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Development of a new post-operative care method

to decrease the rate of deformities and blemishes
of Akoya pearls
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BE—E RS

gal.
uji

AARBERNOTaYTAHEK OA PE & 13, 1991 £ (121% 68t Ho72d,
2001 4F1C1EL 35 t, 2011 4R (CiX 20 t &7e0, 2 20 4 [ TR &< W
L7z (EARKPES At IE® i, 1995; B KES KEE E K
#,2013), 7Ta VY HARHKOEE RN D LR BREALAEREL
T, 1996 £ ICT7a2Y H A Pinctada fucata (23 4= L=k 29w (BRI 5,
1999; K H, 2004) DEIENFETFTOEND, RERIZIT Y H A DK
REBENPSKIENTTREMAL, BIWICEH L TWIEICE DK
BIE ThHDH, KBEWRICELDHZTavTADOK &~V X, 1996 F 0D
1998 4F T2 THRAL, B R OE KB EIXRIT B 2% 107 (k
H,2004), REHRICBTLT7aXYHTADO~WIEXFK DO 1 DELT, H
EHETaYATA(LLT, FEAB)RNEASh, BEEMSCERE 2
HASNL2H (LT, BFRH)ELTHHINA TS, BLIE TiX, EEK &
FEICBWTHARKETaVYAIA(LLT, BARR)OLZME A+ 5% M %
FEID R, BAAHEPEHBZEZILDETDHHAAETaYITALEDOR
MR (T, ZHE)EZRRBLLTH A TIZERER ER->TWVD
([ A& 5, 2006a; f1H 5, 2002), LML 6, R M B TH K H X
NHEF A VIDE R ERELS, @ EEEKROE B RBEVWEINT
W2 (F KD, 2008), £/, AN ERLKREOEEREHE FI2BNT, H
REHEKOME N LIZEE Thod,

BRI, mMEICk-oC, EREELR, BHEBER, AHKE
HESICOHEIND(F1H, 1999), TRHOHE K OH TH & E B
KERVEGELIOIIERBEKOATHS (F1H, 1999), & i H H K
R OENDIR B G IT, FX-VINELEMN THY, HERE OFE S
(LT, %%2)b 0.4 mm LL EHDHZETHD R/, 2003; Kripa et
al., 2007; Matlins, 1996; f0 M, 1962; f1 M, 1999), “&F X%
HEREOMRKELIFZMROBEHREZEL, “OI"TAKE O E R
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HEBUNAOBEREEZICLY), BEROABRRMFASCESL A TR
258 P 248 4 (K £, 2003; Ogimura et al., 2012), HE o M &
i CEHEMESLAEASVWAREAIN, MROFASKRERVIODD
BOER UL, PE b Al E 2SR O TR W (FR #2, 20035 F1H, 1999), £7z,
BEPNEWEETaAaVYIAEKMBFEOT AN AT VD, & X
FEREKGZEAZRETLIEERERO— D>THD (KR £, 2003;
M, 1999), B X3 0.3mm Rl OB B IZ“HE B SHEK "L T, 78
fn Al E 2348 O TR W (F K 5, 2007; R 2, 2003; Fo ., 1962;
fi M, 1999),

BATORKEBMICEBWTIE, RSNASEHKO 10%2E & E X
KRTHY, VD 90% MK & E E R HDWV IR dn il I O 72 W E Bk T
b5 (HF KD, 2007; H KD, 2008), D, X IO Ak & M
L, DoBEEELTHIEN, BBITOEKRBHMICB TR &2
T E s TVD

BEHRBEMIIAMNTHE DS T, 2)ff & F ik, 3) % 4, 4) 8 K
BEXOEEH T 4 >0 TR 25 % (Southgate et al., 2008; F1 H ,
1999), TNHLDO TR DL, itk FIh & A FIEELZL R L, HE K b
B am bSEies® & I13% BAFE £ 325 (6, 2008a; #k, 2008b; #f,
2010; Norton et al., 2000; Ruiz-Rubio et al., 2006; #i K,
1962) , {32 TLiE, i FIWAICE 2R SELT &R B A
DI F 2 Z L, FLABRKERELZEK TSEL2 T RE2V) (0 A,
1999)  fE N T, i FIN 2L T<T2528L, i E F Il 1Tl 2
HE B RE O F 2B <7224t 5 (i A, 1961; #H A, 1967a;
B A, 1967b; F1 M, 1999), #f &% Fiiv LI, 7av WA D £ K/
FLF,E—RA)EEBEEEZ, B AOAHBERNICHEATILRZND
9 (Cochennec-Laureau et al., 2010; F1 M, 1999) ., #f & F 7 1%
B — 2D b R MR A3 B U R B A e A A, B AT L
BoEG LA LMoY —h WHhpd“BEERR A2 N A I
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ok SE57®129TH (Fn B, 1999), &A%, ik BB (L
T, HEA)ZEAEVOMMREICAN, MARRLNTR K Z L
DY RN THEFHN% 1~2 BMAETITITEEZVN (R,
2003; HH A, 1962; F1 M, 1999), AL, HE FIN & ICHE K E
ERAICHEH TR - R EM 2D 21T ) (R 1,
2003; #H A, 1962; Fnf, 1999), #& £ B W ik, ©—20 4 @
EREMBA, TR0 AECEE DI THEL, BEBRE8 %
Rk 35 (FnH, 1989), EERE M kil I W\WT, ik 7254w\
bR AR & B ER A o [T i BR S0 AR BE M B SR 3Bk A Fhd ke, 4
M b B MR DS E RS ICFEI AT = R DR E N Y, O E
Fricid* X - INW ks (F K, 1961; Norton et al., 2000;
Ogimura et al., 2012; Fn [, 1999), F7=, & L 3 & FIiff % I
HALL2HORMBAERG B IS EZMAL2EDBHLESNTWD (TE
A, 1962), B LT, BAEAKROHBEAEZEEFLTHEKEZH I T5
FTOLREZN, ST LT, BEREZ2HE T LR Z20) (f
H, 1999),

AR, ¥ X-IW R 2l 758 275 4 kA, M (2008a;
2008b; 2010) ICkV#H & S TWwab, #k (2008a; 2008b; 2010) i,
M 4y Mg K (P8 4y 24.6~27.2 psu) & 7= L7=/K f CH & F i &
“OHR%Z 10~14 A A (LT, KESEBKELE)SEDLILICK
D, B EMmEAKICELDELA (LT, BEMEKELE)IVEFX - IDME
WEER (BT, BEXKR)OH B Rm ET2LL7, MO E
(2008a; 2008b) (X, 2 A2 0 &M FTHEAEEITV, EXXZK O
HB = (LLF, BIABREF)EZLB LD ThHo72n, RBRH D%
R EN—E TRVEVIMBE R RNHD, £/, MBI XK ROHE K O
BEIZOWT, W ETITO B TOE AL (LN, L& 4A) &K 2 A
WERBAEDOH B TSN TWARW, 20, B EHEZHEICLE
EC,RE MK EEICIIEIABRE 2N LT8R (LT,
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XM EHR)EALHICTILERDHD, £, K oW K

BAEICILDF A - VIR MG OHE A T84 EDRHD,
FZCARMBE S TIE, £F, ARE M OKEAEICKDE X XK E n L

R OEFERRAEIT o7, WICHEI AR LEZOREILHFMELL

TR 2 Mg K & & O W W B Mg 2 M5 Lo, & % ICIK 3R 5 M K 28

EWCEDXFX-UI MG S ZET 52200 BRE2IT o7, K

RN AEIFU F OS5 2CEEdbN5,

1. RE B ARKBEICLIIEXXKENM LR EZHALNICTLIZLE
FAMELT, RE B RKELE, BF B KEABIOE L& E
BT O X XK R OB 21T o7,

2. EXRMBEICREBELG 2B R OP T, KE 5 lAKEEICED
XX EN EHRPENLSLENKREVNONEH LNICTHIEE
AR ELT, BEEXR BT TEAEGIE, &I, BHOE
WORESIZHONVTHAE L,

3. R oW AKEAOH M EM ALK 2720, XK R LEZITO
VTR SR 53 viE K 2R R R L o BE AR AR T

4. BEREEEHMEEALLEZH WES & OMKIE 5 WK E A
LMk R m L REPLNICT DD, HERE A 2 2L
4 ALEEHZNWT, KoM KELE L LR AEICKTLE
XA ELEEIOR AL L,

5. K W KBLEICEIIFA VIR K MBIEELZMP 5720,
K oW KEELE, BEBARKEELA, B EEACBIZ2EKRER
BRICETH2H AL, £, O RE OE VWHAMEKOR Y
BRBANCEHERADEBEEZH OMITLE,

Wi



B BESBKELECIIMIAKERNLBRORE

2-1 # 8

# (2008a; 2008b) %, K M 7> ¥FE K (M 7> 24.6~27.2 psu) AV
OKMIZHE FME®OTavY (4% 10~14 AMINEL, B4 X
Tz A, @ K (B4 32.4~35.0 psu) TOFE £ L0 R
KPNE Lo ERBELTWD, LLAaRD, 2L #H & I3 B
OB RESLCEAYM S ORBREMEORIEN—E TRNVEN)
W R RHD, 207D, K 55 KB A ICKDE XK L W D)
BlzonwT, RBRE&MEZE —CLTHRHTOLERDD, 72, EH
PEZGEM DB ICHE B EIND M X Xk R O A, K ok &
Bl ERBAEOH TITORL T W), IKE S KEBAEIZLST
X XK ENBATIE THOIME LB AEIVLEORE W LT 200 R
HThHs,

ZTTAMZE TIE, R o Mok & A4, @ % il KEABILOHE L
BAOBEXXE R 2L L, IRE 5 WK E A ICLDE X5 E M
EBREAOICTIZEEE ML, OIS, K WK & w
MAKRKZEZZNLENWH L KN CTHEE OREZT WV, KIE D
KBEAICIDEmEX R F ) LB RICOVTHEIERBREZIT o7, K IZ,
R oK EBA, BFHKEALABLIONE LEAE ORI RO
b & B 7R D M ISAT W, AR Sy v K 3B AR I KD M - Xk R ) b
DRDPEADOEMIZID2DOLTRDOLNLINEINEM N, & %12,
AREWOFEHALEZR B LT, T KEORRLIFIMEH 10 441
RE MK BAISELLAREW EREAEISELHEEZ, @% OHEKHE I
R Chd 12 AFTHBLTLLo B ICHEF AR F 2L, K
oy g oK # A DI AL O REME AR L,



2-2 M EEBIOF &
2-2-1 K Hg 4y g oK 2% A Lol B oyl K & A0
MR ok AR 1)

1) i B BL O & Tl

e Hicik, 2 E R 425535 g(CFH Ml = E ¥R £) Oiif 2
w DR MEH ZH Wiz, 2009 4 6 A 17,18 HIZHEZ FiTE 1 4 (1
FUOFF 800 fEH ARk LTH IE (FnH, 1999) THEZ 21T o7, it H
1fE R ICRF LEBRE (B 7.16~7.20mm)1 il L — 2 1 {H 25 &
Ell A o EFE BN (LT, 5<A)ICH AL (Fig.l), ©— X,
S CTEAT S TOVRWVWIE R OA NLU O Lz 0 & & F i I H
AV
2) B IX

AR XL, IR o e K X (R 4> 24.7+0.1 psu) &l i E K X
(¥i %> 33.0£0.1psu)®2X &L, 1.5 kL ®E 5 FRP K f# %% &
B X 5B oM Wiz, B4 iE, 4 FF (Model 85, YA X7 A+ F )
Tyt B TRl E L, Ak (2008a) ©F EE S B L TR IR R ¥ K

(5 7y 33~34 psu)ZKEK THRLTE AR KX O EH 5 2
L7, KR IE, 25.120.3CITi& & L7, & K F o K T 1k KR
ElL, MBRICIVEZTHEBLE-, i E A 80 ik o8k 4%

(RV=FL 8t 41.5 cmX £ 41.5 cmX & s 12.0cm, H A 0.4
cm) IC A, B KFEIZIE L, #4A1T, BIGE T 14 B MAT o7,
BAEKTH, EEAHZRyME (RVFL U8 fE 72 cm X 36
cm, 5B ATy, BAE 3cm)IZ AR, RIEEICHRE LE KK ICE
TLCEM BB, L8 F) LT,
3) HEERE B IBION YL M
FRVIBHDOEZLITERBROVBICELLZZLEAMBENTND
(A, 1966) A B TIXHEIKRIE R A M IZBITLF XLV IDIE K
IR ARZY Tk, i oFMB W (6 20 L0 E)XVbHEWy, i
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f
BONTEEKROBEZTE»o7bOD, XX I0H & OF i 121
BT ol RMLZHBRIT, BERE H R LU 4 0| Bk (F
MEER, AEREEZR, EXRZ) (BXDL,2011a)ICHH THHEL
72(Fig.2) BB EERICOVWTE, MR OBELZ“FXTLEEHRLT,
FADF A H H I TH B Lz (Matlins, 1996) , &5 (2% X0 1
HHORKRICOWTUE, BRMaSLREB A A8 T2 v I7EE
F L7 (KM, 2003; Ogimura et al., 2012), XD K XD FE i 57
WEE, MR (1994) BX Y Inoue et al.(2011) D7 &% £ 1ZL T,
UTOHETIToT. BERBEERKZT VANV IAT TlRE L, B £
%&£ Y 7k (Photoshop, Adobe ##)ICTHx*xX->I0m 2 & L
Tog FRUVINWENER, BIOEKRKXEHED® 0.5 % T Of/N
FRVIN L ObLEER A E X XB LU (Fig.3), ZhiL, ¥R T
FEKREZEM SIS T 92812 0.6~1.0 mm ORE2HITDHED, %
INRF R VIR H-TH L DT ThHIIE, i dh i I B LAnZe
kD (R W, 1994 FnH, 1999),

KA B ICHEONTE XK O B 25k RS- H 2R o K T
L, INZHE DR TRLTEI AR R L, £/, KM & IR B
SNTEEKROE Bz LB B TRL, 2OH 75 R 2 “H K&K IR
LU,

4) wx F AR AT

MEXXREBIOERBEREOT — X, ¥ ELEBREIT -

#% , Student @ t & & (Student’s t-test) [Z LV ME HT L7z,

L BB AD 60 HEZIS, R ENPSHEKZR L, 20D,
=l
X

2-2-2 W FMEHICLIIERE S AKEED RO GLR 2)
1) B BLOWHE F I

el Bz, B 1 CECHEFTOm 2 OKXHH (2R & &
47773 Q)M Wic, i FIWRIE, L FIRE 1 4 DFIEICKY
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T, Bt B L E BRIk LE R (B & 7.16~7.20 mm )1 {f v
—2 1 %, 5<ADN @IS A L7z (Fig.l)., ¥ — AL, {132 TE47
STWRWIE ZOHNPLU VN LIEbDEF K F WM ICH W, R B
X, 2008 4= 7 A 705 2009 £ 1 A ORI IC 5 B 1T »7=, & & B O %
FIFHIE, 1MW HE:7H 29H0,2MHE:84 19 H,3FEH:9H 9
H,4@F H:10H 1 B,5FHH:10 4 23 A ThoT,
2) B KX

OB X T, IR KX (M4 25.2+20.1 psu), K X
(¥i4y 33.2+0.1 psu), fE EX D 3 X &L, K 2 iF KX L E
WK X2, 5 kL O K M FRP K (& & ) & 3 kL I8 i@ A »»
Lo A BKL O RMIFERIE @ KIEA2 1 A5 T OoH W, i LK

I, RIEVERNICHRELEZERKZEEZ 1 6 H We, & KiE O 5
Bk, B 1 LR O ETIT o, KR 0 KX L@ & KX
DKL, W B X OKIEIZIEWAKIR (£1.0C), 7706 1~3[H H
X 28°C, 4B H 1L 25°C, 5[ HIL22CIT&% & L7z, ff % F 7 5 # I
HRAZzRALE CFEIAEAMEETHOAN(I~3 HH:70 fE@K, 4
5] B :63~64 fE (&, 5 E H :55 fE{K), £ K EITEKREICE T
Lico BABMIZ 14 HE &L, K ICRTLHE L ITE K TIT o7,
BAK TR, EEXHZRABEKBICRTZYME ICA N, & EB TR
BLEERKEICOH LEFE2ITo7, BAEFT OK K OHE 55 &K
Bix, ZHHE KHEEH (/ra7ry”7 AAQLL83, JFE 7Ly 7t #l) T
H 1 [B#E &L, X oKIEITRH X KIE G (Stow Away
Tidbit Temp, Onset #: %) CHI EL, Wy TR EERE E=XV>

7 v A7 A (http://www.agobay.jp/agoweb/index.jsp) @ & 4 # H
R b7 KE 3moOT —X%H Wiz,
3) EHEK iR Btk X O HE FF

HEKER A MICBILFARLVIDORRICE R &Y Teled
L EMMA2S 60 HZRIZ, R ErbEREAHE L, ER 0 HE
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DOFMILTRBR L RO FIEICIVIT o, 2, - X O X
KRBELERBEBREIZOVWTHHRER 1 LR O L TH B L,
4) #E RF AR AT

MEXXRERBIOCERBERREOT X, ¥ ELEHB|EIT S
%, MBXEHEE FINAZERERELT, VK LOMEWZ 50 B E 5
3 A (two-way ANOVA) IZKVfE AT Uiz, M #r o &, & B X [
CH B EZNPNB DL AL, Tukey HSD B I0X 5% & It
(Tukey HSD multiple comparison test) 2LV, & B X [ o 8 % X

REBIUHEKDRR R OB E 21T o7,

2-2-3 EHBOFHE FWE ICLOIKE 5 K EE DR OB
1) i B BL O & Tl

HIREMEH 104 (A~)) O 215 T, 2008 4 5 A 725 2009
FLAEPTITRBRET . K EFELHNATOARAEHDLNER
HEOELONZHABELTHWE, X HOFEMIX, M 1L mbd
WIEl 2 i oWT R ThoTe, il FIlT 138 EE M Tw, iR A
1 HERICOEESKE 1 Hie—2 1 l%z, 5<AD0 & IZH ALL
(Fig.l) , B, VE—RTXEEFBICIZROENLUVH LD Z T
EFMICH W, S EF OB FIFAIX (% A, B, C:5 A 28
H,*%% D,E:6H 17H, %% F,G,H, 1:7H 9H, ¥%J:7H
29 H Th-oTz,
2) A B X

BRI, K v K X (M 4y 25.1+20.1 psu) & EX o 2 X
EUTo o AR o K XL, BRUBR 2 SR BRI, KRBT R IR i K FE &
LERWE M EXICEEEETNTAE TLHREE O VIEH TS,
ffEHOEKREELH W, EFEBICHEZ LM B 2% 4& % (12 96
~109 K FoOANT, K /X BEBREIC®E T Lz, 24 5 M
14 HMEL, IKE D KX CIIEGBH CREEZIToL, BAEKT
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%, BHEEETDVTATLIREDL, LriB, MEHOWTANDE
BREICBW T Ef B 21T o7,
3) EHER HU B XUV E B A

— R E R ECHE LS A ICBWT, K 4 K
BEICEIODEXXKEN L RPBOALILALNITLED,
W BEE 12 AEFTIT ot IR BN EREZR L, HE R &
B OFEMIZTHAB 1 LEHFEOFIETIT ok, £, #R-BK O® X
RRECHBERBEFIZOWTHRR L EFAK O ETHE B LK,
4) H FF MR BT

