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Abstract

The recent decline in pearl production in Japan is mainly attributed to high mortality in summer and to the low qual-
ity of pearls produced. To rectify this situation, it is necessary to implement effective breeding programs and culture
management methods for the pearl oyster (Pinctada fucata). We have developed a new instrument for measuring
shell-closing strength (SCS) — the load value necessary to open the shell of the pearl oyster by 10 mm — which consists
of a force gauge and a shell opener. A series of studies was conducted to clarify the utility of SCS as a new indicator in
the breeding and culture management of pearl oysters. Results from multiple rearing experiments demonstrated that
SCS reflects the physiological and nutritive conditions of oysters, and that it would be useful as a selection indicator in
breeding programs for the development of oyster lineages with high survival rates. Furthermore, SCS is efficient as a
physiological index of the mother shell at the time of nucleus implantation, thereby facilitating the production of high
quality pearls. On the basis of these results, we conclude that SCS can be an inexpensive and useful indicator in the
breeding and culture management of pearl oysters for efficient production of good quality pearls.
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Pearl oyster

Shell opener

Digital force gauge

Fig. 1. Instrument for the measurement of shell-closing
strength.
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Fig. 2. Mortality (%) of the pearl oysters by division class of shell-closing strength.
Group 1 kgf: SCS 1.0-1.9 kgf; 2 kgf: 2.0-2.9 kgf; 3 kgf: 3.0-3.9 kgf; 4 kgf: 4.0-4.9 kgf; 5 kgf: 5.0-5.9 kgf.
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Fig. 3. Relationship between shell-closing strength and various physiological traits in the pearl oysters.
Group 1 kgf: SCS 1.0-1.9 kef; 2 kgf: 2.0-2.9 kgf; 3 kgf: 3.0-3.9 kgf; 4 kef: 4.0-4.9 kgf; 5 kef: 5.0-5.9 kgf; 6 kgf:
6.0-6.9 kef. Values with same superscript are not significant difference at P < 0.05 (Scheffe’s F).
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Regression line: y = 106.4 +(-23.89)x
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Table 1. Shell-closing strength in offspring produced by shell-closing strength as selective indicator from parent population

Parent population Offspring
n*! SCS** (kgf) WW** (g) n SCS (kgf) A WW (2) ¢
Strong group 14 (%7, 37 57 050" 553 £ 220 236 44 £ 131 a 30.0 = 7.84 ab
Weak group 14 (%7, 37 2.9 £0.70 55.2 = 3.01 248 3.6 £1.17 b 28.8 = 794 a
Contr01 group 40 (%20, £20) 3.9 = 0.64 52.5 £ 588 100 43 £1.32 a 32.3 = 6.89 b

*' Number of individuals.
*2 Shell-closing strength.
** Whole wet weight.

** Values with same superscript are not significantly different at P < 0.05 (Scheffe’s lest).

*? Mean = SD.

W OWRD ) B 2T B 7 Y A o
AFLRAE A WIE 22 L U2y N — L3 A 720107
I METHE | BT, BRI BFofREL LT
FMHTEGVD» L) e el Lz, 72, FERIICE
5RO BIRGE L OBREHREL . BN
PIRE L L om S ERO L R R N L S A E
BEHHEMORE LT 72

