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BELEMAEOBREPEMGERT 2 EHROAERETOMIED DI G REFRED
BALEZC &iE, EEEEZOYTHUTCWARLEERMETH S, BEEOLRT TR, H
BRBERGEOELRT I Y TA 2P0 LT 2RENTONEBRORECLEHDTH S
CEEREL, BEORDEOVPLTVEABEOERLEER, Z20HIFERISOBHEL
DB OMIEEFTIE > TE/2Y, 20KE, BEEROIERSOLERELER
BOBWMBRABELBHELBEROS L ENADONIOT, ZHEREHEOATLEIEER
BROWTZQFMEBRFZTREY, BEOBFREOREL XCEENERECEE LT
BHACEWTERDT, OBREMET 5,

FEITHEL D, REBRIE A WO YERIBARRER S VI ZE IR K KBES
W LB %R ICEBH T 5,

BAMAE KURREHE

BRARBR=EREEET, B2BOEROERESTEETE 2 X 5 IKERICS2OF[EM
AABEL, 196846 §13—17H, 8H198—22H, 105158 —18A OIEAMADER %
FIRUTHICE U, RIBRIOREER, B 1EE R ERBEBEELICAOER~ND
HERSOERBRDT RO, 8 2EEIERD THRSOMESEAICTIED
NTV3EY FINEBRBECERMCERSBERINTOARNELTALANLSD
THY, BESFREIRKRLEEBDTH S,

ERETy /=y« "=YREHFEZHOTRIL, T30 HROSFRIFICERICE
BXHKCEEOR L THRERNICERZ 1mmD T 7 ) — V&4 5 X L CERARRICE
DL, RY)ZFLVUyBICRBLTEBRZ >, £, —MORRBHASATREESDE
HENEPRBETHERICHOMESTEIRANEZAHBH D, COBARBERENLLESL
HBbiR-THh ERETHIMATN %, :

* Yasuo Sawada and Miyasabro Taniguchi. The oceanographical studies on the pearl culture
ground. VI. On the relation between the raft density in pearl culture ground and the conta-
minated degree of bottom mud. Bull. Natl. Pearl Res. Lab. 14:1719—1734. 1969.
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BN XEBBENAR

ERMPOEBYE 7 =47 4 FVEOHINI, BHMPNDORMEDEBEDBAICES
BEEABT B0 ICT T 0,125mm BEOETERL, 0.125mmpPl F O EOERY S
HEE U, 2FRERE, LRORKOAIERE 4mm DI TORROERERIES DO
BirE L THob L, v

BRMODTE, ERERE K.Cr.O0, Biks H,S0, THLxy, BLiH&Eshik
BRO K,LCr,0, % FeSO, B THET S Atkinson OFENAHI,

TxAT7 4 F VB, BRERAOELT £ VERWTERETC0EM L, K
D665mu DILIEEE M & BH L 22,

X B # =2

. mMESH

TTIREESIE, HELOERITERL &Il I b EAICH & i B A
5, BRIPOERR 0.062mm DITOMWED & DMBT0BL ECEL, RESKES
BEBMF ORBAENSZNC &P, REHROBEERBELE LR DONTNC L4
L, SEERRUALERE, COREMRICEITOTHBRNARD B AL O/hxn
0.125mmPl FONEDERNOIERD 2D LI bDTH 24, % 1EE O (1968
June) Ik B LMADERFD 0.125mm P FORBEOEERIB LI RICRE L EHED
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Thb, THhHL, BREFRERTHBIZESHX D PRI (St. 64) D98.0%T, C
DM80%B LI FICEL Tnd & T AMNBRBICITH R S H DM ADSBITEEL T 5B,
Fto, B/MEIRBOE (St 41) 010.2%T, &MADOFEE69.9% L7, HEEBMIZ
0.125mm LI FORBEOERMNIEFICZNT LERL TS,

1% NEEELEEERO 0.125mm DFONEROSTE 1968 June
s | oA E | BUA | AaB R | BEA | 2B R | BRE | A B ®
% | % % T %

1 88.68 21 95.01 37 83.07 51 93.79
2 91.13 22 91.47 38 40.79 52 95.50
3 95.96 | 23 74.10 39 85.18 53 69.40
4 85.23 24 83.98 41 10.24 54 93.47
5 82.19 25 87.67 42 21.28 55 16 .49
6 73.96 26 81.55 43 63.86 56 v30.58
7 58.77 27 86.28 44 58.45 61 91.41
8 35.69 31 57.87 45 82.01 62 76.12
9 84.17 32 79.63 46 25.54 63 79.64
10 90.47 33 90.48 47 19.52 64 98.00
11 90.68 34 85.06 48 88.99 65 78.33
12 37.47 35 87.68 49 30.48 66 87.07
13 58.45 36 74.61 50 37.76 67 27.92

2. ERhOEHHE
EEERNOERPOEFHRIBOEIDNOHIEREE 2RICR LI, SAMADOSE
TREBYEORKEIZIS. 8me/gtr e (5t.33) EF W EART D, 8HHPEITIX71.8mg/g
R (St 56) &—HippE <, 108 PR B FRAMEH107.9mg/g % (St. 33) & I
FLTW5, Fh, BEEICHZEERIETRINT 0mg/g BRI ELOAFEEEARLT
WEH, FOBORPMEEAR» G REICELIOEGBREE OB E—K L @4
RUTN5, &2, BAHOERE (St. 1) PEREOMER (St 54) b2
R (St 66) TRDOLNZFRYOBLRE, HBHELBOBEOBHOKRLLTHED
NebOTHD, #HBEE (St 10) OIS (St 24, 25, 26, 27) 12 & Tid, WKME
¥BOHOBENELH -7 E L THHOBE L5 2HENRIBROHEMNEERD
BABERERLTNDEEDTHA D, DIC, 1@8F « {575 « I » 3Ll « 75 & O
BRETCHDONIEBYOBARETEEREY, KTULESRREICHEET 20T TR
B EHEKORABREL L ZERBEZLLN, BKERTFOEBYBOSZEDATH

BREMBEMETACLEBRTHICEARL TN D,
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£1% HREHEBRBERS OERME mg/g BIE

mRs | ®1E | %28 | $38 |BUK| $1E | $28 | 36
1 59.23 49,75 47.86 37 48,34 43,61 46,94
2 47.38 48.16 53.02 38 29.14 17.11 26,80
3 46,49 41.29 25.18 39 32.99 35.68 30.51
4 47,42 36.00 41.02 41 6.14 2.61 0.06
5 38.65 64,50 65.40 42 8.59 1.84 0.30
6 35.06 31.23 40,70 43 24.54 17.12 28.59
7 31.05 27.65 36.96 44 33.56 30.34 25.54
8 17.67 35.55 27.84 45 36.13 13.56 23.75
9 43,68 26,02 37.48 46 12.44 35.76 47.08
10 58.71 42,51 63.31 47 11.14 2.72 14 16
11 57.35 31.92 55.67 48 57.24 45.63 36.83
12 20.51 10.56 8.45 49 21.88 16.25 21.29
13 30.20 29.62 26.56 50 21.64 36.43 —_
21 51.60 37.51 47,12 51 -42.69 _ 35.08
22 46.75 40.47 43.18 52 59.69 41,76 .59
23 42.90 38.64 45,58 53 33.68 41.42 46.13
24 58.16 38.88 79.91 54 69.11 47.23 36.01
25 57.55 51.41 54.07 55 8.58 47.93 26.48
26 69.93 58.54 63.29 56 22.20 71.82 27.92
27 79.49 48.83 77.67 61 75.23 49,29 54.88
31 32.19 11.18 28.77 62 58.84 58.54 47.04
32 70.74 62.62 69,52 63 59.67 47.71 41,30
33 98.75 48,43 107.90 64 67.16 61.94 44,52
‘34 57.96 49.08 46 .68 65 72.09 49,98 62.42
35 63.64 56,31 61.78 66 88.27 58.02 26,33
36 46,45 36.02 48.03 67 15.50 7.62 5.73

®1EE: 6 A13-17A, #2EE : 8419226, #3EHE : 10515-180
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3, ERPO7 247 4FVE

BHBEICHNONETaY 41 OB ORELEEKBICEBT L THREREELS &,
HEPCEETZ /007 4 V@ TavY T4 DKNT—HT 247 4 FVOIERKED - T
Bt & 3% LEh-T, WBERPOT 247 4 FYOBRIMWEO Bk EEE & i
RERER O LIIYRTH S, BIRBEEBAORIGERTO7 47 4+ FVEDSH
TERLILEDTH D, TbDL, BEERPOFHRIECENTHED LN LRI
ERD7 =47 4 FVEBRERBOBERBETREBICELAL THBD, BT - wm
T LM  HEE S S TREEERIEY D100ug DI EICHEL TS, L, EH
BIGE D B SN BIBTRIERDD 7 2 47 4 F v BIZDILL, 20ug/gBR< 5
WOABRERTICTER L, COLIC, BRPOT 47 4 FVEBRIIHEO BRI
BEEEHESERERTY, BTLUOMEOREBMOMROATERINALSDO LN
ELBI, k& ZlE, ZOBRIKRNDZNEFEHERTVEZRLNELTHRIENSEIC
TEMEED T L 2 OB EHIRE L 2R 203, ERMO7 47 4 FF VY EBRBAILES
RTEEZEZONBDT, COBRDHTHERBEELHET S LBRETH S,

4, ERDVYOBBY « 7247 4 FVELSHEEFELRENDOIER

FETRUAESRBERTOBRYB LT 47 « FVBOSTRESSBERKC &
OWHRELUTRT &, 23 4RICRLAEAE D, T, EDFHREZTEDT
ERFOFBMEL 7 47 4 FVBEOHMAREERL T, TORIFBERERD B &,