WX BEERBEREBOT XL, ¥ ERXREBREIT o2%, &
BRI EEFAERELT, MOIRLOE W T EE DB D
(two-way ANOVA) ([Z LV #r L7z,

2-3 fE R
2-3-1 K g K2EALEEENKEAOES X RO K
M2 PR R T, K S WK X 2 21.313.1% (n=5), # i 1 K X

7 10.8+£2.8% (n=5) &0, i X OB ICITA & EZPRB OLNT
(p<0.01, Table 1), EERE B R 13, (K i KX 2 47.814.7%
(n=5), i & ¥F K X 2% 48.55.3% (n=5) L7220, i X O/ IZH & =
TR OL N o7- (p>0.05, Table 1),

2-3-2 HEEZ F MR ISR DK IR S v oK &R D) R o g

e XBR R, K oKX S 45.8£7.8% (n=5) kb @<, &
WTHl FE AKX O 32.4+211.1% (n=5), #F E X » 21.0£13.0%
(n=5) OJla &7 -7 (Fig.4, Table 2)., 1 ¥ % ¥ /K X @ M % X gk =K
3 B IX XL A BEICE o7 (p<0.05), B F 1t A & IR &
WK &M EXOEXFZRBLHEBLICEDA, KIE 5 KX OHE
FALR R (T EX OV 2.8 520, FEICE Moo, @ F K
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X OBk R, KRB oW AKX, i EXOWVWTFHROR IZEBWTY
HEEZIZR DN ->72(p>0.05), F/2, £ Filf H o
REERLEBRLIZEZA, AEEFR DL -72(p>0.05),

R EE T, KE D AKKX 2N 57.5219.1% (n=5) LKk bE <,
WNTIHEH W AKK O 48.9219.6% (n=5), ¥ L X D 45.7+£17.2%
(Nn=5)DJE /o722, H#HBR X OB TEHHRERRICHE Z IR
bR o712 (p>0.05, Fig.5, Table 3), — ), & # & F i A il o
HHRBEIEIEA B EZE0XR DL (p<0.01),

ks, AT OWE Sy AKIE L, K K X &R MK XTI
FIE— E TholeolZx L, Ml EX TITREREL®H PR LT
(Table 4),

2-3-3 BEH O TN H ICXDIEHE 0K EAE DR O
FEEFIFRHE 104 0L 9L ICBWT, BXE R (3 EX LIV
K oW ARAKK TEL, MXOBICITAE EZPRB OO (p<0.01,
Fig.6, Table 5), ¥ 3% C,E, 1 lZBWVW T, #fE X T3k na<
MEB Lo leoloxt U, K 4 W K X TIEHHE R E N 11.9~
31.7% Th-o7-, 24 A, D, H IZBWTIL, KHE 55 KX OEXX
KENME EX D 45~11.2 FLHEEFICE o, —FH, EF M CTE
FRAKRBLZLWLILLZA, AFEEZITR DN -7 (p>0.05),
B, RESEBAKXEE EXOM T, BEERHERBICA R Z TR
DHENRPoTH DD (p>0.05, Fig.7, Table 6), (& [ Cl3A B %=
N oz (p<0.01),

2-4 EB 8

HEMEIL MEFIRORS, HZFilE ol KkE, Ho
AFIREBICE-oTRESEEEIND(F A, 1966; F K5, 2007;
5, 2005; #k, 2008a; #k, 2008b; A5, 2003; HE A, 1961),
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A (2008b) 1%, 1k AKX KA H AR K 45 E K & R Ll K E
ADEFAKR RO B EIT > TWVDEN, ZORBRICITSR & E N —
ETRWEVWSIE A RDD, BRI, RBREICHEEFIRE S
FJOHREoOEBE (A AR, REB)PRE RoTWDIIEREITHA
Do Filo, K 5K O% E 5y (24.6~27.2 psu) L, B ITko
T2psull bEOEWVERED JMEHH O FINECOEH T H
BRI o TR, (R 55 ¥ K Ll 1 K 25 72 L7z K /W
TENTNE B 2Tl I RN 2T oG GbdbhiL, EE
HTHBELERICHE FIRE2IT oG A bADRI,

ZTIT, R TI, B IR ECTOM B IS TE KKK TIT VL,
LI FMEt (B FINEEIFED 1 4, 3 B 138 E D
1% %) EFEA KM (KE 5 K ITHE 4> 25 psu, & 4 1% 14 H
) 28 — LT, IR 5 KB A Ll Wi KEEICTEITDHEX X
RELW Lz, ZOM R, ICHEHICHEZ FiFz2iTo2HE 280
KW AL TITo7el B (B 1) O, IRIE S AKX OEXX
BRENEE KK LVLAE BEICHE -7 (Table 1), £/, B 7250
W IcAT o= B (B 2) Tk, R 0 i Kk X Ll 7 g K X oIS
BEEZEIRODONZL->Tb00, 2B ICB WK E 75 KK o
M R R Ll w AKX IVLE -7 (Table 2), Z20H O fE £ »
O, R DK TCORBECTIEIAGR2N LTI RBHDHL
B BhEirolz,
WEFRORBMELE X TRE W KEALLE LR ELZIT oL
R, IKE DMK OB R R I FXRIVAERICE oL
(p<0.05, Fig.4), SHIZ, HE OE R B ET 25t R ICLEER BRI
BWTH, IKE oW KX OB ENE EXIVLHE BEIZE M-S
7 (p<0.01, Fig.6), FFICEFH 104 DHI>H 64 ITHOW\WTIE, (K IE 4 1
KK DM Bk R N XD 4.5 %L EERo7-(Table 5), 2hb
OFE RS, K 5 WK EE T, W EEAELKELT, 83X
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REPFEICH LSEDHROBLIENH LN, £, BT
fir B, 2FOBWVWILEIIDAERE ZFTETNENLR OO
(p>0.05), T 7oL, fHilZ FIFMREH X T (FHZEISCEMIE) D
EWIZH OO, RE W KEAICIVEFIKR RPN L5528
WP ONEolc, 2O, KE N ARKEELATERLE R Lo
THDOE DB M ThHEE 2HND,

HARB BRI, KE SRR EE EROMTAE ZETRDDL
N7/ o712 (p>0.05, Figs.5, 7). 2D &ML, 1K ¥ 4 Wi K & 4 13
EHOSNWERRBEICKEREBERIFIRNIENH NIRRT,
—FH , HEFMBH CTEREREICEEEZPR DLLE (p<0.01,
Table 3), A& #F 2 TiX, Table 3 /R L72EBY, 8~9 H OB TH
AR X EBDICERRRENER T I AR ONT, % F Il
10 M O~WER-BZFEIL, 7TH THURK, RIZELRY, 20%
9O AP HEEITHEWREBHELZENION TS (F A, 1966), &
22128V Th, 8~9 H IT~WIE Bk 288 I L7afs R, & Bk &
BEMME FLEEEZOND, 72, XEHFF CERERFICH B &
MR DL (p<0.01, Table 6), ZOZELICH>WTIE, HEEEIH X &
D&% FIN-MEEROENEHBLELTE 2D (KB, 2005;
BF 6, 2003), 20T ent, HERBEIEITIE, BAFELVD
K T OE W F O T F il - & B il o2 »n
REHETILEHRMEIND,
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BZE BIXIXKBIREFIBEHE BRERBEWMEBROLE

3-1

g&
pf o

O T, K oK E AN ERAE XD R R A
FETm EESELZEEH O L, K EIZBWTIE, KE 5 K E
AEDNEBRMEICE ZD2EBIZOWTREM 21T 5, B Bk M E 1T 2
5 ZLERELT, BAE G (RBED, 2011a; #&, 2008a; #f,
2008b; FH A, 1962), R H 0P ) (F K5, 2010a), #f &% & Il

W (B %5, 2011a; Nava et al., 2000), & H O # & & 725 O
IR HOKREZSIZH THEERE OB R (RS, 1991) ® 5 B33 1)
bihd,

PAM ik, BoO@EREBESCABRBORELLTAY THLLEE
% (Aoki et al., 2010b; FH A5, 2012; [ A5, 2006a; [ A5,
2006b) . PAX X, HO® K% L cm B OICH Feff HE (s
FALH, 1 kgf=9.8 N) THY, H K5 (2010a) %, Pk /) 2.0~4.9
kgf OF B 13X 5% 128 1.0~1.9 kgf £ 5.0~6.9 kgf oF: H Xvb &
B ERELZSAEETLHIEZARE LTS, Z0Z8E, BREICIES
B BEROLEEICH LEAEBRRELRHLIZEETR LTS, i F
it & 1%, & F 1k /1 i SR EELZMEL, BOHEIZIHT
THATHEKBEZEOREIERETD, 2O, i ASNDHEBKE N
RELRDIFE, M EEROAERITIK F 28 mrndbseInT
WL (S, 1991), ZOXHI, ZThH0ERPME K L EICE %
HZ22Z2FMoNnT052600, R M EIZHERIDEEDOREILE
sk L7cs B wn,

ZITAMETIE, 2nb 5 BRNIPIEKRLEICHERZLDEEDORX
SEFM S L5IEEBE M ELEE, BARMICE, - RIEBREET L
(GLM)ZH WT, 2O 5 BRPBEF AR RBILHEXDOIEBEBOKREEE
R P
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3-2 MEBLOF &

3-2-1 B H DN T
5 ER(BFAEOHB N, BEHOAS R EE, B4 FIE, g FH

HLCEREOER)DESARRICHEZIEBOREIEZFTM 5

Rz 2 BT o7, B 1 [F H L2009 4 4~8 A, il 2 A H I

2009 = 5~9 Al T o7, R H Lo H 21X, Wi 2 s OB K H

A WE AN THrofE FIh, EAEAEFTORR FIHOM & %

Fig.8 I/ R L7, S TIEWR D 4 DO TR ELT,

i ECTofhse T:idlE (RV=Fro®, it 35.5 cm Xk 42.0
cmX S 155 cm) & 35 M #Efi L, & 1 M H7vfkil B 70 A (&
AN AL R BAZREBICREISNTZERKICE T L, &
THIR X, B 1L BEIX10~13 B, B 2F B X 11 HME
L7,

2) KM CoOMESE THESL TE A LLEEFEFOM R H 21 L5 0K
IR 25°C, ¥4y 33 psu B L7 9 KL B /KM (LL T, AR 1)
BL, B 1B B X408 M, A 2EHIX5H M, K& 11T
w LT,

3B N FE E R A 2K 1LY B, v TE LM Ico
SREIMICANBRRAT, TOH%, LEICANLLETEOM K B 24
VU3 R Ay (OA-L, B EEMKIML ) ZH WT ooty ifE K
AV®D 9KL % K fl (K 25°C, i 4y 33 psu) o4& A B 7 BF R 9
OINK LIz, AVl KBIEBICLDME RING ST %, R
HEBORLENPDME L TEICANB L, KF 1 I8 3 01 M
TONRE LT,

4)fF H ol R n B 1 B T R 2022 fE K, BB 2 [H]
HIiZgts B 1599 A OB H 2 EL, Z0®RICA2 L H & %
WELZ, W77 oW ERTH, SERB OFEKICHME~—D—
Ry CcHEmrEsEAEmMNLEET, KEEHABEMAF T 2.0~

)
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4.9 kgf £5.0~7.9 kgf ® 2 7 Vv —7 2o FTe, & 7 v —7Oft
HzH O TEICAN, i FIFETOR (AR 1/ H 9~10
HE, B 2B H 10~11 B ), KM 1 IZIEAE LT,

3-2-2 M R BELUE £

HEFINITIFEETITW, KB OSEIADNM EIZ, /NIWVE B
B (E £ 6.36~6.40 mm, 2L F, M) HLIWVIFTREVWE K (H £
7.73~7.77 mm, L F, REZ)DoWFhnnr 1 Hee—2 1 %2HF AL
72 (Fig.1), 2 N O & F M & 1, Fig.8 [Z/R- L=kric, 1FITFE %
BEICH LTHE R &21T o7, E—RE, tE 32 TEIT o T2
ZROAPLUOVH LIEbOEfZ FilicH W, B 1 [\ B I,
2009 4= 5 H 25, 26 H (2966 il & (4 i & & OV 2 1 £ 15 % [ £
57.3+4.8 g, #iPH :43.2~73.5 g)oftt & Hlcx L, # & F il 217
o7, Bk 2B H X, 20094 6 A 15, 16 H |2 961 f& {&£ (58.5+-4.8
g, #iH:26.8~77.1 g) 0t BHloxt L, i & F 1l 217 o7,

PR PN B ISR WK A 2L o LR UK A B
e /KF 15214 HMIRAEL, KE 2 AKEALEZIT o7 (Fig.8)
K EE O 5y E X 25 psu L, K% 25CIZi B L7z, /K (2
BLiaholftEH GAB 10 B 474 @k, B 2 [0 B 485 i &)
X, HEBNICHRELZERKICI4AHEMEIL B EEAEEIT-
7= (Fig.8), i H iz A B IC 80 Ik &> AN TH&EELE,

BAK TR, EFEZR7yNEICAN, & EE IR E LZHEE
el FLClE LR ELE B LEEFRB2S 60 B %I, A
MOBE R 2R L R 2l K EAICKTLHHE 75 EKEIE, 1[5
H 234 %y 24.9£0.1 psu, /K& 25.2%+0.3°C, 2 [A] H 234 4y 25.0%
0.0 psu, K& 25.0£0.3CTh-o7-, # ELFEAICBTHE 5 EKIE
(%, 1[5 B 234 4> 33.8+0.2 psu, K& 21.6+0.8°C, 2 [n] H 2 4y
32.9+0.3 psu, K& 24.7+0.9CTH-7-,
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3-2-3 HEHEROBEMBIOX X IDFF

AB 1\ H X 20094 8 A 10, 11 H 2, B 2 [\ H X 2009 4
8 H31HELIOH 1LHIHHAAENPNCEKRDOERRIZITo7c, LT
HHRIE, BBREEREENUAN OISR (B8 EEk, A ME I 5%
BERE)ICHME THELL(Fig.2), BERRBEKICOVWTIE, # =
FEOXRX-UIFEM FEELFERICFAOF BEBIRVIDOREXZITED
FF i 21T 7= (Fig.3)

3-2-4 T — Ay

K HEKDEXXRRBIZHEZIDEBEORFICIE, —RIEBRIEET
V& Wiz (Crawley, 2005), 7 /VE 5 LiE, % Xk R 25 & £ K
L7 (1) 2 & L7,
log(H/(1-H)) = Bo + B1 PO + B, technician + (3 SCS + B4

weight + B s nucleus (1)
Bo XZEHZR T XTA—=%, B1, Ba, Bz, Ba, Bs 1T5 L O
AR BE~NDHEBEER T RTIA—HXTHDH, H TR LEE BRI

TLOMEFAR R THL, H 24 & B IS 3758 % XK R TR<,

B U7ZEBREICKR T Xk LU B, i Tl B %I

BIOZLDZ WBEREH FHE T O~V IZLDE B 2R Wiz L
T, FBRPB|IAERICHE2HEELZFHM T2 THD, PO IX
BBRERT, BEFEERL, RESWAKEA%0, I LEAEL
EL7z, technician (34 & £ 8 T, #fi #% F it & 27~ L, technician 1
% 0, technician 2 Z 1 &L7=, SCS A A K T, R HOM & %
<L, 2.0~4.9 kgf # 0, 5.0~7.9 kgf # 1 £L7-, weight [ # &
BT, BHOLE ERELEZ, nucleus 134 BE M T, B OHE
RAERL, KEExE 0, /MEEZE 1 U7z, RAFZE I, # A5 B % (link
function) %z logit, @ E M EL2 2 HAo MLz — Kb BIEET L&
M, EFTAV~OFRET 20 TIEHITIE, R ver.2.15.1
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(http://cran.ism.ac.jp/) ® glm % H Wiz,

ABr 1B H ORI 5.0~7.9 kgf ®H Ot £ (64%) 1% 2 A H
(50%) L0t @ 2roizi=d (Table 7), 2 BIAT o723 BRI B #1277 — X
fR T 24T o7co £, BEBICIDZBEEBET VORI A-ZHE L,

BEEREEZEERLETNVETVONRIA=ZHE E 21T o7, WITH L &
BT INETIVETINDHE NTA=ZHE A 2 >, KA OF M & GE Al
L7z, & %12, 25 % 88 8 vk (stepwise 1% ) Tf i fF R & L % (AIC)

(CHE OB B EIR 24T o7, A5 , AIC D b/NERETFTLE

I ETVELE,

3-3 MR

XX BICEHALT, KE S WK IZHE EX I 4950 E5
Mmol-(Table 7)., B % 71 2.0~4.9 kgf X O 5 Bk K 1%, HH N
5.0~7.9 kgf X kWb 2.2 5L E & ol (Table 7), i B Filf & 2
X O XK F L, Mk FINE 1 KXV 1.4 5L E&mhotc
(Table 7), R X O Xk F 1L, M X IV 1.9 % 2L E & oo
7= (Table 7). 2R EH & O I &ebIT, B R TER
HAH 7 &2 ox L7z (Table 7).

HERBERFICHELT, @ L XKIIEEDE KX LOLE WE [ %
L7 (Table 7)., B 71 2.0~4.9 kgf X © H Bk £ B R 1%, B %
5.0~7.9 kgf K LIZFIEFR L THHo7=(Table 7), itk Tl 2 X 0 &
R, R FINT LXK 0L E WE [ 278 L7z (Table 7).,
EXOBEBKREIEZ MK EZIEFR LU TH-7 (Table 7)., B H ®
S EBEEOHMEELIC, BRI B IIESRLME M 271 L,

W B LHIc, FEBOHEMOEATHERETV(ET VL i
~V)ETNVETA(ET IV Vi) OB T— % L7 (Tables 8, 9), i B 1
ElHIZBWT, BTV Vil 3 FIRE 2R 4 B R ER L LK
b, AIC B b/h &</ o7 (Table 8), EF /L vii ® 4 K ¥ & Tl
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BWT, X XK RBIZHLTHERIDRPAB OLNT (p<0.05,
Table 10), 2 LT, B 2 A BICBWTIE, 2 A A
BAZFEF DET L vi © AIC B b/h &< -7 (Table 9), EF /L vi ©
3AKB(BAEFELHEFINE, RRAOHE )BT, ExX
BRI L THELRD R NEB DL (p<0.05, Table 11), #ix i
BTN ED T A 135 W E & RL<— E L,

KB 1L EH,2 AHOKE@EETVICED GLM T O £ %
Tables 10, 11 {2/ R L7z, AWFJE TREM L7255 KOS5, &K &M F XER
RICKREREBLEGZATLLERIZEA GTIETHY, KRWVWTK SR
G ZTERTIRROA® ) Thole, AT IEX, & H O &
XX AR R Z2 2 FLL B\ ESE28 R RO (Tables
10, 11),

BEHTEOMBH Ay XL (LT, Ay X)) &, B 1E B 2
0.181, B 2 [Fl H 73 0.046 Th o7, 1K 4 ¥F K & & 13 L& 4
Ib MRk R AR 1[0 H CT5.52 7%, By 2R HET21.74 1%
M ESELEHME SN,

W TFHEOLy X, B 20 B Of & 2.546 Thoto, 1
BFERE 213, AR 2B BICBVWTHE FIHFEH 1 L0 E X 8k R
Z 2.55 5 M LSEDHEHEINT,

REOMH & oAy Xk, B 118 B 28 0.419, & B 2 [ @ 2
0.385 Th o7z, & 1) 2.0~4.9 kgf O B 1ZPA %% /) 5.0~7.9 kgf
O HEHIVLEmEX XK FE A2 LB HICBWT2.39#%, A2 H
IZHBWT 2.60 {5 M EEELEHEE N,

BERBEOEROFy XL, B 18 H 280.407, &k 2 [ B 2
0.532 Thol, REIF/NMEIVLE XK RZHAEB 1 W B T 2.46
B, 20 F T1.88 ffm LSELHEHE ST,

