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Studies on the improvement of the production efficiency of

pearl culture industry in Nagasaki Prefecture
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7 a¥ 4 Pinctada fucata martensii I H A
TIER - BEESHLHEETIAERLTY
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BT 1996, 2006) 12 K 5 &, HERDAERRITFE~
HEANL T 1986 4R 5 1995 4 (R&HA) (2 514
EM~885 EHOFHE TEL, ERNOHEEE
FHAETEFD 10.4%~14.5%% HH TV 5,

LU, 1994 42 B4R RFRED — g T
HREINABRMOREEFR LT HT oY
A FRERR (Fig.1) 1% 1996 LA, 76 HA%K
MO ERBHESH THA LI, BIAHOIERRN

Fig.1. Oysters : normal (a) and with reddening
adductor disease (b).
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Fig.2. Changes in the a-value and survival rate of
oysters cultured in Tsushima and Sasebo from
June to October 2007.
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Fig.3. Changes in the production amount and
value of pearl cultured in Nagasaki Prefecture.

BAE, RIGFROEKRBEREIIFEL4 AL T,
BIEREOR/NEEN TN, ESREHEET
EARRIBIZH 5, FO, EEREHEEE
DOHFITIE, TERDIERRT a¥ VA4 #HVvi=&
AR ELER’H B, LL, ERRT Y
HA &AW TERBHEEEZ TERITIT 5 T2 di
i, RN S 0 ATRENE WO HOEF P
BE 2 EW T DRSS LR T ILERD
%,
ZZT, RIGFEBRAKERRYS CIIERRT
aY A # AW HRBEEOREMEZN D =
LEHMIZ, MBEBIUCRBRESRMES & B
LT, TERGHBMEIBAREE (1998 F£~
2002 4F) | BEO [FREA EERBE FEREIR TR
EGHREE (2003 4£~2007 ) ) WEFEL, &
KRT avHA #HOIERT a¥ A OVEH,
BB EORRBLOEESICRYEAT
W3, AR TIIINE TICHETIT- 2RR
FRVE LD, F1ETIIRRICHES £HBE
DEVERT av A DEHRBRE, H28T
X7 a4 DEBRRIIRETEATKEOEE
¥, BIETIR 1 F7av 4 2HHACHD



Bk - REROBERIETNSE I BT 5 £ EE_LICBY A05

T HREBITHEORBERRE, H4ETIEES
HHRAAEETIERC—XBDEHRBRE R
ETHLELICESETHEATFROREREND,
ERRT aX AL DERBEFHEOEEEE
M3 2 HFEIC O TRIE LT,

2B, B1EO RIUCHEABREIEVER
T avHA OEMRR GB1E) X T7avig
OMFES NV BEREREL LBERBEHORE
W CAKD 2008d) ] LT, 28D [Tavyiy
A DEBRERICRITTATKIROKE (B1HEH
280 1 X [RIERIZRT 57 av A RBFEE
DEFKBICLDBBRERBIR (A
2008c)] LT, HBIFED N FT7TaviA %
WRICAWEERRMEFEORBRR X N1 F
T avHA &AW H O AR LUESRS
Hom bk (BxkH 20083)) LT, FA4ED 15
REERFEETIERE - HOELRR 1T
(7 aY A BREEKRBED afEEIBEL Lz —
REAERBEOREE (CHxH 2008b)) & LT,
AAKPERFE R IC R LT,

BI1E FAUMCERENBVMERT7aVPH
1 DIEHER

Eifi PavH/qmKs R oBaREHBR
& LEERBROREK

WHARZLHDT 2% A Pinctada fucata
martensii | X 5 EEREFHIE T, 1996 ALAR%,
ARG OREEREE T 57 aY A RER
WXV BEEORBEFERELIEML, AEE
DB BRENZBE L o TVB  (BAKES
BEEHEERER 1997, 2004), BAE, RERITBY
BLUFRBERBROBERN LBPIE L BH LT
WA (B 1999), #i— LRk ORE
IZHEE 5 TV 20 (Suzuki et al.1998, Miyazaki et
al. 1999), E7z, HERBFEATIL 1970 FRMLFE
WA BT TR OES (RFED 1976,
1978 ; WAt & 1977 ; FFT 1982), E4E, AL
Bl GBI REEOKRESZ HHTVER
(ZEHE 2001), FREFROIRELGRES EFELT

I ORERBFEORRPE L RoT, £
D7, EERFERD» LMFENH 0 ARENR
Wi EOMMET 2% HA OVEH FHEOBREIE
<EEh, fEHFEERG 2001, 2005 ; N
2002 ; FEJI| - {#EAS 2001 ; FaAS S 2002 ; WA S
2006a, 2006b) (ZEHT 5% < OBRENED b
T3, FOHT, BAEL (2002) (XEKED
BWT aY A 25T 252 &2 BERICEKE
BEREATY, EREEITEEIEEEIC A TIE
FUoRIEERBEL, ToREKERALTS
I IIAAKRmME L & bICRENRL, FSF
VIR BERBEAEBENEGENW LERELE,
¥/, TavHA TlRLES /37 HaENE
BOFEREREICIVENRTEEEDI, &
FRIE F T2 &bBEINTVS (fhl
1985, 1986, 1987a, 1987b), 7 =¥ i A D f1iE #
R BB BRI AR CRIETE
LI, TaviA oEBRRELTETS Y X
TOYEMRFETHS, L1L, Tavi(4o
BEBETLEY VAR EERICEE LiERE
X, RRHICBTIMEY XV EEREFE
ROEED 1 >ThHhHERGD a E (FREDL
2001), =RAF—IRCHLHABRG T Y a—F v
a8 (AF D 1995, Numaguchi 1995, Hk 5
1997) 72 XL DBRIZOWTOBRE I HAH T 5
720,

AT, THRERSERERNRNT I v HA
HOEHFEEZBERT 5 Z L 2B, 2002
FR LV 2003 FiICMFES I EEEEBH
DEEREOEEICHEL, TOEHEIMOH
7 10% % FEERIC, F, B 17~35%% 1K
EEMELTHEE24EEL, RVERERE
PRAELRE,

MHELVAE

AHEERLER BHKEIRERANORH
M APERR TAPEL, REDES N HENE
<, ERENLEBAOEHVRERRREE AV, 374
bb, 2002 4F 5 AICIIRIGEEREEE LS
MTOWRBCHE L CWEEYERE6gD3IFH



RIGEKEABSHARE 385 20124

@ 3,000 fAEHN B, 2003 £ 3 BICIX R R EHE
MO THE L CW EHERE4S5gD 2 FH
@ 5,000 EED L, BEORFEHAVTEREROR
BERESEEROEETH S 201 & 291 Eik%E
RTdeEbic, MEFI7EEEXHNEL
7=

AEHE FEARGMOLLY I ThiEEH
0.1 ml BB L, 5,000xg T 10 Syl st L7-
%, B LB 2T Sy R +— i
(Bio-Rad #1:84 Protein Assay Kit) I\ X D& o
NIEGERYRE L, £, ROy T
FWTAEFAR D O RZREIN L BT HEBRL T,
HEREH R 24T - T,

2002 P EHBRICMEY VNI EERE
FRELTHE, 0.1 mg/ml BIZESL, HXH
b 8 AR Z AR U, BURE, PARE L
NBHMOER, ARGOIY a—F a8 a
EZRE L, 7eds, PIBFRILEEE L v 47
NERE, AR, BRBICRRZRW-H4S
&L= (UEH 1997),

MEBIiagazE#xs (a=bI/Vvi8 b
F—Y—¥— CR-13) #HVT a EZHEL
1%, WIKEFHK TR L TO £ T-80°C TIRTF
Uiz, AFEBROMERBEX, MESL (1997) 12
Pe-T, HHEREZELNBREENRESEER
D BEIETRLE, 7B, RIEHOFAK
(4<% 2006b) 1, BREEZSOAWERIC
T OMEHERLE L,

BAREE DT U a— 5 o ERBIIEBINK S RE T
v bu v (Carroll et al 1956) CHEIE L=,

PROBRBEIUVBBLEERR &%, 7=
Y A OFEEAE TIIRONRMERBIC LY
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Fi, BEKEZp=005 & LT,
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27, —H, BEEOEEIL, 20024 TH132.8%
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BY 7 EEREEMEEEDOEIE & ORICITE
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Fig.1-1-1. The frequency distribution of serum protein
contents and sex ratio per class interval in the pearl
oyster Pinctada fucata martensii in May, 2002 and
March, 2003. High and low content groups were used
for seed production experiments.

High content group in 2002 : contents greater than or
equal to 1.1mg/ml.

Low content group in 2002 : contents less than 0.7 mg/ml.
High content group in 2003 : contents greater than or
equal to 0.7 mg/ml.

Low content group in 2003 : contents less than 0.3 mg/ml.
B :female, O :male.
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BB 5T (=0.329~0.573, p<0.01), £/, &
AEEHERBETHOHEREOHEENRA LI
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Fig.1-1-2. Serum protein contents in relation to weights of soft tissues, adductor muscles, internal organs, soft tissue / total body
weight and internal organs / soft tissue weight, measured in 2002. Values are means *standard deviations of 8 pearl oysters
per class interval. Superscript letters attached to columns show significant differences at p=0.05. Values in the 1.1 ~mg/mi
class interval included 1.1 ~ 1.7 mg/m! serum protein contents. The soft tissue / total body weight is presented as a condition
index. The internal organs / soft tissue weight is presented as an index of sexual maturity.
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Fig.1-1-3. Serum protein contents in relation to glycogen
contents in adductor muscles and a-values, measured in

2002. Symbols are the same as shown in Fig. 1-1-2.
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Fig.1-14. Growths in larval shell length during seed
production experiments in 2002 and 2003. Open (O)
and closed (@) circles in 2002 and 2003 indicate
larvae from parent-shells with high and low serum
protein contents, respectively. Values are means =+
standard deviations of duplicate tanks each containing
30 larvae. Asterisks (*) show significant differences
between groups at p=0.05.

Table 1-1-1. Physiological conditions of females and males in 2002 and 2003

Females and Serum protein

Glycogen content

Weight of internal  Internal organs

males content (’“E/ ml) (n_lg/g) organs (g) / soft tissue weight’a

2002

High content group™ 2 (n=4) 0.831+033 27.6+37" 141+1.8 0.4410.06

(1.12~1.62mg/ mN)*? d (n=5) 0.811+0.30 21.3+105 13.3+25 0.40+0.04

Low content group"I 2 (n=4) 0.51+0.24 134127 98+06 0.41+0.03

(0.53~0.69mg/ m/)*? & (n=5) 0.59+0.18 14435 10.1+0.6 0.39+0.07
2003

High content group” 2 (n=5) 0.72+0.16™ 2541497 7.90.6 0.35+0.10"

(0.73~0.86mg/ m/)*? & (n=4) 0.71%0.12" 246+170 78+08 0.36+0,03

Low content group”' 2 (n=5) 0.26+0.08 12.7+3.2 58+2.1 0.31+0.01

(0.13~0.29mg/ m/** & (n=4) 0.25+0.06 11.0+44 59+03 0.324+0.03

*1 Females and males were cultured for 25 days (2002) and 35 days (2003) until artificial insemination.
*2 Values are serum protein contents of parent-shells before farming.

*3 Internal organs / soft tissue weight is presented as an index of sexual maturity.