X: G Eme/gER
ViT7 247 4F v BugleR
HAERBRD SN B,

AC@E%®%O~%%,@#mf®7:#ﬁ4®ﬁﬁm;6ﬁﬂ(E%ﬁ77/7h
V) »TaYHASHIYOERADE TN S HERERREKE, TavY M4 ONEHD
BEBEDETICL - TERBCERINCERYEBIU 7247+ FVEBERTHDL
RETBE, DRESETHEAPOESP B - TZORBOEREBESEAL TH
BLERRTHDEEILLND, i, TORTEIHES &, B SN BICS 57
& ZEHRIC BT B St. 50 D3BHEOBE R, SE LICH BHATIE, EHRBEBUADOR
RICK > TBRET7 247 4 FVvEBERLEODTHD, St 2592673 E D X 5 ICEHRD
ETCEETAHATE, hOBEE» 53 NRBBAKRESICL 2ERMOBRND -
BDEEZBCENTED, LT, COXIBEEEBUAOBERICK - TAELK
BWABEEBET 2ENT, BEROEIRIECEXET I LORBECER LI TNELZD &
T, £, BROATIKEET S LDORECEFBRI IR TINTOSITERAER L
CEDDE, MRERECBINCEBRSAONER, 20BRCET 2ELKBEELTR
TERDBEREALEZIDCENTE S,

4, B RICEBHBO10mgASemBIC & D, B EICT =47 4 F Y ED10ugk Sem
BICE S OB BB ADMEAEERERECHE U AERAD S O (cm) 2HERED
REELFTZE, BARITRUAL I I UHEBHNOBGRRIBOBERESRDONE, S5,
COBYREZ BB HC S EDTRRLADBES 6+ TRTH 5, BRIKIHICE

y=1.605X
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B3R BRBERBEERFOT A7 4FVE pe/s W5l
gus | 1M ®2[ME FIE | BALA| F1M@E %2 %3 M|
1 95.68 79.09 72.77 37 » 65.53 75.74 86.02
2 69.40 78.48 100.94 38 59.49 36.63 94.97
3 40.57 41.29 54.90 39 44,57 58,94 54.26
4 46.88 54.81 133.76 41 9.55 6.32 0.17
5 42.83 150.17 125.13 42 14.14 4.41 .0.58
6 35.53 35.00 49.93 43 19.39 18.25 29.22
7 49.95 48.20 76.31 44 62.95 50.30 40.08
8 16.14 59.53 53.37 45 45.24 23.85 38.18
9 S 32.12 54.59 142.21 46 21.18 43.88 51.00
10 42.34 63.75 139.83 47 9.08 5.67 24.90
11 82.70 40.61 119.46 48 87.05 60.35. 44,37
12 37.86 19.80 34.28 49 26.58 21.78 46.52
13 39.42 42.83 42.46 50 51.41 26.18 e
21 44.14 38.12 62.79 51 32.84 e - 31.39
22 37,711 51.12 47.28 52 . 74.14 56.15 64.66
23 69.98 76.31 83.12 53 55.55 52.88 58.86
24 62.49 71.23 154,12 54 77.25 61.54 115.65
25 30.55 68.50 76 .26 S5 11,15 90.64 44,41
26 45.94 123.69 150.10 56 43.02 97.30 101:29
27 99.20 134.50 79.36 61 144,88 101.92 222.53
31 54.25 24.00 45.83 62 77.15 116.70 121.08
32 101.49 196.10 ©97.10 63 - 96.75 130.20 106.77
33 86.90 114.43 166.88 64 77.30 | 102.42 67.29
34 67.51 64.26 v 59.90 65 118.11 . 89.20 152.09
35 60.89 58.16 76 .46 66 146 .41 113.75 - 85.13
36 67.99 62.53 81.37 67 34.45 20.71 28.48
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B4R RHEBRBAGEROTHYE - 7247 4 F VEBI DO HIHFYE (1968)

BAA | %1 #2HE ®3ImE O EALA| F1E # 2 Mm # 3 [E
1 56.0 46.7 42.8 37 38.7 41.2 4.2
2 40.8 45.5 ©50.0 38 27.4 16.1 25.4
3 24.0 2.4 23.9 39 26.4 33.6 28.9
4 27.7 32.5 38.6 41 5.6 2.3 0.1
5 25.1 61.0 61.7 42 8.2 1.6 0.1
6 21.0 20.7 29.7 43 11.4 10.7 17.2
7 29.4 26.1 34.9 44 31.7 28.5 23.8
8 9.6 33.6 26.1 45 26.8 11.9 22.5
9 19.0 24.5 35.3 46 11.7 25.9 30.2

10 25.8 37.6 59.7 47 5.4 2.3 13.5
1 48.9 24.0 25.5 48 51.3 35.7 26.3
12 19.5 10.0 8.1 49 15.8 12.8 20.0
13 23.4 25.2 25.0 50 - 19.8 15.5 R
21 26.1 22.5 w1 | st| 1957 — 18.6
2 22.3 30.2 28.0 52 43,9 33.2 38.3
23 40.6 36.8 42.9 53 31.9 31.3 34.6
24 37.0 36.8 75.4 54 45.4 37.5 33.8
25 18.1 40.5 4.9 55 | 0 6.7 45.3 25.0
26 26.9 5.4 59.7 56 21.0 57.4 26.2
27 58.5 45.1 46.7 61 61.2 46.2 —
31 30.4 10.5 26.5 62 45.4 55.6 44.3
32 60.0 — 57.3 63 56.4 5.0 38.9
33 51.4 45.7 98.5 64 45.4 58.5 39.8
34 40.0 37.9 35.4 65 68.3 46.5 58.8
35 36.1 34.3 45.0 66 83.5 54.8 2.9
36 40.2 36.9 45.3 67 14.7 7.2 5.5

#w1E 6HA13~17H, 20 8H19~220, #3[E 10715~188
BARTIIHENIC 7 < A 7 4 F VEOD Lug % Sem Bic, ¥l EicERHED Img % Sem Hic s 5
7O RREEMR EOBRSALS OEEY cm THOoHLULKEBD,
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> TEBEOMBRANOBE R ETELOERIIAD SN B0, EYREAL 4 T4 1R
RIS LA e ) BE - ML E EEBE L ORI ICEET AIET, BiuEEL
oo TP HR I ERBEREBOEELAS T ENFDONS, '

5. HELRRIGOEY SRIGHERE & DG
B OERBEIBEROHERE SREGHEAEE L OMEFRERD 2.0, BERALOAH

AACBY ABEDHEARDL DT -1, $1HbL, BENEROKERENSTa v
4 OER DK AT T A 8E % lem/secd U, P DIF i # % 3~5cm/sec. &
EZ DL, KEIOMOEETIREHEYIZEEI0—50m DIFEICHE FTT I EIIEE, L
MBoT, BRASOERFTOBEYEBELT 7 247 4 FvRFEEL TEEOIM S S OHES
BHICL B D EEZONLH, EEICIIKEPHEDHELZE L TRER A% DL
1% 200m ORISR O BEE = Z DB AMEOBRBERE X X/, HER=SEEKER
B DR S N R EBE KIS OM AT R FICBRA%E PO & U6 200m o T R
RICEET 2EBRERERD, o d, BRAMIOEBRE 1 AX0 0 5D 2 HIEH
BAEE L, 2L DICL TRDFZHAAC BT 2% 1AM D OREERN & BGER
OFELEEZRTRE L TRTEEE-9- 0D X DI 5, FBEABPICEZHART &
i, RBEEIEROBREEOMICREEOS 3 C ENBED LN, SEAEYOERR S

80~

60 - ®

50 -

45 R o> 15 S

1EL) OWBEH 10°m>

5 9 R EHEF I REOGRE L RIRBHE L OBFR (1968, Aug.)
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BREIROXHKEHEINS,

#1EE (6 8) C,=—0,0444D+50.96  r,=—0,543

#2FE (88)  C,=—0,0369D--47,05  r,=—0,444
@ 3@EE (108)  C;=—0.0488D+55.84 r,——0.431

C: BBERDHEYE (cm)
D : B RAEEE mY/5

RO EYRFRERIZERBIC BT B OHISER OB Y E & BRENEATE & DG
ERLTHNEHDT, EAEF, BSRICBOTRERBICEY 2 BENERELE1E
WD 1,149m? T & » 7 BHICHE, BUSEROER A < D SN & 5 BB INITIRES
FLTVBbDEEILND, T/, MHTERESRD > LBICHNI B ICEET 51
AR, ZOMEICEY 2 HIHOMRLSCOMED & DR HsID - TRAI BRI
FoREE, THDLBEBICHERL TN AL EICEESELLRTOREERLTNE 50T
BH Do & A, B8RO St 2TRISFEERIMZEERD 5 13817m? i 1 HOEE
WK AM, HORBEPL EROERICE s TERE B4 m2 KB 1L - 2RI -
TNBCEERLTNS, F7, St 25CRMICEIHE LT3 502m* (7% 1 5 &0 5 BIEH
ETH 50, EBEICIT0M KI1HENWSRFMREBICE TS CEBB DL 5B,

80 -

60

50

40

30

U B 00 75 e

20

%14 %) QUSSR 10°m®

B0 BEPETIRRIEIRIG 0TS JefE LM E & OBIfR (1968, Oct.)
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% 2

BRGNS 2 R O MHRIC R L, BB O iR & IC R ICH s
BREN T2 bDTH A, BREMBEAER - TOBEIBEOERDELICK BEHED
HEEEOETIR, TNTABOCERBIGEC DB ETHE, BEESIL, choDlBANTT
aYHA i ET AMERER (kT 2 Y1 4 >l — & ek A — 4 >
BEBOBH—RD 24, £EEOET20XECITREAD—2E LT OYWERE