NEoO2EEREOA Yy X, B 1F B 5 0.886, Ak 2 F B
7R 0.923 ThHholo, HREMN 1 gEHLRDLMEICHE K F IR B 1 [H A
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TL113 %, B 2 H CLO08fE IR P dotEchni, il H D
4 AL 40~70 g O IZH 7= (Table 7), &£ HE & 40 g ©
BMEIX, 70 g 0F H XWX Xk R 236k 1 Al H T 38.17 1%, &
B2 | B T10.93 fF M LsErLHE s, B 1H A TidaeiR
HE A0O~50g DR BEHICKEEZHALELG A ICEXIKELRED A
Klpole, B 2 H B CldAaE H & 50~60 g 0FF HITKE ZH A

L7 A ICE XX R DR E<RoT,

3-4 BR

AW ORE RN, 5 BRDOILEE HFIENEFRFEITREDK
SR BEG A, RWTRBEOMH I PEFXRRBICREREEL
H 2B5ZENH BN ER-T= (Tables 10, 11) , A BF 78 &5 1%, B 3% 7
2.0~4.9 kgf OFf HIZHH & F I 21T o712, K 70 ¥ K & A& %247
LT, BT HEIVOE TR RO F om L2 5 TE52L20R
LT3,

K WK BATE EBAIVBEX A EL 5 F LU L\ EX
HDHZENH LML/ o7 (Tables 10, 11), Z O fE X, K ¥ 4 ¥ K
BANME EEAIVOEIIRFTLHEZEICH LSELELEEXDS
(2011a) O HE LR R ORE R AR LIz, K5 THWEDIZH A H
ThoTeDlZxt L, BX 5 (2011a) ot H 1T M H Tho7z, LT
Mo T, AR oy v K & AL, BB O IS Db T XBR R A
EESELZENHH L,

P 71 2.0~4.9 kgf O H 1%, fs& /7 5.0~7.9 kgf ®F H LV
X AR F L2 L L\ ESE52EnH 60E7 57 (Tables 10,
1), ZOfE Bk, A ) 2.0~4.9 kgf O H O M % Xk £ RN b
M WELEF AL (2010) o & ER RO A 2R Lz, H KD
(2010a) O H xR M H Tho7-DIzkt L, K#F % TITH A H T
bole, LTeRoT, HRHOBEBE I o/ 2.0~4.9 kgf O Rk
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HoRzFH& BN ICHEA 2200, BFXBRFom LIicF Rl
EThde&E ZBND,

KW DOEEKR DI, i FNE OEVWHEFALRRIZE 2D
A TR L/DNIDoT, — B ITH E FIFE O8I K S XX
RBIKREIREBLEZDEZ 20N TWVWA (B £ 5, 2011a; Nava
etal., 2000), L2xL7ands, BB 1 Bl H CiE, i & FilF & 0% K 1%

& ETANPGHE R ESNTZZENE (Table 8), KRB O & F il &
DE MK EITIZIER % ThoTe B 2615,

FAULRKESIOEREZMH ALK, FAPEERKICHLT/HS

VIO X XK R T BTN Lo, FHOSWN EH &
237591 W)L /pnl, XA RNVABR 1H B CT1.6 %, kB
2 Ml H T 1.3 fFm kE32&H & /- (Tables 10, 11), 5E 47 #F %%
(B S, 199 I8 WVWT, RELEKELZH AT2Lm M EE KO
MR TR RLIIERHRESINTND, INHDOZEND, & VXX
REZ/LIEDICIE, BFHOREZILERE ORETIOM Tk # 722
B DERHFEAETLHIEN R EINT, 5%, Znb 2 EHK DM &
HOELEX AR R LOMBICOWVWTEHEM R EEZITOLERNHD,

AW IEORE R 0D, EBEIFAKRR2 W LIEL20CIE, T84
HiEEBHATOW EEANSCKRE 2B AKEAICEE §52L0EHHK
Thd, o, W FIivaTIcH BEoLE B IREB2H # LT /1 2.0
~4.9 kgf L2 LT, 2 E & CTHOREZIZH 2, IHITHEK K E
DRESICABGSTLHU Z2EKREZH AN T XETHDL, K% E
X, ZTOLEBAEICKY, XX R PBATIELVBB EF 2 L350
BEMZRLTWVD,
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FOHE BESBKELAHEERORE

4-1 # 8

BOELE S WICBWTC, XX E AN ESEDHE0ICITIKE
MK BAENDE N THLHIERHA LN LRS-, = HER CHEHE K T
oMz, i FHE 1 AN 1LEFEOE A TOLhIT 1
Hd-04 E o  Iox Lifi & F it 2175, LR o T, Z L0 i
HEZ14AMAKENCTIERESEAKELETLIZDITIEIRA 20N LITEE
BOKM NG FE LD, £, AR o WK 3B A T TN E %D
72720, KfiZLHNICKRETLEDNLEEL, LLRNRL, =&
BROEKRBMEFOLZLIRERE THY, REQRKEORE I
AL EE D, RE W KEAZE ANT DO OKR SN EE
LR T WD AR 43 M K B A B 236128 f X, K ok
AL Ea AME AT RE &b, 272U, 1K 2 v K 2B A W & BE
D14 BB EIVHELES A O X Xk 0% T 7558 W 1T7ze<,
F Ji 7R AR oy viE K 2R R BRI B iz S TRy,

TIZTARMZE T, R oW KEALABBE OB ZMN L7720, K
WM KBAYMBMEERMNELZLE A THXFA - VIORF EALLOIC
BEXOBEBEHONCTDHIEEZH B LT,

4-2 MEEBLOF &
4-2-1 3R H BL O & F IR

AL, 2011 4 5~11 A oIz 5 | (LA F, 2011 & Bk ), 2012
F6~12 A ORIIC 4\ (BLF, 2012 &R B ) 1T »7=, 2011 &R B 1213,
2 H & 22.022.99 0% 1w O M H EZH Wiz, 2012 & B2,
2 EE 41.1£3.2 g O 2 mOKXHHEEH Wz, T Wi
2011 A BR L 2012 A BR CR 22 1 4 OF & FIF & W & ICkvIT v,
M H 1 AESHIEVESRRE 1My —X 1 #H25<ADMEITHH A
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L72(Fig.1), EER 1% 2011 R & 2012 A B CTIEER LK EZDYH
D% Mz (2011 A B E £ 6.55~6.58 mm, 2012 & B :6.50~6.55
mm), E—2F, ER-BRICBO TN TEIT > TV RWVWIFE R OH »
SYIVH LEboZ2 e T ICH WE, 2011 R B oK itk T A 1L,
1 HE:5H4 198 ,2FH:6H 9H,3HH:6H 30H,4IMHH:
7H 140 ,5E H:7H 28H Th-ol, 2012 B OfF & FIF A 1%,
1@ H:6H 148,208 H:6H 218,30 HB:7H 508,4[MHA:
7 H 12 H Th-oT,

4-2-2 #E

R K EBAIZE, B ZFEE UK EREE®E KM (ULT,
K KHE)Z 1 A W, KIEOH 75 BITHE —FELRKEOT
% TAT VY, 25.1£0.1 psu L7z, K OKIE X Z Bt HICBTD
W bR EIZIER UK R ISR & Lz, 2011 3K B o K # 7K R 11X
1A H 20°C, 2 H 22C, 3F H 25C, 4 HEBLWUYS5HH 27CE
L72,2012 B o AKEAKIEIX 1 B HBEIO® 2 EHHE 24C,3 [HH
25°C, 4 151 H 26°CEL 7o, 1R 73 KB I 3 B 200 & U7 I3 2 A4S
fEEL7c M E /AT, REBANICRELEZEEK 1 28V
7=

4-2-3 R B IX BXOE R I

2011 B CIX, HEZEFEFNZOREAMMEEZ 12 HE LL, 20 12
HEDOIOBARH 2 K ICINAE 58 HA20,1,4,8 HETDH 4 K%
E L, T2bbL YR 5 0 B KX (M kX)) VIR S K A IS A
TP ETI2AMEBEALEZX Thd, £/2, “IKE 45 1 A X 73K
W kKMICLIAMIAL, 20% B LTIl HEEALEK THD,
FRBRX O BT 59~61 ALl EAEBZBICANTE LAY
. BAEKT®, ABXKEICRKyYy NEICAN, HEB ICHEIL

)
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EBE T EM A L, 2011 BT, EERERYMICETS
FR-VIWWMEBRR B R ABLE 75720, fF L& F B Hmnrs 60
%I HPrbERAZE LT,

2012 KB CIL, R FiINZE OB AWML 14 BHEEL, 20 14
HRE OB 5 KB ICINAE 728 M %20,4,8, 14 HETD54K%
RE L, T2bb YR 2 0 B KX (M b X)) VIR 4 K A I A
TP E T4 MBALER THDH, 72, “KE S 4 8 K 7IHK
W kM4 RRMINAEL, 0% ETI10 HEEALEK THD,
HFERBEK oM B AL 60 HAEL, BAEBICANTEESE,
b4 XL, BAEK TH%, 20011 KB EFE I, B L& FHHME
60 H#% ICfkal H 0 bE KR AR BLL -,

o, M REKRRBEEY chD 12 A Tl ELMEE (oW,
1999) L7 H OE X XK L LEZOEWVWER L0, K 55 8 H
X, EXEFABROEAZIT oA B Z 60 HIKF O ICHEL,
EHIC2HBEEZR T, IO 2K ICHOWTII® A K T #%, %8
Bl EINT-ERECHE LHEEL, 120 6 A TEKRAZR I L,
I 2 Xk, K 8 H 12 AHMKX”, ‘M L 12 AR ”E
L7z,

4-2-4 XX IOFF A

BEHRLEERIL BEREEREZLUS OER (BEEEZK, 1
BEEZR, ERZ)ICAH THBELE(Fig.2), HEE EKRIZOW
T, B EOoXFX - IFM T ELRAKIIFAORFEBLIOVIO
RESIZEVFF A 21T o72 (Fig.3) . &l B X 5 (2, % XKk £ & 3% Y
LEERBTHRL, CRNZE 0 FTRLELLOEZWMF AR L LLEL, £
o, RBXEICHERRLEEREZHFEZ AR CTRL, 2heE 0 R T
KRLELbOZHEEKR KB R LU,
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4-2-5 H M E BILOE O

BHRLEEKROIDERBER (VINERKXREOIZTLHEILHD
B, ZEFAOLLIEKLE ) ICOWTIE, M (1994) O F 1%
L5 EICMELEZ3INTOEROL ENPLEMEZFFM L, B &
TR ERaAaTRBEOONIEKRICONVWTL, HE LT OIE K %l
HZEHBEAHRICTRO/DNIVES 26N 2 00T OB B OF 30T O
BERET VXL /X A(CD67-S20PM, Mitutoyo #E ) Tl & L7,
RELATVRBOLNRVEKRIZOWTIE, EAE R IZ 3 ETOE &
2 E Lo, RAFIE TIE, I RE & L /DNE R DEDN I NI OF 1
HREDO20RMH CHIERBERKLZ BN HEK L, EMNEEKOD
HERIIMELE 3 »PFTOEROEWHLIL, TNAE N EB% 0L X
DR LT,

4-2-6 it Gt AT

2011 B DT — 2L 2012 KB OF/AEK T 60 HM A F L 4
ROTF—=2BIWN12 AETHMELE 2 KROT —XIX, Bl 2 \ZH Gt
MrziTol, BMEXKREBIVERBE R B IL, ¥ EZXEBREZIToT
%, ABXEHEEFHAZERELT, SVIKLOE W & E

B oy T (two-way ANOVA) IZKVE BT L7z, ff #r o 5, 3 B X [

CH B ENBODLNEY A& 1L, Tukey HSD & Ik %% & #
(Tukey HSD multiple comparison test) (2XV, 3 5k X [ o % X
KREBIOCEKRRI B ORELZIT o7, /2, E M HEERE £ 1%, &

B X L FIFE ZERELT, MOVELOSD — T Bl & o # o 4r
(two-way ANOVA)IZKXVFEMN Uiz, AT Ok £, B X ICH K

ENBE OO A1, Tukey HSD £ 10k 5% & e #& (Tukey HSD
multiple comparison test) IC&V, B X ] O F & B R OB & 217
272,
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4-3 #E R

4-3-1 (K HE 75 v K 2% ZE B0 & S X Bk R o B 1%
2011 R B O M X B R (1T, K4 8 HX N 45.717.7% (n=5) &

EbmEm<, WO TIEKE S 4 HIX 28.0£10.8%(n=5), KH 4 1 A X

20.8+11.3%(n=5), i L X 16.2*+11.

2% (n=5) DA 72V (Fig.9,

Table 12), B X M I2H B Z B3R b7z (p<0.01), i % F Iif A
BIZAABRXEOBFARRBELLBELLEZA, KE S 8 B X O
FRAK BN EX IV A BICHE 1»->72(p<0.01).,5 [ H OB T
X, M EXOEXXEZKREN WU ThoTe, D7, 5 H HZFRL 4 [FH
DRBRICBITLIEE S 8 HIX &M EX DR AR R 2L LIEED

A, AR 4> 8 B X o Xk T L
7o, AR HE 4> 8 B OIX o0 M S XBR R (LK

XOY¥ 2.7 5o, F

W 1HRXDOYY 2.7/ E70

A EICE D27 (p<0.01), £/, & F Il B O XK RICHLH

BENPROLNE (p<0.05),

2012 A BrooFEA % 60 HMEH B LS & OB R I1T, K&
7 8 HIX N 31.929.2% (n=4)¢ixbEm<, WWTIKE 4 14 B X

25.2+£6.2% (n=4), K5 4 A X 17.

+6.0% (n=4) ®JE 720 (Fig.10, Table
BB (p<0.01), # % F i B

6+8.4%(n=4), i L IX 7.0
13), RBXMEICH B ZD
AKX OE XA R LKL

EZA, K 8 H X OME X XBR R (T L X DO 7.8 15 &70, f

BACE ol (p<0.01), K 4 14 H

X O HE X Bk R (I EX o

W 6.0 f5 L0, A EICE N7 (p<0.01), KM 7> 4 B X D%

AR F T EXOFY 3.45L00, A E

2 Zm o7 (p<0.05), £72

A FINAMOEARRICOLA T ADPHE OO (p<0.05),

2012 REBEoo&E A% 12 H FTHF
¥4y 8 H 12 A E X 26.8£6.7% (n
+5.9% (n=4) ®JH L72>7- (Fig.11, Tab

L7cts & 08 F X8k R 1%, K

=4), 5 F 12 A B E X 10.6

le 14) 1K %> 8 H 12 A #

B X oo 8 22 X R 3, M B 12 AR IO A BEICEm »hoit
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(p<0.01) . W T HBICH KOOI RE2LBELIZEZA, K
Hoy 8 H 12 A SR HUIX o % Bk = 3 £ 12 A SR IIX O F 8 3.9
fEmmrolc, — 5, M FIN A M OEXIRRITITA B ZEZNPRE
Hivieho72 (p>0.05),

4-3-2 AR HE 4y g K 2R R L FOBR R R o B 4R

2011 KB OB R IF 1T, IKE 55 48 X7268.0517.1%(n=5)
EhRbm <, WNTIKE 2 1 HX 64.9215.4% (n=5), i £ X 64.7
+11.9%(n=5), K 7> 8 HIX 63.7214.2%(n=5) DIJH L2 >7N
(Fig.12, Table 15), B XK M I A BE Z XRB oo oz
(p>0.05), — 7, i TH BB OEBRER R ICIAEEDPRDD
N7z (p<0.01),

2012 A BR D2 A 1% 60 A [l ] B Lo & O H R £k BRI, K
5 4 B XS 80.4+148%(n=4)txbm<, WWTIKE /> 14 B X
75.4+5.7% (n=4), #ft £ X 75.03.8% (n=4), K ¥ /> 8 H X 74.6
+6.3% (n=4) OIJE L72 > 727 (Fig.13, Table 16), i B X M A &
IR OENR -7 (p>0.05), £/, &% T A [ © & Bk B B =R
IZHbH B EZIXRB D057 (p>0.05),

2012 R BROFE A% 12 HETH B LES & O KRE IR IT,
12 ABRIRKX 71.7+6.2% (n=4), {KE 7> 8 0 12 H & B X 69.2
+4.8% (n=4) DJE L72>7=7 (Fig.14, Table 17), & B X [ i
IR OENR -7 (p>0.05), £/, &% T i A [ © & Bk B B =R
b A B EZIXRB D057 (p>0.05),

4-3-3 AR K4y oK # AR B CHE M R BRE A O %

2011 B O H R E I, K2 1 B X (n=147), (R 4 4 H
X (n=156), i L X (n=142) "\ T41H 6.93+0.17 mm &720, (K
%y 8 H XX 6.91+0.18 mm(n=162) 72 ->7= (Fig.15, Table 18),
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B XEOE KB A B Z 11X nlux&')%ﬂ’bfcﬁﬁ>o7b:(p>0.05)o*ji,

HEFINRAMOERERIZITIAE EZVPROLATL (p<0.01), £/,
KB XEFEE TN oOMIECEAEFEFHIRDONLZDD >
(p>0.05),

2012 AR OB A% GO A MBABFE LG SOEKRERIL, i KX
5 7.12+10.26 mm (n=96) & b K&, WWTIHE I 70 4 B X 7.11+
0.21 mm (n=106) X ¥ 5 8 H X 7.11+0.23 mm(n=111) (X [F {8 &
0, K 14 B XA 6.99+0.19 mm (n=115) Ll b/ S o T
(Fig.16, Table 19), X % 14 B K O E R E R3O 3 X L0
HEIZ/NHNESDo72(p<0.01, Fig.16), £/, it B B Bl o HE & &
BICLABEZEZPROOLNTZ (p<0.01) , B X L4 Fif B O I
T2 AAE A BB ORI -7 (p>0.05),

2012 R BROFE A% 12 AEFTHBELES G ORKERIL, i L
12 A R IX 7.360.26 mm(n=101), K 4 8 H 12 A K WM K
7.32+20.29 mm(n=111) O 72572723 (Fig.17, Table 20), & Bk X
MICH BEEZERB O (p>0.05), — 5, L F Ml AMEOD
BERERICEFARZEZNPRBOLNT (p<0.01), £z, R X L4 % F
i oMz AA/ERITR O -7 (p>0.05),

4-4 # 8

AR IERE R PD, & bm WX XK R NG LNLIK E 5 K&
AL 8 HEl THAZENH b oTe, £z, 1K /0 W K & &
ML 4 B ETHMLLEEG A ICBWTYH, X XK (130 L& E
YVE 72BN R ST (Figs.9, 10),

Fig.l0lWZ R L& A% 60 B FE Ly & O R EFEEEIC, &
A% 12 HET30 AU B EBELESG A ICBWTH, KR 7 i
KEBEALAZSHREIToELG A0 F (X, LEEIVLA R
B o 72 (Fig.11), Figs.10, 11 2B W THE i H o B & TR
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BROEDF, BEHZLOEEBEMBE ORIIETThHoTe, LEN-T, FX-
VIDEIEE A% 60 H ETIC R INDLTENH B L,

2011 A B TRk R B LU T 1k H 20 Vv, 2012 BB T 2
mEHEH W/, 8 B ETOIRE M KEALEEZITo LG & ITBWNT,
ERABoBEIAGERLZOMM OB FRIEX, WTIHLR UMM 2R L
72 (Figs.9, 10) , 2D Z 0 b, K 77 1 K & A 12 XD 8 % X2k 3R m)
EHREIHEOF R IR DOLTHEONLIZ LR D) ST,

R FWM AT 2011 B L 2012 R CR Ro72b00, [ O
w8 57z (Figs.9, 10), ZOf Rk, # =, 6 = % Of 1
(Fig.6, Table 10) & A £& 1T, 1K ¥ 50 ¥ K & A (2 X5 M % X2k 3 W
EORDPEE FIREOEVWIHDOLTHONLIZEEZE WK T5,