Values are means * standard deviations and asterisks (%* ) show significant differences between groups

at p<0.05.

BRERIAZEEMEZREX L V&L, K TH
WA EREHZERZ LI (p<0.05), FAR
5 a B (d) IHEHR TIIBt~8 AT, LIS
THBRIE~T AE T—EThH-o7d, F0HK,

R TIE9~10 HE ¢, EAETIE8~I10 A
FCERELTRTR: CRELHMER L, RIBH

KHEBEXEhoTz, £FEE() 1L, EHET
X9 A~ TREE CTHENEMLER, BEE
RIMEEER LY BB TRICAEER A LN
7= (p<001), FEETHEMREICEELEE
fEidAmbh, BTHRIIFESERMESER X
DHEEICEP-T= (p<0.05),
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Table 1-1-2. Rresults of seed productions in 2002 and 2003

Fertilization rate®” Number of fertilized eggs Number of full-grown Mean size of full-grown

stage larvae™ stage larvae**®
(%) (million individuals) (individuals) {mm)

2002

High content group'1

(1.12~1.62mg/mi)* 95.9" 211 120,000™ 2.15+0.45"

Low content group"

(0.53~0.69mg/m/)** 67.5 13.5 8,000 1.95+0.32
2003

High content group“1

(0.73~0.86mg/m/)" 98.0% 20,6 180,000 2.00+0.34™

Low content gmup"1
(0.13~0.29mg/m/)* 87.0 174 60,000 1.40+0.39

*1 Females and males were cultured for 25 days (2002) and 35 days (2003) until artificial insemination.

*2 Values are serum protein contents of parent—shells before farming,

*3 Fertilization rate is indicated as two or four—celled embryos / (unfertilized eggs +two or four—celled embryos)
after an hour from insemination.

*4 Numbers and sizes of larvae in full-grown stage are indicated at the end of the seed production that
started from 10 million ferrtilized eggs.

*5 Values are means =+ standard deviations of duplicate tanks each containing 30 larvae.

Asterisks (% ) show significant differences between groups at p =0.05.
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Fig.1-1-5. Changes in serum protein content (a), shell length (b), total body weight (c), a-value in
adductor muscle (d) and survival rate (e) of 1-year-old oysters produced from both high (O) and low (@)
content groups in 2002. Each symbol and bar represents mean * standard deviation of 30-35 individuals.
Asterisks (*) show significant differences between groups at p < 0.05.
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Fig.1-1-6. Changes in serum protein content (a), shell length (b), total body weight (c), a-value
in adductor muscle (d), survival rate (e) and pear] diameter (f) of 1-year-old oysters (circle) and
operated oysters (triangle) produced from both high (open symbol) and low (closed symbol)
content groups in 2003. Each symbol and bar represents the mean =+ standard deviation of
30-37 individuals. Asterisks (*) show significant differences between groups at p < 0.05.
Operated oysters are 1-year-old oysters with a nucleus and a piece of mantle tissue inserted

in each of them in July 2004,
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Table 1-1-3. Results of the high and low content grougs during restriction, nuclaus insarting operation and recuperation at Sasebo and Sinkamigoto
Restriction Nucleus inserting  Total bady  Nucleus sizes Recuperation ¥
Oyster (N) Period {month) Dead rate (X) operation month weight (g) (mm) Periad (month)  Dead rate (%)
High content group at Sasebo 2,000 05 9 Jul.2004 23 6.66 1 8
Low content group at Sasabo 2,000 05 10 Jul.2004 29 6.66 1 1
High content group at Kamigoto 2,000 05 21 Jul.2004 29 6.66 I 15‘
Low content group at Kamigoto 2,000 05 2 Jul 2004 29 6.66 1 30

a: In order to make nuclues inserting operation easier, physical strength and maturation of oysters were controlled

b: In order to let operatad-shells recuperate, oysters were culturad in calm sea

Asterisks (*) show significant differences between groups at p <0.05,

2004 4 7 B (ZRaHfF L 2004 45 8 A ~2005 415
¥ THEL-BEREOLES VA7 EEE, B
Rk, 2HE, FABRFf, £BRBBIVEHEKR
DEAL# Fig.1-1-6 1R Lz AF/IT b 6,
BRLIUEEEROMFES VA7 EERE (), B
EOBIUVLZER (o) IIEDEFRABRICELL
FEERL, BEERPKRBERICE T
(p<0.05), PR a A (D) IX EESTIXERR
BRICHELT 222N LEMZRZ b o, —
7, PR TH B RRBRICELIT 5 B LAS
HOHNEN, BTHRICRESERNESEX X
DHEEICEKTLE (p<0.05), £BR() X LR
BOEERX CHiE~9 A CHENSEI-T
2, WTNORETHYERREBR L R UE R H
b, BTRIIEFEEBEZERL VAR
IZFmd oz (p<0.01), EHRE® IWThoif
BTHLEX THIE~10 A £ CIERICHEM L
2, 11 AUBICIEE—EEL#E L, Ly
L, WIhbEEERMEFER LV &L, ¥
THRICHAEERALNE (p<0.05), 728,
il & BAEDOKRFEHM (Table 1-1-3) DOFEIE
RIZHONTIE, BEEREPMEEER L VK-
72

5 =

BEOMES 37 & BITEHERCFAE
MBI VEBT A ERTLATWVS
(Shimeno et al 1990; Shikata et al 1994), 7 =¥
HA DMIESY 30 BEBRIIZHENETD &
EHhiz, BEFIMETL, EERENRRKE NI E
HE X TV D (BhE 1985,1986,1987a,1987b) ,
APFFET, 200245 A L 2003 3 HOmES

YR EERIL, FNEN 0.53~1.62 mg/ml &
0.13~0.86 mg/ml T, fAKRED 3.1~6.6 f5TH
ofr, FLT, MEZ A7 EEENEWVEEH
BRIV a—SFUER, FAE, HERBE L
etk IR EREL Y, S a HiTH
WWIRT L, &5ic, M7 7 EE80E
PL10%D e BB L RN 17~35%DIEE Eft %
BHRELTHEGEERZIToLEZ S, AEEH
TIHMESEHEL Y, MREOHBGH S Y =—5
VERPEEICEL (<001), JIDZRR - &
EXOVRDEREEIFECE Lo (<
0.01), LMo T, MiFY 7 BEREEE
KEHZBRET L3, RERORIEREK
WL, FELOEBREBOATROFEELNL
TENHEEFOBEOLEEICRENLZ LD L
Zz ohiz,

ML (2002) RAEBREOBWT a¥HA1E
HERBRICEB T, 33.8~35.0°COKER T 18~
40H E ORI X 2 EKIEREZ 2 HfTW,
EBEEROMIE S 3y BEBITSEIEMEERL Y
&L, ToEEEHFA L LTAELERbEK
R & mMES X7 EGEE E DI, BE
BEL, ABEREPo i t2H®E LR, £
7z, [EA & (2006a, 2006b) i3 A5 RHEH 2 1EH
THED, TavHA ofBcEAL, %%
Fic X AR OEESHEE L OBEEAFAEL,
KARE CTOHBZNOZERIIRBREEL KB L
(EDFEBE), £ DA HIZ PEBIERMNEL,
BENLRERNBEE L TWAEEEDE WD
F@E Lk, RAPFETH, BLARKRILLESY v
RIEEE (1 BHIE) 2k > TITY, Hil
B EAERE E CHEIFH TR T Lz, £OFRE,
EEBEE) b A LT ORI — 8 DHIA
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REEBLICERELF MR T LIRS
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PRRBICREFERT A LICL Y, EORE

LB o 2 PEPRF LRITHER L2,

B2 ks R/ HEREEMICEELL:
FaANH A ORGEERR

TIRBTAEERX T a v A RERE) S 1999)

DIAELIR, BERLEOETHEE RS —F
T, PEERKESRRLOF g v H A HBROE
EEOWMEIC L 2THOBRGHEL, BB
HERZELLLETFTLTWS, Z0=8, B,
BIEBEOME/NCREER CICBVIATh
ENRELBOLN, ERITIAEBOL2REBICH S
(FLER¥FTRA4E 2004, FoE 2005), ZD X H7#
RPACE R AN R LT B - DI EBEEBICL
LTEVAERENE AREREREZELT
Z7avHA#EBAL, ERBHEOEENES
MEXRBIEVREOSERXRK D ECHRE
ElpoTNE, '

% 2T, EERBOBAEE TIIERRT o
YA OERRELED D=0, BRORBKREE
DORRAZRIZI Y A TWAE)I - EAR 2001 ; £
A6 2002; NAD 2005; A S 2006a,2006b)
HFE LI, BREEICEN U T E B
HICHIETE, Tav A OABREORT %
RIS 7 BER (M 1987a) (ZiEE
LB LT3, Aifi GEX& D 2008d) Tikg
wLi-ma & (EESAORM10%) LIKE
B (KA 17~35%) DEEMSFNFhES
EAREL, 1| FASHENE EAEBEINA%
WALKZE) oW T, FboofERkeE &L
fro ZTOMR, BEERNMOAELFHIES
BHOZNLY, GVWLESY N0 EEEER
L, B« ERICEN, EEINEERRIIER
K&EDol, 2O Lhd, MEF L IEE
BERRAOBREKEZEL LTEHEYTHLDB L
H|EE Lk, UL, ARKEEZERMCERSE
HITTEBREHEOBBIZRB N T, KRREDE

AL P2BFEOEEEZHNPDDILENH D,

—%, RIERAORMERNEERRTIE, R
NADOESENPLEAZ2BEL TRWABREY
AT REEMARIICBEER LTS, £,
Koy DFER AEERR T, BEIZ—RMIT 2
FREHAWS, LiL, BEEESOFFIT,
PERDERBH T 2 FRIIMBIAET 217- T
W5, £0O%H, BHEIMHEAE#MBT 5K
FIL 1 FHOF M LA CRIK L%, RINE
AIOMRBEORTIZE Y BRRMOICEKRRE S
N, £EBRROESHED TRERE R CEREMGE
WAD LZABNRKEL, EOBEREREZFEOI LD
KEHROBHZHE LATT2HEDRELE
ATWNG,

AET, KEOREEAERROREE AN
T, RBREZEALVVTERAEICEAL,
RETITbh TV 28k UMTRECHERR
DORFICEDER) ICKVAEELER & ARLP
HEROREIZ >\ T LT,

MRELUVHE

BRBH &REOHRHAICIIRERNORE
HAEEEE N RIGRET CHRE L THAN
IR L7z %8t (F3) C, AMOHETHEL
TW 1 FROFMNEG, EERBOAFIZLY
B L7z 2,000 BEEZ AW, Fhd 2003 4
10 Al & R 7 BEE&OAIER (LT, &
BREECBET) ERAEM (LT, fRBELEET)
& LTH 1,000 EETSEESTT I, £D
%, RBREOCRRICOWVWTIIBRKOBEYED
B, 2004 FE 4 AETO 7 » AEICHRED
MmiEX R GER3EMELT, EREWY
BEROBEEREBRUEEOICIIHERES 15 EkE
#=HE L (Fig.l-2-1),
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Fig.1-2-1. A pattern diagram showing parent
selection by serum protein content.
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—75, SHHEEEOH B i 2004 4 4 A (e 31
LT B HEERAICE 15 BElRESEE LT,
E D%, RREIRREE LIRRE TROMLTE X
VRIBEEERHETAT-DEREFHIE Lk,
7e3, HERERRITAEFEERNRE L TR EER
WA E LTHWSZ & ATREREEICOD
TITV, ERLSMIRFEEBEEE L, £,
2 HOBREROREIXFTTHIE CTV, B4
EEIX RN MR A PEMRY T 2004 425 A0 D 6
HADORIZAT» T2,