B SBICRBEREANOPHIMIOBRLEREREMEE L, LT, BEERDhD
BEYET A7 4 FVORR, BEMICBEINTOATI YA/ OKEEZERE
BhidhBhs, EHEODEREBERY T, 7avH4 OHiltYhoBBYE (me/siikm) &
T 247 4 F v B(ug/gRY) OHBRHTS 1 THE0T, MBERTICEE 234 Y
RRLIE DI, Tavi4 OBMERT 2 0B#EMBERICER I TS C
EMEHONDE, COERRIT, BSOS BEINTOETIYHA DERLSOAEEYD
BENEBECETHELAERICLZ230EEIONS, ERCERLTOSEYES 7 -
A7 4 FVEORAGR (234K THEBEOHEHECS SbN T30, &EH
BICBD ANEREPL ZOMOAEEMOBEEOR FTUEOLZEEARLTHE3DDTH A
Do

$7, RIBREBESEROBEREEOBRR, $S5:67TRICRLELSEHED D
SEHBBEDOLNED, CNEIEGEEOREEICHERSI DEEZONE, THbE,
COBERMEBEETHREONIbDTHY, HORBMITEELOE DM FREHZ
EEXNTOENDOT, COEABROMRCRESEESBBETHS S0 ¢ OEBRIED S
EEEOWIGRIEEEE L CEOBREREENARE L ENTIODENS AEEZL L,
—Jis 3 B BRI RO EL SEIBIEIROEYLE M0 IS 11348 1434 D 1189m? 3,4
BICIEBH, RRICHROLSWEADKTEXANBNSOEBELN S, TXbb, 3
TREES I, EEBREOBHHTRIBERKCDOTUIRL, EROELIIG L LB®m
KR ONTRBE TR « IEIHICHBNZE U AMFE2RLTNE L ENnD, HlmE
T 40mgfg Wi, 7 =47 4 FVET 20ug/s BRARTHNECERELEORAEE L
729 CORBEEBLIRETHETAERENIHELREITNS, $7-, BHIBOEROE
HEROEEMEE, FRYETH.Img/g B, 7 247 « F VB T25.0ug/g HR LD,
CNAERUERETRT EISENHHEIE S, COBRBOHFERETIE, WhW 3R
OYWEFBBEBIZELERECTEOLNTOEDDOEEDOLNIOT, HELEREORIETIRE
RBOBEREMISS SN 2BEFRAEANBALEZIONS, Licd-T, ChllFD
REBRETRBLEHERT IR0, FAERHEEEOABHNTERAMZIILOE D EIEN
OYEREROREZ S/, RBROEERBETHRECETHS 5,

L, FBYRELSEES 6 THp OoFHEIWLERIBERCEATSZ L, 20OFEMITE
15 D848m* LN D {HICTE B, UichioT, BERBEICHY 2 IBINARE T #9440m?
ENWAHRETHZDT, BEIKOERMMER O D ICIBREEEE FH%ICHD S 3 %E
MHdCEEEILNE,
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E: #

BEHRBOERPOMERS S, REOHELRE LB ABRELOBRE=ZEEHEE
BOHBIC DN THIEL 2,

1, BRBERTOEEYEE T 247 4 F Y BREGOBFRESLRTIEELELDES
T EXRRYD, MZFEOHSND SHEOBERELREN Ui, _ :

2, 1, WHOFRE SWGRAFEED O HREGO AN BIERAEELEL,
WEB OIS TRELIS Y DY 848m® OIEFI AL, #BAOMERR QLRI
N3MBREE LT,

X Bk

D) EBRAHEK AOEZH 1965, ARBERISOREREROHEL. BLRBIKEY 31/K125
CiEROMROBHE >0 T. B EEFR 10 : 1213—1227.

2) BAEERER . FHFE= 1966, HERBXUTav 1 08GO 7 & + vllgIc oW TI. 7
£ b ORISR, EERR 11 1298—1307.

3) EBAKE - AOESHE 1967, HERERIGOBMIGHESNIWEN. BBk g 3 EEDH
HE2ORBEO—FICONT. EILEERFR 12 1 1379—1408.

4) BARRK BB 1968, MBSO BIBHEZNIAEV . B LEBICEY 3EROE
BHBEBIUVT 247 4 F VEOFHWEIC DT, EILERPHR 13 1 1689—1702.

5) Atkinson, H.J., Giles, G.R., Maclean, A.]J. and Wright, J.R. 1958. Chemical Method of
Soil Analysis. Contribution No. 169. Chemistry Division — Science Service, Canada
Department of Agricultuer, Ottawa.

6) BERRE - BOEZE RRER.



Tavh4DEEICBLIETEHEHBKFTOD
nitrate OEECDIL>THT

2 0 ¥ E-% R KRB A x 5B
M 3% O % A O HE K ¥

FBRERZKEEZBOCAEEEE T 2854, HBKIHEAKICL 5T nitrate, - ni-
trite, phosphate 35 X7} carbonate DEL WBIMERTC EBMOENTE, 2L T, &
NoOEMIEABE KD pH BIUTULY) BERETSE, AEBYOERLRELHE
TRERRICKE-TNBEEBELLNTINBY,

LLIEHMSE, £N5D5 5 nitrate DN TRENBKRBIERINES, 1Y
ERBRBHYOEBNEEO—RICILE, LTRBY 25 0EHMEY ShTWH3,

Z TAEN, FRERIKEERNT, FMCEZNEFNERZBOWBF Y v
EWRIML, FOHTTavy#H4 2HBLT, nitrate BEOREICKIZTEELBAEL -,

BB, MEELDL, EXOBMEBEO U AHERKEILEH =8I ICENT 5,

MHE & LU FE

WHB B IFEETa Y A4 180 EEPhLSHBAUICEBOBRENRELEALNS D
BIURBRCREINTVE LADONS bOERE, B TSEKICOVTKPERZH
EL, 2.6~3.1g DEIANICH S S DO0MEEZEL L, 7V & LRKSETDORICHT I,

ABEEBIUHE: 2F o—VBUKHE (25X25X30cm) 3@ ZF0EHE, MEM, 5
BEO 1 &L, BRCLDFABKOBRR SRS XUFBO D DER & AT -
7o EREME, MBTFEICIINISL oK ERL, AEMICREREA AN e=— 848
WEETL, FBMEICIINI LoilgKEHKR 6 £ (EEM1Ske) Ol~5Smm %D HZH
TLOOBEANT, BRERKO > bEHEESEE ERESHEEL TREABTKEKRL
T BR LA, FBHE (FaEREE TE1E20OMEHESIE (8 ~128k X
U16~208%) 1CIFFEIE L 7o, REEORKBRVTNOESN0.50 Th -7, MBAKI
1E2E OEEHR S ORTICIS L 3 2H S LIk ERM U o, NI AN ZE 1 BELL E#%
KITREL, TOBKRES FA4F—% b >THRIOGEBRL 2 DR kDR
BiiEEmel, 1E1E400R58IIEANKERT20me, 1H40mgds L™,

HEOEH L JCRMAGE  BERISIT AR, W®R> Y v 220k, nitrate O

* Yukimasa Kuwatani, Tamotsu Nishii and Fumio Isogai. Effects of nitrate of culture water
on the growth of the Japanese pearl oyster. With English summary, p. 1741. Bull. Natl. Pearl
Res. Lab. 14:1735-1747. 1969.

T B ABRBRA S No. 178, (ENLRBRMIEATRE 14 1 17351747, WEFI444E 5 A)
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EREEIER (EEERM, JE+625, +1250, 42500, +5000, +10000 ug-at N/ /2
DOEEMEEL, ZNICIHEUHRF M) v 2B R E L, EREBEICIIEATKE40L I
XN 2E%E, TZOHO1H2EOHKKFICIIISLITHTEEZRML 7,

ABHEB IUKE, BEREEBOHEE - 19684 5 H20H, KESITOMKER, BKEHT
NOWBIEEOEDBFRHENEDOSNIOTRAZHICHNER (FH2E4H, &S HE
) DB E, HERREZET L TR LMK EERB L2, RA208 OFHOBBKE
KRR M) v 20MEEESMICRML, Z27HE 1 BOKE ST & BKMAEEDH
FEEFT -Tro ERINZS A27H XD 7 A18H I TOS2HET,  Ofic 8EODKE
ST & 9 1EDHKPERORE & 21T - 72,

KB GHT L BHIE B OFRIORETICERAKL, 2X¥OHEE, FHEicLed- TN LT,
EXREBER AABEESHEEGNEHY IC L TERE L, pH & CR. ZiER¥ELL
THE#ZE K (20°C pH 8.0, 8.2, 8.4.----9.0) c L2 HEHEFS530mu DL E /R
2E %, HERBKOEXE»D pH EEKY, HEEEFMEL, T4 ) ER B.CP.
AYeREE L LC0.0IN BEEIC LD E L, ammonia-N & Witting OILikEE% HH
Nessler RIEic k2 ERENREE (FHE40me OWEE) I ORAIE LK, nitrite-N
B3 GR. B¥ic &3 2EENEIEF (S00mu)ic EVBIE L7, nitrate-N £(3 Stric-
kland and Parsons "D AFEIC L B EEEIEENEE (530mu) iICXDRE LT, ALYy
L B3 2-Hydroxy-1-(2-hydroxy-4-sulfo-1-naphthylazo)-3-naphthoic acid A4ER¥E & L
e 70.0lM EDTA-2Na kb i & L

phosphate-P E [3filg€) 7 F v 7 ==

o 0 Y ABIUEME ORI LB BEEN
BICEEET (660mu) I XD REEL 72,

HEEOAE : ZHE B IOKER BB D

| sty A A BOKTEBEREL, WRhoBng s

o o o oo o Lio ¥k, WHERRETH, HiRE02K

BLUBAZROKIER, 2K, HEBLIUHW

BORER, BERBIUCREOLREEERLR

B8,

—
=
P=3
=

=
=

NITRATE -N (ug-at./4)