HEHEHOSNWERH ALZE RPN HE ORI ICH 5B & 71T,
BRI RZ2E TIEL2FHR FLLTEZALOND (B EH,
2011b) , AP ZE DR R, EERE B RICEH LT, LB XHIZAH & £
X O 5N o7 (Figs.12~14, Tables 15~17), L7=2»> T, &
WK ~OWEFEN 14 B ETOE A, KE 2 KE AL ITH &
HONWERLCHBZIZKREREBLZRITIRVWIENHALNITRoT,

K il KEALEELZ 14 BTG A OEKRERIL, HH% 8
AMETIILESG A LV F X/ SLKRD2TIEDPRH NIRRT
(Fig.16) K /v K AWM 28 8 A ETOH AT, BERE
BT F 7p s B X o7z (Figs.156~17), £72, 12 H I L= &
BRERIL, KRE B AKEALE EEAOHM T EFERE IR
(Fig.17) . L7223 »> T, 14 HIEIDIRE oW KELET, EEEZEKOD
EPEICITR T Wz, — 5,8 H M ETOEIE D KE
EOBEBKROEZIL, W EBAELLLRXTHARNIENH B L,

U EORE RN, BEROBENPUEROEBAELRFE T, 2ok d
BWEF AR R PEONIRE 2B KEABMIZ8 AR THLZL
D ko,
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FEE ABRERBBLERZAVEEESBKEEICLS
BEXZAKERNLDROLEK

5-1 #% &

TaAYEHRIIZOBEZICEY, HE (5 mm KGH), /HNEE (5 mm L
6 mmEHm), PEE (6 mmLE 8mmEW), KB (8 mm Ll L)
R ShD(RHRAKEAS REE FBKGEH, 2013), BN ICK TS
RESWOEKREREBEEHDHE, 1985 FI2ILHE £ 6 mm UL E o H B
(LT, RPFER)DAEER & NENRO61%E S DI, 1987 4 DL,
EPETHEE OKEEA B A, 2012 F (213 96% % 5D DHETICR-
TWD(RHRAKEEMEE R, 1995; BHARKEE REE B MK
FEER, 2013) KPR Z2EETLH A OB FIMOERIT 1 #H
BIlik2bD0Thod, Z—EBRICBWTHE K O KK T A, 2012
FICFERPTHROEEE G BR 2K D 85%LL->TND (2 A K PE
HEREHRB®HE, 2013), — K T, —HRIE, A 1EAEICXL
B 6mmAKmOEKRE 222 L A TL5E B ME#FZ7%21T 0V,
INE R A E TOHORIEEFR VE N OM O FE B PEHIZIHATE W
EVORE A DD, 20, — HRITEANO/NEEREEE O 80%
U EEEDICE>TWDS, (BEARKEA REE B KT,
2013),

BOEBLIOE S EICBWT, BXXKRENA ESEHEDIC
K Sl ARKELEDA D THOLZEEH LMNITLEE, B M = T, K

WK EALAHMAZ 8 FMECHML TS, XK K nm L) R
MEFLIL, LPBEKROEZILLLRNWIENH B L, 260 B’
ik, BER emm U FOoEEEE LEFALCAEAZHERELLTH
Wiz, — 77, B 6 mm RimORKE M ALLZHZHR A LLE
GA,IRESHBAKEEDPEFARREOEIICEZIDIEZEIZONT
T o 2B E ST,

)
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FITARMI TIHE, B 6mm K OEKREKE 2 @ H50 L 4 F
HFALZE (LT, 2 AfFZE, 4 MFEZE)ZKRE S KRKEEL
TG OEXXKRERN LY REEZOEVEHLNIZITLZEEH
&L,

5-2 MEBIVF B
5-2-1 2 fE# & B ICB DK E 4 i Kk & 4 %) R o4&
1) R HE BLOEE T

2 K HEZH WERAEBR (LT, 2 #EHFEEZABR) oK BT, &
I B B 18.5+2.6 g OUfi L O M H LU=, i F Il 1, 2 8 #F
BICBH L 1 4 0ok TIRH ICk0iT o7, 2 8 #F & & B <,
i B 1 RISk L, S<ADONE LELE % 050l 258 54 JH 1
NLTF, ENDNICESERE LELE—RXR1EE 1HLLELOZE 2 M
ffi AL7(Fig.18, fn M, 1999), E R ZIXE % 4.27~4.51 mm ObH
DEH W, E—=ZX3fE L TEAT > TWRWIE ZOH LUV L
b F M ICH Wz, 2 8 i B BRI, 20134 6~12 7] O I
S5mA T o/ itz FM AL, 1WA :6H 240,208 :7H2H,
3| A :7H 9H,4EH:7H 16 H,5[RHH:7H 23 H ThHoT-,
2) KX

AlBR XL, IR AKX e EX o 2 K ELE, K 5 KK
i, B EEREUEE KA 1 & H Wiz, B XISk, REDE
NICHRELZEEREZ 1 6 H Wit KO 5 1 %138 = & LH
B D35 TIT W, 24.9+0.1 psu EL7=, KR OKIE XTI F il A
OF b3 AR SIEIER CKRICH E L, KIE X 1 E B 25C, 2
B B 26°C,3E H 27C, 4 HBLOS5EH 28CEL, & |, ff
FMEZICEREZ 50 @A FTORAEZEICAN, KIE 5K
WRELFTERKICE T UL, KE 2@ KK IZIKE 5Kkl 8H
MINAELE®Z, B EREFRCEZICBLTSBIZ6 HEBEA L, B L

)
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KITEZRE CTL4 H M EA L, IKE 2 KIEICHZICE LZH I

WASAE L, BARKR TR, AR BEZ2RRK & IRy ME ITA 1L,

FIEBICHRELEZEKRE Ol X EHE B Of F 217\, 2013 4 12

J 16 RICE R ZHK R L,

3) FX-IDFAM

BRI LEEER T, BB EELZAUS O E 5K (BB E 5,

FHEER, BB ICBEH CHELE(Fig.2), BB EERIC

WL, B ZE oMM FIEEFERICFAORF EBLVVIDOKREIIC

KR 24T 272 (Fig.3), B X Mg ICE X AR A M LEE

BRMEBTRL, CREZE D ETRLEVDOEZBE AR F LI, £,

HBRXBEICRRLIERBERAAERZOF AR CRL, 2haH
FTRLEDOZE KRB L LT,

4) EMEBLOE O AM

BRML-EEEROILEBE BEKICOWTIE, U = 0 M )7 ik

ERBRICLTE M ELZFFM L, £/, EXRERZ OB € HH MU = &

[l U5 ik TIT -7,

5) it &l fig A

WX AR FEBLOCEERIE L, FERERET 7%, AR

K EfEE FMHAAZZERELT, #0KRLOEW 6B & 5 8o

(two-way ANOVA) X0 #r L=, ¥/, E M BB E &1, B X

EFHEFEMABEAERELT, MO LOHD o0 BE 5 W AT

(two-way ANOVA) ([Z LV #r L7z,

5-2-2 4 B ICBITLEE oW KEAED R OWEE
1) B BLOWHE F I

4 EFFEZHEEH R (LT, 4 EHEEAR) O H X, &
W R 21.1+2.8 gDl Lk OH RKH LU, i T, 4 8
BIZRAM L 1 4O FINEICEIVITo, 4 lHF AR T

[
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R E 1EEICHL, EAETNETNDOSLAEE DN BICE K 1
HEE—R1{H%EZ 1LMELZLDOZE 4 ML AL (Fig.19), B 2K &
ILE & 2.50~2.67 mm ObLDEH W, B — R332 TEAT > TV
WIR R OHENOE O Lcb DA F i ICH Wic, 4 18 575 8% 3 B
X, 2013 # 7~12 H O IZ 5 B T o7/, & F i B ix, L B H :7
AH2H,2FHH:7HA9H,3FH:7H 1608 ,4RH:7H 231,
5B H:7H 30 H ThoTz,
2) ;KX

AR X, IR KX &M EX D 2 KELKE, K 5 KX
OAREEH EIXOBEKREIL, 2 HHEEABREIFELCLOEH Wz, K
O oy PRI ILE T E LR RO B TIT W, 24.9+20.1 psu &k L7z,
KA OKIBIIFHEE M A oW 3% 4 K% I3 ER CKIR IR E
L7, KIEIZ 1 H 26°C, 2R H 27C,3 M HBIWY4HH 28C,
5| H 29C&L7z, &, itk F v iE % (i B & 40 8K &> %
EEICANN, BB 5 KM ECE3EKRKLICE T Lo, 24 05 WL
BFEINE®%2D 14 AR &L, KE 5 M KEA IO L& EITE
B2 FHFEZE A B EF LT ETITo. BAEK TH, A H AR
KBICARTyFEICANL, HEBENOEKMK Tl L& F L, 2013
£ 12 A 19 HICHEBREZHR T L,
3) ¥X v, A EBIVUE O M

BERLUEERIZ, 2EBEZRBEFEEOFTETEFX -0 i &
TV, BEXBRRLEKRBE M Z2HE N L, 70, B LEZE K O
HEELEZIZOWVWTY, 2 A ABREECHE CTHAM ARSI
B E Z2AT o7,
4) % R T

M AR FE, HERBERERBLOCEHERBERICOVTIE, 2 A
7 % BBk &R U 3k TR AT 24T o 72
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5-3 & FR
5-3-1 2 fE & B ICB 5K 4 i Kk & 4 %) R o4&

M2 XK R, K MK XS 19.5210.9% (n=5), ¥ £ X N
14.4+7.7% (n=5) L7220, (K 75 M K X O 8 % X2k R (13 L X LY
HAH B ICE o7 (p<0.05, Fig.20, Table 21), ffi & F it A 1 12 4
FAKR R AL LIEZA, KR i K X o885 R 13 L X o
Y ¥ 1.4 fGEirol, E, M FINA M OB AR FI2HHE H E

S OLT (p<0.01, Table 21),

BB B CRIL, XA 74.2+£8.6% (n=5), K 2 ¥ K X A
71.2+17.4% (n=5) Ly, BMXMICAEBEEZEIRDLOARN- T
(p>0.05, Fig.21, Table 22), — J7, ffi#% F it 0 W © & Bk £ B =
IZITA B Z 08B Ob- (p<0.01, Table 22),

PR E T, K v K X 2% 5.43+20.33 mm(n=211), i £ X
755.33+£0.31 mm(n=201) &720, K4 55 i Kk X OF Bk E £ 13 L
X kot F EICK &0 -7 (p<0.01, Fig.22, Table 23), £7=, #fi &
FINBMOEKREBERIZLA R EZDR OLILZ (p<0.01, Table 23),
ABXEFEE FINRAAOMIECKABEEHRH IR DR
(p>0.05),

5-3-2 4 {8 H IR 51K E 4 ik & 4 ) R o iR

M PR T, K oW KX S 36.7214.8% (n=5), # £ X 2
30.5+12.3% (n=5) L7 -7 (Fig.23, Table 24) ,5 [A[ 1T o 7= & D9
H o4 BB WT, K HE 55 MK XK IZME L XIS R R NG 0o
eboo, KB XHEICAE EZFTRObNRD -7 (p>0.05, Fig.23),
A THA BICEIARRELBR LA, KE D W KK 0K
FRAKFIE LEXOFY 1.2 &5 Eho7,

FERBR BRI, K 5 KK A 74.329.0%(n=5), # £ X N
73.9+14.5% (n=5) Ly, B XFEICA B EZTIRDLALRN-T
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(p>0.05, Fig.24, Table 25), 7=, i & F it A B © E Bk £ B 3
LHE EEZTROLN o7 (p>0.05, Table 25),

BOERE R, K M K K A 3.4120.29 mm(n=311), #F kX
2N 3.41%20.29 mm(n=283) &0, B X M ICH B Z2IXR OLNR
m o7z (p>0.05, Fig.25, Table 26), it T A Ml o HE R B & IZH
BEIFIROLNTEHLOD (p<0.05, Table 26), B X & & F il A
DI BAEH PR OGN (p<0.05),

5-4 # 8

2 I8 #F B R B IC B W T, KR o i K X3V B X K0S B R R
WA E I o7 (p<0.05, Fig.20) , Z ot B, B £ 4.27~4.51
mmoOBEREEZ2FEFEALZE TH, RIESWAKEAEEZITHOZEICK
STHEEXFAER R NM L TLH5ZERHNERST,

— 07, 4 fEFE R I, IR WK K 00 A B X LG
ZAERBEPME WG S (KB 3 B HE)LHY, & B IX M oM X2k (I
FE EZIIR DN o7=(Fig.23), £7=, 4 @ &% &R B ¢, (K E
S UE K K O XK E N B XK O 1.2 %5 &7:0 (Fig.23), 2 {4
FERBROFEY 14 F 00K o, 2NHOHE 0D, BH £ 2.50
~2.67TmmOEKKEA4FEFE A LH TIE, IKHE 5 KEEIZED
BXXKRE M EDRIGONICSWIERH B L,

ARMFIETIX, 2 EAFHFZBEICH ALEZEREITER 4.27~4.51
mm, & @B ICT 5L 18.272~20.3x mm? THY, 4 i £ B (HF
ALFEEERE ITE & 2.50~2.67 mm, X AMEICTHL6.3x~7.1x
mm? Tholm, —F5,2 HFEK B ICHE ALY —XOH H 1L 2.23~
3.65 mm*> THV, 4 B fF L B ALY — 20 1L 3.04~5.92
mm? Thotz, ~ WAL —ADRKESF 4~9mm2EENTNHIED
5N e 1957, FnHE 1999), 2 A & R BRICH Wity — 23— ik
B 722bDE0RLR0/NEIDThoTe, T7206, 2 £ R B ot 3 5 1
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4 fHFZABRIVBE—Z2DOREIICH LTRERERE BE ASH
Ll TNHEDZENL, AN TOHE—2ADRESIIIH LR SR
HEREZH AL G, RE 2l KEAICIDZE XKL W L
MERIT/FEONARTWVWEB XML, LR T, KA DI —R
DR EIVIZIE—E O & I2IE, B 2.50~2.67 mm OE K & &
AL 4 EFEERBRIVL, BE 4.27~451mm OHEEEZ 2/ AL
o2 8 A EZ R BR 007 DR R oy WK B A IS KD R R R k&)
XnBonXTVnEHR NS, 20D, 4 HlFFEZARICEBWTHE
—ZAD R EZI IO/ ST, KB 5 WK E A ICEDHE XK
T L RBIFBONARLTRDEE b0,

BEHEBERRI, SRBRLLCRARKBICAE EZ28RB O T,
il # B OB ITIZIE R Th o7z (Figs.21, 24), L7=n» T, K
MAKEBEBATEEMBMBERZLLCZAEICHLTESWE RN ZIZKERE
BAERIFEIRNWIERH LN T,

BHROAEZIZEALT, 2 HHZREBR CIXKE B KEELEDOH N
W EBAEIVVERERNA BICK &7 (Fig.22), 4 {H #F
RGBT, KRESHEKELELE EEEAOM CERBERICH
BEhhER IR OO o7 (Fig.25), LR -> T, (K 4 ifE Kk &
AT, BEROBIICEEBERITSRVIENHBHLE, ok, 2 A
FERBRICBEWT, RESEKELEOEK O INE L HE A LY
LEL ST BIZOWTIIHEDELEZARH THD,

AKWFZER RO, HATLIEHKRBEOREILEE—AD R ESOM 7
AhbEICE, KB oW KEBAICIIEXE R LR PR LD
LMW BMmERoTe, T h, HE 4 mm ML EOEKREL 3.65
mm? LLF O —2%&4 AL &, K 5 # k& EICLIES
AR BN EHRPFEONLIENH P L, —JFF, BEE 4 mm Kl
DEBEEE 3 mm? Ll Loy —2%# A Lz & IS 2 ok %
BICELDE AR RE L RPEBEONRVAREEDLZDHVE D,
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BARE BESBKEEICEISIFX-OIB A H #E R A

6-1 # &

WO, RS ENEICBOT, B emm EOERKE 21
B ANLTCHZIRE 2 KEAETLL, XK E M L2528
M LNIZRoTe, B L EIZBOWTL, i A TH08E—2D K EINITIF
AU A, REREKREZBALCAHZEKE DB KEESERES
N, MEXBEEON L REPBEOLALTVIERHHALE, ZhbDZ
END, E— 2D R ESICx LTH A TLO2ERE B REWIZERE &
WE K BAEICEDW XAk R W LB BE LD B RE W,

B O~HEORENS, KE W AKEATEREEB S CF
B THDHEEZE ZDND, L LR s, K 5 K& A IS
XeVIVEDIOBREME THMH 200 T 2D > TN, K
Sy UE K TAEEZIO RN RN ICT O, F X IF K
WA O NEEThHD,

BEHRRERBRICBWT, E—2n0ME 254 @m & s
BER B ORI BR O B M N A ENAHE, TROOR IR
S bR MR DR E KR CEIAT =B R E N D, ZOME
Fricidx X-vINE ik snd (F K, 1961; 7 K, 1966; Norton et
al., 2000; Ogimura et al., 2012; f1H, 1999), 2O Z &b, 4t m
bR A B 23 aR 9D BE, i BRS04 GE M ML % AN Ah bRl b E
BEOMIZE ZAENRTNE, X - TIFE RN NVEE 26N
D, Flo, IRE S MEAKRKBEICBNTEX-IDOE KB Gl SNHDIE,
BN N R AR A TN -4 [ NP =N N > S 1 I 11 A 2 e SR - B 1 Y 0 e/
B A FNICL 582850 DEE 2605, L L6, K 4
BB TICBWC, BEEREOW R ICH BB B2 75t 13720,
e, S AOMKICEEDOR EARCAGIEE S OEENMON
TWOR(E D, 2008), IR 0 BRIENTav A0 KBS RY
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BRRICHEZZEBCONTOM RITZ L,

ZZTARMETE, KESPERE TECBIL2ERRBERICE TS
A lMmEOBERBELALNICTIIEZA ML, B EW T,
KIE oW KEA, BFIEBKEEBIOHE L&A CBTDE KK
BRICE TR, MROKRALCICEAEAEEIRAEL, LiKkE

17 -7,

6-2 M EBIOF &
6-2-1 RAr2BEFIEICLILZ2EBKREE KA K OME
1) i B BL O & Tl

A B X, 2012 £ 5~8 HoOMIZ 3 ElfT oz, AR ICIIAE R & &
42.6+3.9 gD 2 ORXHEEHEH W, W FINH X, L H 5
H31H,2RH:6H 27H,3EH:7H 17 H Thol, £ F i
X 3EEHIZHE — O FME 142X T v, 5 H 1 @ K 1Txf
LEKE 1 i —2 1 #H25<ADN & IZH ALk (Fig.l), B
BAXE £ 6.44~6.50 mm Ob D& Wi, B8 — A 32 TEIT > TW
BRWIE R OENLE O Lizb O & T il I wWis,
2) A BrX

AOBR XX, K oWk X (M 25.1+£0.1 psu), @ & KX
(¥ 7y 33.0£0.0 psu) BL O £ X (¥4 32.6+:0.7 psu)® 3 X &
Uz A& M o3 M K X &0 & K K2, % & &F U R A IS B I8
WAKEZ 1 a5 o WE B EXICIE, EEBANICHKRELEZEK
a1 Bl Wi, %KM O 5 B Ix, F ZFELFE RO IE TIT
STz AR Ay K X EIE E WK X oK IR X, 3 KR (22, 24, 28°C)
OF o EX OKIB IR T WAKIE EL, 1 B B IiX 22°C, 2 1 H
1% 24°C, 3 [0l H 1% 28CICa%x & L7z, & [ O B TIX, i Lot R
HuEH/RAZEIZSO K T OAN, & KM ICIAEHD VT E B K I E
TLE ARE W ARKKEEEEKRIE, i Fil&, kKifics A

