
D, RWFEAMEE U TR ORIER O BRI K&
THEX10%ET/200uLTh -2 &5, EYBREN
OFHBEZE Do 5 s BHELESNZEATHHE
BOHPRERGHE» SHHEPRATH L EERS
Nice RIFEOFERD 515 6 kG ik D@ U] 78 AR
iy, WP OMAKIZERT 2 & DD, Bougrier and
Rabenomanana (1986) DOfEHE & 131F—EL 7o,

4-1-4 BHIYDLELRBFHROKRE

7 ik
Bl B £ O BRSSO BRI OFF iR E Z MEi T 5
LT LD 10~1,00085F IIDEIGTHRS L, =ZhHRL
Pl AR s L 72,

i 2
SR E AW T, LTS LD

100

Fresh; fertility

Fresh; larval yield

Cryoprese-

rved; fertility
T 1
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The number of spermatozoa per ovum

Cryopreserved; larval yield

Fig. 71. Effect of the number of spermatozoa per
ovum on fertility and rate of larval yield.

DIEFE DTV ZHRERDIPRKT 2 F 13 b
2500, 10T/ INTH41%0ZRERER LI, —
7, BESER Q510085 Il Th 2 BPINThH D,
1,00045F /I8 T W) THIERG AN A O SAEFFITEZE L 12,
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Table 30. Shell length of larvae 6 days after fertiliza-
tion obtained with fresh and long-term cryopreserved
sperm.

Mean S.D. 0
(2 m) (#m)
Fresh 95.2 7.7 86
Cryopreserved 99.9 6.7 138
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Fig. 72. Viability of sperm, fertility and rate of larval
yield obtained with fresh and long-term
cryopreserved sperm. Frl-3; 3 replicates of fresh
sperm. Crl-3; 3 replicates of cryopreserved sperm.
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Fig. 73. Early larval development rate obtained with
fresh and long-term  cryopreserved  sperm.
Open:Normal D-shaped larvae. Solid:Survival rate at
6 days.
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Fig. 74. Survival after thawing in several develop-
mental stages.
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Fig. 75. Cooling program in Exp.l. Arrows indicate
sampling points
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Fig. 76. Changes in motility of post-thaw larvae of
different developmental stages during the cooling
process. All the tested larvae were obtained from the
same batch at 21°C. -35LN and -40LN : larvae were
kept for more than one hour in liquid nitrogen after
reaching -35°C and -40°C, respectively.

* : data was lost.

Table 31. Hours after fertilization with developmen-
tal stage at 21°C.

Hours after

fertilization Developmental stage

9 Early blastula

12 Blastula ~ Gastrula

15 Early trochophore

18 Trochophore forming the shell gland

21 Trochophore forming the shell and velum
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Fig. 77. Motility and shell larval ratio of larvae cryopreserved in various
concentrations of seawater. Shell larval ratio : the ratio of the number of
larvae with shell to that of cryopreserved larvae.

* : Post-thaw larvae were not reared Bars indicate the standard deviations.

Fig. 78. Non-frozen normal larva making a shell
gland. Fixed after removal of cryoprotectants.



EEERE LTO = H + ORI & 17

20 tm

95

Fig. 79. Post-thaw larvae showing a smooth surface. Trochophore larvae just before
forming the shell gland were used. Fixed after removal of cryoprotectants.

20 tm

Fig. 80. Abnormal post-thaw larvae with a rough surface. Trochophore larvae just
before forming the shell gland were used. Fixed after removal of cryoprotectants.
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Fig. 81. Effect of rearing temperature of larvae prior
to the preservation on changes in survival rate and
normal larval ratio. Bars : ratio of normal larvae to
cryopreserved larvae. Lines survival rate to
cryopreserved larvae.

Fig. 82. Larva at 7 days after thawing after having
fed on phytoplankton. Trochophore larvae just be-
fore forming the shell gland were used.
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