BWREEIUER

FAEKD nitrate-N BOZE(

m_&_ﬁ/a\ﬂ\ﬂ//kﬂy/o ZEHKD nitrate-N & DZEAL% Appen-
‘ ., dix Table I ®XU Fig. | TRY, SHHE

sk

T ey T P KoNEERIE U SICFE L EIGER L,
Fig. 1 Changes in nitrate-N of culture water HEPEEBEL TO FHE 22 nFhll,
during the course of experiment., Open
circles indicate control. Solid circles, open 588, 1116, 2479, 5151, 10540 ug-atN// &
and solid triangles, open and solid squares 1ot )
indicate tanks added 625, 1250, 2500, 5000 Do
and 10000 ug-at N/ ¢ of sodium nitrate, HEKOKELE LFUKEOEIL

respectively. The same symbols were used

in Figs. 3-11. . BRUWEHOKE, KEEE pHE, Tib
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), ammonia-N &, nitrite-N &, phosphate-P B LU0 A1y ABONEM %
Appendix Table [ lc7R7, -

1) Ak (Fig.2) : gi¥ilicid20,.8°Ch 523.4°C L b EALAR U 2AS, BRI
N EE U, éﬂﬂFﬁﬁ@Ti’j7k(uu 1 21.8°C TH - 12, /j(*ﬁ*ﬁﬁ[}ﬁ@(mf"riﬁ R S5
f&fﬁﬂto

2) HEHEEFig3) : MEhO&KOMIZ 18,10 518.6%, OfiIFNICH D, WTFho
KIS BLEMICBNTREICEDEBETL TS, NI MWGAKDELERDOIKTICK
2hDEHMEND, 3B, MRS M) v L2DRMEBO BT B KIEHEERMOZEIZH
HHENIEN,

3) pH & (Fig4) : AP OB KME OEZ 80558 1SMIPHPIIC 1D, KKIEDFE
Bl TR E JOWEF ) U AQRIEODISOKEN S ZNENS. 10, 8,10, 8 10,
8.09, 8.11, 8.09T&% - T, KIEMEMDZEIIFD S NI,

4y TR ) EFES)  MERORKIEOMEIZ1.960 52, 24mNOHENICH D, £k
HOSEEERHNEB LB ) v 20RMEBODIT VKDL ZNEN2.14, 2,12,
2,10, 2,12, 2,12, 2 12“(3%1, IKFEAE T R DD 511800,

5) ammonia-N & (Fig.6) : fIffrh & KM OEIL 1. 773>b10 1pg-at/ £ ?i’CfJ\tw‘)t
Mz TR L 78, /M%."*Elli&ﬁ@% FRDNIT,

6) nitrite-N & (Fig.7) : I O&Z KL OMIZ0.150 52,61 ug-at/ § DOFEFHICH D,
B KK ONEEE IR TR :!’inE%PQiEd‘ MY ADRIMEOLIE K, 55 NEN 0,27,
0.39, 0,33, 0.49, 0,60, 1.36 ug-at/f &120, WHBERMBOBM T HITL i ->T
nitrite-N BOHEMRAS N T 5,

23t
P
w
o -
=
= 22r 185
e ]
[a %
=
{0 —~
o 3
e | N
= =
= 21f %
B oo
3
3
20— - y . v - . L 180 .
0 7 14 21 28 35 42 49 0 7 4 21 28 35 42 49
TIME (day ) TIME (day)
Fig. 2 Changes in temperature of culture water Fig. 3 Changes in chlorinity of culture water
during the course of experiment. Do- during the course of experiment.

uble circles show temperatures on obse-
rvation days.
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07 14 21 28 35 42 49
TIME (day)

Fig. 4 Changes in pH value of culture water
during the course of experiment.

=

O
!

o)

v
.

AMMONIA-N Cpug-at /2 )
00, '  § o
.
(>3
/%
P
Y

0T 4 21 8 3 4 49
TIME (day)

Fig. 6 Changes in ammonia-N content of cul-
ture water during the course of experiment.

PHOSPHATE ~P (ug-at /L)

07 4 21 8 35 42 49
TIME Cday)

Fig. 8 Changes in phosphate-P content of cu-
Iture water during the course of experiment.

BB RARI444E

22

]
—

ALKALINITY (mN)

no
=3
T

W74 21 28 35 4 49
TIME (day)
Fig. 5 Changes in alkalinity of culture water
during the course of experiment.

no
T

NITRITE-N Cug-at/L )

07 4 21 28 35 42 49
TIME (day)

Fig. 7 Changes in nitrite-N content of cul-
ture water during the course of experiment.
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7) phosphate-P & (Fig.8) : WIRIh DR AM DML 0 5 1,87ug-at/ £ OEANICH
D, MBMCERBILSISEGE L, ANOKEBE & SITHA LTS, ZKEDFS
BB LOMESF ) v L2DRMEBEOSIEVIRICZ 2N 8.59, 10.10, 9.04, 6.57,
3.15, 2,28 pg-at/ ¢ 130, SHBAEKRL LW%F + ) v LAQURINE L phosphate-P &
LIRWEB ST S, FEOSERICEBNTS MY - buffer D EMIRMDE4E, nitrate-N
BOBEMICHK LT phosphate-P # DA s
ALNTEY, ohdOBRRIIHBEDRM
it &V, phosphate 8=/ 2 v U aH B0
PNV Y hEREEUREREOLBICIES C &
NREE N2 EHEFEINS,

8) Havusg (Fig9) : Piho&k
D EIE 368 125 413 mg/ ¢ OFEHE Nich
D, WTNOKESBEREEHBINELERL,
KIEMEDZEIL S SN,

HHROHEE0EIL

1) KPEEOE:: RAEHICBY 5%
EHOXTEEOCR 1 A EEEBENEL X
UHIEZEHEO 1 B4 Y EEEmE (A Fig.9 Changes in calcium content of cultu-
B) % Appendix Table T# ¢ Figs. 10, re water during the course of experiment,
1ZRT, H#EROAMBERZSBRNICERBYPICA S HFORBE & BITRE
KA LT 5, Y¥HILBT 3 OBBERERENEPRS -t EKERHLILKED B
WITEBENEIOBRESREIEZZON, DT LR ABANOERIER X UM S 54
FTLOBREINERETEE >IN, LHLEBL—F, chE TOER
10 LHELCX O EOBRESESNTE YD, 4EOERIKERE &L TIIHEY
BIFMos L icfTibhic B oNb, cOLIUNBERRIAEE S lH2O DK
BT o feteh S EN S,

I
~nY
>

r

£ g/ L)

CALCIUM (m
5,

2801

M4 21 25 35 4z 49
TIME (day) .

=05 2y
: /A/A/A
& L
= S04 g2
it =5
25, 23
== ~
i o
ZE02 W&
=z S
5201 5E 0
3
O e 3T % 5 S ot 31 36 a5
TIME (day ) TIME (day)

Fig. 10 Changes in cumulative increase of Fig. 11 Changes in daily increase of under-
under-water weight of the test oysters. water weight of the test oysters.
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FRBORAERBY 2K EECREENE I LOHEE S ) v 20RNEBD
IS KM & ZF I E N 243, 416, 496, 428, 316, 370 mgloyster L71T - TED, £
BX~OREF MY 9 ADTRMEB S BT nitrate DEEFELBORER LD ICIZALX
HHEBRRRAONLD, ChE TR - RERR, KREBEHREOHEM, K
HHYBIOREEY, pH MY BENAOREICRIETEBICONTOERER & B
T2E COBEORCODERKEEBICLZZRSZ VERERObORENOER ITE
AT2EDEHENS,

2) ERARTHROMEINENE : EREBIBLXUORTRICEBI 2ZUHBOKTER -2
ORECE} 2MEER, RTRICBTZMRKABIUCEBERO2Kk, B, RNEOBES,
EBBIUCHNEOLFEEES Appendix Table MIKRT, MEDOHER, VI NOREME
BN THHA R EMICEEZ AL NP - 17,

KELEORE L DBEF

ARO LS IKWEEF P v L2ORMCE DE AR U /KEE | 1, nitrite 3 & O
phosphate T -, nitrate » nitrite & IZZFDEBEEICB O TERFHI @, phosphate *
W B DBE R A ST, AERICAN LS BFBERAFATRE T, BERER
TORBERDOALOEAZWRT L LEEETHD, S5IKHE B T nitrite BXU
phosphate 2SH ORRICKITTHEBIC OV TRALHALLIKINTHOED,

UL LSS, RERCETA2URBOKRERMESF ) v 20RMEDBSNICK -
THODILEERA LN, T DT &3 nitrate & HHIBEZRICH B nitrite [T T D

DEFENC.155 52,16 (FH0.27~1.36) pg-at N/ OHENTIIIZLALHORK
BiEEASZ B0 LT &N 5, —, phosphate IO T, —RICZDEH1I
%&&EMCL%&C%@pH%&OTWﬁUE®@T%&@%T,%%b<EC5z9
I p ok bDEHEREND,

ZkMD pH 128,055 58,15 (F#H8.09~8.11) OHiFHNICH D, NOERTHEI D
ST aYHAOBREEZS7L LEEFRA7.935 L0 0EL, cOkdEeH
TCid nitrate OEFEDENMET 2 ¥ 41 OREIIZEAEEBEEZ LN O &HK

INB,

&

2

1) ELPiZIEKPO nitrate = F3KEZZ2EBICDONTERL, EBRMKPT
& nitrate ORMIE~ L3 KEEES %, 51K pH BXUOTH ) EBSETLREAR,
ZOFERARIVEFLLNZELTVS, AIRKOEROBADER”&E pH7.6~7.8T%H
5T, TaAYHADEACBRELEHT S C EBRAUREBHEETSHS ", LALESS,
FEROBEDHFENSTBE L, pH BXUTh ) ELd 5EL EOE AL nitrate D
HELEILASHEDONIELILS, EHETLCENARELLIIICEADNS,

ZCTEEHELBNSOMBAEHO KT 22, pH & nitrate EESEELT
EFNENBTaYHAOREICEZBEEICH>OTHIT Ui, HRELT, pH 0Bhiin
& B EDOBREICHEF L OERAEEDY, ~ﬂ,pH80%$15@mﬁpH80%$1D
OHPAN T nitrate OEFBOENNICLZ HOBRERRIBIZEAEENAH SN - T,
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L LHs5, pH METFL A, nitrate OEEMNEBAL, pH OETOESICH
HaEhzanESh, BRETRULHTEY, £/, FRERAHEKZIEKICHERLT
carbonate, nitrite, phosphate 73 DEHE L, s s pH OETICL 0 IREEL 72
Ba, BkEDX S IERT 5, nitrate EHHTL TR SRS R0,