)
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WAL, 0% E X R UKL ICE F L, K#ICRAE P IXEB
fH il B &L,
3) o7 Ivs

1 HORBROF TV, i F % 4,8, 12, 16, 20, 24,
28 H HIZAT o7z, 2 H ORB OV TV 7%, i F IR % 4, 8,
10, 12, 14,16, 20 H H 2T 272, 3 H OB oY TV 7%, ##
B F % 2,4,6,8,10,12,16 H B IZiT o7, 7V 7RI
XXM EE 7~10 KT OKMENLEDH T, WK 2E E L
oo RS UZPH B A LA B, SR AU BR L7tk , 10% Mk % il AL
<~V WRICCHE E Lz,

4) FERRM M 0B %

RV UVfE E LK E NS, By hEAREZH WTH ALK
HEEOT LBMATLZEEICHEEL 2 Y LEKBEHm B LR
(Fig.26) . EER I Off i £, Fig.26 (/8 T4 3 O fk 2 8) v i
L, WiEWZXOR"TT7ooa Lz, "T700 UM 2, BB
DANSTWIH LM G 180 umlElE CEUIL, EZ6 umodiE
R EERLE, Z20%, ~~hF U4 T (HE) B & 21T\,
BH B B 22 ok L7,

BB (BH2, AV 248 ) ©, EEREBE LKL THDIN
BENPICONWTEB EE2TT o FRLEMEBU A 0Bl E I T, B
BRAS DN B ST Wl IR & B Bk 48 52 B E IR L L7z (Fig.27) . &
PR IX ICE R R E R AR A ZE BB TRL, 2haeE
TR LIEbOZ “H R R TB R K R7LL,

5) T —XfE M

HERWRE RIS IETEA T EOREORGICIE, — &L #BR P
7 V&M Wiz (Crawley, 2005) , 7 V&7 LT, B ER 48 52 Bk 8 (K
REGBEEHELEZR (D) 2R ELE,
log(S/(1-S)) = po +p1 POL1 +5, PO2 +f3 WT +p4 Day (1)
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Bo (ZTEBERT/XTA—X, B1, B2, B3, Ba 1355 £ B O HERIEZSEREAZE A~
DEBELFReT NTGA—LTHDH, S TEBREZERMEIKE THDH, POL 1T

& oFw BT, RN %, WOME K KRS (@ E oK X)) IR A
ZINE L% , FRLLANIT 0O LLE, PO 3L A K T,

F b %, AR 0 i K KA (R o K X)) ICtE i B 2N E Ly
AL L, ERLAMIT 0 LU, WT i3 e & 4 T, & 4 R 0K IR %275
T,Day FHEMEK T, K FNZE PO TI T ETOR K EZR
I, A BF 2 X, A5 B % (link function) Z logit, f2 = & % 2
Hofelle—EBREETAVEZEM D, TETA~OHKHFHET =0
Y CiEDICiE, R ver.2.15.1 (http://cran.ism.ac.jp/) ® glm %M »
=

TP, AL BRICIDE LB ETLVORIA—FMEEL, RE K &5
BLIETZNVETNDNRTA=ZHEE 21T oo, WIT, Z B Rk
(stepwise {5 ) TR M 15 # & % (AIC) ITH S<KE B # IR 217 -
7=

6-2-2 MEKOERMBICKIZTTIRE O E
1) L3l H

S TEL TRV B (LT, B4 TH)ZM T, 2014
£ 6 H 9~17 HoMIcHAB (UL T, AT THRER) 21T o7, £
e, A Tt B (LT, i B)&EZM v, 2014 & 7 A 18
~26 H ORI B (LU, M B ER) 217 o7, it 50 B L, i &
Br b lohm 2 O M H (M4 TH 428 | & 35.8+1.8 g, 1l
H:36.9+3.1 g) &M Wiz, AL CRIE, B0 8& (RV=FL o8,
Mt 35.0 cm X 44 35.0 cmX & x23.0 cm, H A& WO0.9 cm)IZANT
RBP4 B ETHERF Lz, M & HiL, 2014 4 6 A 6 B (28 il & I
120 AR FTHO AN, HEE ICHELLERKICE T L TR B H
HETHSE T ZITo, 0k, MR BRIZIIFHZ Fl20 LW
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it B 2 H Wi,
2) A
M ST CH R BT, i 25 X (M4 24.8+20.0 psu) & 4 3

v

w

X (5 43 33.1%£0.1 psu)® 2 X TIT o7z, # il H & Bk 1%, ¥ 4 25
X (¥ 45r 24.8%=0.1 psu), ¥4 33 X (# % 33.3%=0.1 psu), ¥# k
XD 3 X TIT o7z, ¥ 4y 25, 33 X IZi%, 5 — & LA UK B 75 B8R 6
WAKEZ 1 5O WE # EXICIE, EEBANICHKELEZEK
T 1 Bl W, KM O 7 L, B ZEER KO ETIT
Sfc, AN CTHEBROKIRIT 25CIZE E L, Ml H R B ol
57 25,33 XX 27CEL, B EX (27.9C) LIZIEFR UKW ITE E L,
BT, ERHEZEAEICAN, HFAEICRAEHDLWVITE K
AT T Lz, KIEICIA FITEREE T LT,
3) BEANIEBIUAE AR

M A7 CH BB TIX, 2014 4 6 A 9 B ICHE B H 2% K 1T
AL,6 H 17 HIZER M 21T o7, # il A &L Bk TIiX, 2014 4 7 A 18
Bl B 28 KB ICIEZVWLIFEZRLICEFL, 7 A 26 I
M ziTol, R B K oM B (A2 CTH 5 &, Mmbl H:6
8 ) 6 256G OIS 4 Y _A 2V VDR WT, BB XY
MYy Nk % 400~600 pul BB Lz, 205650 pul ZATARNHT TR
Rz FTL, IR 24CICxELLEIR= (LT, =) T 20 4 #
wE L, MERAATARNTTACHE A MRS, LY K28 T
et , W7 ABME AH (GFIF, Uy b~ st 8) (T THE & L7 K 2K
BHEARKTHRL, o BELESEABRKXEEFH O K (pH7.84~
7.97) TATARHT T A% 2 8] (1 ml/[B]) $a % L, 823 LWV R &
b & L7z,

ATART T AV Wtk , MK DN E B TLHLH D0 & O L &% T
% pHrodo™ 42 3% K 5 & (Molecular Probes #:#) %4 ¥ 4> 12
AR B L7 AKICTIOMRARULICE®BIK 50 pl ZEHE L, K=
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T 60 4y [l B L7z, A UHE 50 92 o K T 2 [\ (1 ml/RE]) ¥
L, ARBRINrolRIBEER E L, ek, A UHE S5 BE O
WK 50 pl 2% FL, BT 15 4 M# &L, pHrodo™ o % & %
e i S¥ 70, f B IS K 28 C, 5y R B L7 /K T 200 £ 124 IR
Liz~F 2R 8 % (Hoechst 33342, Lonza #E %)% 30 u I F L,
HN—=H T AT THEE T 20 2L E#E L, TO%, %4 &8
BEMERSLOM o T W EE (BX5L, AV A2 8®)ZH wT, —
W ICOXM Yy THHBEE LB 2 HHE (pHrodo ™ :WIG Jih 2, ~
FAM:WU i) OF 3 FH 05 H % 400 5 T ¥ L, & ¥ 24t
A B 2 10~14 HEF ICH>WTIT o7,

s Lo — B o5 H 3 Kzl #%E Y ~7h(Photoshop,
Adobe ) ICTEHERA LY, MRICII2ABROH ®E 2R L
(Fig.28) . ~F AN @ IZHBWTH 4 O o A8l 8 TEh 7 & 1
e, /2, MK D55 pHrodo™ HE &k K @ 2 & & LR €& O%
e NB R CELM KA A A ML, B X B ICE & MK K
I ER AL TBRL, ChZ2E 0 F CTRLT ARE L, 2B, IR
5(1957) X7 v A i Bk % 8 BRI | Bk, BEORL A oMo Bk, A R
PRk g BR, Br Bk A ML ER O 4 FEICKBILTWD, — 5, Bk (1974,
2000) | M 5 Ry i BR SPE KL M ER © 2 FEIZKBILTWD, 2D LI,
TaAYHAOMmE O FHBLOHEE IOV TIEH — &M AFEE LR
W7o (E S, 2008), KAF R ICEB W T, MEKEZB RS K EIT
SRS, BLE AT o0,

4) I Bk %

FRBXOERE PR B LIZMY Y N DOIH 50 pliz~F AR
e 50 plEiRAG L, MaGHEE (DVoer o2 —, NAF AT
ATINH A A B)ICANT, EiR 24 COKE 2= T 20 45 BL L §E
Lz, Il BR OF X% Bkt v, AR MR oOB & -k &R
I, R RCBE BB LWy THEEEMN T, SE B O~ X
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(0.25 mmX0.25 mm)IZO&M 77 T ¥ B L 4 (~F A WU Jib
E)O2BEOGFEEAZ 1005 TR Lo, g LA — B 0H H
2 Bz 14 #w % Y 7k (Photoshop, Adobe tL ) I THEH A/ bHE, ~
FAMLAICLLHF AR P B L TEOR F 2 BREL TF L,

5) T — XM
AN CHOAE B R T — XL, o 1E %K #5217 o7-% , Student
Dt & E (Student’s t-test) ICXVMENT L=z, Ml Ho&E B R FT—X

T, W E R AR T ok, ARKEZER LT, — ol & D&Y
Br (one-way ANOVA)ICEVfE M L7c, ML S2 TH o Bk $ 7 — ¥
IX, Student @ t i & (Student’s t-test) [CXLVAEHT L7z, #1#l H o1
R T —21x, "BXE2ERNELT, — i & 2 (one-way
ANOVA) IZ XV fig Hr L7z,

6-3 # F
6-3-1 HH®/EFIEICLDIELRRE K B K OMHE &

W FIN%E, EREEREERIERINTZO, 22CTIE 3 K
EHIZ 12 HH,24CTIHIERE vl KX 2 12 B B, @ 7 i KX &
M EX 281008 B, 28CTIXMRE o KX 2810 A B, @ % ¥ K X
L EX A8 H H Thoto (Fig.29), B ER 48 52 sl K o 31X, 1
ERTRGFL, RWTHEF KX SR, KR 2 KX DR E
Mot Fie, BB SE R KR oW BIEOK IR A E WIEE R <7D
Mz L7c,

EEHROHEMBMOEAITHEEEETT Vi BLWiii L7LvET L
VIZBWT =& LD L, HE®RET /Vii E7VET Vv T,
B O EEOE AT H Lotz (Table 27) . & B IR 217
ST-fE R, 7TV iv NIRRT,

ETIVIVICED GLM g #r O B % Table 28 2R L7z, 1K 77 ¥
KEA, KL, BEXOHE FIN® OB HITBWT, X2k R (24
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TOHOH B R ENPB OO (p<0.01, Table 28), PO2 A4 v Xk k
D, ¥E A E KM S MK B8R KB B BR A8 52 kBl Rk k& 2.752
2 LR EELLHEESNT, POL OA Y X X, W & 4 3@ & U
KBEAIVOER B TRMKAEE 1,663 ff L H SELEHE TSN,
F7o, R WK 2R LK W OK B AR KVD B BR AN SE AR K R &
1.655 fif L H ¥ LLEEINTZ, KIEOAYy X LV, KiE D 1CH
SARBMICHE KRR IK RN 1.238 fif L F FrLH# & Sh, #f
BEFIFEORBEOAY XX, BE RN 1 ARLR2E ICHE B SR
A R R AN 1.583 5k H oL E Sz,

6-3-2 IMERKDOAE A EICKIFTTIKE Y OB

AN CHRRICBT2M EROE & FIL, o 33 X728 69.0+
11.8% (n=5), ¥ 4y 25 K72 57.0+23.5% (n=5) &720, R B X [# I2
AR ZEIR Do -72(p>0.05, Fig.30),

mEl AR BRICKITLM R OFE &I, Ky 25 X2 61.8+F
10.4 % (n=6) &b <, WWTHE £ X 59.3£7.8% (n=6), % 4 33
X 58.7+20.8 % (n=6)DJE L7272, B XMICHE EZIETRB DL
N7eho7= (p>0.05, Fig.31),

AN CHBRBRICRBIT DM K £ X, > 25 X728 337.0£175.7
AR/ w1 (n=5), ¥ /> 33 X A 241.0104.6 f A2/ u1(n=5) L7,
REBXMEICAEEZEZEIRDON22 -7 (p>0.05, Fig.32),

il BB I A BR Bk, B4y 33 X A3 509.2+£201.7 Hi A/
pl(n=6) i bEm<, IWRWTH 4y 25 X 345.0+71.9 i fa/ 1 (n=6),
W b X 305.8+139.5 8/ ul(n=6)DJE L7228, B XM ICH
HEEEFROLNRN-7-(p>0.05, Fig.33),
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6-4 &£

EHRNERICELT, M L&A ITKE S KEEIVLE K
g6 % IR R &2 2.752 f% WO K &R L E R AR 5T Rk IR R
1.655 f5 A SE 56 Lol (Table 28), T7bb, EHR RO
ROEE ER'BADRDELS, RWTHE W KELETHY, KIE D
KEBEBADROBEWZIENH B LE, £, KiRIX 1CEL<RLEICH

R AR 58 A B R R & 1.238 ff LA SELZL0HA B o7 (Table
28)  AMF LT AE R IL, KIBDRE WIZEER KRR RNHEIE R EINDETD
Kawakami (1953), # A& (1956), U JF 5 (1957) o # & L[ £k O
M Z o L7,

MEOEBRAEICEHLT, B CHICBTDIMEKO&E & R LM
BRI B X oM THE ZEXR O -7 (Figs.30, 32), /-
MmE BBV THLA B EZER Db »>7 (Figs.31, 33) ., iy &
(2000) %, fE sz TZLCWARWT a v W A% 4y 32.18 psu LI 4
23.50 psu DOUWF K ITFILEI 24 BN A L8 &, i Bk 30272 1%
R ool L Tnvd, Kuchel et al.(2010) i, £ 352 TZLTW2
V™ Pinctada imbricata @ Ifi Bk #1346 43 25 psu ¥ K T &F L TH %
MXEDBICH B ZITBDOLNRPoTELTWD, KA IE O R 1%
INHLOWME LR MM AERLE, LIEB->T, 7av A0 &k D&
R BRI, H 4y 25 psuifEKIC8 HIUALTHREIL ML
LBRWZERNH bpntleole, £, 7a v A0 5k 0 & & F L £
Box, AR ED 24 psu FTIER FLTHRESENLLARNIEN RS
iz,

MfERDOHRE LT, BRYWoOEREOMICAGIRENETOND (F
5, 2008) ., — M HIZB T LA 5 16 i o f2 13, 1) Al 45 & 12 M 2K
WilE A, R, 2)BRE LM EKICEAE D OF 8, 3)HE W OM
il 23 BROACE M, 4) R ME Al 2T — S04 Wk, 5) B A M T X
DAL AR TR OMEL, 6) MLk DEE D6 B DD, TAYHA D
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EFINICBT28 G ~olf 5k oz ¥ - £ 81X, 4 I & F il %
i L7-% &1 xFMiE 5~7 R ETIZ, 8 HOSLBILFINE 1~2
HoOMIZE Z5ESn T2 (BT 6, 1957), £/, A ER 2O R L
7z 1 Wy RS R L S i Bk OB R AN 2V, 6 BF ] 1% 1S3 BR &
i A A Rk G 2O 2N A S TS (Acosta-Salmén et al.,
2006) , MK PEEH R DB FHLICH WoNLA T Fav A0 &, B —2X
D R F A 2 DR B [ 82 12135 H L oM Rk Tz R A L, F
fir 5 H&IZITMERPREICbZRo7E (LT, MEE)ZE LT
BoREBEEILLHIC, P—RFMEKICKVE 2T IS (F1 @,
1989),

B — A bAR R L2 b RH e X, B B IS ok S auz i BR g &
RBICLTIENY, GORBICH>~TEKRRZE KT (A,
1989), EER R AT B 588, B BK R PV (21 BRK S04 Ji M o 55 23 Bk
A ENDERA-VINTB R ESND(F A, 1961; F K, 1966 ;
Norton et al., 2000; Ogimura et al., 2012; #1H, 1999), A #f
g DR R, R MK EAICKVE KRR TP AL E N R E AL
WMWK EAEIVLEIRDIIEDH NIRRT, £72, 25 psu & JE
DR 31X BKICED2BE BRICKEREEZ R ITIRNI LN Y
Lic, LTeDo T, R 0 MK B AEICEIDFRX I A3l 2 R},
BRREREZELELZENGAETLLIEE 2DND, T2bbL, (KE
e K& AT, ETAIEGE ~R AL R 20 R g 2T ik LE A
AE B T LHLEBITH M F IR OR AW M & R | OB 21T 5,
Fo, MERJE ZTE plk LW R b B WIZHE B IR ICHO2R2R0, & & fH
b 725 (F A, 1961), 2o X571 EKICKDA & vl NiEAT L7
‘IS, E—204E LM PAERREZE KR TD, £0OD, B
REHE R ORI BRSO fk 5% I 2B BOA e Rl BB MR MR SR D
EZERADND, — T, BEBAKEALHEKEALOL G, AIEG BT L
HERWRIE R ITIZER K ICEAT 52, 207, Al IR B LTS
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oI BROR M - MR R FAE R R EE R ORISR A2A T
REME 28 <Apl, FX-TIPWEN L RDHLEBRAOND, 4 % I1E, KIF
DMK EBECIZ2ERREROELEERE ZMHHA TLILENDD,
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BtE REEE

BB EE ZBEIZBWT, KR 5 KR E T EE TR
B BT 52BN BTl ote, B U EICEWT, HER DK XN K
DFAEVELFEE T, hokbm WX XK R DG LI E 45 K
EAMBIZ8HM THLIZENHHA LI, /2, FLEITBWT, 2
HEHEAMEHEEZ A28 0 M OKE »HEKEAIETH, & XITH
B VWZERHLNIZRoT, L LR S, 2 & B 0 JF 2, 4 8 ##
BEH IO 5 KB AICLAEXX LR W LV R P& o7,
FNBEICBWTL, BE 2 KELAICLVF-UIFW KT H S0
L OMBA LT, KE W ARKEELEPEKRRIE LA HIZEZD
WEL ESPMLEKOAREBLOMERKICE 252 B L2 50T
L7 KRETEHLU EORHRBIOAREINF 04 % OF JHBL 5 ~0 R
FlcoWTHE L35,

7-1 K oK BEEICLIEI K E W LR

EOER LB X, BA I (B ED, 2011a; B E D, 2014; Atsumi
et al., 2014; #k, 2008a; #k, 2008b; #k 5, 2010; #4 A, 1962),
B-EH oAk iE (F K5, 2010a; Atsumi et al., 2014), & F
fhr oW # (F K, 1966), i & Fiff & O£ ilf K ¥ (B £ 5, 2011a;
Nava et al., 2000), R H O K O K I TLHEKEZ OHE
(Atsumi et al., 2014; M EES, 1991) LV o2k x RE [N O B %
ZFBHESEN T WA, #k (2008a; 2008b; 2010) 1%, & #H 4 #E /K (3
57 24.6~27.2 psu) Tl 7o L7cKkK M CHIEZ FIRE®% OH % 10~14
HMZ&EASEDLZEICKY, @ % ¥ K (M 32.4~35.0 psu) D& £
FOGHEE T XER RN\ L322 LxmELL, LLAans, ko@wm &
(2008a; 2008b) i, MBI OR MR E N — & TRWVWEWVWIR B A
NoDH, £lo, KEEZM WRAELBATIE THLME L EAELOR THE
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FARBRLBEZICOWVWTHRZIT > TWARW, TDRD, K% Tl
RE W KEBEBAPBEFEIEBKEAIVLE SRR 20 LSEH2E
MTELMNEIDEH LT DML EDBboT,