MMEAFE YV O THBRE»LMEEZHK
0.1 m/£2HR L, 5,000xg T 10 S D& LAHEL
%, FOLBIZOWITT Ty F72+— K
(Bio-Rad #-84 Protein Assay Kit) T ¥ L 737
HEBs*RE L,

HRANE A 7 CHBRL, RERETERS
BE L, RERITFHEREBOFE Lz, H
BIC DWW TIIRREH L D A I THIDEEL
oL, agaEH (= I/ AFH ST
—U—%— CR-13) ZHAWVTHREIOFEIE L
25 afd (BREDL 2001) FHE L, AKX
BRERLKETEREOME LB ER IS
TARKMERK TR LE (MAD 2006b), E

BRI~ 7 A—FZHWTHAEL, WS,

EBEEZZAOREERITAEN bRV,

SEL-ROEARREENROATRAR
R L S RENSAEELER (UTF, £he
NERBREX EANBELEET) X, BOFER (A
TKEHRS » A b 15 » ADR) & HEHR (i
W CEREFEET 2L TORE) O, *tBE
THIE CHERRE T o7,

9, HOERRR T, 2 KO H 1,000 {#E#&
(REFREA : 500 B, A£FEFER : 500 B
) % 2004 4E 10 05 2005 4= 8 H & CHAE
£ ARG all, 2EE MBSV 7HEEE
BIUHFAEOEEZRE LY,

W, TR OFEERBRTIE, 2 X (B
HER L R —FE) D% 3,000 fEEK% 2005 £ 8 i
2 B, HRIEFAE (it 5729icHoEh%:
RESTHZ L) Lk, E—REMNSERLE
HEB/F (B—2R) & & BHIZ6.66 mm DGR

MR Lic, Z0%, 1 » ARBERET WO
RO ET CROK N EEEEESZ L) L
otk XBBREICLOEERALZE (RRHA
EH : 500 Bk, £EFREH - 1,000 HE) %
2005 4F 10 H 2% 2006 45 12 HORRE L,
oM, BERARBREFROUEHEE L & biCE
KREORILERELE,

SELEREROGE HBRETRIZIIEX
OB RZ MR L, EFEENLERE R
Lz, £D%, FEfh e UTIRGENSTREAREER (UL
T, EmEBRLET), BHERRBLIUAH
BEROGEEICRN L, 352, BMER
g, 2R, U IEIC XV ESR I UMEERRIC
3T, PRMEEROEEATERFILOFEME
LOERESZEIZ, RA (1962) H{E L=y
B (F—nk, Ti—, KUALL, T)—=1B
L7 U—5) KEISEBY L, BifoREH
IFEBREALICIRIER LT,

FBMERMBORE FAEHEOXHICK
T AEEEIT Welch O 1 BUE, ¥ BER L U mxn
BREZRV, SREOHEKEIT p<0.05 &L
7= (NH 1999),

& R

BERE MEYL NI EEEICLAERK
(Fig.1-2-2,3){%, 3, 2003 4 10 Az 1,000 {&
kD& & [0.50+£0.15 (SD) mg/ml, n=1,000] %
BIE LT, 47 50% D 497 84 [0.61£0.09 (SD)
mg/ml, n=497] &K L7 (LT, %1 [EEEK
BELIET), TRVVT, 2004 4E 2 AICH | ERER
BoOEE [046x0.13 (SD) mg/ml, n=497] %#ll
LT, AL 40%D 202 fEL [0.58+0.07 (SD)
mg/ml, n=202] ZRHEL- (LAF, 52 FRK
TELEET). BHRIZ 2004 4F 4 H 1255 2 BB IRRE
DMEREEIFI(R 76 fEK, 052 B, RIEE74
BUR) &1T > -1k, HEREEEOZE (0511019
(SD) mg/ml, n=128] #HE L=, 0%, &
B0 B HilfERES 15 84K [0.69+£0.05 (SD)
mg/ml, n=30] Z®KL, RRBEL L=, 2B,
MiE& Ry HeER 2004 4F 4 A) L HEKD
EE L OMICIXEDCHBERA LT (=0.758,
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Fig.1-2-2. Frequency distributions of serum
protein contents and sex ratio per class
interval of the pearl oyster Pinctada fucata
martensii in Oct, 2003 (a), Feb, 2004 (b)
and Apr, 2004 (c). Oysters of final
selection were used for seed production.

a: At the onset of selection.

b: Oysters in first selection (contents were
higher than or equal to 0.5mg/m! in Oct,
2003).

c: Oysters in second selection (contents
were higher than or equal to 0.5mg/m!
in Feb, 2004)

M :female, O :male.

p<0.05),

— 7, Xt RREE OB IT 2004 4 4 A |z HERERIF
(£:256 fEA, 288 fEE, HIEHE : 456 MAIK)
L 7o B R & 2 T MEHER 15 {EH<(0.40£0.13

Serum protein content (mg/mf)

2003 2004

Fig.1-2-3. Changes in serum protein content

by parent selection. Each symbol and bar

represent the mean * standard deviation

of 30-1,000 individuals. Asterisks (*) show
significant differences between parent oysters

of the examination and control groups at

p =005
@: At the onset of selection of examination group.
M first selection (n=499) of examination group.
A: second selection (n=202) of examination

group.
O: Parent oysters (n=30) of examination group.
X : Parent oysters (n=30) of control group.

(AV+SD) mg/ml, n=30] % &%k L 7= (Fig.1-2-3),
£, BRRTRO 2BOMESY V0 BEE
TRBRESEBLYESAEEN A LN
(p<0.05),
SEL-ROWHREREBHROATRER
RREX &< REDAERR, AR a 1, 2EE,
HERE, FF V7 EEEBI A ANEDE
1 (2004 % 10 A 55 2006 4 12 AOR) %
Fig.1-2-4 (/R LTe, AFRE (a) TIX, BOERRK
(1) EHIFE (4) OFHH T, RBRXPHHE
X &g U CHERERNBENETIN 4.6% & 6.2%1E
<, FEEPRD LN (p<0.05), 2B, M
fill (2) &®AE (3) OFFAELM (Table 1-2-1)
DEIFEERICONTEH, BREPAHBER LV AR
A>T (p<0.05). WX DOEAZEM a HEb)IX
WL EEKEN L FORIEH ITEEE
#aL, afl) 5 U EOREL LK (RE
B 2001) BAbhiz, L, HRERED a L
MBE LY, BEZEX - 7ob OOKIEEN
BHA%ER L, HXOSER(C)E EHREA)IFIE
FRITHML, BTEIIIRRE DFh 5B xHE
KLY KREL, AEERRD LN (p<0.05),
mig# o N7 BEEQ@QEFAEOTEHE T
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BRI EAEEZRLFOLETLTESICE
BfEZR LD, £oM, REBRXIRBXIZLT
_THRBEWEME R LR,

WO SHEFME & rRcERUEERRD
SLE B OEARE % Table 1-2-2 125 L, £EFEL
HEER (LT, EHEHRET) ofBuiasR
KRR LY FEICENo7 (p<005), L
L, IRBERICHT 2EMEKROES (LT,
MR LIET) BIUBLERICBITIEER
BROFBITIIZERRD Sz hr- 7= (p>0.05),

T EERD Y A XBI| D ER % Table 1-2-3 (2

RLlTce WTNOKTHHARERIIALNT,

TRCHABRER TH- -, HEROH TII,
BRMERSEWVETA MatRoRh 57 Y —
LED 2 BADHINRH LN, T~9 mm BEEK T,
WTFHORS 7 U — AEORBEERLEIR
PoTebDDORTA LY KEL, TOHBKR
BITY A ZABPREL RBIERVEL 2 5HERA
BHrbhl, MELEETH L, BBRXKOZ Y
—LEOHRARRREX L HEL, FIZ 8 mm
HERTRARERA LN (p<0.05),
FATMEBRD Y A B DB EBREE, Biffik L
UMEEEH % Table 1-2-4 (2R L7z, REBRXITxR
XLV 7 mmBLET 8 mm HEROZENKE H
o7 (<0.05), i, RBREIBEIZHE~R
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0.05)B3E D o7z 2 &2, AERIT 112 fEmh
27z, ‘
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LMo T, MEF 7Bk 888Kk,
EEOHEEBEEZEC L TEBERELZRDS
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NIBEETARENEVWEEENTE ST
BEMEREWZ Lo,

ABRKOENGEE LEERIIRHBR LY,
70— AEOHBRRNFE L THMITOPK
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DHBAREROLEICKEEELZITD
TERHEINTWS (FIl 1969), E£i-, B
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HRRBRIL, BFROMERH#EZEL TG
IhdZ énb, BEREOERBRIITHNRTE
DEBERBICAREIERBEZ TR AT
5 (FnE 1972), ARRO 2 XEHETH L,
E— 2 HRfAEREILFE—C, BB LY
ERHBLNDAIRBEREVEKROEMEIZY
EREhoT, ZF0H, BREICEW\WTZY
—AEOEROHBEENFE - 21X, HEHT
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Fig.1-24. Changes in survival rate (a), a-value of adductor muscle (b), total body weight (c), pearl
Diameter (d), serum protein content (€) and soft body / total body weight (f) of oysters produced from
both examination (open symbol) and control (closed symbol) groups in May 2004. Each symbol and
bar represent the mean =t standard deviation of 30-36 individuals. Asterisks (*) show significant

differences between groups at p < 0.05.

1:mother oyster period (circle), 2:restriction period, 3:recuperation period, 4:operated oyster period

(triangle).

Table 1-2-1. Rasults of the examination and control grouge during restriction, nucleus inserting operation and recuperation

Restriction * Nucleus inserting ~ Total body  Nucleus sizes Recuparation h
Oyster (N) Period (month) Dead rate (%) operation month weight (g) {mm) Period (month)  Dead rate (%)
Examination Group 3.000 05 104* Sep 2005 29 6.66 1 138"
3,000 0.5 12.2 Sep.2005 29 6.66 1 28.1

Control Group

a: In order to make nuclues inserting operation easier, physical strength and maturation of oysters ware controlled.

b: In order to let operated-shells racuperate, oystars were cultured in calm sea.

Asterisks (*) show significant differences between groups at p <0.05.

BEETEEZBRTWS (FuE 1991), L
Tl oT, ABHRIZX Y AE L BT 2
&, BBRREVEROHBEREEL A0 4
EEMTAZENEXbNE, £, HER
FEORWMBNDRWE—REFHEAT AT
FUA PAEBROMBEFENM EL, EEHESK
nEMTsLELLNE,
LLEDREENS, WIS R BEHERK

DHEELTHZ LI, RABOEENGAEL
TR & B LT, EBREAFVES 2EHT
B3IXTHYTHALZ EBRbhoTe, £, 4
HORBRTIL, RREOAEHERS L UKREKREE
OHBEEOM LI L A3EEBIIMBROZH
Z EEY, &LITHITE CORBRBORERIE
FITHEE LY 177 E»2T2 LD, K&
RIEIZERBHEOAEOmM LICERD L&
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Table 1-2-2. Qualities of pearls obtainad from the examination and control groups

Class

Examination Group Control group
Pearls praduced (in number) 890" 828
Commercial pearls produced (in number) 466 (52.41(:)a 438 (53.0%
Faultlessness pearl (in number) 396 (as,moh 370 (84.3%)
Blem pearl (in number) 70 (1 5.0!6)h 69 (15.7%)
Prismatic prarl (in number) 417 (46.9%)° 384 (46.4%)
Organic pearl (in number) 7 (|;),7l)‘)‘l 5 (0.6%)

a: Pearls produced (in number).
b: Commercial pearls produced (in number).