2) TavH 4 BEREICED B nitrate OSEFRBIBHOEE, FIAFEIIK, T,
WHHKOBWAL E%xrEx 5 ug-at N/ LT (72, 1968%) Th-7T, KERIC
B 2EFE, 10000ug-at N/ Z 1T S~NFEL B, 72 pH EHE, 8.1~8.3 1R
KTV 5, oD &nd, —ROBHEREICEOTIIIEKRD nitrate DEFED
LBOMER, TavY A ORRELELAT S LEBELLNIL,

= #

FPBRERKEAE R, SBCZNFNEL S KEOWRSF 1Y v 4, 0~10000 pg-at
N/¢ ZBEML, £2ZQHTTavH4 45280, BB LT nitrate BEORERLBIET
EEBERELI

1) EBRUEABELTOLKED nitrate OEHESH&EIT 11, 588, 1116, 2479, 5151,
10540 pg-at N/ £ T -7co ’

2) KESHOWMRE, KEBEMICEREEMNS SNIDII nitrite & phosphate D&
T, nitrate DEHFBELFEFEOTNELRELAD, BEBFO TN ERZEHAOEKES LN
720

3) HMrho&ED pH fEi38.055 58.15 (k#RIFEY, 8.09~8.11), 7ok ) Eid
1,965 52,24 (g, 2.10~2,14) mN, nitrite {30,155 52,16 (3E#, 0.27~1.36)
pug-at N/ /2 OHEHIBEAICH - 7o

4) PP EROKIERORBEMNEX nitrate FHEBODEVIKED 5432,
416, 496, 428, 316, 370 mg/oyster TH - 7z,

5) ¥ /KD nitrate B3 nitrite SFEEEOBREEEORICIM S 0BG
HIBD LN -5 T2,

6) DIEDO#RH» S, #KD pH 558,05 (F58.09) LIk, /Ty EHL.96 (F
¥, 2.10) mN JJ FOIEAIC B TIE, nitrate O»73 0D OE (10000 pg-at N/ £ LITF)
OBEELEOREICEE, EELrRETC LRI, LHEn5,

Summary

The present study has been done to make clear the effect of nitrate content of culture
water on the growth of the Japanese pearl oyster, Pinctada fucata (Gould). Thirty one-
year-old oysters were divided into six groups of 5 animals each, which were reared in res-
pective recirculating tanks for 52 days. Each group was given rice powder as food at a
rate of 40 mg per oyster per day. Fifteen liter of the circulating culture water of 40 /
in each rearing apparatus was changed with fresh seawater twice a day. Nitrate content

of the rearing water was kept at various levels in the five tanks by adding necessary amounts
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of sodium nitrate to the water at the start of experiment and after every partial change of
water. During the course of the experiment chemical analysis of culture water and mea-
surement of under-water weight of animals were made eight and nine times at intervals
of one week respectively.

The results obtained are summarized as follows;

1) Average nitrate contents throughout the experimental period in a control tank
and the 5 experimental tanks were 11, 588, 1116, 2478, 5151 and 10540 ug-at N//,
respectively.

2) Chemical factors which exhibited distinct quantitative differences among the tanks
were nitrite and phosphate. There was a tendency that as the amount of nitrate added in-
creased the nitrite content of rearing water increased and the phosphate content decreased.

3) Chemical factors other than the above-mentioned two showed no marked differ-
ences among the tanks. Throughout the course of the experiment pH were within the
limits of 8.05 to 8.15 (average in each tank, 8.09-8.11), alkalinity were 1.96 to 2.24 (average,
2.10-2.14) mN and nitrite were 0.15 to 2.16 (average, 0.27-1.36) ug-at N/ /.

4) The growth of the oysters during the experimental period in the six tanks in order
of increasing nitrate content was 432, 416, 496, 428, 316 and 370 mg per oyster in cumula-
tive increase of under-water weight.

5) From the results obtained, it may be concluded that nitrate less than 10000
ug-at N/ £ in rearing water has no harmful influences on the growth of oysters under
the conditions that pH of seawater is over 8.05 (average, 8.09) and alkalinity is over 1.96
(average, 2.10) mN.

X o

1) EHREE 1958, BABOBRPABRNEBEODI, AREN L EERERE, B 23 (2)
:-648-695.
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Appendix Table I. Data on qualities of culture water in the six tanks.

o e ddea Mo | Chloriniy | PHL | Alatiniy | Ammpnia | N Nigaee | Phosghate | iy
davs | pg-at N/g | °C %o (20°C) mN pgat/ 0 | pgat/f | ugat/e | pga/f | mgll
27. May 0 20.9 18.51 8.11 2.18 5.6 0.27 | 9 | 1.35 394.0
0 day 625 ” 18 56 8.06 2.10 3.7 0.30 560 1.87 394.0
1250 ” 18.56 8.07 2.08 3.8 0.30 1120 1.64 388.0

2500 ” 18.56 8.08 2.08 4.6 0.37 | 2400 1.24 388.8

5000 ” 18.57 8.08 2.12 5.3 0.37 5300 0.66 391.4

10000 P 18.56 8.08 2.16 6.5 1.40 9500 0.54 376.8

3. Jun 0 22.4 18.46 8.13 2.03 7.3 0.38 9 1.00 390.5
days 625 ” 18.43 8.11 2 07 9.6 0.47 610 1.55 378.5
1250 ” 18.38 8.10 2.05 6.2 0.43 ‘ 1190 1.30 388.8

2500 P 18.55 8.10 2.16 8.8 0.50 | 2550 0.55 385.4

5000 " 18.51 8.11 2.05 10.1 0.70 5500 0.15 385.4

10000 ” 18.37 8.10 1.96 7.0 1.90 10500 0.08 395.7

10. Jun 0 21.5 18.53 8.08 2.12 2.9 0.17 10 1.60 385.4
14 days 625 ” 18.55 8.09 2.13 3.6 0.30 570 1.60 374.2
1250 ” 18.57 8.09 2.06 3.2 0.33 ! 1160 1.40 ) 369.9

2500 ” 18.57 8.08 2.15 1.7 0.40 2600 0.90 385.4

5000 ” 18.53 8.09 2.18 3.4 0.51 5360 0.40 383.6

10000 ” 18.48 8.08 2.17 3.4 1.02 10800 0.20 380.2

17. Jun 0 21.6 18.48 8.06 2.12 9.9 0.20 9 1.12 386.9
21 days 625 ” 18.54 8.10 2.11 8.2 0.37 550 1.28 388.6
1250 ” 18.51 8.10 2.10 7.3 0.37 1150 0.96 385.2

2500 ” 18.56 8.08 2.10 9.8 0.46 2350 0.88 385.2

5000 ” 18.55 8.10 2.01 8.2 0.43 4750 0.32 385.2

10000 ” 18.63 8.09 2.16 8.2 1.06 9440 0.48 385.2
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days | ug-at N/g °C %o (20°C) mN_ | ug-at/f | wp-at/f | wg-at/g | _pg-at/@ | mg/fL

24, Jun 0 21.9 18.36 8.09 2.17 9.9 0.23 8 | 1.12 412.2
28 days 625 ” 18.41 8.09 2.18 5.2 0.40 580 1.16 411.3
1250 ” 18.34 - 8.11 2.05 4.4 " 0.43 1010 1.00 394.7

2500 ” 18.39 8.09 2.18 5.1 0.73 2500 0.88 398.2

5000 ” 18.41 8.11 2.20 5.0 0.59 5000 0.24 402.6

10000 ” 18.41 8.08 2.10 7.3 1.00 0760 0.20 413.0

1. Jul. 0 21.7 18.39 8.11 2 11 3.5 0.23 14 0.88 372.1
35 days 625 ” 18.37 8.09 2.17 3.8 0.40 650 0.88 398.2
1250 ” 18.37 8.11 2.10 3.8 0.20 1080 . 1.04 394.7

2500 ” 18.36 8.08 2.07 3.2 0.46 2470 0.80 396.5

5000 ” 18.39 8.11 2.16 3.4 0.67 4600 0.40 391.3

10000 ” 18.35 8.08 2.09 4.2 1.00 9760 0 384.3

8. Jul 0 22.0 18.32 8.15 2.20 65 0.31 14 0.80 375.6
42 days 625 ” 18.30 8.15 2.20 5.4 0.40 570 0.80 379.9
1250 ” 18.30 8.14 2.24 5.4 0.23 1025 | 0.80 379.9

2500 ” 18.35 8.14 2.14 5.5 0.63 2400 | 0.72 372.1

5000 ” 18.37 8.15 -2.15 4.3 0.79 5800 0.56 367.7

10000 ” 18.36 8.13 2.21 6.1 2.61 13600 i 0.48 379.1

15. Jul. 0 21.9 18.12 8.09 2.19 8.5 0.36 17 1 0.72 -391.4
49 days 625 v 18.17 8.08 2.00 5.3 0.50 610 ‘ - 0.96 404.3
1250 v 18.15 8.10 2.10 4.9 0.38° 1190 - | 0.90 387.1