ZZTARMIETIE, £7, 14 O & F Il & 8F — B IZH B F Il
AT 7=t H 245 4y 25 psu & 33 psudifE K A VDK FEIZINE L,
X AR R LI, TOR R, K& 5 M KX OEF R
WE AKX IVLAE BICE -7 (Table 1), 20OZEND, & A B O
WY RE % 25 psu FTIX FEE22L101E, Mk R 2m EI3ED
RN DHZENH LM IR ST,

WA, AR HE o g K 2= A e BB AEIVBE R XK R Z2m ESED
MEIMER LT DD, IR Kk EA, BEIEKESE,
FREAEARXICBITOE X AR R L2, RAQRDE M ICTH & 758 B 4217
ST, TOREF, K 5K XK O %Xk F 139 EX Iy E <, |
Br X B ICH B 2 2NR LI (p<0.05, Fig.4, Table 2), 2o Z &
O, K EAT, B EEAIVSBE X XRF AL E ICm £ S
WOHZENHABMNERoT, o, K 5K EAE LB EKEED
o Tk, 2RISR W TR R 59 e K X o0 38 5 XBR SR 3l 7 e K
X E0b @ rolcbod, K WK K EEEEKXKOMTIEAE
ZIXB OO ol (Fig.4), K 75K BAEZIT oG A OE
FAKREDPEbE S, WWTHl FH i KEALRY, W LEEEDNPRED
HE 22 PR R PE o7z (Fig.4) o K 7 v K 8 4E TIEKH o K %
R o lcL7zZ ez, Mo &K (Table 4) 0 Z &) 241 %, £7-

KU TITEAG IS Lo, LR o T, KR 0 LA ICER 5B A &)
R R R E OE WS, L EAEIVGIEF ICE XK R LR LS
mEERABND,

Wi AKBEORLZLIFEE TN ENKRESWBAKELEEZIToHE
IZBEWT, IKE S AKBEEICIAEXIg RN FERXELND
MEIWER SN TAED, O 17 4 O FIH 23 212, K
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WM KEALE EBEAICBIIEIXKRRLDOLBEIT o7z, TD
mR,KE DB AKEE BV TE XA R (TEFHE LM ELE
(Figs.4, 6, 9, 10, 11, 20, 23, Tables 10, 11), 2N b D #i F 15
Rz H i DK HE OE WITB R e, IR R A MR OK B A B W TR E
FRAK RN LR BBFBONDIIENDNoT,

R K E A ICH T8 HiIHoWT, H A H (Fig.23, Tables
10, 11) 22 H # H Wiz Bk (Figs.4, 6, 9, 10, 11, 20) TV F b,
K W KEADEFARRNE EREAIV G RoTc, LIZD o
T, IRE B ARKEBEBAIL FEHOEBEIIH DL TE IR R 2N LI
THZEDR LNERST,

i 1 % H (Figs.9, 20, 23) & 2 & H 2 Wiz Bk (Figs.4, 6,
10, 11, Tables 10, 11) &b I, (K 77 ifF K & 4 O F Xk R
M ERAEIVLVEEICE PoT, LEB->T, B HOEEICH bbb
M 0 K B ATV X R R I\ E3H2&08bhrolz, B KD
(2008) 1T EH ek (fF 2 FHOHZHE»OER R LIE %K) 24
PETDICIE 1 BICH B T LE 2E koW 2% B X0 4 7%
RBIOEKRMENELARDELTVD, M 1k B ICH & Tl 217 -
e, R oW KBEZITZEL, YFWEKREE 1 FHOMHE
HPOBERLEER)EEW EKROWT EZAEE T5LLTH, #E K
DEIMFIEIVLE M EEROAEE DN TELHA ML E W

RFZE CIE, BERBBEICREBLEZDESNDE L HILE(BED,
2011a; 2 % 5, 2014; Atsumi et al., 2014; #k, 2008a; #f,
2008b; fiEH A, 1962), R H oM /1 (F K5, 2010a; Atsumi et
al., 2014), i &% FIF H OB K ¥ (8 £ 5, 2011a; Nava et al.,
2000), F H oK O KR E3I2x +72H K OB £ (Atsumi et
al., 2014; B 5, 1991)» 5 ERFRITHOWT, MR R (ITKIFT
WEBOREIZHEBE LI, TORK K, BA T E LR H O & 2,
MEXARRBICROREREEZRLIEFT NI N/ -7 (Tables
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10, 11) IR 2y M K % A 13 LB A LV WX XK E 42 5 50 L
M bk =% (Tables 10, 11), PA® /1 2.0~4.9 kgf O H 1%, A%
5.0~7.9 kgf O H X0H M XERE N 2 %LU E & o7z (Tables
10, 11),

K WEKBLEOHB ORESIZOWTHF LK &, (K H 45 1
KEAHME A8 AMETOL A, HIHPNRLIRDITHONE F LR H
35 <72>72(Figs.9, 10) . L22L7223 b, (KM 43 viF K % £ B W %2 14
AL S, BB KT 8 A M IvLE2-72(Fig.10), 2h
SO END, R bE W XXk R /G LNDIKE S MoK E A
X 8 A THOHZLENH bnTiol, £, K1 4 ¥ K 28 & #1 ) %
4 A ETHEMLESG S T, M XK R ETH EEALIVEH VIEN
R &7z (Figs.9, 10),

BEREEZEBBEFALCHZRE S KEALLE A& TH X
REBRFEW L RBBEONDINEIDERFILIEZA, HRE 4.27~
A5l mmOBEBKEZ2M@IFE ALEZE TH, XX Rn\ L3R NRE
HH7 (p<0.05, Fig.20), — /5, E £ 2.50~2.67 mm O H K &
48 AN L72H T, XA ERm L RN, BEE 4.27~4.51 mm
DEKEZ2MHF ALLZAE IVHIRLS, WK OB ICH B EZIXR DL
ol (Fig.23), 602, AMFRICEBWT, LK ESSOHEKE %
HALEHZHOWT, BT R R ICOWVT, K 5
KEBEAICIDEXF AR E N L REEKBEOEROM K% Fig.34
R LTc, TOR R, BB OEE B RKELARDITLE, K IE /7K #E
AWCErEEXAKEm L RPREL L2 AR OLNE
(Fig.34) , ZHHDHE 2o, K H 45 i K 8B A 12K X8k 5 W
ESHRIT, HATOIEHEEOKESSICEIVR RDZENRENT,

BEREIEIE, BRESW AKX S EXOM THEZIXR DL
Nrole, il FIMALEFHICEBNTIZEAENLA B £ PR
DoV (p<0.01, Figs.5, 7, 12~14), F7=, HHE B FEZ LZH 2 H
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WERBOEKRBEBRERBWTH, RBXBICAREZEZTRDOLAR
otz (Figs.21, 24) , L7e o T, IR 43 W K 8 £ 136 A T 5H B
BFOREESRHEATIHICHDOLT, i H O~WIE SN IZITE
BLARWZERH LN RoT2, HOSNWE B N Z /hdl, B B
BECEITIK<25, F K (1966) 1%, it FIF % 10 A A O~ 3E
TP RT, 7THA FAUBICARICELRY, Z0% 9 P HEET
EOVIRBE S EEKEL TV D, RIF S TH, Table 3 /R L7zEEBY, 8~9
HORBR TOWTFHORBR KX ICHBW TS E B BRR BZME T 4 28 M
NHR NI, 7o, R B EFH O ZICX-oTHE KR & B E X
B3 TV (B A S, 2003; K5, 2005), 2NbDZEnb, H
BRERE T, BAEFELIVLIHZ F TR 0 WO H Bk R ¥EE
(SR B (2 T, i F i, l F)OEICKREKEEIND
EHER I N,

BROEZICALT, RE S AKELELENS 8 A ETOSL A
i, ERRE RN EEALIZIERLCLTH o2 (Figs.15~17, 22,
25), — 5, K MK EAEE 14 B BT o8 A, BEHKER
NE B AE XL E LIS o572(Fig.16) , 2NH O fE B e, K
WoyEKEAEAHBMAS M ECOSHA, BB IIERL B LT
FRNZERH N EZrolc, ZHIZK L, 14 B M 0K & 575 K & 4
X, BENELI DO E T80 B shvz,

HEFERICH WL AT L0 IR IT, L0 TK P ICE T
TWAAILLTAALFT L THY, AT AAF T 05 B N %
O bR ARSI S D (Fl M, 1999), B ER B Ak ICH H S bR
e AF OEAG IR IT, TaXYHADBERLEREICA LD ik #F T
b5 (FnH, 1999), K 4 ¥ K & £ LW 45 65 TITH 720, K3 4
KA O B3 gk 8. ehd, 7av U A3 K 4 oK
BRE TIPS EE B K & 0K T (Alagarswami et al., 1976;
BN, 1962), £ &K E & o 4 (Wada K.T., 1969), M i§ & A
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E O (M, 1987) MAETCLIZERDbI> TS, £z, R#F %I
FOMRME il K BATERE TR ICE T8 M2 L&EAEIVD
ELT2ZLBbholz, 2RO ENE, K 5 WK DO AN - 72K Hl
I E R offitg HiL, BEALERERE R EZIT o T ARWnWEHE B IhD,
WY 3 & (1957) 1%, 6~7 Al ERBAEZITToEHE A0S &, 2K
R oFR WEAKCTIERHE FIN%E 12 B H TERE ~OILYT A
EEDPHRINTEIEEZRELTWD, LERS T, K 75 K EE
14 AMAT o 6 OE R E R D, W L&A XN 2ol K
ELT, REIMOKE WK ~ORBIZLILZEHERE ~OH LYY A
hwEDOENNE 2T,
LbEozemb, KE WK EABMMIZT 8 BMEL, Mk Tl
XA ) 2.0~4.9 kgf OB OALEH WHZEITLY, B AT O L
BAELFZIERASEDEEZEZLSDEXKOH B RKNE E ICHm L4552
ERH BN IChhoTe, e, A THIEERE N R EWIIE, KIE 5
KBTI DME X Xk R W\ L) RITREAeDI e H LK,

7-2 AR MK B/ AEICLDF X I AL I B A o iR B
FRAVIKOW Bl Z BT, FALVIOHLE 4y ICILE B
EoRmIZES AR B, A M, 2 Ok S %
L7 B L OV & 238k 2 ZFR TV ZenHm &SN Tnad (F AR,
1966; Ogimura et al., 2012), 7=, ZE OHLE K OBl £ ITB W
T, TR_XTOREOHNMITITZLDIE AT KD ENLTNWDHZEN
R S TWa (F K, 1966; Norton et al., 2000) , S5 % 2 1X
HEFMHHAOAATURLEBICAELCEE R IZHh-T, 2L K S
NTVWEZELB BZIN TS (F A, 1966) ., 2O LXHIC, FX-IJF
Al I3 BRSO R G M I S OBk A AL ENDLDE CIZLD R A Ak
EREOZENRH LN TWD (F A, 1966; Ogimura et al., 2012),
Flo, FXVIDELLITERBEORBICE K SN TWVWDHI LRI L
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TW5 (F A, 1966; Norton et al., 2000),

ARBFIE T, BAEKLG0HMEL40 B Lol EfAEOELS
DY BB THIRE 5 K E A OB X RE N E&EAELVD
& 2ol (Figs.4, 6,10, 11), &< L& F 21T o ThF X - IKK B
BHE WML o722 8nh, ik B F P IicxX - UTFEAE TR
B SIIRNWZEN bkl ol

FRAVIDOERITE KRR EE R OB IZMm K, 4 %M, 4«
DR kNS Lol l 5 OfF Y Bk BIA ENDHTLITEVELD
(F A, 1966; Norton et al., 2000; Ogimura et al., 2012) ., A& #f
FRICEIDMEMMF B EZOM R, BEERRBOTRITLEDOKIEIZIBNT
il EBAEDPROELS, RWTHEE M KEELRY, KIE 5 KE
EDRERBEWIENH LNIZR -T2 (Fig.29, Table 28)., £7=, K& 2
WIS, WTFNROFE FIECBOWTHLER RO K IT#H /2o
72 (Fig.29, Table 28) . # LR £ 2T o7 & OHE K R 5E K ICHE
T2 8 $EkIR O MR IX, Kawakami (1953), & A (1956), W] I 5
(1957) O & LR A O M 278 L7,

TAYTABTLHM K OB Gin i, g FIil®k, — @R UA
CRIG B Bk N ERE T LB £5 (T, 1957), £z, 7=
YHADOHN B 28 Br Uiz 1 K & I3 E 8 2 (2 Bk o4 8 2 i
IV,6 RMHACEIMLEKEESMEMELXGHEZEBIETLIMELDHD
(Acosta-Salmén et al., 2006) . & K PEHER OFEFHICH WH L DA
FayiATIEIE—2AOB M FIR P08 k% IEFNICLSE 0
JE Oz Bk A FY, 5 ABZICIEMERBEEERLEOER T EZED
TEIZEY, B AT E AW A Fns (Fn H, 1989),

AKWFIEICEBNT, ML TORBEICH DT Tav oM KK 1%,
Wy 25 psuiEARKIC8 HMINALTHRELLE L L) ~7 (Figs.32,
33), M #E (2000) %, {2 CTHELCWARWT avY A% 4 32.18 psu
EHE 4y 23.50 psu O K IZ 24 B B IAE L7 A& o Bk i3 2= 8 e
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MolelLTWD, £/, KR T, 7av IA/O0mMEKOE £ D,
> 25 psuiE/AKIC8 HIIN AL THLRELEL /L L7 ->7(Figs.30,
3, TNDHDORE RS, Ta Y HAOMm Rk O&E & X, HooRE
N25 psuETIE FLTHRELSEMLABNWZILERH ML ole, LR
ST, RE DM ARKEBEZIT SIS AGICBNTH, BHE B KEEL
MK EALFEBEI, MEKTAEBICERAERBLE D ZEISLLD
I, W FINROR AR BRELAE R TOIEN R ENT,

K3 oy vE K 2B AL, EER R Ak E B AV LR A K
FBAIVLEL TN, MERICLDE B A E ZIXEE LN
ENHBH LI, LIERos T, IRE o KEEICIIELKREE K OE
FE DN, FX IR OMAICEH G L TWwWa et nm<, TOE |
I Fiho— FETHLITEAMATFE] (LA, 1959) Tl B T
Do

TAaAYHTAOEKEIMICE T L ZIEICIE TR R AT FE ] LT#E 4
FE IO ZEmYRHL (I 1, 1959) , TR KA iE )& — & A
THEAMOOVITE L ICHEREEZMH AL, ©—REEEFIEDH IE T,
BAE —RBICIT o TWd, (%M TE IR BICERE O L
ALThD, 4~10 A RIS, I HEKBE AL ORIKH LU LT
E— 2% AL, BRZICEESEDLHE THD, F A IFE TR
BilzxL 1 W\l F 2475012 x L, AT GETRER 1KLL 2
Bl B 21T 9, DD, PR ON»H% M TE BB EIT DO T
W LU, A IR IR R A s K0, M Bk R N & <
LHIERMBNTWD (I 1, 1959), BB OLERH ALY &, &
Ab 7~15 H %2, EEREJE P 2 R 2858 2 2% 5 (07 I,
1961; (1@, 1961; LA, 1964), 2O IcE—2% A T5&,
E— 204 b N E R R AT R TS BRI i BRS04 GE A
HEHEKRENICHE A AT, F X UIKR IR DA i EITIE <D
ZERMLNTWS (FH A, 1961; 110, 1961; (L1, 1964), 372
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b, BN TFEBELIEREOAZM AL, BB E M %MW KR 2N%E 2
BV, BB R DM ER ESEE, E— 2% A T528I1Ck
DX IR EZME T oM T E 25, Len- T, K1
MK T AELIETE A TIENCEIFE FINOSEROR IEM#E T
IR DM BR S OB BOA ALK E O JF OF R EOF R OB IR T
bHEFE RD, DFEY, R v WK EAEZ, TR TEITITIH0
O, BEREFREBAITOM EEALVLELEDLILICLY, HHK
JE O DM AR ESELBRICERREERIELILETHFX VI
R A H SELE I THDH, L, K S MK # A ICKDE BRI
B OBIEDNELDFR K IFZBEEDEZARNH THDH, K HE 45 K~
DIRIEIX, 7TavYHTAD)E i &k & (Alagarswami et al., 1976; = N,
1962), & & & & & (Wada K.T., 1969), Il i & A & & (fn @k,
1987) % Dk # RAB TN EICERBEZE 25, 20710, KHE 5
WK ~DRENE — A0 kMR O 8R DV Ix s 2 E I
LA LN OW B EE 2 TWDAREMITE W, 4 %I, KIE 5 Kk #E
BICEIDP2E R R R OBELEER ICOVWTHETH2ZLICLY, X
S K B RS O fF B S HE el b, B B R O A B R AW
LS I BN OB B ICLENLEE ZA6ND,

7-3 RS KELEDOE ANLS % O E

R S K EAEZE ANTLHZET, BLATHE IO M X XK N
FAZWm LT ER b oTo AR 5 WK B A ICKDHIE X X
T R R, BRI R OBENSAE LA REMERE I EN
MW LE, £, BEREOEZE DR ESWVIEE, KE S KEEICLD
XXk Em L RPRERDIM M AR DO (Fig.34), D
e, FRIZEZ 6emmU EORPEREZAEETLIEIKREMEH 2L
T, RE W AKEBEEIELDEEROAE KL LIEDLH DR
fi&&E 25,
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BT Jf (1958) 1%, E—AD K EXIZE B VWH A (E—2D K& 1
~2.3mm?), BH& AmmOBEKEONPNEE 8mm OB K LV
BEXREVERICETLIHEIZHEVELTWD, Z2OZEnD, E—XDK
IR —EOH A, FHAICHWHE K Z NN INE, K 5K E
EEITHOTOHEEKRRIE R OBEILELD RAGE NIV EHERINE, £
7=, BT (1958) 1%, E & 8 mm OE KL ICK LT 1 mm? 720 L% 9
mm2 O —2%ZF ALEZH A, 9 mm? O —Z2DHF A 1 mm2 DL —2R
FOLE KRB B R ICETL2H HIZHVWELTWS, Z2OZEnD, il
FMICH WOIE =X FT/h S0 E, ER R K OB IE X fF Tx5,
LIeRoT, Rl KEAZE ATIRICIE, BTV —2%
INELTHIE, IRE oMK EBAICEIIE XK E W LR PIBIC
EELAREME N DS, Eo, EAAE 4 mm R OB B 28 K E A
LEBZHAWTHEHRAELZITOHR A, E—A0OKREIZ 2 mm? LA F I
THLKEE MK A ICKDE XSk R LR A/LELTHELN
LA REME DN E W, LR T, B 6 mm K O/ HEER AL E TS
BEICEWThH, E—RZ2 8T L0b/h <3, (K 5 oKk & A
IE M EEREROAEREZN EXELOOF M IChREEE 2
bhd,