Asterisks (*) show significant differences between groups at p =0.05.

Table 1-2-3. Object colors of pearls obtained from the examination and control groups

Pearl size  Yellow color system White color system
Group (mm) Gold Blue White Green Cream
Examination  7.00~7.99 = = foo'esowy - 35(1508)
AVLSE 111001 71.72+0.03
- - a * *
8.00~8.99 159 (71.0%) - 65 (28.0%)
AVxSE 8.291+0.02 8.32+0.03
9.00~9.99 - - LS00 - 4 (500%)
AVxSE 9.26+0.10 9.33+0.16
Gontrol  7.00~7.99 = - arferew - 0021
AV=SE 7.66+0.01 7.67+0.01
8.00~8.99 - = tet’eamwy - 31061
AVSE 8.281+0.02 8.311+0.04

a: Number of pearls in each object color.
Values in ( ) are percentages of pearls in each object color and asterisks (*¥) show significant

differences between groups at p £0.05

Table 1-2-4. Pearl diameters and prices of commercial pearls obtained from the examination

and control groups

Class Examination Group Control group
7.00~7.99mm pearl  Weight (&) 154.9 (44.3%9°, n=234" 162.8 (50.8%), n=247
AVESE 7271+001" 7.670.01
price (yen/3.75g) 3,450 3,520
. *
8.00~8.99mm pearl  Weight (&) 185.1 (53.0%)°, n=224 157.7 (49.2%), n=192
AV+SE 8.33+002" 8.28+0.02
price (ven/3.75g) 5,400 5,700
9.00~9.99mm pearl  Weight (@) 9.5 (2.7%°% n=8"
AVESE 9.29+0.09
price (yen/3.75g) 12,800
Total amount (yen) 441,479 392,519

a: Commercial pearls produced {in g weight).

Asterisks (*) show significant differences between groups at p=<0.05.
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Fig.2-1-1. Locations of the study sites (S1,Kamigoto;
82, Sasebo; 83,Saikai; §4,Sakito;S5, Seihi; §6,Kinkai;
$7, Nagasaki Prefectural Institute of Fisheries) .
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Fig.2-1-2.Changes in water temperatures in
Kamigoto (M), Sasebo (1), Saikai (A),
Sakito (O), Seihi(A), Kinkai (—) and

the Nagasaki Prefectural Institute of Fisheries
(@) from January 13 to April 10, 2000 (a,b),
and water temperature during experimentation
at the Nagasaki Prefectural Institute of
Fisheries from April 2000 to March 2001 (c).
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Fig.2-1-3. Monthly changes a-values of the
adductor muscle of six groups and survival
rates of seven groups of oysters raised at the
various farm shown in Fig.2-1-1. The a-values
are means of 10 oysters per group. Symbols
are the same as those in Fig. 2-1-2. Survival
rates with the same alphabetical letters mean
significant differences were not detected at the
end of experiment (p=0.05).
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Fig.2-1-4. Relationship between the
low-water-temperature index in winter
calculated from the date in Fig.2-1-2a

and b and the number of dead oysters
during the period from the end of low
water temperature treatment (April 2000)
to the end of the study (March 2001).
Symbols are the same as those in Fig.2-1-2,
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Fig.2-2-2. Changes in water temperatures
in Saikai (a) where experimental groups

were transferred in winter and Kamigoto

(b) where the control group was kept and
experimental groups were cultured after

wintering.
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Fig.2-2-3. Monthly a-values (a), survival rates (b), total body weights (c), internal organs / soft
body weights (d), phyto-pigment contents in the digestive diverticula (¢) and glycogen contents

in the adductor muscle (f) in groups of oysters with the LTI, values of 100 degree-day (O)

and 140 degree-day ([J) and control group (A) during the study period. Intemal organs / soft body
weight values represent an index of sexual maturity (Shinomiya et al. 1997). The a-values, total
body weights, internal organs / soft body weights, phyto-pigments and glycogen contents are
means = standard errors of 30-35 oysters per group. Differences of the 100 degree-day (1)

and the 140 degree-day (2) to the control group were assessed by the Welch's t-test (p=0.05).
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Fig.2-3-2. Changes in water temperatures

in Saikai (a) where the 100 degree-day

group was transferred in winter and

Kamigoto (b) where the control group was

kept and the two groups cultured after

wintering.
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Nucleus sizes Reouperation

Restriction *_ Nucleus inserting Total body
Group Oyster (n) Pariod (month) Dead rata(%) _operation manth woight {g) {mm) Period (month) Daad rate (8)* Denucleated rate (§)"
100 degree—day 1,380 ] 16.6" May, 2001 36 6,82 1 40" 43"
control 1,380 [ 8.1 May, 2001 a6 6,82 1 105 78

a: In order to make nucleus inserting operation easier, physical strength and maturation of oysters were controlled

b: In order to let oparated-shells recuperats, oysters wera cultured in calm sea.
¢: Frequencies of dead and denucleated oysters
Asterisks (*¥) show significant differences between groups at p <0.05,

100°C - BREIIRT BB R TREENE L
(100°C - H#E : 159 ng/ A, *HEEE: 110 pg/H),
W TRAHZIT 100C - ABEOLEENHFRICKEN
272 (p<0.05) . PEREAE (d) 13T 21T o fo e,
6 A1t#902 HIEL, TAIKRRERELELDOD6
HH» B 9 HET020~025 D&EHICH -, £D
%, 1 AIZi3 030 ETHRM L, 2 864 0d
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WFET 6 AN DRAITHEML T Al SEICE
U7, BT UTRTE®D 1 AiIcR(REIZE L,
2HEF LR 5 & 100°C - HREDS KT RBRIZ LT,

8 Ab D 1 AETHEEIZE-T- (p<005), 7
U a—S &80 TIXmEET 6 H D# 30 mg/g H
B9 H?D 93~111 mg/g = THM L=, a2k
T L TR 30 mg/g 1272 o7, 2 BERHER
T% L, 100°C - HEESHRBECLLT, 9 AND
12 A% CTHEL, 10 HE2BREFEENPALNRE (p
<0.05), 100°C - B & xf A DEBRER (g) i3tk
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Fig.2-3-3. Monthly a-values (a), survival rates (b), total body weights (c), internal organs / soft
body weights (d), phyto-pigment contents in the digestive diverticula (€) and glycogen contents
of the adductor muscle (f), pearl diameters(g) of the oyster group with the LT/, values of 100
degree-day (O) and the control group (@) during the study period. Internal organs / soft body
weight values represent an index of sexual maturity (Shinomiya et al. 1997). The a-values, total
body weights, internal organs / soft body weights, phyto-pigments and glycogen contents are
means * standard errors of 25-300ysters per group. Asterisks (*) show significant differences
between groups at p = 0.05.

Tahle 2-3-2. Diameters and Er‘insa of pearls obtained from 100 oysters in the 100 degree-day and control groups

Diameter (mm)

Group Number of commercial pearl: 6.82~-6.99 7.00~7.99 8.00~8.99
100 degree-day 79° B00°(n=32")° 3564 (n=43") 5000 (n=4")
Control 68 800 (n=36) 3,553 (n=32) =

a: Commercial pearls: first and second grade pearls

b: yen/3.75g

c: Number in each commercial pearl.

Asterisks (*) show significant differences between groups at p <0.05.
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Fig.2-4-1. Locations of the study sites
(S1,Kamigoto; S2, ,Saikai) .
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Fig.2-4-2. Changes in water temperatures in
Saikai (a) where the 100 degree-day group
was transferred in winter and Kamigoto (b)
where the control group was kept and the
two groups cultured after wintering.
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Table 2-4~1, Repults obtained for the 100 degree-day and control groups during restriction, nucleus inserting operation and recuperation

Rastriction * Nucleus inserting Total body Nuclous sizas Recuparation
Group Qystor (n) Pariod (manth) Dead rate(¥) operation manth waight () {mm) Period {month) Dead rate (%)° Denucloated rate (%)°
100 degree—day 1,600 6 91" Apt. 2001 34 6.36 1 58" 92"
contral 1,600 6 38 Apr. 2001 34 6.38 1 104 11.0

a; [n order to make nueleus inserting operation easier, physical strength and maturation of oysters ware controlled.

b: In order to et operated-shells recuperate, oysters were cuftured in calm sea
c: Fraquencies of dead and denucleatad oysters
Asterisks (¥) show significant differences hetwesen groups at p <0.05
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Fig.2-4-3. Monthly a-values (a), survival rates (b), total body weights (c), internal organs / soft body
weights (d), phyto-pigment contents in the digestive diverticula (¢) and glycogen contents of the
adductor muscle (f), pear! diameters (g) of the oyster group with the LTI, values of 100 degree-day (O)
and the control group (@) during the study period. Internal organs / soft body weight values represent
an index of sexual maturity (Shinomiya et al. 1997). The a-values, total body weights, internal organs /
soft body weights, phyto-pigments and glycogen contents are means = standard errors of 20-30oysters
per group. Asterisks (*) show significant differences between groups at p < 0.05.

Table 2-4-2. Diameters and prices of pearls obtained from 100 oysters in the 100 degree-day
and control groups

Diameter (mm)

Group Number of commercial pearl:  7.00~7.89 8.00~8.99
100 degree-day 64° 3,600° (n=34")" 6,000 (n=30")
Control 52 3,500 (n=43) 5,500 (n=9)

a: Commercial pearls: first and second grade pearls

b: yen/3.75¢

c: Number in each commercial pearl.