2500 ” 18.17 8.06 2.10 4.7 0.39 2560 | 0.60 373.3

5000 ” 18.20 8.13 2.05 4.8 0.76 4900 l 0.42 395.7

10000 ” 18.17 8.05 2.12 6.4 1.00 9960 0 30 395.7
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Appendix Table II. Data on growth of the test pearl oysters.
Sodium Increase in | Sodium Increase in
Date and | nitrate under-water weight Date and | nitrate under-water weight
added | added
days Cumulative Daily days \ Cumulative Daily
ug-atN/[ £| mg/oyster | mg/oyster ‘ pg-atN/ £| mg/oyster | mg/oyster
27. May 0 — — | 27. Jun ! 0 + 380 + 8.5
0 day 625 — — | 31 days | 625 + 33 + 6.2
1250 — — ©o1250 | 4+ 384 | + 9.7
2500 — — 2500 | + 276 | + 8.5
5000 — — ‘ 5000 + 328 + 5.4
10000 — — i 10000 + 302 + 6.0
3. Jun 0 + 74 + 10.5 4, Jul 0 + 398 + 2.5
7 days 625 + 92 4+ 13.1 38 days 625 + 360 + 3.4
1250 + 104 + 14.8 1250 + 440 + 8.0
2500 + 104 + 14.8 2500 + 350 + 10.5
5000 + 90 + 12.8 5000 + 320 - 1.1
10000 + 104 + 14.8 10000 + 340 + 5.4
10. Jun 0 + 186 + 16,0 | 11, Jul 0 + 418 + 2.8
14 days 625 + 186 4+ 13.4 | 45 days 625 + 39 + 5.1
1250 + 184 + 11.4 1250 + 470 + 4.2
2500 + 148 + 6.2 2500 + 398 + 6.8
5000 + 172 + 11.7 5000 + 320 + 0
10000 + 200 + 13.7 10000 + 35 + 2.2
17. Jun 0 + 282 4+ 13.7 | 18, Jul. 0 + 432 + 2.0
21 days 625 + 260 + 10.6 | 52 days 625 + 416 + 2.8
' 1250 | + 282 | + 14.0 1250 | + 4% + 3.7
2500 + 19 + 6.8 2500 + 428 + 4.2
5000 + 270 + 14,0 5000 + 316 0.5
10000 + 240 + 5.7 10000 + 370 + 2.0
20. Jun 0 + 320 + 12.6
24 days 625 + 292 + 10.6
1250 + 316 + 11.3
2500 + 216 + 6.8
5000 + 290 + 6.6
10000 + 260 + 6.6
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Appendix Table III. Data on under-water weight and whole, shell, meat
weights of the test pearl oysters and field control
pear! oysters.
Na NO;-N Under-water weight. (g) Wet weight (g) Dry weight (g)
added 22, May | 18. July | AW Whole | Shell Meat Shell Meat
0 2.70 3.34 | + 0.64] 10.42 5.64 3.84 5.28 | 0.59
pg-at/ £ 2.88 3.33 | + 0.45| 10.69 5.64 3.76 5.19 0.57
2.75 2.95 | + 0.20 9.56 5.02 2.99 4.72 0.42
2.91 3.02 { + 0.11 9.74 5.16 2.49 4.83 0.47
2.66 3.02 | + 0.36 | 10.00 5.12 3.48 4.72 0.69
625 2.76 3.47 | + 0,71} 10.09 6.04 2.06 5.58 0.33
pg-at/ £ 2.89 3.06 | + 0.17 9.63 5.3 2.69 4.8 0.46
2.66 3.10 | + 0.44 | 10.31 5.50 2.54 4.97 0.44
3.08 3.06 | — 0.02| 10.34 5.32 2.69 4.90 0.47
2.65 3.41 | + 0.76 ] 11.39 5.79 4.28 5.37 0.79
1250 2.68 2,97 | + 0.29 9.91 5.06 2.51 4.70 0.47
pg-at/ g 2.98 3.11 | + 0.13 | 10.06 5.35 2.68 4.94 0.53
2.78 3.62 | + 0.84 | 11.61 6.10 3.09 5.74 0.63
2.98 3.45 | + 0.47| 11.28 5.86 3.81 5.39 0.77
2.98 368 | + 0.70] 11.41 6.21 3.80 5.77 0.62
2500 2.65 3.06 +  0.41 10.64 5.39 2.58 4.92 0.45
ug-at/ ¢ 2.65 3.69 | + 1.04| 11.28 6.36 2.53 5.95 0.44
2.91 3.20 | + 0.29 9.39 5.41 1.96 5.10 0.33
2.62 3.19 | + 0.57 | 10.28 5.51 3.03 5.08 0.53
2.90 3.48 | + 0.58] 10.91 6.09 2.71 5.54 0.50
5000 3.08 3.37 | + 0.29| 10.83 6.06 1.99 5.38 0.38
ug-at/ g 2.95 3.09 | + 0.14 9.70 5.48 2.21 4.96 0.43
2.70 3.24 | + 0.54| 10.04 5.57 3.34 5.15 0.54
2.75 3.31 | + 0.5 11.76 5.75 3.39 5.23 0.62
2.75 2.79 | + 0.04 9.31 4.89 2.24 4.47 0.40
10000 2.73 3.11 | + 0.38 9.89 5.51 2.18 5.02 0.37
pg-at/ £ 2.78 3.41 | 4+ 0.63| 11.10 5.91 2.79 5.40 0.53
2.72 3.25 | + 0.53] 10.80 5.71 2.53 5.17 0.52
2.90 3.14 | + 0.24] 10.24 5.59 3.02 5.03 0.49
3.01 3.42 | + 0.41] 11.25 5.94 2.45 5.45 0.46
Field — 3.79 — 12.67 6.58 4.61 5.94 0.78
Control — 3.21 — 11.59 5.79 3.86 5.18 0.51
— 3.12 — | 10.89 6.03 2.78 5.03 0.48
— 3.23 — 11.68 6.00 3.84 5.16 0.67
— KK | — 11.98 5.80 4.31 5.18 0.73
— 3.09 — 12.22 5.66 4.01 4.92 0.63
— 3.65 — 12.91 6.51 4.43 5.76 0.86
— 3.34 — 11.29 6.00 4.18 5.24 0.67
— 3.09 — 10.23 5.45 3.10 4.93 0.43
— 3.46 — 10.85 6.04 2.98 5.51 0.52
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BiERY OFBTHE, FAERIATEELZHAOEEBEDHOBAR AN AT, MBEKE
REUIRWVRETOYRPICBY 2/ KEOELEEDREOEIEAZFEL, BOKEI
BIETAKEHEROZELHOMICULED E L, LB LKL, BHKDOKIETES
NEEHOBREBEBD TINEL, FREOCKREEEKEXMFLEAKU DT EDIRE, &
DEORETORBEBNRELEZ SN, FCTARREBOMHAB KO —PAEEHL,
BIERER:, BOWARKE»ZTKELRADREEDHAELTIRL, FIROEREREED
TRAWITHRFI LD T2 ORRERET 5,

MEE KUFE

BEERE K EE6.0~7.0g DRATH LE 6 FDT v 74 MEKERML, &5
DEEKNERSUL B~ IEHIBE L5112, 10, 8, 6, 4, 2, 2{AD 7BHTAE 720
ABEEEBLONE  AEEBEN®Y © Fig. LIGRTEBYD, XF 10— VMAEHE,
A, B (425X 25%30 cm) 38 & D18 D ESIC L DEBEKOEME & MRS X
VRO 70 DIEE & 27715 » 720 (R, HBEMICHHISL OmKERL, HE/HICIE
HRBAE AN E=— VEBREEETL, FBMICEN9 Lotk EHkEN6 £, B
#15kg D 1 ~SmmEO BT U0 O & & AN, BEEKO > BAREESEE (k)
WM B TREATEKMSKAE CEBRL, PRk (FolemEi) < 1H 2D
AEEHE SRR (8 ~121%, 16~2085) ICI3ME1E Ui, SMABOMBIKEE 1 5/#0.5 £
TH o Tzo MRHIREENE 1 B ESKICEIEL R EX 74 F—% b - TI0H R L
FbDERNT, 1B 1EMD) QMY S BIEERTOme & LY,

Rk W2 EEO S 5O 1RO E B A1 B2 (FROIRHEEHNI0, 201k
D2 ~12@R (68 131 B 1| (FRIOARHEEATC), MBEKK0LD S BISL
D LG &SR U oo ASHAF O WKL BT B ICHKINIC 7 S b £, REZBIHL, X

* Yukimasa Kuwatani and Tamotsu Nishii. Effects of the number of animals and the exchange
of ‘water on the growth of Japanese pearl oyster in tank culture. With English summary, p.
1760. Bull. Natl. Pearl Res. Lab. 14:1748—1764.

T BN EBRTHEFTER No. 179, (BRI FRATME 14 ¢ 1748—1764. [FI444E 5 7)
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hEREY RS, 20 EBKERVI,

EBRPMBLIOKE, EREEOHE PN OB A (EEIE 2720196741 A11H
W 2E 6 AOBIOET 2AREHBERICRAL, 1H1HMD 40mg OB KEES L
Wk OEERE LIz, 1 A23EFEN OMBILEEDCHEDBRENAD SNIDT, L
BEmA R UL A5 kAT, 2A1BICE S4BV THRRARENAEL 72,
282 Bic#lARBL, 2A6 BB enlig 1 EEC Lic4 F10R 3 TE 10, K
BolmBLUEEBOREBOMELTIE -7,

KBS T BRE A OB (8 ~9) AL, 2FDOIHBHEICL 7208 THHT
Lo PHER A 7 2EMpH §HAHALTRHE L, Th ) EIR B.CP. 248REEL
TO0INBERBRIZEDHEL 2o COD. 7 AV HEOS BT 2~V TV BAY
HEEBEAREBEEEL2ACTER L, T vE=7-N I Witting @ L% F i Nessler
REICL B EAAWNEILCESH (WEA0mE) KEORIEL, EMB-NRIGR RE ik
BERAVENESH (500mu) KXOHEIEL -, WEE-N (3 Strickland and Parsons*'. d
FHICE -7, AERFERIS Winkler @ FHICX -7, vy Al 2-Hydroxy-1-(2-
hydroxy-4-sulfo-1-naphthylazo)-~3-naphthoic acid Z g /r# & L 70.01 M EDTA-2Na |{C
FOFEEL 12,

BREBORE  #RERC L LZAR 0L /KTEELNFESS L, 1HMDREHEN

mNo
\J1

N
(=)