51. BROREBEXRX - VIO A B L
E*@%Ei\%\ﬁﬁ\%é®gé\%ﬁ(%
J), FXA(EE) - VIOFBOXERIIOVTHRE

150 :Eﬂtﬁfﬁé?ﬂv\ 1#%h. 2 s, FER IS X é‘fﬂ,%o

EHTSNBHRO ) B, 1RTOEEIZEK, 1

%%ﬁ%tbbiofw%@ﬁﬁﬁf%%ozﬁ&u

TOERTIE, ¥ VIR INTWDLDOHRK

FrLbs I s, ¥V IGRERTORLA

XLEREL OTK/‘Z)O
BIkDF X - LB LTS AER B

H#Eﬁ“*ﬁ&?ém VDo IR R AR A i 5 o B

MHRRALENY, M POEERTH EREZ SR
Wx L C B AR s L 2o A SR B

ENME SN TWEY, T4 TRHOERIZLS

FR -V IOWBIZIE, HRFICB LT aY 71O

AIRIED R L T A Z EDHL NI ENT WS,

A, T AMIC7 v 74 2 BHEOEWE

mﬁgﬁ(Wﬂ%itiﬂif EIPEN D) ICIE

L CHOEMES = KR 2H#AT 2175 2 & T,

FA - VIOBEENZEHOEEWS L2 b

WL Tw b, Wﬂﬁﬁ"iof%f-&zﬁﬁﬁ¢

B AN Z A Lo BRSNS 503, D

FA - VIOEAL % b%?wiﬁﬁ%®K$ﬁW1
Sh7e, OQWERIZEDHOSZTA Y 3 v 78BS

Tl 72 B BOS 250 2. & L7z i REMEDS RIS S T

5% BATOBERE T, IS T IR O
LT, BROGEDmLERL IS OBEEL TR

—D ko TNLY,

5-2. MIFIEBTEIREIICH T 3R DOEE

FA VIR VEMELEROEERT AR S
A W AlEE M BwCTay
HAOEBIREOEEH»R L, BHIZEL 2L L
a3 a—N$52EPREETHL, AHFATHO
TavuAd, WHEICEEE T s, Ao
HROZEDZE L CHIR ENDRFIZELNLL7:0,
L ANUPME YT 5, KIEFT L7 av 54 ol
ﬂ-*ﬁw DR L LT, A o ¥ o 151k

W2 X D EFEEOFGENFIP O3, BEEER. K
AR O LE, 1Y) v o5 (g oy sy
BLUOHESEORT™0HMESA TV D, T MM
BNE, AT (D) X - T BOMBRES
L M DFAREBO HFE R 7 & LT 46 2 & %
LIl TwWab, ZOXH i, HGlfHE L7 aYy
ﬁ%@é@'*%ﬁ%imbﬁyﬁlT%;k#ﬁ%
ENTV5

FHELZ, WHEFENRICBT A7 av 714 &R
REEZHET AIE L LT, BRIV T
Bat L2, Tav s 34EH (MR, FyLeRE
widdg) FRBHELCT, 6 HTE»S 7T HICHT
f%%ﬂa%mB%iML il AR 1RY PN
BRLORERG EOBBERE L 720 FORKE, H1H
fEH L7 axyh4cid, D, rkiEsE, M
WER/HMER, IOy L7 BEB LY
D= EPHEEHROBBE L HIZIHS KT
LUEMAER Lo —H. ﬁﬁubLT%Tt 5 fi
BLHEBEE HHL2VHE) 28w, wiho
b EFMEM S 5 VIS CIETHER L2, b
DOWEIE, TavH 4 oER - XERELZRTIOT
H Y AR SHHIEAF I EF NS O L OV
TLizZEdELrTH L,

7oy HIHIE B BG40 8 SO H ORI & &
HEOMBEFE LR, MmEES X OHRN
Faw /AR EE L OMBREE, FhE r=084,077
T\ﬁ%ﬁkomn&ﬁﬁmﬁﬁhﬁﬂb%ﬂt@@
7)o F72MT1 EMATBOFER T L OB O EE L




A IAVA -
FOMBREIZ, FNFIr=0.72.0.80, —0.73TdH -

FHRIBE MR A 5 AL, 7)) a—=re Koy
oo INLOFERD S HRIIIIEEZO T 2v
A OEM - FEIREEL L, HIHFORECHE %
T HIREE LTHERTH L 2 EARENT,

5-3. AR ERIZE L AR ORR
ERL7zEB), BHROF A - ¥ I LHEEREIBT
673¥ﬁ4@¢ﬁ%%&%%tfw%’tﬁ%%#
WENTWARY, 22 THEELIX. AR THELIC
U727 ax 7 A Bk & 8509 5 A MR 28R & L@FU
HATahunrkEr, BOEBORE®RT & EiHiT
B L UCEERGE L OBRICOWT, BEBRAEEALY
O RS TR 2 BB ® i L 727 Bl
BIOEFER S AEEE O T YA OB IIO LN
WX DB, BRI IBEE L CIEICE L7
HOREXHETLZ T, BmEEkZEET A1