R s KEAEAZE ANTHEOMEEL T, KA 75 B I8 & K/
DA HEKRBHREICE TLIA=—2ARE FTbND, Z2HOLHE E
DR O— DL T, K98 CITAKHE 75 WK E A W E O/ %
7 O NI VAR T SN |V e N N S - I 1 o S 5 3 T 1 )
O 14 HM (BEDH, 2011a; Atsumietal., 2014) 25 8 H M FTHE
e LCh, WU Lo Em ERPELADLET TR, B
KOBIHLELEDLRWIERH ONIChoT-(BED, 2014), 2O LT,
14 H CORE il /KREAEZ 2 FATOOICE T8 (28 H [)
T,8HMOEE S KZEANIME (24 HM)ITADHIEEERLT
Wo, £z, R ol K EABMZ 8 HHE LS & I2IE, 14 B H
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DY & XOb/NSRAKE TCRIBOFEZEHZLE $TL2LLA 6 &0D,
KA O/NRA T, W R MR E OBBICLENDLEE 2BbND,
KA FE OfE R, K MK #E AT L EEIVLES R E S
BHE M ESHLZENRHLNIIRoTE, L LR G, KU JE TIT -
< ORBRICENT, i FIRAMOEXIRRICHE EZNR
DAL (Tables 12, 13, 21, 24), ZOZ&X, & F il ai o B ©
ABHREBOEWSE AT ORE KR, 0, R ES) O®E
WIZE-oTALTEHREREIND, 4%, SOIEEm M BEEROAEE R %
L SEL-0IE, B FINICH WDSEEH o4 B R B L E B
HOMEFR, BEFORRKELEERGHEOHEKRIZOVWTHE T4 H
N5, £, ffitE FiisioR B4l B IREEZa o — L3 55 /-
AT DR B LML E THD,
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EZ#H

KRB TE, Ta Y TAER B ICBIT LM i E & Bk O 4% E
M L2570, FX IR aMmGl L, X AR R LE EFTLHHL
WHE AN AR T MELZ, BITOR A THE K EZA
BVOMMNREICAN, MAORLHTERE LoD 20y T
Wz FHM%Z 1~2BMITI>BOTHD, KW TIEL, 2OFE A& 2K HE
oy g K (M8 4 25 psu) AV OFE B IR i K TIT D K R 4y B K &
ETEWVIFT LWE A I 2B 36 LT,

DK oy g K 38 AL, BLITIE CTholE ERAIVLA BICE XX
KERLZN EIELZERHALNITRST,

) FINBLOBAIRE DI SDOEROOILE A H LR
O TT0H, BERIKRRBIIROREREBELTE XDLZEDRHLNE
molo, R oW KEATE ERBAIVLE XK E 25 F L E
M ESE2ZENH M L, £72, k) 2.0~4.9 kgf O B I
Pl 71 5.0~7.9 kgf O H XL HE XX R %2 2 5L Em R
LTEBHBH LT,

M LELERAELFEFEFOEKRDEZEAL, 2O XK I NE LS
RO WK EZEABMIL8 A THLZERH BN ITRoT, K
WoamKEBAWMIT, CNET 14 HEESNTE, 6 HEOD
M M S TELZ &0 B L,

4) BB KA 2 B A LHE T, K WK #E A LY B
Bpm ETHZERH NIRRT, —F, 4 MFE K LA CIX, &
FRBRFEW EHREIEORIKVIENRENZ, 2 HFZ AL 4
R IIEESEKEELECBONTH, BXCHORVWIENH
T o T,

5) HER W DT IEM L& APROES, IRWTH & i KEELR
DR K BANROE WZERH I L, £, R E RN
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25 psu ETIR FLCHM KR O R Y & & F BILOM K £ 1T K E<E
fELBWZERH NI oTe, LT T, KM 75 K EEITED
FRA VI O M IE, BEERRIE K OB IENDA TDHT LN HE £
SN,

6)P )1 2.0~4.9kgf O H 2 FIHICTH W, i 128 A [ @
K K BAZITHOZEICRY, BUITOW LB AELILETHA
BWEZEZLODEX AR OH B ENAE BEIZH ET22ERH LM
Mol Elo, A THEERE N K EWIEZE, K 5 K E AT
DM RGRFE ) B RITRERDIENH A L,
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KRR AEEVELDDHICHIEY, BURTHEB LK 2 o= &
RFERFPRERADERFAIRBOE A B ICEREHB L LT
5, ¥, ALK ELITKRBM AN o7-F KF K F B o IEH
%, HAR MR AR RO A ) — R ITEH P L LT D,
MSEAT B iR N K ER S WG X — 18 % GE A28 B oA )| Bl
o, B E L RDONTH U7 M SE AT B e N R B S BR BE R OAR
KPE S A BRI O A i se 2, BF SR o Rl &5 e, R R O
fig BT, §a SLOER S T X COMW CTH RRIHELIWH I 2TH Wik,
CTWWELSEAAL B LLETD,
AR GE L, —EHBRKEMIEFTBRE O »ORFICOELE»D
i FLESWH D ICEDEZAN KR Eh o, MBLH K, | & & & oo o
R, #fFIEANFTT R, &% ¥R o0l | B o5
I, AMEOK A RS X THWE, FAF AE L, @b HE
o, R E B, BTSRRI, WF R o R & FE i, RS R O
fE AT, G L DOIERE £ ToOl THE RRIHFBLIH HhE2H WL, K
M@ a E LA, ARKTFRICE, MERAROEBICHEVS
RIpTW D &AW, £/, I B — 1§ £, B E fnok i i,
JEOFH, R RO, fw L OERICHTEVZOF K RIH F %
HWe, 2o #IZELSHALHBE L BT D,
—EHBRNOEBEER B ERT OF 2L, RABRHEH ~OF & F 1
LB H O B 21T o CTHWE, £/, & H B2 5 i 2 W H A A K
DI 2L, R E2EREETHICHZ0E NN OTE ETH W, Zh
DI 22 LTHELSEH AL B L E TS,
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Fig. 1 Diagram of the horizontal and vertical views of the inner parts of the pearl oyster,
Pinctada fucata, with one set of the mantle and nucleus implanted. (A) Horizontal view; line
indicates the cross-sectional plane. (B) Vertical view; NC, nucleus.



Fig. 2 Classification of pearls obtained in this study. A: high quality pearl, B-D: low quality
pearls. (A) Nacreous pearl with no blemish or one blemish smaller than the proportion of the
pearl surface 0.5 % or below. (B) Nacreous pearl with one blemish larger than 0.5 % of the pearl
surface or plural blemishes. (C) Prismatic pearl. (D) Organic pearl. (E) Nucleus. Scale bars
indicate 2 mm.



100%

Fig. 3 Criteria for the definition of high quality pearls. Only round, nacreous pearls
with no blemishes or only one blemish that was less than 0.5% of the pearl surface
(Solid square) were defined as high quality pearls.
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Fig. 4 Proportion of high quality pearls produced by oysters reared for 14 days under three
different post-operative care methods after nucleus implantation. Salinity25 represents oysters
held in low salinity seawater (25 psu) in a closed recirculating tank. Salinity33 represents
oysters held in ambient seawater (33 psu) in a closed recirculating tank. Sea represents oysters
suspended froma raft in the sea. The oysters were suspended froma raft in Ago Bay after
receiving post-operative care. Pearls were harvested after 60 d of culture in Ago Bay. Values
are means + standard deviations (n =5). Values sharing common letters are not significantly
different at p <0.05 (two-way ANOVA, Tukey’s HSD).
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Fig. 5 Proportion of pearls produced by oysters reared for 14 days under three different post-
operative care methods after nucleus implantation. Salinity25 represents oysters held in low
salinity seawater (25 psu) in a closed recirculating tank. Salinity33 represents oysters held in
ambient seawater (33 psu) in a closed recirculating tank. Sea represents oysters suspended
froma raft in the sea. The oysters were suspended froma raft in Ago Bay after receiving post-
operative care. Pearls were harvested after 60 d of culture in Ago Bay. Values are means +
standard deviations (n =5). Values are not significantly different at p <0.05 (two-way
ANOVA).
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Fig. 6 Proportion of high quality pearls produced by oysters reared for 14 days under two
different post-operative care methods after nucleus implantation. Salinity25 represents oysters
held in low salinity seawater (25 psu) in a closed recirculating tank. Sea represents oysters
suspended froma raft in the sea. The oysters were suspended froma raft in Ago Bay, Gokasho
Bay and Aso-ura after receiving post-operative care. Pearls were harvested from December in
2008 to January in 2009. Implantation of nucleus was performed by ten different technicians (n
=10). Values are means * standard deviations (n = 10). Values sharing different letters are
significantly different at p <0.01 (two-way ANOVA, Tukey’s HSD).
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Fig. 7 Proportion of pearls produced by oysters reared for 14 days under two different post-
operative care methods after nucleus implantation. Salinity25 represents oysters held in low
salinity seawater (25 psu) in a closed recirculating tank. Sea represents oysters suspended from
araft in the sea. The oysters were suspended froma raft in Ago Bay, Gokasho Bay and Aso-
ura after receiving post-operative care. Pearls were harvested from December in 2008 to January
in 2009. Implantation of nucleus was performed by ten different technicians (n = 10). Values are
means + standard deviations (n = 10). Values are not significantly different at p < 0.05 (two-
way ANOVA).
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Fig. 8 Outline of experimental procedure from the pre-operative conditioning to the post-operative care in this study. Numbers of oysters implanted
were indicated how all groups were split up in each experiment.
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Fig. 9 Proportion of high quality pearls produced by oysters held in low salinity seawater for 0
(control), 1, 4, or 8d after nucleus implantation in 2011. The oysters were suspended from a raft
in Ago Bay after the treatment. Pearls were harvested after 60 d of culture in Ago Bay. Values
are means + standard deviations (n =5). Values sharing common letters are not significantly
different at p <0.01 (two-way ANOVA, Tukey’s HSD).
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Fig. 10 Proportion of high quality pearls produced by oysters held in low salinity seawater for
0 (control), 4, 8, or 14 d after nucleus implantation in 2012. The oysters were suspended froma
raft in Ago Bay after the treatment. Pearls were harvested after 60 d of culture in Ago Bay.
Values are means + standard deviations (n = 4). Values sharing common letters are not
significantly different at p <0.05 (two-way ANOVA, Tukey’s HSD).
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Fig. 11 Proportion of high quality pearls produced by oysters held in low salinity seawater for
0 (control) or 8d after nucleus implantation in 2012. The oysters were suspended froma raft in
Ago Bay after the treatment. Pearls were harvested in December 2012. Values are means +
standard deviations (n =4). Values sharing common letters are not significantly differentat p <
0.01 (two-way ANOVA, Tukey’s HSD).
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Fig. 12 Proportion of pearls produced by oysters held in low salinity seawater for 0 (control),
1, 4, or 8d after nucleus implantation in 2011. The oysters were suspended froma raft in Ago
Bay after the treatment. Pearls were harvested after 60 d of culture in Ago Bay. Values are
means + standard deviations (n =5). Values are not significantly different at p <0.05 (two-way
ANOVA).
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Fig. 13 Proportion of pearls produced by oysters held in low salinity seawater for 0 (control),
4,8, or 14 d after nucleus implantation in 2012. The oysters were suspended froma raft in Ago
Bay after the treatment. Pearls were harvested after 60 d of culture in Ago Bay. Values are

means + standard deviations (n =4). Values are not significantly different at p <0.05 (two-way
ANOVA).
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Fig. 14 Proportion of pearls produced by oysters held in low salinity seawater for 0 (control)
or 8d after nucleus implantation in 2012. The oysters were suspended froma raft in Ago Bay
after the treatment. Pearls were harvested in December 2012. Values are means + standard
deviations (n =4). Values are not significantly different at p <0.05 (two-way ANOVA).
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Fig. 15 Mean (z standard deviation [SD]) diameter of pearls produced by oysters held in low
salinity seawater for 0 (control), 1, 4, or 8 d after nucleus implantation in 2011. The oysters were
suspended froma raft in Ago Bay after the treatment. Pearls were harvested after 60 d of
culture in Ago Bay. Values are means = SDs (n =142 - 162). Values are not significantly
different at p < 0.05 (two-way ANOVA).
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Fig. 16 Mean (z standard deviation [SD]) diameter of pearls produced by oysters held in low
salinity seawater for O (control), 4, 8, or 14 d after nucleus implantation in 2012. The oysters
were suspended froma raft in Ago Bay after the treatment. Pearls were harvested after 60 d of
culture in Ago Bay. Values are means = SDs (n =96 - 115). Values sharing common letters are
not significantly different at p <0.01 (two-way ANOVA, Tukey’s HSD).
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Fig. 17 Mean (£ standard deviation [SD]) diameter of pearls produced by oysters held in low
salinity seawater for O (control) or 8 d after nucleus implantation in 2012. The oysters were
suspended froma raft in Ago Bay after the treatment. Pearls were harvested in December 2012.
Values are means + SDs (n =101, 111). Values are not significantly different at p < 0.05 (two-
way ANOVA).
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Fig. 18 Diagram of the horizontal and vertical views of the inner parts of the pearl oyster,
Pinctada fucata, with two sets of the mantle and nucleus implanted. (A) Horizontal view; line
indicates the cross-sectional plane. (B) Vertical view; NC, nucleus.
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Fig. 19 Diagram of the horizontal and vertical views of the inner parts of the pearl oyster,
Pinctada fucata, with four sets of the mantle and nucleus implanted. (A) Horizontal view; line
indicates the cross-sectional plane. (B) Vertical view; NC, nucleus.
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Fig. 20 Proportion of high quality pearls produced by oysters held in low salinity seawater (25
psu) in a tank or the sea after nucleus implantation in 2013. A small piece of mantle tissue and a
nucleus (4.27 - 451 mm diameter) were implanted. Two pairs were implanted into the gonads of
oysters following conventional methods. The post-operational period was 14 d. The oysters
spent an additional 8 d in the tank after nucleus implantation before they were suspended from
rafts in Ago Bay. The conventional post-operative method was no low salinity treatment.
Oysters were cultured in Ago Bay after the treatment, and the pearls were harvested in
December 2013. Values are means + standard deviations (n =5). Values sharing different letters
are significantly different at p <0.05 (two-way ANOVA, Tukey’s HSD).
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Fig. 21 Proportion of pearls produced by oysters held in low salinity seawater (25 psu) in a
tank or the sea after nucleus implantation in 2013. A small piece of mantle tissue and a nucleus
(4.27 - 4.51 mmdiameter) were implanted. Two pairs were implanted into the gonads of oysters
following conventional methods. The post-operational period was 14 d. The oysters spent an
additional 8 d in the tank after nucleus implantation before they were suspended fromrafts in
Ago Bay. The conventional post-operative method was no low salinity treatment. Oysters were
cultured in Ago Bay after the treatment, and the pearls were harvested in December 2013.
Values are means + standard deviations (n =5). Values are not significantly different at p <
0.05 (two-way ANOVA).
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Fig. 22 Mean (z standard deviation [SD]) diameter of pearls produced by oysters held in low
salinity seawater (25 psu) in a tank or the sea after nucleus implantation in 2013. A small piece
of mantle tissue and a nucleus (4.27 - 4.51 mm diameter) were implanted. Two pairs were
implanted into the gonads of oysters following conventional methods. The post-operational
period was 14 d. The oysters spent an additional 8 d in the tank after nucleus implantation
before they were suspended fromrafts in Ago Bay. The conventional post-operative method
was no low salinity treatment. Oysters were cultured in Ago Bay after the treatment, and the
pearls were harvested in December 2013. Values are means + SDs (n =201, 211). Values sharing
common letters are not significantly different at p <0.01 (two-way ANOVA, Tukey’s HSD).
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Fig. 23 Proportion of high quality pearls produced by oysters held in low salinity seawater (25
psu) in a tank or the sea after nucleus implantation in 2013. A small piece of mantle tissue and a
nucleus (2.50 - 2.67 mm diameter) were implanted. Four pairs were implanted into the gonads of
oysters following conventional methods. The post-operational period was 14 d. The oysters
spent an additional 8 d in the tank after nucleus implantation before they were suspended from
rafts in Ago Bay. The conventional post-operative method was no low salinity treatment.
Oysters were cultured in Ago Bay after the treatment, and the pearls were harvested in
December 2013. Values are means + standard deviations (n =5). Values are not significantly
different at p < 0.05 (two-way ANOVA).
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Fig. 24 Proportion of pearls produced by oysters held in low salinity seawater (25 psu) in a
tank or the sea after nucleus implantation in 2013. A small piece of mantle tissue and a nucleus
(2.50 - 2.67 mmdiameter) were implanted. Four pairs were implanted into the gonads of oysters
following conventional methods. The post-operational period was 14 d. The oysters spent an
additional 8 d in the tank after nucleus implantation before they were suspended fromrafts in
Ago Bay. The conventional post-operative method was no low salinity treatment. Oysters were
cultured in Ago Bay after the treatment, and the pearls were harvested in December 2013.
Values are means + standard deviations (n =5). Values are not significantly different at p <
0.05 (two-way ANOVA).
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Fig. 25 Mean (z standard deviation [SD]) diameter of pearls produced by oysters held in low
salinity seawater (25 psu) in a tank or the sea after nucleus implantation in 2013. A small piece
of mantle tissue and a nucleus (2.50 - 2.67 mm diameter) were implanted. Four pairs were
implanted into the gonads of oysters following conventional methods. The post-operational
period was 14 d. The oysters spent an additional 8 d in the tank after nucleus implantation
before they were suspended fromrafts in Ago Bay. The conventional post-operative method
was no low salinity treatment. Oysters were cultured in Ago Bay after the treatment, and the
pearls were harvested in December 2013. Values are means + SDs (n =283, 311). Values are not
significantly different at p < 0.05 (two-way ANOVA).



Fig. 26 Diagram of the horizontal view of the inner parts of the pearl oyster,
Pinctada fucata. The tissue sampled for histology is indicated by the hatched
lines. Vertical line indicates the sliced plane. NC, nucleus.



Fig. 27 Pearl-sac formation. An arrow indicates pearl-sac produced from implanted mantle piece.
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Fig. 28 Microscopic detection of phagocytosis in pearl oyster hemocytes. Phagocytosis was
examined in pearl oyster hemocytes using pHrodo-labeled Escherichia coli. (A) The hemocytes
were visualized using differential interference contrast microscopy. (B) Nuclear Hoechst-stained
and merged blue fluorescence images show the hemocytes. (C) Red fluorescence-labeled

particles are hemocytes.
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Fig. 29 Rate of pearl-sac formation by oysters held in tanks containing low salinity seawater (25 psu),
normal salinity seawater (33 psu), and those suspended from a raft in Ago Bay (sea) in various water

temperatures.



100

80 |
g
g 60 F
©
Q
s
(&)
S 40 }
S
[a
20
0

Salinity 25 Salinity 33

Salinity treatment

Fig. 30 Phagocytic rate by oysters maintained in tanks containing low salinity seawater (25
psu) or normal salinity seawater (33 psu) for 8d. The oysters were hold in a pearl net (20
oysters/net) prior to examination. Then, the oysters were suspended froma raft in Ago Bay.

Values are means + standard deviations (n =5). No significant difference was detected (p >
0.05).