WATER TEMPERATURE (°C)

.............. L b b b b L

20 27 6 15 20 27 3 10
R PR

. MAR. APK.
0 7 14 21 28 35 42 49 56 63
TIME (days)

Fig. 1 Changes in temperature of culture water during the course of experi-
ment. Double circles show the temperature on observation days.
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BBEIUAMBNEEZEEH U, S, SFKTHR, HRXE042EER, ARBIURE
ORER, LREBLUEL Y,

® B # =2

FHEXKOKEL KUKEDE(
R AT B OKIRE X CKEST O E % Appendix Table IR,

1) kif (Fig.1): 3A8BLSI0R  CIEEMORERIEENHEL 12 70—
116.5°C $ T B L 7283, 2&MRFNCiZ20~25°C oI, FEHKEIZ21.96°C T
Hoteo KEMEMOERIEZEAERD SN 5 T,

2) pH {§ (Fig. 2) : pH 7.8 L8 10OKMHICH D, £BMICII/KE & @R, AT
DE L PHICEL BPICEOCVEOMBEE b > TREND, FEEBTKAREICEKT S
LEERBOEVEBEKIEEBEMENERRS SN B,

D FahY E(Fig.3): 1,525 2,00mN 0o #iFHIChH D, £BMicidiE, pH &

8.1

A
nx pte ]
o i % &
o A i
: M = ALY
- ’
Y wx K
| 2’ . \. / I
w ® O X /O
5 o oo
= \ /’l
19 8__—0‘ \ M/
E \Q “A A ’Q’I
N \b/“\\ ,/l/l
\e a8/
78t O AN
07 1421 28 35 42 49 56 63

TIME (days)

Fig. 2 Changes in pH of culture water

during the course of experiment.
Open and solid circles, open and
solid triangles, open and solid squ-
ares indicate the tanks of 12, 10, 8,
6, 4 and 2 animals respectively in
which culture water was exchanged
partially with fresh seawater once a
day. Cross marks indicate tanks of
2 animals where culture water was
exchanged twice a day. 'The same
symbols are used in Figs. 3-9.
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Vo0 N P
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g [o]
< N
00 T 14 27 28 35 42 49 56 63

TIME (days)

Fig. 3 Changes in alkalinity of culture
water during the course of experi-~
ment,
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4) C.0.D. (Fig. 4): O, iz
BOTH T, WERBEOMITIZM

Y H A OREEICE LIZTIERE &k 1751

pH fE & REICRARBOZ W HEKIZ

0.6 52.1mg/ £ OEFHICH b, 2fRIILT) & 134
SDERbA SN,

5) 7vE=7-N (Fig. 5) : 3/ 518ug-at/ £ OWIICH D, WINOFHEKSEHHEE
W2 &Y 2 ~ 3D peak ZTEE > T %o AHFFTKEHEICHEK T 5 CNERHKD

20} [ ]
I5} Lo
~ g [ l‘\“‘l
~J \ i
\01'5 5 i
=3 So ‘\\
S T 4
~ 10F i
S 1 A »
S = ! = 3 ./I
s 10F X A ‘ Al
- § A "n ,’gé\
o, 515. \ Eé?\'/zx\/g
05 491 08 35 42 49 56 63 0T ol
TIME (days)

Fig. 4 Changes in C.0.D. of culture water
during the course of experiment

78 35 42 79 56 63
TIME (days?

Fig. 5 Changes in ammonia-N content of

culture water during the course of

experiment,
N 6ty
31 2
St e i
S ¢ | - /g
% oo’ s [ iR
oY NN S 3| A
) e ! “,*400* I
) K AN \ s o/ l“"
=4 ,’ ’ ‘\‘ Y 3 H 4
o . ,’I// A 28 4 3l = ‘/ :
= oL oo ‘.‘
=0 .- ? 49 }X N\ & ® E;: 4 :
=05t g a ao 4 ;mL
i o LA
I \@m 8 b 3;: 0A A&A
X / X 4 E? A Ap. ‘%
L —x—-—'X:"’< _4'>'
0 0 T 1471 76 35 42 43 56 63 0 4_7] 28 35 42 49 56 6*
TIME (days? TIME (days)
Fig. 6 .Changes in nitrite-N content of

culture water during the course of
experiment.

Fig. 7 Changes in nitrate-N content of

culture water during the course of
experiment.
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0 7 14 71 28 35 42 49 56 63 O T T 2835 ~40 <45 ~56 ~63

TIME(days) PERIOD (days>
Fig. 8 Changes in cumulative increase of Fig. 9 Changes in daily increase of under-
under-water weight of animals du- water weight of animals during the
ring the course of experiment. course of experiment.

ZOEBKEEZOEGFENSNVEANASNEH, TOHEREE TR,

6) HWB-N (Fig. 6) : 0.1 05 1L.dug-at/ { OFFEICH D, 7oh ) ELRBCHT
NOBOHBKOBHICZOEERBBEL B -T5, RHATKEHEEICHET 2 &,
AOMICRBERBOZ VDR EGFEREIL D,

7) WE-N (Fig. 7) : 30/ 5 600ug-at/ £ OHPHICH D, 7 AB% peak & L THYIC
EL0ENSS OGN, 4HBLIKETIE 30 ~150ug-at/ f EEBEMBDIEL LT3,
ABAEKEEMTRREEAROZ N DEEZDAERBEE I,

BoRREDOEL

BRUERCETAEZHOKTEREOREBENE B LCHNERAMOFE BEENEE
Appendix Table I IC/RY, T2 5DE% Fig. 8 BX U 9 IKRT,

HEREANEROKREP OAT, KREDORFHEEEHMS, 2[EHK 2 MR, 1[EHK 2
R, 6 BIU S, 4, WOBXUIR2ZAMD 47 73 RICRSEND, 4 FAHLKR &R
R7HEPSTTAEEL, ZORBRBAARE ESICHBRIKIES - T3, 4HEEER
7 B EICET 2 RO X ICKET 2 SEICOBHCEL M S NEKIICIZ10, 1208
ERUEMEERL .

HBKR TR, RAC2EBEERE, ERBLICHAEOREEBICELBREELAEL 72
8% Appendix Table IIC/RT, TNFNDIABIK DN TEBHOTEEDEDKRE AT
Bkt BNTNOBEEMERD L ERTELh -1,
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z £

AiEY EAEOEBRGEEN T 5 &, HBEKORBOFH/DIEI LI IHEICE T 2K
KES5EIZ1IE1HYD 20mg: 30mg LRI THEM £ O (hOFHEEESLCHHER
L E—Th b, COEA, RSB ENNICIBZEELEDIMEEEEM, BA W
ROMEHEE B & EOREICET 2 EM? ki, WAEKSME, 1 H 1k, Jn
KESE TR 1IHYD 20mg & 30mg QA& OSFEHRERIIKPES 5.75mg & 6.51mg T,
ZNS50HiE T 1 L13Th - e, TAANEEAROERIC B 2RERD T Z DM
ENZN2MHBEHEDEATH 1 1 2,04TH 7o LEh - THIEIE A OO ERICET 5
REBOENEBRKBEBEOEBDICEETE SO EIIE A SN,

MRE SN TRMEE SFEOEREHENLLOT, ZN5DKPTERIZ5.6~6.7g
16.0~7.0g ThY, FAEBRIHFIZIFIES4HAIIBLS 6 B25AF T, 4EA2H 6 H
54 HIOAZETTH - T, H2~3 AxKXIRNETHT C &452£ 2 B4, #ialH,

KEBBEBO BN DO TROE LD SN T,

S SiCHTE & S RIOMABE K E KT 3 &, BIEIOKIRIZ 19~24°C pfiifRicd b, 1
M PEL 2OMOEHN & R E OB RRMNEZEL EERL TN S, 4
E KRR PHIC—EIC 16.5°C IR TTFRE L 7228, KB4 53520~25°C DPRAICSH 54
DS KAEOZELDRBICIE NI D DHENA SN B D, FEHKIIE 22.04 1 21,96°C
EBHDTELLTEY, 2R+ B L TAHILES, AOREBRELVER LSS LT
5EREZIONITN,

PLEOHIW D 5, DTOBERFEEAROERERELBALTITE S,

REB#EH K UHKEEKE & DOBIR

B &4 EOERICEY 2 RAEBKE X CHKERICHT % & KEEROMES Fig. 10
KR, $TRAERBREKEOEZEEA S L, SROERIKEBFSZ C.OD. 2B %20
O FERIZATE, 4EESICRERBELSE  BNEEZNKEGKEMICEL 55 EaR
LTd, DEICHKRENBEOBEBRTIZ, HHkE 1 ~2EHKDEADRERMEAE K
ByaL, TrEST-NEZBRLZOMOBR TROTNS 1~ 2 @k 5a KB
CHTRNCEERRL TS, K URIEIO 2 @E, 4RO 2 @5 o0& ERE 4 Ligd
BEOTNHRBLEAEESRD LN, DF D, 2BWICRBAERKICHALT, Fi
ek EIFGTHE M U TOKEBEMLL TS, COD., 7re=7-N BIXUCEREAEH
2EOGETHADBH LN S,

FEOE S PN E QICEBAKBICE L TREEBMSE L SRVBEAICENT, %
REEBEBEOFAPIC IV ATHER/ILIN LIS BORMBEHOBREICL B EOEHHS
EULAKREVLERILBWT, £T580EEZ 0N 5,

Wk, BEETESEOST AEXBFNOEESERNICT S hhicky, 1k
DB RRIEOHK B4R A, 2 E#KDBAIZIO~ITEHREZRE TN S, $/21BY4D
Ok ET 1 [k OB A&5338.46%, 2 EHKDIEAH62.13% &155,
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Fig. 10 Relations between the chemical factors of culture water and the number
of animals under different rearing conditions, a) culture water was not
exchanged during the whole period of experiment (triangles, exchang-
ing rate 0%), b) exchanged once and twice a day (open and solid
circles, 38.46% and 62.13%, respectively). Open triangles indicate
tanks reared 2, 5 and 10 animals, and solid triangles 15 and 21 animals.
Open circles indicate tanks reared 2, 4, 6, 8, 10 and 12 animals, and
solid circles 2 animals. The same marks were used in Figs. 11-19.