W& BT & HUTREMED D 5o
HEH - LT7avY A 3FE RME, FHek
BEEd4dg) RV, FROOMENE. 1~ Tkef

DFEHIZH Y. BRIIA10~1.9 kgf TH - 723 ERE
DEM% 1kef K- L€, VFHEERC 6kel X (6.0~
69@9&(&%Ltoﬁ&mmwt&®%4fum
 (EEH69mm) X L, WM 4] ToO»5s
7TA R FEFTORT, ¢®RH¢T WS 21T o

7oo ZORER, WERE O ST L TOR O
WIEFRIZOWTTIE, BRI O 8905 72 Lkef XA°
349% L b & . T 2kef [XA930.9% T, B
HOFEN KT SR MER A A S /2 (Fig. 8). Z O
K& LTid, B OB TlEiEE R o
ATRRREDREAL (. F7omKRIIZ BT B
RERRE A M L C 2o ThbH EFE L LN,
—J. FAX -V IORVEMNEEROAESR (5%
BUIRTT A MES XETROEE) E, 2 ~ 4 kgl KA77
~85% T, 1kegf X (1.8%) BLU5. 6kgl X (2.6
~2.8%) N TEWERRL7 (Fig. 8). Z D
B, ORISR T ECH . HIZETETY
B ERROEEESKT L, RICE L 2BE o
P H L EERLTWD, Lioio T, Bhigiid

BHENC B 5 BEOAEBIRRER Bl 2481 L LTH
BT, IEIGIE L B oS E R0 A E ] A R e
BB —DI b EE 2 BT,

6. FARNDEREL L - ERBESSIUVEREE
BRMOEREICONT

(1) BYHFHEH
EXHLOMEICEY. RO T YA A O&R -
%%ﬁ%%Fﬁﬁé%ﬁféb L#%Lﬁﬁﬁf%

HIENHLMER ST, I LR ES LI
FIRKEFET B L UM HEA=ER J\E?JE%'@%%I

r_077***

Shell-closing strength (kgf)

< £

¥ % ¥

S 4 :. [ ) e 4r

1] . @

£ [ ] rY £

_8 2 oo .... *e 5 2t

5 . . %

[ r=-0.23 o

»w 0 L L 1 w 0
40 45 50 55 0.0

Soft tissue / whole weight (%)

1.0

Adductor muscle weight (%)

0
00 25 50 7. 5 10 0
Adductor muscle / shell weight (%)

20 3.0

Protein (%)

Glycogen (%)

2oy By 2o

) K )

) T )

[ C [

S 4 o S 4t

B B %

bo bo bo

£ £ £

3 2y 3 32y

? 2 ?

% o r—080“* o

- e e

U) 0 L 1 'l ] U) 0 J U) 0 L L 1
0.0 25 50 7.5 100 0.0 02 04 0.6 80 85 90 95

Moisture (%)

Fig. 7. Relationship between shell-closing strength and various physiological and nutritive indices in the pearl oyster.

ok E

, P<0.001



93

N W bh O
o O O ©
T T T 1

Mortality (%)

—_
o
T

o

1 kgf 2 kgf 3 kgf 4 kgf 5 kgf 6 kgf

Division of shell-closing strength

Rate of high-quality pearl

150 r
;\'.;12.0
.5 9.0
S 60
s
5 30

0.0

1 kegf 2 kgf 3 kgf 4 kgf 5 kgf 6 kgf

Division of shell-closing strength

Fig. 8. Mortality and rate of high-quality pearls produced from pearl oysters by division class of shell-closing

strength at the nucleus implantation.
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6 kgf: 6.0-6.9 kgf. High-quality pearl: excluded blemishes, protrusions, organic and prismatic pearls.
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