Asterisks (*) show significant differences between groups at p =0.05.
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Fig.2-5-3. Monthly survival rates and total body weights of the oyster group with the LT/, ; values
of 100 degree-day (O) and control group (@) during the study period in Kamigoto, Tamanoura and
Nagasaki Prefectural Institute of Fisheries. The a-values and total body weights are means +
standard errors of 30oysters per group. Asterisks (*) show significant differences between groups

atp < 0.05.
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Fig.2-5-4. Monthly internal organ / soft body weight and plant pigment contents of the oyster
group with the LTI, ; values of 100 degree-day (O) and control group (@) during the study period
In Kamigoto, Tamanoura and Nagasaki Prefectural Institute of Fisheries. Internal organs / soft
body weight values represent an index of sexual maturity (Shinomiya et al. 1997). The a-values
and total body weights are means =% standard errors of 300ysters per group. Asterisks (*) show
significant differences between groups at p < 0.05.
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Fig.2-5-5. Monthly survival rates and total body weights of the oyster group with the LT/, values
of 100 degree-day (O) and control group (@) during the study period in Kamigoto, Tamanoura and
Nagasaki Prefectural Institute of Fisheries. Internal organs / soft body weight values represent an
index of sexual maturity (Shinomiya et al. 1997). The a-values and total body weights are means

= standard errors of 30oysters per group. Asterisks (*) show significant differences between

groups at p < 0.05.
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hESRIEESRORME MOFS 3T
BERIX, BASH» O EHE CLEEK 0.1ml
BHLL, 5000Xg T 10 4> HE L%,
2D ERHRIZTHOWTT T v R 74— Fik (Bio-Rad
B Protein Assay Kit) THIE L7,

EEL-NHOFRBERME “ATRICE &K
DEBREANLCESRZRVHL, ARESR (&
BEKREGHEKR), BEEEREORERFICE

Table 3-1. Results of the 1-year—old and the 2-years—old groups 1 and 2 during restriction, nucleus inserting operation and recuperation

Restriction b

Oyster {n) Period (month) Dead rate(%) operation month

Nucleus inserting Total body Nucleus sizes

Recuperation ¢

Period (month) Dead rate(%)

weight () (mm)

1-year—old group 6,000 2 0.1
2~-years—old group 1 6,000 ] 120
2-years—old group 2 * 5,650 ° 6 14.8

Jun 2004 225 6.66 I 1.7
Jun 2004 334 127 1 14
Jun.2005 43.4 142 1 4.6

a: Oysters in the 2-years-old groups 2 were those from same group as the 1-year—group but operated at age 2.

b: In order to make nuclues inserting operation easier, physical strength and maturation of oysters were controlled.

c: In order to let operated-shells recuperate, oysters were cultured in calm sea.

d: Oysters in restriction cultured from Nov. 2004,
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B Uiz, EHIC, FAHRERITEROMI LR
ZEOHS BEEREHOEMRICEMOEE S
E L=,

FEHIM P OKERRME ARITFEEAR Gm)
I2AE Y —AOKREEET B2t 747 F
5 A B Thermo Recorder A & & ¥ ®Ir. TR-51A)
ZETL, #FH5I10 FRE L,

FAERBORE FHEHEBOXMICKIT
DHEEEITESHERE LIV Welch O ¢+ IRTE,
AFRR L RAI U 7= EBROPEHEIA O ElRIT T x?
BRE, FHEHER BT S EEMoMEEEGE
DREZEFVTITV (AHE 1999), FRECHE
KHEIT p=<0.05 & LTz,

o R

fRAEAKE KEOELZ Fig3-11oR Lz, K
Bk, BHEAEFQ004 4E 6 H)D 204CTH 6 8 A E
AICEREMHED 303 CETEL, 200542 A A
ICRIRED 123C2n Lz, £0O%, 8 AT4
12 299CETERL, BTHRD 200621 AT
AITIT 128CETIKT L,

ERE EREOWMR % Figd-21R Lk, 1
FIXOFEIEEIT 2004 1 £ 2005 FOKFIZEN
FN 17% & 6.1%H b, BTROARET
84.5% Chote, —H, 2FXK1H 1 FREF
REHTIC 20% 8L EDBEFERDB A LTz, £ DT,
200549 A IZIRE OEITICH S HERDREE T
PEBR LU TERBREET Uiz, RERBLEI S 2005
EIAETHD2FX | DAEBRKILS25%ThHo
7e. 2 FIX 2 OFEFERIT 2004 FEORH & il
FABEOHMT, ThEN 52%¢& 14.8% Th-
oo FEHT 2 OHIE i 2005 £ DOFKZEIZ 7.8% D
SRR L, BTROERRIT 71.8%TH
27,

BOBER BEBLIUVLEEEOHBE %
Fig3-3 lZrn Lz, R CikfiaRc 1 FXE 2
FR2P2FXKLIZHRTHEIZ/NES o =R,
ENLOBEE 911 BLU77.8 p/H) 232
FX 1 (40,6 pm/ ) IZHEARTKRE Mo T2z,
2004 4= 11 ALUIBICIEER 2 oo Tz, £ERE
TIZBAARRIZ 1 FXQ 2 FR L ICHARTHEI

a5

30

25

20

Water temperature (°C)

JJASONDJFMAMJJASONDU
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Fig.3-1. Scasonal variation in water
temperature measured at 3m depth
from June 2004 to January 2006.

Surivial rate (%)

JASONDJFMAMJJASONDUY
2004 2005 2006

Fig.3-2. Monthly survival rates of the 1-year-old
(O) and the 2-years-old groups 1 (@) and 2 (A)
from July 2004 to January 2006. Oysters in the
1-year-old group were those operated at age 1.
Oysters in the 2-years-old group 1 were those
operated at age 2. Oysters in the 2-years-old group
2 were those from the same group as the 1-year-old
group but operated at age 2. Asterisks (*) show
significant differences between the experimental
group and the other groups at p=0.05

INEofe, EDK, 1| FEOEERER (69.4pg/
H) B2FX10FH (498 pg/H) ITH~STK
Edolzlzsh, 2004 £ 11 AR, 1 FXE 2
FX 1 TlERRL hot, Eh, 27K 210X
2004 4F 12 A 25 2005 4 5 A & THIHIEE 21T
Sf=7=8, 200547 AL, 1 FRIZHRTH
B/ S ot s, HflERE OB &R 7k
E® (725 ug/B) TiX 1 FX (72.0 pg/B) & &5
hot,

ARG a [l L UVIES vV HER afH
LMES R EEEOEIE Fig3-4,517 L
7oo a fHIT2X T 2004 4£ L 2005 EEDOKETND
XEIZ6.1~7.3 DEHETER LR, B
1.9~2.1 OFHAE TR T T2 ERE AL, a
EEFH BAL9A) OREERTIX1IFK, 2
FRX1E 20, £NFN 20045 TrE 8 AT 14%,
3%& 0%, 9 AIZIX 42%, 61%& 33%, 2005
FETIE8HIZ23%, 56% & 22%, 9 A 1211 29%,
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68%& 51% &7, 2FX [ BMURIZHARTH
VMEIZ o T2, EHIZ, a [ADREE( T2
FIX1iX2004 59 ALK, fuXIc bR THE<,
REIC 2005 42 8 A & 9 AICITFEERRD bR
Too MIE# ¥ 0 & BITAX T 2004 £ & 2005
FEOFEZNSEZEZ 0.30~0.63 mg/ml DFEFHE
TLER L%, 43T 0.19~0.25 mg/mi O&FE
FCRTT2EMEZTLE, RBREOLE T
1 XA 2 FX 1 izx LT 2004 & 6 A & 2005
E S5 HERE, ABICEN N2, 7, 2FK
27X2004 FE 6 AN D 9 AE T, MRICHRTH
BICE Mo 728, 200547 AURRIX 1 FREK
ERER R0 T,
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Fig.3-3. Total body weights and shell
lengths of the 1-year-old (O) and the
2-years-old groups 1 (@) and 2 (A)
and their change with lapse of time
from June 2004 to January 2006.
Values are means and standard errors
of 30-40 individuals. Symbols are the
same as shown in Fig.3-2.

K4%RORE EHRROMB%E Figd-6 [RL
2o 1 ¥FXE 2 FX 1 OFTIE, 1| FROEBR
FEAR=R (0.070 mmm®/H) 43 2 F[X 1 D% #.(0.050
amm’/ /) 2T 14 EEhoT7-, 2005
F£9 AiCiTmXDERRICAEEENHED b
MPolz, 2 FK 2 DEBKRRIZ 20057 Al 1F
IV /INEhoteh, TOROERFEHRR
(0.064 tmm*/H) 2 1 FEDZ+ (0.031 amm®/
) IR T 21 EFEI- o, 2006451 A

RS HEEICREL Role K THD 1 FX,
2FX 1 & 2 0EHEE, FNEN 777, 7.96
BLT193mm Thotz, TOED, EHEKED
2E (AROERENOEOERMEES W
B TIE1FRE,2FRE1 & 28, FhFh 111,
0.69 & 0.51 mm #:;RL, 1 FXiXFEHLHEI -
2FX 222 EENST,

a—value

JJASONDJFMAMJJASONDJ
2004 2005 2006
Fig.3-4. The a-values in the adductor
muscles of the 1-year-old (O) and
the 2-years-old groups 1 (@) and 2
(A) and their change with lapse of
time from July 2004 to January 2006.
Values are means and standard errors
of 30-40 individuals Symbols are the.
same as shown in Fig.3-2.
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Fig.3-5. Serum protein contents of the
1-year-old (O) and the 2-years-old

groups 1 (@) and 2 (A) and their change
with lapse of time from July 2004 to
January 2006. Values are means and
standard errors of 30-40 individuals.
Symbols are the same as shown in Fig.3-2.

REOGHE HRTRIERLEZEXRORE
% Table 3-2 {Z/R L7z, 1FX, 2FK1 &2
LARELEHK (BHER) offui, the
12,523 M8, 1,524 @& 2,134 fETH o1, &
HHRTIX 1 FEIMUKICHA, BMERROEA
(1 FR:752%,2 F X 1:57.3%, 2 F X 2:59.2%)
BEL T, BEEEKOEES (1 FIX:19.3%, 2
FX 1:28.8%, 2 FX 2:32.0%) BHIEL, &
BEEMED LN, &6, BRERICEBITS
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Fig.3-6. Pearl diameters of the 1-year-old
(O) and the 2-years-old groups 1 (@)
and 2 (A) and their change with lapse of
time from July 2004 to January 2006.
Values are means and standard errors of
30-40 individuals. Symbols are the same
as shown in Fig.3-2.

EEEHR (B, 8, IZERRVWERR) 0l
ATIR1IFX,2FK1 & 21%, FNFh 55.6%,
433%BLTN41.9%E, | FRAMKICH LTH
BicEholz, 28, 2 FK | TIHERRER
D 5.5%FH LTz,

BESLEBRD 7.00~7.99 mm 35 X Tt 8.00~8.99
mm EER (LA, FhPh Tmm BL 8 mm E
KM DER, Hfi% % Table3-3 IZR L7,
Tom HEHRTIE 1 FX, 2 F K1 & 20HERLHE
MERICHTHEIRIX, ThEh 8486 g &
72.0%,333.1 g & 47.0%, B L5614 g & 50.0%
Thote, BT 1 FRIX 2,702 HTHoT -
DR LT2FX1 & 208FNFh 834 [, 800
MHeE, | FRAMRICR LT 328 LR34 1F
ol KIC, 8mm HEROEER T 1 FIX,
2FX 1 & 20, ENEIL3304g 3577g kL
W5614 g Thotle, BETIZ2FX1 & 25
FNFN 2,926 1, 2,500 HThHoTeDizxt LT
1 FXiX3,900 & 1358 LV L6 fFmb o7,
TOFRR, 1 FX, 2 FX 1 & 2 OAEHET,
FNFH 948,641 H, 367,182 FI3 L U* 494,020
M&iy, 1 FRB2FX 1 & 21T 26
FR LU 19 fEEVEEZ R L,