100

80 |
S
o 60 |
s
L
B
[S]
S 40 |
&
a
20
0

Salinity 25 Salinity 33 Sea

Salinity treatment

Fig. 31 Phagocytic rate by oysters maintained in tanks containing low salinity seawater (25
psu), normal salinity water (33 psu) for 8 d, or those suspended froma raft in Ago Bay (sea) for
8d. The oysters were deliberately crowded in a plastic conditioning boxwith a lid (120
oysters/box) prior to examination. Then, the oysters were suspended froma raft in Ago Bay for

44 d. Values are means * standard deviations (n = 6). No significant differences were detected
(p >0.05).
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Fig. 32 Haemocyte concentration by oysters maintained in tanks containing low salinity
seawater (25 psu) or normal salinity seawater (33 psu) for 8 d. The oysters were hold in a pearl
net (20 oysters/net) prior to examination. Then, the oysters were suspended froma raft in Ago
Bay. Values are means + standard deviations (n =5). No significant difference was detected (p
>0.05).
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Fig. 33 Haemocyte concentration by oysters maintained in tanks containing low salinity
seawater (25 psu), normal salinity water (33 psu) for 8 d, or those suspended froma raft in Ago
Bay (sea) for 8 d. The oysters were deliberately crowded in a plastic conditioning boxwith a lid
(120 oysters/box) prior to examination. Then, the oysters were suspended froma raft in Ago
Bay for 44 d. Values are means + standard deviations (n = 6). No significant differences were
detected (p >0.05).
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Fig. 34 Relationship between diameter of nucleus and ratio of high quality pearl



Table 1 Proportions of high quality pearls produced and proportions of pearls produced by post-
operative oysters treated with low salinity seawater (25 psu) or ambient salinity (33 psu) in a tank for 14

days after nucleus implantation

Salinity
Comparison
25 33
Proportion of high quality pearls (%) 213+3173 108+28 p<0.01
Proportion of pearls produced (%) “ 478+47 485+5.3 ns. 4

“! Proportion of high quality pearls = (high quality pearls / pearls) x100

“2 proportion of pearls produced = (harvested pearls / implanted nuclei) x100
3 Meanz#standard deviation (n =5)

*4 n.s., not significant (Student's t -test, p >0.05)



Table 2 Proportion (%) of high quality pearls produced by oysters reared under three different post-
operative care methods for 14 d after nucleus implantation

Post-operative care method

Nucleus implantation date

Sea Salinity 33 Salinity 25
29-Jul 175 46.5 52.5
19-Aug 10.0 414 53.1
9-Sep 15.0 26.7 39.4
1-Oct 43.3 20.0 48.0

23-Oct 18.9 275 359




Table 3 Proportion (%) of pearls produced by oysters reared under three different post-operative
care methods for 14 d after nucleus implantation

Post-operative care method

Nucleus implantation date

Sea Salinity 33 Salinity 25
29-Jul 57.1 614 84.3
19-Aug 28.6 414 45.7
9-Sep 28.6 214 47.1
1-Oct 46.9 47.6 39.7

23-Oct 67.3 2.7 70.9




Table 4 Salinity and temperature in three post-operation methods

. Nucleu§ post-operation Salinity (psu) Temperature (°C)
implantation method
date Mean =SD Range Mean £SD Range

Salinity 25 251+00 25.1-25.2 28.2+0.3 27.6-28.6
29-Jul Salinity 33 33.3+00 33.2-334 28304 275-28.6
Sea™t 32605 31.7-33.2 20.2+09 26.3- 317
Salinity 25 253+00 252-254 28.4+0.3 27.6-28.6
19-Aug Salinity 33 334+01 33.3-335 285+03 27.7-29.0
Sea 33.3%+0.2 32.9-335 26311 252-295
Salinity 25 253%0.1 251-254 284+03 275-285
9-Sep Salinity 33 331+01 33.0-33.3 285+0.2 27.9-29.0
Sea 31.8+0.2 31.4-32.3 26.8+04 253-27.8
Salinity 25 251+01 25.0-252 251+03 245-25.7
1-Oct Salinity 33 33.3+0.1 33.3-335 251+03 24.7-26.0
Sea 326+0.2 32.2-33.0 243+06 22.3-25.7
Salinity 25 250+£01 250-251 220+04 214-230
23-Oct Salinity 33 33.1+£01 33.1-33.2 22005 212-228
Sea 32.8+£0.2 324-329 21.7£07 18.6-23.9

1 Ago Bay, Mie Prefecture



Table 5 Comparison of the proportions (%) of high quality pearls produced by oysters maintained in
low salinity seawater (25 psu) in a tank for 14 d after nucleus implantation and those suspended from
rafts in Ago Bay, Gokasho Bay, and Aso-ura for 14 d after nucleus implantation

Post-operative care method

Pearl farmer Culture site
Sea Salinity 25
A Gokasho Bay 2.1 23.3
B Ago Bay 5.7 2.6
C Gokasho Bay 0.0 119
D Ago Bay 45 36.2
E Ago Bay 0.0 31.7
F Ago Bay 34.4 39.2
G Ago Bay 36.9 39.1
H Ago Bay 3.6 15.9
| Ago Bay 0.0 20.3

J Aso-ura 29.4 42.3




Table 6 Comparison of the proportions (%) of pearls produced by oysters maintained in low salinity
seawater (25 psu) in a tank for 14 d after nucleus implantation and those suspended fromrafts in Ago
Bay, Gokasho Bay, and Aso-ura for 14 d after nucleus implantation

Post-operative care method

Pearl farmer Culture site
Sea Salinity 25
A Gokasho Bay 48.0 43.0
B Ago Bay 35.0 39.0
C Gokasho Bay 69.0 67.0
D Ago Bay 67.0 58.0
E Ago Bay 72.0 63.0
F Ago Bay 82.6 74.0
G Ago Bay 84.0 90.6
H Ago Bay 57.1 44.0
| Ago Bay 57.0 64.0

J Aso-ura 68.0 71.0




Table 7 Numbers of implanted oysters and harvest statistics by treatment

Numbers of sample for variables

Numbers Post-operative care method Shell-closing strength technician Nucleus diameter Oyster whole wet weight (g )
Experiment Category oftotal  ha jow The Large Small
samples  gqjinjty conventional Z‘i"]t'g 5'31‘9 1 2 7.73-7.77  6.36-6.40 <40  40=,<50 50=,<60 60=,<70 70=
treatment treatment g g mm mm
1st Implanted oysters 966 492 474 350 616 486 480 487 479 0 66 606 291 3
Harvested pearls 634 302 332 228 406 311 323 307 327 - 31 385 215 3
High quality pearls 27 22 5 16 11 11 16 18 9 - 5 17 5 0
Proportion of
*1 65.6 61.4 70.0 65.1 65.9 64.0 67.3 63.0 68.3 - 47.0 63.5 73.9 100
harvested pearls (%)
Proportion of high
. * 4.3 7.3 15 7.0 2.7 35 5.0 5.9 2.8 - 16.1 4.4 2.3 0.0
quality pearls (%)
2nd Implanted oysters 961 476 485 484 477 487 474 479 482 1 30 576 346 8
Harvested pearls 474 210 264 244 230 207 267 246 228 0 5 269 193 7
High quality pearls 27 25 2 19 8 8 19 18 9 0 0 21 6 0
Proportion of 493 441 54.4 50.4 482 425 563 51.4 473 00 167 467 558 87.5
harvested pearls (%)
Proportion of high 5.7 11.9 0.8 7.8 35 3.9 7.1 7.3 39 00 00 78 31 0.0

quality pearls (%)

“I harvested pearls / implanted oysters (%)

“2 high quality pearls / harvested pearls (%)



Table 8 Estimates of the variables and Akaike information criteria (AIC) values for each model in the first experiment

Estimate of the variables

*1 N . - . T *3 ‘ > *4
g ) SO e et a5 TS0, gy ot AC

i -2.544 -1.637 2135
ii -3.306 0.352 226.5
iii -2.584 -0.997 221.0
iv 3.929 -0.125 218.0
% -2.776 -0.789 2235
vi 4.990 -1.721 0.523 -0.874 -0.123 -0.953 201.4
vii 5.143 -1.708 ns -0.870 -0.121 -0.900 201.0

“! Model i-v indicate simple models obtained using each variable; Model vi indicates multiple model obtained using all variables;
Model vii indicates adjusted model obtained using variables except technician.

2P0, post-operative care.

"35CS, shell closing strength.

*4 AIC, Akaike information criteria. Blanks show the variables was not selected.



Table 9 Estimates of the variables and Akaike information criteria (AIC) values for each model in the second experiment

Estimate of the variables

Model* B0 [Intercept] B1 [PO " ‘the conventional treatment’ S [technician ‘technician 2’ B3 [SCS ¢5.0-7.9kgl $. [weight] Bs [nucleus ‘small’ AlC ™
(relative to ‘the low salinity treatment’)] (relative to ‘technician 17)] (relative to ¢2.0-4.9kgf)] (relative to ‘large’)]
i -2.002 -2.874 180.8
ii -3.214 0.645 208.8
iii -2.472 -0.852 206.9
iv 0.438 -0.056 209.6
\ -2.539 -0.653 208.6
vi 2.747 -3.085 0.934 -0.956 -0.080 -0.631 175.4

“1 Model i-v indicate simple models obtained using each variable; Model vi indicates the multiple model obtained using all variables and the adjusted model .
2P0, post-operative care.

"35CS, shell closing strength.

“* AIC, Akaike information criteria. Blanks show the variables was not selected.



Table 10 Estimate, standard error (S.E.), p value, and adjusted odds ratio (AOR) for
each of the factors in the optimum model in the first experiment

Variable Estimate S.E. p value AOR
So [Intercept] 5.143 2.369 0.030
b1 [F.’O the conventlo.n?ll treatment 1708 0.511 0.001 0.181
(relative to ‘the low salinity treatment”)]
Ba [SCS 3.0-7.9kef -0.870 0.417 0.037 0.419
(relative to ‘2.0-4.9kgf”)]
B4 [weight] -0.121 0.043 0.004 0.886
s [nucleus ‘small’ (relative to ‘large’)]  -0.900 0.431 0.037 0.407




Table 11 Estimate, standard error (S.E.), p value, and adjusted odds ratio (AOR) for

each of the factors in the optimum model in the second experiment

Variable Estimate S.E. p value AOR
Bo [Intercept] 2.747 3.000 0.360
b1 [P.O the conventloln?ll treatment -3.085 0.753 0.000 0.046
(relative to ‘the low salinity treatment’)]
A2 [technician “technician 2 0934 0463 0043 2546
(relative to “‘technician 17)]
Bs [S,CS 3.0-7.9kef -0.956 0.453 0.035 0.385
(relative to ‘2.0—4.9kgf™)]
B4 [weight] -0.080 0.052 0.128 0.923
Bs [nucleus ‘small’ (relative to ‘large’)]  -0.631 0.442 0.154 0.532




Table 12 Proportion (%) of high quality pearls produced by oysters held in low salinity seawater for 0 (control), 1, 4, or8d
after nucleus implantation on one of four dates and harvested after 60 d of culture in 2011

Duration of low salinity treatment (days)
Nucleus implantation date

0d 1d 4d 8d

19-May 29.8 34.8 42.9 42.9
9-Jun 217 313 294 45.2
30-Jun 18.2 12.5 219 54.3
14-Jul 11.4 14.3 318 513

28-Jul 0.0 111 14.3 34.6




Table 13 Proportion (%) of high quality pearls produced by oysters held in low salinity seawater for 0 (control), 4, 8, or 14d
after nucleus implantation on one of four dates and harvested after 60 d of culture in 2012

Duration of low salinity treatment (days)

Nucleus implantation date

0d 4d 8d 14d

14-Jun 8.5 26.1 27.1 28.9
21-Jun 2.3 13.0 214 27.3
5-Jul 14.9 231 415 28.6

12-Jul 2.3 8.2 37.5 16.0




Table 14 Proportion (%) of high quality pearls produced by oysters held in
low salinity seawater for 0 (control) or 8 d after nucleus implantation on one
of two dates and harvested in December in 2012

Duration of low salinity treatment (days)

Nucleus implantation date

0d 8d

14-Jun 10.6 22.0
21-Jun 2.3 211
5-Jul 15.8 35.6

12-Jul 13.6 28.6




Table 15 Proportion (%) of pearls produced by oysters held in low salinity seawater for 0 (control), 1, 4, or 8 d after nucleus
implantation on one of four dates and harvested after 60 d of culture in 2011

Duration of low salinity treatment (days)
Nucleus implantation date

0d 1d 4d 8d

19-May 79.7 76.7 817 8L.7
9-Jun 754 80.0 85.0 70.0
30-Jun 55.0 533 533 58.3
14-Jul 58.3 70.0 733 65.0

28-Jul 55.0 443 46.7 433




Table 16 Proportion (%) of pearls produced by oysters held in low salinity seawater for O (control), 4, 8, or 14 d after
nucleus implantation on one of four dates and harvested after 60 d of culture in 2012

Duration of low salinity treatment (days)

Nucleus implantation date

0d 4d 8d 14d

14-Jun 78.3 76.7 80.0 75.0
21-Jun 717 76.7 70.0 733
5-Jul 78.3 86.7 68.3 70.0

12-Jul 717 817 80.0 83.3




Table 17 Proportion (%) of pearls produced by oysters held in low salinity
seawater for 0 (control) or 8 d after nucleus implantation on one of two dates
and harvested in December in 2012

Duration of low salinity treatment (days)

Nucleus implantation date

0d 8d

14-Jun 78.3 68.3
21-Jun 7.7 63.3
5-Jul 63.3 75.0

12-Jul 733 70.0




Table 18 Mean (x standard deviation) diameter (mm) of pearls produced by oysters held in low salinity seawater for 0 (control), 1,
4, or 8d after nucleus implantation on one of four dates and harvested after 60 d of culture in 2011

Duration of low salinity treatment (days)

Nucleus implantation date

n 0d n 1d n 4d n 8d
19-May 36 689 +0.13 35 693 + 015 38 691 + 0.13 44 6.89 + 0.16
9-Jun 27 686 +0.15 37 688 +0.15 39 686 + 015 32 686 + 017
30-Jun 27 688 +014 20 689 = 0.17 22 686 + 017 27 6.85 = 0.16
14-Jul 27 694 +0.15 34 695 +0.20 36 699 + 0.17 37 695 +0.20

28-Jul 25 7.09 =019 21 7.03 =018 21 7.05 =018 22 701 £ 017




Table 19 Mean (z standard deviation) diameter (mm) of pearls produced by oysters held in low salinity seawater for O (control), 4,
8, or 14 d after nucleus implantation on one of four dates and harvested after 60 d of culture in 2012

Duration of low salinity treatment (days)

Nucleus implantation date

n 0d n 4d n 8d n 14d
14-Jun 27 723 +027 23 721 +023 29 715 +022 24 7.02 £ 019
21-Jun 20 708 +0.21 24 706 + 0.18 24 706 + 0.26 28 697 £ 0.17
5-Jul 25 718 + 031 28 709 =017 30 719 022 31 702 +023

12-Jul 24 698 +0.14 31 7.08 =021 28 7.04 +0.18 32 695 +0.18




Table 20 Mean (+ standard deviation) diameter (mm) of pearls produced by
oysters held in low salinity seawater for 0 (control) or 8 d after nucleus
implantation on one of two dates and harvested in December in 2012

Duration of low salinity treatment (days)

Nucleus implantation date

n 0d n 8d
14-Jun 33 740 =028 25 735 =029
21-Jun 21 733 £026 24 729 £ 024
5-Jul 25 738 £024 36 744 =030
12-Jul 22 730 £028 26 717 £024




Table 21 Proportion (%) of high quality pearls produced post-operatively by
oysters maintained in low salinity seawater (25 psu) in a tank or in the sea
after nucleus implantation in 2013. Two nuclei were implanted in the gonad of
each oyster following conventional methods.

Post-operative care method

Nucleus implantation date

Sea Salinity 25°*
24-June 6.9 9.7
2-Jul 5.3 7.2
9-Jul 19.7 31.6
16-Jul 221 284
23-Jul 17.7 20.6

“! The post-operative period was 14 d. The oysters spent an additional 8d in
a tank just after nucleus implantation and were then suspended from rafts in
Ago Bay after the low salinity treatment.



Table 22 Proportion (%) of pearls produced post-operatively by oysters
maintained in low salinity seawater (25 psu) in a tank or in the sea after
nucleus implantation in 2013. Two nuclei were implanted in the gonad of
each oyster following conventional methods.

Post-operative care method

Nucleus implantation date

Sea Salinity 25°*
24-June 72.0 62.0
2-Jul 75.0 69.0
9-Jul 76.0 76.0
16-Jul 86.0 81.0
23-Jul 62.0 68.0

! The post-operative period was 14 d. The oysters spent an additional 8d in
atank just after nucleus implantation and were then suspended from rafts in
Ago Bay after the low salinity treatment.



Table 23 Mean (x standard deviation) diameter (mm) of pearls produced by
oysters maintained in low salinity seawater (25 psu) in a tank or in the sea after
nucleus implantation in 2013. Two nuclei were implanted in the gonad of each
oyster following conventional methods.

Post-operative care method

Nucleus implantation date

n Sea n  Salinity 25"

24-June 32 548 + 032 29 567 + 033
2-Jul 34 531 + 026 32 537 +025

9-Jul 49 533 + 035 51 550 + 0.34

16-Jul 49 529 + 034 58 537 + 0.27
23-Jul 37 526 + 022 41 530 * 037

“! The post-operative period was 14 d. The oysters spent an additional 8d in a
tank just after nucleus implantation and were then suspended fromrafts in Ago
Bay after the low salinity treatment.



Table 24 Proportion (%) of high quality pearls produced post-operatively by
oysters maintained in low salinity seawater (25 psu) in a tank or in the sea
after nucleus implantation in 2013. Four nuclei were implanted in the gonad
of each oyster following conventional methods.

Post-operative care method

Nucleus implantation date

Sea Salinity 25+
2-Jul 14.7 17.9
9-Jul 20.2 26.0
16-Jul 39.8 396
23-Jul 418 446
30-Jul 35.9 55.2

“! The post-operative period was 14 d. The oysters spent an additional 8d in
a tank just after nucleus implantation and were then suspended fromrafts in
Ago Bay after the low salinity treatment.



Table 25 Proportion (%) of pearls produced post-operatively by oysters
maintained in low salinity seawater (25 psu) in a tank or in the sea after
nucleus implantation in 2013. Four nuclei were implanted in the gonad of
each oyster following conventional methods.

Post-operative care method

Nucleus implantation date

Sea Salinity 251
2-Jul 725 83.8
9-Jul 713 79.4
16-Jul 76.9 60.0
23-Jul 68.8 75.6
30-Jul 80.0 725

"L The post-operative period was 14 d. The oysters spent an additional 8d in
a tank just after nucleus implantation and were then suspended fromrafts in
Ago Bay after the low salinity treatment.



Table 26 Mean (+ standard deviation) diameter (mm) of pearls produced by
oysters maintained in low salinity seawater (25 psu) in a tank or in the sea after
nucleus implantation in 2013. Four nuclei were implanted in the gonad of each
oyster following conventional methods.

Post-operative care method

Nucleus implantation date

n Sea n  Salinity 25™
2-Jul 46 364 + 030 53 364 + 0.24
9-Jul 44 343 + 021 57 352 + 028
16-Jul 57 343 + 0.30 50 348 + 0.27
23-Jul 66 334 + 0.32 74 323 + 022
30-Jul 70 329 + 021 77 328 +0.23

! The post-operative period was 14 d. The oysters spent an additional 8d in a
tank just after nucleus implantation and were then suspended fromrafts in Ago
Bay after the low salinity treatment.



Table 27 Estimates of the variables and Akaike information criteria (AIC) values for each model

Estimate of the variables

*1 ¢ . . ¢ .. . *2
T et e et (vt e comenontremeny 4 0T1 e
i 0.205 0,205 0,405 733.0
i 3.920 0.161 716.1
i 4,850 0407 3929
iv -10.224 10509 1,012 0213 0460  377.0

1 Model i-iii represent simple models each containing a single variable;
Model iv indicates the multiple model obtained using all variables and the adjusted model.

2 AIC, Akaike information criteria.



Table 28 Estimate, standard error (S.E.), p value, and adjusted odds ratio (AOR) for each of the

factors in the adjusted model

Variable Estimate S.E. p value AOR
Fo [Intercept] -10.224 1.766 0.000
b1 [I?Ol the ambient 'seawater treatment -0.509 0.319 0111 0.601
(relative to ‘the conventional treatment’)]
B2 [I-DOZ the low salm.lty treatment 1012 0.332 0.002 0.363
(relative to “the conventional treatment’)]
B3 [WT] 0.213 0.062 0.001 1.238
4 [Day] 0.460 0.040 0.000 1.583