E B
ARBRTIL, 2K T 2004 4E & 2005 EDOFKE

2 afED ERITHGCEEIERSEML, R
RER DR T eEB2 NN, 1 X

DERRME 2 RICHE_RTHEREP- T, 1
FRE2FR 1 OBTIE, | FEBKE (@t
FH) oRBERBEL, MFF I EEFEN
Eo T, RERITZ 20°CLU L OEREAKEN
2,300°C THAE L THI 3,000°CH> & BEFEAR &K AS A
D, FIE & BEFEIZE T HEBE KBTI £
WRATHZEBRMBLATWA(FIH S 1999a),
AR T, 2004 45 & 2005 =D FIE & FEIEIL,
2K T 20°CH EORMEARTENEN 2,351C
& 3,138°C, 2,311CE 3,097°CTH LN, 2
FX1DORERELEFEFRITI1IFIEIOEL,
HEDHE (1999a) & FIE—F L, £/, M
BV RIEERITaYHA4 TER (A
) OELRBIEMND (Y 1987a), 1F
XA 2 FIX 1R THRER N LB R L CE
AERE Do T=T2, ERRBIERL LT
ARV EEZ bR, 2 FK 2 DAKRRS
1 FRIZHRTEN-T2Z 21220 Ti, a fHED
REBEICEN 2ot Z L0k, RBRHIK T
OIFIRBENEE L - b0 L HEIN-,
HROBETIE, | FEAMUKIZH LT, &
MEROHBEE FERE) HEVD z, BLE
KROPTIIEGEKROHRENEL THEE
BROONE, £, 2 FX 1 Tiggeimnig
ML, EROKEEFTEAEE LT, 200549 A
WHEEMK T Uiz, L L, =FBEEIHER
SINBHRABEER (il 1959,1961,1962) A3
55% A b, &5, 2FX 1T 1 FRICH
<, HEREREBNED I X, B ARKEWN
MO ERBEOBRINEN ST, DD,
2FX 107 & 8mm HEROEAEIL, | FXDE
NEN 309%B LT 75.0% LKL, £FEHIT
38.7% Th o7z, LTadoT, 2 FRHIZEAN
FHT LTI 2 FRIFAE T 2 1ERDBRFES 15 T,
RERIC L 2BEENEROSEICRELE
THILEMREZLNE, 2 FX 2 TIHARERIC
LHREIT | FREFARICERET, MBELET
r AMORERHRBARED 1 FRICE~STEho Tk,
LL, FEHHEPES TR A A b RED S
bbb, BEERBORENRIXOFTTRLE
L BEHROHBALY 1 FRIZHRTEI 2,
FOE, EELRE 7B IU8 mm EBRD B
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Table 3-2. Qualities of pearl obtained from the 1-year—old and the 2-years—old groups 1 and 2

Class 1-year—old group 2-years—old group 1 2-years—old group 2

Pearls produced (in number) 2,523 1,524 2,134
Commercial pearls produced (in number) 1,897 (75.2%)3'* 873 (57.3%) 1,264 (59.2%)

Faultlessness pearl (in number) 1,055 (55.6%)b'* 378 (43.3%) 530 (41.9%)

Blem pearl (in number) 842 (44.4%°" 495 (56.7%) 734 (58.1%)
Prismatic prarl (in number) 487 (19.9%°" 439 (28.8%) 682 (32.0%)
Organic pearl (in number) 46 (1aw’ 69 (4.5%) 77 (3.6%)
Opaque pear! (in number) 84 (5.5%)° .
Nucleus (in number) 93 (7%’ 59 (3.9%) 11 _(5.2%)

a: Pearls produced (in number).
b: Commercial pearls produced (in number).

Asterisks (*) show significant differences between the experimental group and the other groups at p <0.05

Table 3—3. Commercial pearl diameter and price obtained from the 1-year—ald and the 2-years—old groups 1 and 2

Class 1-year—ald group 2-years-old group 1 2-years—old group 2

7.00~17.99mm pearl weight (g) 848.6 (72.0%)u. n=1 .489* 333.1 (47.0%), n=456 561.4 (50.0%), n=702
price {yen/3.75g) 2,702 834 800

8.00~8.99mm pearl  Weight () 3304 (28.0%)°, n=408. 375.7 (53.0%), =417 561.4 (50.0%), n=562
price (yen/3.75g) 3,900 2,926 2,500
Total amount (yen) 948,641 367,182 494,020

a; Commercial pearls produced (in g weight),

Astaerisks (*) show significant differences between the experimental group and the other groups at p <0.05.

3P CRLES, AEHE T 1 FED52.1%
Thol, £, FFEICHEEEREHEEGR
#HA(2006) ARV /-7 7 & 8 mm EERDOEH
B Eh2h 2,265 HB L WU3,615HTHY,
1 ¥XD 7BLT8 mm EBROEMBENEN
156, 1.2f8@hot, LER-T, 7avy
A ZHEANG IFHBEET 558G, BELEH
WHNRTW3 2 FRICHIFTB L0 b, | 58
KHEM LIS PERRIMOEEDEREH WL
Zzbhi,

LDz ehn, FERRTavHAIZL 5
YESREBEET B0, 6 HOREHREHIZ 1 F
AEZAVv3sZ &k, AT haWEEER
TH5LOM, fERD 2 FHIZHAT, EBREHR
ml, B, RBE, VIRV TEREHERR
B2 T, BMREREGL 2D LENHERINE,
T, SEORRTIE, | FTEBMOAERRL
HIREoM Eic X 248, BED2FH
BIETITONTVWAREWEEZAWT, EHR
THMREWRKERKEEET I HFEOTH
LAY, BETHEZBRRTLIZ 0D, BEER

BRIEOREUBICRENE D LEBEZ BN,

BAE BRANXKZLEETIHIBRE—ARD
{EH R

B1fi 7aVvHABRENKEOD a EEERE
LEE—RREERBROREK

T avY A BKRORERRET HERICIT,
B, KR&&, HREOES (B%), &AF,
FAOEHENDHB, TDOL, AHFITEEKE
ETHEREAGMICENZ DORKEETHSE, £
BETERIIE—EEINIBRAAROFEREIC
L0, BERLHAARDERICREL ST
TW5 (RHE 1962), —i&Hic, ABRRITHEA
F ORI TEBMERFV, T0D,
HERERY BRRIZAET S Z L ¥ BNIC,
REGAICETHIHANEL TN TE =, fiH
(1969) (LB EEKE L EHROHAARNE—
R ThY, FERGIIHNRICHBT 20 EK
INFDOBEBBROSZWREIKRTET B9, /A
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PRI TONERFBEERT 2 T4 (LI,
P—2HEKT) OEBARSENVRVES
BRT 2L T, AGREROHEREMN S
¥, &5IZ, HO9NIEEEZEHEHANT
BRI E DR AENEVERE SRR L
T, Thib—2RICAVHAREROHER
EELIEMS R, —F, TBRREVI%
L7V —RITFT O (MA 2006), HER
HEERTREYVYIRBRIT Y - R L0 L ESM
EREY, B, BOTHFIZHADNIBEE Y
FOEBRIT, BERERCIT [TEER) ¢H&h,
BvEMMicER3 ShTna, Zhb0FHaD
BEVIIEZRBRE”S 30 pm~40 pm £ TOE
HKE—HOES (#035um: 27 %K, # 040
pm: 7V —R) ICERTHZ EBHRESHT
W3 (FiH 1962, /M2 2006), “hbDZ &
D, BEIIE—2BOARSUERELRER
AR EDOTREICKELSIKET D L Ba9h
2 TW3 (FIH 1962,1972),

BT a4 0P, REEREN TS
ERICL Y REERELTWAEEKLAELR, *
DEEE v — R BICRWEE, AEL-ES
DOREICRIEBEZNS, UL, E—XHA
ERBEORKFETIE, BAGAREREOER
BICETHMEFITEL AN B0, TaicHE
T HHETR,

—75, EERBFETIRT a ¥ VA RERE) 5
1999) DI LR, HERALE DK TR EPESRK
HIK, vnFav il BEREOALEROEMZ
IV, BRERROBEMHIELI TELTNS
(ELZRFTRA4L 2004, FOHE 2005), HAE, BEER
RIE I RFEABEONE/CBEE R E a7z
RElzh s, T, BERHEZ M ESHE,
BEOUELRDLENHD,

FIT, ARRTIE, BREERELEETD
V—2RHEEFERTHZLEENI, BASERED
FiEE LTREERBOREICEAL, AR
ZHORGE (@ fEOT 7 ABBLUT~vAF 2
B) e UCRKEZITY, 2 BoEE 24
PELT, FEFIZERE D a HERRHICREY
HLéEbi, P—RAICHAVWERERAELTH
BEg LT,

MBREIUHE

#tRR (AREEARR SAOHKRAITT,

RIFRERBHBEBFESOH ZXCHES
Uy — (LA, FEEEU ¥ — LBET) T2003
£ 3 Aicfl (1969) BLTH (1999) DFiE
WWESETERELE, Bt ¥ —alolsg
(BEMEHEMET#E) T143 > AFRELZ
B (KB CIE LEZRRE#H & UTHERES
B2 ATE L7 Fl, 5% 61.4+03 mm(SE),
2EE 234303 g (SE)] 300 @{&% B =,

RARBRSLUBBEE =3°, HEBRZL,
FE (1969) OFBEIZESE, BREEKBED b
ERFEERT A F REOEE LR L,
WNT, EOHND, BRSEERED a EPFRE
PRYTTTRAEERAERT A T RIBEOE
KRR LT, JRBIZ, TR~ A TR,
OFND, MHERABETL TV AEKEEKL,
FnFh a(H)EEL a(D)EEDOBE [a(H)EE: @
15, 8, a(—)Bt: 213, 9'6] & L7=(Table 4-1),
D%, BLANORSZHEIN [a(+H)F : ¥ 2,500
kL, a(—)BE #2300 TRI] LT (BEED
EREEEROATERZHEK S| OFTEVELT
Bi2) BB LU, FHOERBIISRZREINC
L& 200ml Mx TiToT, ALSZREIZLD 5
{b U7=%h4Ei%, 2004 45 6 A BRI HEED 2 mm
YA XCELET AT RETHEE VY —0R
LA CRE Lz,

BEOMECKEMRE AELE a(HREL
a(—)BEOMHEIY, MEH L ¥ —RTORSTH 2
y AEIFE®R, RIFRBEKERBRGIIORS
WZHE L CHE L, 20%, ZEEKED a
fEX b{E%, 2004 45 11 AH5 2006 45 12 A
G, FAIE LT2 4 A2 1|, 20~30 fEfk% 4
ES Iz LRIE LTz,

HEZC—RARICAVERROEERR
AR LT a(HEEL a(-)HEDINEBRNFZAW
T-EEROAFERRIL, SR & ETHTHISEDIR
BT, ENFN20054ET HND 2006451 HE
TOM (L%, 3B 1 LIE3) &, 2005 4 10
A5 2006 45 12 HETOR (LA, #BR2 &
#3) frot,
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Table 4-1. The a— and b- values in the pearl layer
measured by colorimeter method and number of

parents used for seed production in June, 2004

Group a-value b-value [} o

a(+) 42407% -45+07 15 8

a(-) -6.8+1.3 -4.0x06 13 8

Values are means * standard errors, and asterisks
(%) show significant differences between groups at
p £0.05.

AR 1 T, REORE S AERKK T 2004 4 3
AICAREL, SHETTHIEDOWRE T2 » AR OH
il (HEfTRiOBE 2T L) 28014
3 Yy AMIRE LR (BFETHELEZRARE
2B L U OB R 2 B L TR L
F4, ER)LHEE #30 g 1T, 200546 A, 2
BEO/NR L 6.66 mm OBEEMHT LT, FD%,
1 »y AMRELT (BARELBZEE <D
BORBRM RS THRET 522 L), XHRRFIC
X O EERGE LTt 2 (% 1,000 EK) 2E
BRDOAERRIZH W (Table 4-2),

R 2 T, EE -T2 3 A4k
FEL, ERTETHLSEIRE T 0.5 » A Mok 2 &
1465 AMMAELIZR (RABTRELE
RHBRAZH & U CHRBEREMEKRERE LTz Fl,
PHLER M40g 1T, 20054E9 A, 2HED
/MR L 636 mm OEEFRHNT LI, £0O%, |4
AMRE L, X BRIRE T2 MR Uit B (%
500 fE{K) ZEZRAERRICAV 7= (Table 4-2),
7285, BER 1,2 0 a(+H)FE & a(—)BECHIE & /A
BRI D BEFERICZE TR D> 72 (p>0.05),

BHNEROBEATE akollex, Bz
Bk U Ok BBk g Nl D SE3mE8 3 & ATl 2
TEERZEH (a=h I/ VI8 H5—1—
4 — CR-13) ZHWTITY, £ LOFEE M
EDOEE L, 28, JIEBICIIERELABND

BRUEAERENFCIEAARERO HER
IZEDR 2 VEER (B 5 20060 5, #K(1999) D3
WHE L FARICERE AV,

BYORE BUERBOARIY, ARGz
HORGVAT AEHWTIHE Lz, KA R
TFTAIILE aEBLTCbERDY, LIEIZ
BAREZRL, BVWEIZZHZNZLERT, a
ERFREEFRADMIEZRL, 77 AETER
BNEL, <A FRBTI/RANEY, Tz
bEIT AL FAORIEZRL, 77 RAKTIX
BEFRML, A T AR TIEFOIEN,

EELERAROSER #HBR1EL208ETHIC
IEBOREERTRERL, £FEKNGESRR
ZRRE LT, £k, FsE UTIRGENFIRER
HER (MRERR) JHA2#ETH L LB,
A IR A—F THEKREZHAE L, XbIZ,
PR EERD 7.00~7.99 mm EZK (LI, 7Tmm E
REWET) 1L, ARLEMEAELL, RiEA
i3, 2 HRFEHOEMREOEREBEIZ, R
B (1962) e Lz (— K, 7i—,
FIA N, FUV—rBIOZ U —0) CESX
BRI L7z, F#tud/he (2006) D J5IRICE
D&, TEREETUHECEEER (EERRFH
FER A—uIvaT7—) FAVWGERLE,
HHOR ML 2 EERfALICKBE U, ods, M
SHELERD 6.00~6.99 mm BEER (LA#%, 6 mm EER
L&) & 8.00~8.99 mm HEEK (DA%, 8 mm
HEREWET) 0aFLEMOREL, £ RO
a(H)EE L a(-)BETRER LE-REN D 2<1Th
Rhotz,

ERAEREORE FHECHEOHMICE
T AEEZEIL Student D tBREE AREF AW,
ZREDHEEAKEILp=<0.05 & L= (NH 1999),

Restrlctlon

‘Nucleus msartmg Totalbody - Nucleussues — Runu!amhnn ‘

Experiment Group  Oyster (n) Period {month) Dead rate(%) operation month  weight (@ (mm) Period (month) Dead rate(%)
1* a(+) 1,500 20 23 Jun,2005 30 6.66 | 37
a(-) 1,500 20 1.9 Jun.2005 30 6.66 1 32
2" a(+) 800 0.5 1.5 Sep.2005 40 6.36 1 a8
a(-) 800 05 1.9 Sep.2005 40 6.36 1 35

a: Pearl production experiment conducted from July 2005 to January 2006 at Tsushima, Nagasaki prefecturs.

b: Pearl production experiment conducted from October 2005 to D

ber 2006 at Shik hi, N

ki prefecture

c: In order to make nuclues inserting operation easier, physical strength and maturation of oysters were controlled.
d: In order to let operated-shells recuperate, oysters were cultured in calm sea
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FEHMBAOKERE KEIIFEKE 3
miZ A € U —RAKRB&EH BKREE 747
v FF A Thermo Recorder B A ¥ & V) ®Ir.
TR-51A) %#FETF L, f5HFa0 10 BRcHlE L

(Fig.4-1), 72ds, SBREAE D&MW ORI
EEWHTHoT,

s R

BRORE BHEXRBOLEOKELE ¥Y
fEi%, 49.6~56.9 B LIR53.1 T, REXQRETH
bhiedotr, afEE bETRIELSERRD
n, TO/RMER ICESHEIE, ThEii—4.2
~319, —54, BR®—229~17.1, —1.0 Th
of, FZT, HAERXbVERZ A FRAETITE
FME (FEFH : —7.7~—13) KL7=9%X T, aff

(%P :0.2~10.1) 23 4.2+ 0.7(SE)DE{EE a(+)
B, aff (&PH: —153~—02) 2—6.8=1.3(SE)
D% a(—)BEE LTORKL, BEAES1T-
7z (Table 4-1, Fig. 4-2),

E—XROBUN4BD afEE bfE 4EL
T-FEH D all & bEDESL#% Fig. 4-31ZR LT,
b fEi 2 BECERRL, BELRREELER
Lz, T72bb, 2004 £E 11 HH5 20054 5 A
FET 6.8~10.7 OFFTIZE —ETHo720,
200546 AWCIE T L#, —5.5~1.0n&EHE~T
B L, BRTR® 2006 FF 12 HiZid—2 2
Lz, afEDZLI% 2004 4E 11 A 225 2005 ££ 5
BET27~52 O THRS Uiz, £ D, a(+)
BEL a(—)BEIX20054E 6 AICIET L, a(-H)EET
—1.1~3.0 OFHT, a(-)EE—58~—12 ©
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e, 2005 5 6 A 55 2006 € 12 A £ TOR,
2005 £ 9 AZBREAEICHWVERZTLE (p<
0.05),

R%OREREME AR 1,2 OEBRLEAEL
TREIRRICK T2 @EMEROEK S (L
) % Table 4-3 [ZR LTz, a(H)BEE a(—)FET
R EESRIZET 2o 12 (p>0.05),

6, 7B L8 mm HEROMEE & ElA % Table
44 7R LT, BRBRD a(+) & a(—-)BECELE
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Fig.4-1. Daily water temperatures (3m depth)
in Nagasaki Prefectural Institute of Fisheries
(a), Tsushima (b) and Shikamachi (c), from
November 2004 to December 2006, from June
2005 to January 2006 and from September 2005
to December 2006, respectively.

0.02 mm(SE), a(—)##:7.41+0.03 mm(SE), B
2;a(+)#:7.31+0.02 mm(SE), a(—)#:7.29+0.02
mm(SE)], YA ARIOMEE L EHEEIZERIX
2o 7= (p>0.05),

EHERDOEEKA S Table 4-5 12K Ui, 2RETHE
BREKIZL LT, TRTHEREKRTH-
e AHBROHBTIE, RUA LT ) —Af
D2EELPHELNT, a(HDBEOCFTA FMaOH
WEN a(—)BIZHART, RBR 1 & 2 TERER
23.7%, 13.6%E A 57z (p<0.05),

HERDT (0% Table 4-6 & Fig. 4-4 1R LTz,
a(H)BEOY 7 RO HBEY a(—)BE L R L
T, BRR 1 BLU2 TEREN 30.3%, 44.6%
BEihoTe (p<0.05),

HEROB(fi % Table 4-7 {Z/R L7, EBRDOB
ik, 2 #OFEMET 1 HSEERE LTORE]]
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Fig.4-2. The pearl layers of parent-shells
from a(+) and a(—) groups that were
used during seed production in June, 2004.

kY 1,2 BREOBEMMA R -0, FH
HMCITISEEEEE 220, a(H)FED a(— )BT *t
LT 138 fE~152f5 L EvEER LT,
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ARRTIE, BEEKREO b EGEALE) 2~
A FABITREL, a [HEREAR) T 7 AL~
A FRBICRIE L BEAND, EELEESO
afli® bz 2004 45 11 45 2006 £ 12 H £
T (NIZRB®%6~30» AM) AEL, £
FER, 280 b EIZHEERD T T A DD 2005
6 FICELLIETLT~A T ARBICE L,
BTERECIRIEA T AR THERB L, a HD
2005 4F 6 HIZIE T L7228, a(+H)#ET a(—)BE &
HEILT, #EEEVEER L, FIE(1969) 1k
7 avYHA DEAAROEGHRE L CHFWIZIT
FERERBNSOD, 2 FEE TOEERTIX
BIEKOEIRENE WD, BEEHORETS
FRHEHKBHRTICAE (R, &, & H) OR
WREADEEY %, HREOHAREED
HBLRIZE#H & Lef LTEmT 2L |ELT
Wo, L7edoT, b EREVEEIIAARE
HKEOHBRKRLZBEMSE, HE1969)F L T
(1999)DFER L —H Ui, a {HIZFAE AR ORE
LEBIIETULEDR, a EAEWERAZRKT
532¢T, BWHHREEELT, £ELEZHD
BERXBo alERFmEL£b B2 LT,

APE LT a(+)BE L a(—)BEDOFER OAER/)
RERWEROAERR T, £HB%E, K
D& LERERE, a(H)BEE a(-)BETERLRL,
BROEEAIITRTABR THoT=, LAL,
a(PEOEBRE, REAOFTA ML THMA
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Fig.4-3. Changes in a- and b-values of

the pearl layers of seeds cultured at
Nagasaki Prefectural Institute of Fisheries.
Open (O) and closed (@) circles indicate
seeds from parent oysters of a(+) and a(-)
groups, respectively. Each symbol and
bar represents mean + standard error of
20-30 individuals. Asterisks (*) show
significant differences between groups

at p=0.05.

D7 FZOHEARE a(-) IR THEERIC
Fmhofs, F0ORED, aH)BEOERITRENF
<, BMEZS a()BEIR LT 1.38 f5~1.52 %5
Moo, BHE LT/ OFE LB MR D53 ik
PITEERFIC > THHfER I 52 &%, HE
O T ¥ TN B O EBRKESEIRE O W
ENEETEH T ENShoTWVS (FIE 1991),
EHE, THEIEGOFEEKERICEELSZ,
AGRDS 20°CH 6 12°CITIKR T4 2Eic e 7
FOTHEIHETIEIRh TS (il
1991), SEIORBRTIE, a(H)BEL a(—)BETE
B, HEROTVHERELBERRBIZER DT
o8, Wit H OATIKEE & RN 2R 2
Sl EZ LN, £z, ERAEERRET-
g OAKIRIE, BEEREHERT 242 » ARiH
b 20°CLAF &2y, BERRRIZITN 13°CE T
TLiz, Lo T, a(M#EEE—2RHELT
A=z & T, a(-BLERT, BHRRTTYE
BRI ROEEROHERBEE o &
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Table 4-3. Surivival rates and amount in numbers of commercial pearls obtained

from a(+) and a(-) groups in experiments 1.2

Surivival rate Commercial pearls
Experiment Group (%) produced (in number)
1° a(+) 90.0 742 (82.6%)°
a(-) 90.8 751 (83.0%)
2" a(+) 84.8 306 (72.9%)
a(-) 874 324 (75.0%)

a: Pearl production experiment conducted from July 2005
to January 2006 at Tsushima, Nagasaki prefecture.

b: Pearl production experiment conducted from October 2005
to December 2006 at Shikamachi, Nagasaki prefecture.

¢: Percentage of commercial pearls from tatol pearls produced.

Table 4-4. Diameter ratios of commercial gearls obtained from a(+)and a(-) groups in exgeriments 1,2

Diameter (mm)

Experiment Group 6.66~6.99 7.00~7.99 8.00~8.99
P a(+) 24° (3.2%)° 658 (88.7%) 60 (8.1%)

a(-) 8 (1.1% 697 (92.8%) 46 (6.1%)

2"t a(+) 19 (6.2%) 281 (91.8%) 6 (2.0%)
a-) 29 (9.0%) 291 (89.8%) 4 (1.2%)

a: Pear| production experiment conducted from July 2005 to January 2006
at Tsushima, Nagasaki prefecture.

b: Pear! production experiment conducted from October 2005 to December 2006
at Shikamachi, Nagasaki prefecture.

c: Number of pearls in each diameter class.

d: Percentage of pearls in each diameter.

Table 4-5. Object color in 7.00~7.99mm pearls obtained fram a(+) and af-

Yellow color system White color system
Experiment  Group Gold Blue White Green Cream
1° a(+) - - 503°(00.1%)* - 65 (9.9%)*
a(-) = = 463 (66.4%) = 234 (33.6%)
2® a(*) - - e s - 12 (439"
a(-) = N 239 (82.1%) - 52 (17.9%

a: Pearl production experiment conducted from July 2005 to January 2006
at Tsushima, Nagasaki prefecture.
b: Pearl production experiment conducted from October 2005 to December 2006
at Shikamachi, Nagasaki prefecture.
c: Number of pearls in each object color.
Values in () are percentages of pearls in each object color and asterisks (*) show significant
differences between groups at p <0.05.

Table 4-6. Percentages of 7.00~7.99mm pearls in each interference

color obtained from a(+) and a(-) groups in experiments 1. 2

Pink color Green color

Experiment Group system system
i a+)  (n=115)  81.7%* 18.3%*

a(-)  (n=107) 51.4% 48.6%
2t a®)  (n=281)  90.0%" 10.0%"

a(-)  (n=291)  45.4% 54.6%

a: Pearl production experiment conducted from July 2005
to January 2006 at Tsushima, Nagasaki prefecture.
b: Pearl production experiment conducted from October 2005
to December 2006 at Shikamachi, Nagasaki prefecture.
Asterisks (*) show significant differences between groups at p <0.05.
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Fig.4-4. Pink (P) and Green (G) color
systems of pearl interference color.

Z b,

oz bat, C—RE%4ETEEDHO
BEBKFEL LT, BEAFOMR (F1H1969) &
HEC, REERED a R 7T RGO EE %
BETAZEICEY, a EXBVESEZEET
%, BMEEROHRAENEMT I EEZ LN,

B B 8

ABHFFRILT =% A A RERDRAELIFIKK
D RIGRERBEEORE DEEILEK
BT EEBMELE, FIT, ABRKEREVE
KRBT av A DEL, ERGEEZR ETHY
—ZAHOMEHB L UOEKBEALEOHBREIC
B3 2RBEITV, ERBHEEOLEEELFED
LZEAEBREB IUORBEFEOBRARICRY
AT, ZORKR, 7ERRT XA 2HAVE
FEHAER LUOHERRMEE1TY D 2T, UTO
XowBESINTE,

FARICHCERENBNVTaNvHLDER
Bk RERICH LU TIEER S 0 ARRR
BWERRT a4 OEHRR TIE, meko

PR (A 2002) , BKIBEE (ARG 2002)
BLUHEHBA (A5 2006a,2006b) 2LV H
HEERfThhTWvw3a, RFETIE, BERL
(2002) BLUMRE (1985,1986,1987a,1987b)
OWEND, TaviA4oEHEKEERZRL, £
T EE CHBNBHICHRHE CHIETE 3
MmiE& v R/ EERETHAESRE LK, BHAD
HERATIRME Y VN HEENEWVIEY, 1H
BRHTVa—FUERBRRHANENFEEDE L
BICPAB a HEAMETT2HEMAHZ Gz, KR
WT, S "7 BEBEOERT (201~
291 fAIK) 128IF 5 EAE 10% (BEER) LT
fiL 17~35% (K& ER) 2PRICAVWCES %
2002 AR & 2003 FEICAEE LT, B EEOEY
IMEERER LD, EEAEY CIRSREER, KR
BRIVEERNFEIZEL, | FROERSA
BRI UHEHRBOFATRR CIIRESE, EHFFE
BREBIVTEBRERES FEENRD LN,
Ihic, ABREREFERICERT DITITHEK
BIOBBIZEB W TEEEZREND D HEH
b, —F, RIBROKEYOREEERERZT
HEERIT—c 2 FRZRAV58, fENEE
I ORFIITROROEIREZM TIL 2 F BTl
HAEEIT-oTV5E, TODH, BHRIHHSRE
EHRIATAKBICI FEOF L LA TREL
Tot%, SOPATNIZHERREAD REIC L 0 EfRHEH
fThhTwa, 22T, BRMORESEERKRT
EELZ 1 FADHME, KBIZAFET 2,000
B R % B U CEMERIC 2 BT, —HIX

Table 4-7. Prices of first and second grade in 7.00~7.99mm pearls {(n=200) and their respective

percentages obtained from a(+) and a(-) groups in experiments 1,2

Experiment company® Group First grade Second grade Average
1® A a(+) 3,000%(60%)° 800 (40%) 2120
) a(-) 2,800 (40%) 700 (60%) 1,540
B a(+) 4,000 (30%) 1,115 (70%) 1,980
a(-) 2,900 (30%) 800 (70%) 1,430
2t B a(+) 5,000 (65%) 1,600 (35%) 3810
a(-) 3,500 (50%) 1,500 (50%) 2,500

a: Pear| production experiment conducted from July 2005 to January 2006

at Tsushima, Nagasaki prefecture.

b: Pearl production experiment conducted from October 2005 to December 2006

at Shikamachi, Nagasaki prefecture.

c: Trading companies that handle sales and manufacturing of pearls.

d: yen/3.75g
e: Percentage in each grade.
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Table 5-1. The age of oysters used and month of the nucleus inserting operation

of pearl culture industry in Nagasaki Prefecture
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Summary

In order to stabilize the management of pearl
culture industry in Nagasaki Prefecture, methods to
improve production efficiency were investigated in
this study.

Firstly, the serum protein content of the Japanese
pearl oyster Pinctada fucata martensii, an indicator
of the selection of male and female parent oysters,
was measured in 2002 and 2003, in order to develop
a method of producing disease-resistant pearl
oysters with high survival rates against the
reddening adductor disease. The survival rate of
1-year-old oysters produced from parent oysters of
the high content group was compared with those
obtained from the low content group counterparts.
The serum protein contents of parent oysters ranged
from 0.53 to 1.62 mg/ml in 2002 and from 0.13 to
0.86 mg/ml in 2003. The high and low content
groups were established from the higher 10% and
the lower 17-35% of the
histogram, respectively. The oysters obtained from

oysters frequency
the high content group showed high serum protein
content and total body weight from autumn
thereafter as compared to those of the low content
group. At the end of the experiment, oysters
obtained from the high content group were
5.0-20.4% higher in survival rates than those from
the low content group. In addition, the survival rate
of oysters produced from the high serum protein
content group parents was compared with those
obtained from the usual method group. Oysters
obtained from the high serum protein content group
showed 4.6-6.2% higher survival rates than those
from the usual method group. Above results suggest
that selection of parent oysters with high serum
protein content can be effective in improving
survival rate during seed production.

Secondly, in order to find out the effect of low
water temperature treatment in reducing the

reddening adductor disease caused mortality of the
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Japanese pearl oyster in Nagasaki Prefecture,
mortality and physiological traits were compared
each month for one year between the different
groups of oysters kept in various pearl farms where
temperatures were below 13 °C during winter,
whereas control animals were kept in a warmer area.
As an indicator of low temperature burden, the
low-water-temperature index [LT/3=ZX(13-Tn), Tn
<13] was calculated from the water temperature
measured each day at 10 o’clock (am) for each
group of oyster. As compared to control, the 100
degree-day group showed lower mortality, lower
a-value (value obtained from the spectrophotometer
and used as a color indicator for the reddening
adductor), slower gonad maturation, higher
glycogen content in the adductor muscle and higher
phyto-pigment content in the digestive diverticula
after wintering particularly from spring to autumn
when the reddening adductor disease progressed.
The high survival rate in the 100 degree-day group
at the end of experiment may be attributed to the
delayed onset of the reddening adductor disease

which was a result of higher glycogen content,

delayed maturation and increased food intake of the

oysters.

Thirdly, to improve the management of pearl
culture, the production efficiency of mother-shells
of difference ages was examined in Tsushima Island,
Nagasaki Prefecture from June 2004 to January
2006. The survival rate, quality, value of production
and price of pearls produced from 1-year-old
oysters inserted 6.66 mm nuclei (1-year-old group)
were compared with those from 2-years-old oysters
inserted 7.27 mm nuclei (2-years-old group 1) and
2-years-old oysters inserted 7.42 mm nuclei
(2-years-old group 2). Oysters in the 2-years-old
group 2 were from the same group as the 1-year-old
group, but nuclei were inserted in June 2005. The
survival rate of the 1-year-old group was 32.0 %
and 12.7% higher than those of the 2-years-old
groups 1 and 2, respectively. The nacre thickness

and rations of faultlessness and commercially
valuable pearls produced from the 1-year-old group
were 1.6 times and 2.2 times, 12.3% and 13.7%,
21.9% and 20.0% higher than those from the
2-years-old groups 1 and 2, respectively. The prices
of 7 and 8 mm commercial pearls from the
1-year-old group were 1.3-3.4 times higher than
those from the 2-years-old groups 1 and 2. The
value of commercial pearl produced from the
1-year-old group was 2.6 times and 1.9 times higher
than those from the 2-years-old groups 1 and 2,
respectively. Above results suggest that using
1-year-old oysters for operation in June can be
effective in improving the production efficiency of
pearl culture.

Finally, the a-value in the pearl layer of the pearl
oyster, which is used as an indicator for selecting
parent-shells, was measured by colorimetry method
in June, 2004, and selected parent-shells were used
in seed production. Seeds were then used in culture
experiments at Nagasaki Prefectural Institute of
Fisheries from Nov. 2004 to Dec. 2006. The
purpose was to establish a method of producing
sacrificed pearl oysters for graft (piece oyster) that
produce high-quality pearl. The a-values in pearl
layers and pearl qualities produced from piece
oysters with parents from the plus field a-value

[a(+)] group were compared with those from the
[a(—)]

a-values in pearl layers of seeds produced from the

minus field a-value counterpart. The
a () group were higher than values obtained from
those of the a(—) group. Rates of production of
pearls with white object color and pink interference
color were significantly higher in the a(+) groups
than those in the a(—) groups. Commercial values
of pearls produced from the a(+) groups were
1.38-1.52 times higher than those of pearls obtained
from the a(—) groups. Above results suggest that
the a-value in the pearl layer is an effective
indicator and selecting parent oysters with plus field

during seed production can result in improved pearl
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quality. can result in improved survival rate and pearl
From above results, selection of parent-shells for ~ quality. Using 1-year-old oysters for the operation

use as mother and piece oysters, and culturing can be effective in improving the production

oysters for 100 degree-day in a culture farm, where efficiency of pearl culture.

the temperature drops below 13 °C during winter,