AEOERTEKERO 1 HEM O RREERBDOE LI Fig. 8 KIRT L H ¢, IZIZE/ZIE
WU ERL, BMICERBKREOBORIEE, FRESEAKOLTROEIZEEERNAS
W LM ULEDS 4HEOBRERRBICE A THRENIIZI0, RAFHLEERSELINEST
Wb, ZLTZOFRERLCDONT, HEEXE, KE, KEBIUFLEBOEELEOFTERED
PEEATIR 5 7eh, BWROKHOHPKTACENTEN Lo, COHRDNT, BB
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AR EFBIOERRICET 2R E
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SEMOAIMEBELTO IAYY 1§ |
FHBERELOBEFEEA B L Fig. 111 g W =18.523-1025 N
R &SIk O BREE 1 E#KOR

BB TEnFRERERSEON, D

U & LR 0 [EUF R %1 1,054 & 1,025 2 |

ThHoT, ZN5OWRIIZELTHR % BN \/ 29506 - L054N

KHHrEDEABTEMNTEL, ZDOKF
DORABKERBTIESNEHDORE
OB LUCEORERICHT 52 BoRE
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. e Fig. 11 Relations between the growth and
1 BX 0 OHBEKDORIMRIERIED & the number of animals.

BO @AM 0%, 1[mEHKD38.46%,
2 [k 362,13 TH D, Fi 2[@#K OB & O B FREE 1 ERKOEELELL
1,025E 8¢ &, ZNFNOEKIT 9.506, 18.523, 25.860mg & 132, %o THkE X
%) LEH (Ymg) EOEFHEERD S &

Y=0.261X+9,213
OHEMEAMNE LN, TRREAH N) tHOBREE (Wmg) LOBHKE, Fig. 111
EH#kBEEELL 1,025 75 &

N A A
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W=Y—1,025N
Kk -TREN, TROOHEX» SEBKORBEEBROREH 52 CHD 1 BEEE
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Table I. Average values of the chemical factors of culture water and the
growth of pearl oysters throughout the rearing period in the
previous and persent experiments. * UW.W. indicates the
under-water weight of animals.
NO. Average value and content
of Daily R
increase of oH Alkalinity | C.0.D. | NH;-N | NO,-N | NO;-N
oysters | U-W.W.* mN O, mg | ug-at/ ¢ | ug-at/ ¢ |ug-at/ ¢
_mg
. 21 —0.05 7.78 1.45 3.03 18.39 7.62 6448 | g,
< 15 —0.03 |7.77 1.44 2.88 14.73 3.44 5155 )
(2
g8 10 —0.62 |7.77 | 1.42 2.49 12.75 1.40 4298 |3
< o \D
3 Y 5 3.15 | 7.87 1.39 1.63 5.40 0.56 2921 QE‘OQ
Lle 2 8.08 [8.02| 1.62 1.57 3.76 0.50 2037 T
E 12 6.70 |7.88 | 1.69 1.23 8.53 0.93 | 172
8 10 6.78 | 7.91: 1.76 1.38 9.95 0.76 146
2 3§ 8 11.97 |7.91| 1.72 1.50 7.63 0.62 153 | .
-
o | 6 11.70 | 7.95 | 1.75 1.51 8.38 0.53 11 | §
o
& 4 6.87 |7.98| 1.87 | 1.26 7.4 | 0.47 123 | =
= 2 16.51 | 8.01 1.92 1.49 6.69 0.38 89 :)"j
. £
MR
[ar]
i 2 23.81 |8.02 1.88 1.60 6.81 0.41 71
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Fig. 12 Relations between the growth of
animals and the pH of culture

water,

Fig. 13 Relations between the growth of
animals and the alkalinity of culture

water.
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HTBLCADOROEROEENEREN S,

—7%, TuhVE, COD., BBE-NIiZoTE, #koFEBIE - THORERDO
DEADERENR S TEY, th0BERZEOREICH L TRIKNLEEEL 610 5T 6
DOLEZLND,
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Rk D FNEFENOBAICET S pH {E in the text.
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OEBRTRREUEABEE LR, 1H1EDA0Z2H, AEKO—PBEZHL, FEHIC
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BhoTREN, LrdZNo OMREBETEAILSD, BE R AD), #kE (X%)
BLUOHOEESE (Wmg, 1 FYDAKPEERENE) KE—E0RENHEEELLN S,
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W=0,261X—1,025N +9,213

3) MERICBT % pHE (pH), 74 ) E (AlmN) BLUHOKREE (Wmg, 1

RYOKPEEHENE) 23XBELTI2ERBE I BKECBNTEEESED NI,
W=27,5969pH +28,2171A1—256 4581

Tz, CNETITRONHEERICINE, chbDEOEIBMOERD BOKRE

W AMEMAAZNET 2 TRENRES, Lk THELZO6ERDOS> b pH EET IV

HYVEOHAGEDLEBELLUTHOREATHE L ALDEMEZIN S,

Summary

The present study has been done to make clear the effect of the number of animals
being reared and the exchange of culture water with fresh seawater on the growth of the
Japanese pearl oyster, Pinctada fucata (Gould), in tank culture. Forty four healthy one-
year-old animals were divided into seven groups of 12, 10, 8, 6, 4, 2 and 2 animals each
which were reared in respective rearing apparatus for 63 days. The ammount of culture
water of each apparatus was 39 liters. Fach group was given rice powder as food at a rate
of 30 mg per animal per day. Fifteen liters of the culture water was exchanged with fresh
seawater once a day in six apparatus holding 2-12 animals and twice a day in the other ap-
paratus of 2 animals. Chemical analysis of culture water and measurment of under-water
weight of animals were made ten times at intervals of one week during the experimental
period.

From the results obtained in the present experiment and those in a previous experi-
ment (1966. Bull. Natl. Pearl Res. Lab. 11:1208-1333) in which the same apparatus were
used and the culture water was kept unexchanged throughout the experimental period, the
following discussions are drown:

1) 'There was a tendency that as the number of animals in rearing apparatus decreased
or the exchanging rate of culture water increased, pH value and alkalinity of the culture
water increased, while ammonia, nitrite and nitrate contents and C.0.D. decreased.  How-

ever, a few exceptions were found in such a case that the number of animals was very few
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to the volume of culture water and in such chemical factors that are nitrified in the filter
sand and fluctuate markedly depending on the variety of metabolic activity of the animals.
2) 'The relation between the number and the growth of animals were expressed in a
linear regression in either experiment. These two regression lines run parallel with each
other. From these facts it is estimated that a direct and qualitative relationship may be kept
among the number of animals (N), exchanging rate of culture water (X%) and growth of
animals (W mg., daily increase of under-water weight). The relation was represented by
the following expression.
W=0.261X—1.025N+9.213
3) 'The multiple correlation among pH (pH) and alkalinity of culture water (Al mN)
and the growth of animals was represented by the following expression and it was significant
at the one percent level in Snedecor’s F test.
W=27,5969 pH+28,2171 Al—256,4581
A possibility is suggested from the results of experiments by several workers that the
change of those factors may give some variety to the influences of other chemical factors
on the growth of animals. Accordingly, it may be judged that a combination of those factors

controlls mainly the growth of animals in tank culture.
X Bk

1) BEHE - GHREFE 1966, 73 ¥ 54 OKERBICE 185 KEELEBOREICDVT, B
BErkiF 11 : 1308—1333.

2) BASEE VR 1967. KHEE7 2 v (1 OREIE LT T RHRBEROESICONT,
ETEEEmE 12 : 1409—1431.

3) BRAEE - WEHRE 1968. TavH A OEEFERE LTOXBRICONT, HARE 34 (3):
191—204.

4) Strickland J.D.H. and Parsons T.R. 1960. A manual of sea water analysis. Bull. Fish.
Res. Bd. Canada, 125 (Nitrate : 61—70).

5) VEER{R 1965. T a ¥ A4 ZRIET B oDICAVKPERICOWTOMRE, EXEBEFER 10
: 1264—1282.

6) RASEIE - FREFE 1966, 72 v H M OREMEE, EBUEEOR S XUOKPEEOHERE
EZDIEEICDONT, LHEERHEE 54 52—69.

7) BATEIE - TERME 1969, Tav A4 OREICE LFTRBEAKDRO nitrate OFEICDONT, B
TEBERE 14 1 1375-1747.

8) FluFark 1966. kb OWEED <4 352 2%, AKX 32 (2):105—111.

9) BAEEL - ARG 1969. Ta vy HMA OBERBLITHE KD pH OESHIC>NT, HKE
35 (4) : 342-350.



Appendix Table I. Data on the qualities of culture water and the growth of pearl oysters.

* Six groups of 12-2 animals

reared in the tanks in which the culture water was exchanged partially with fresh seawater once a day

and one group of 2 animals (2”) twice a day. The same matters are indicated in Appendix Table II.

" Date

Increase in under-water weight

No. of | W.T. Alkalinity| C.0.D. | NH;-N | NO,-N | NO,;-N 0, Ca . :
Elapsed animals*  °C pH mN O,mg/ ¢ _at) £ _at/ £ at/ 0 | ce/p p) Cumulative Daily
days 2, mg-a He “e mg/ g/group mg/oyster [mg/oyster
6 Feb. 12 23.1 7.89 1.73 1.23 13.1 0.88 365 4.88 390 — — —
0 day 10 22.9 7.95 1.79 1.39 12.5 0.41 280 4.96 393 — — —
8 23.0 7.90 1.72 1.72 13.8 0.28 240 4.79 392 — — —
6 22.9 7.94 1.81 1.95 12.9 0.28 130 4.87 384 — -— —
4 22.8 7.99 1.88 1.10 10.9 0.20 120 4.91 388 — — —
2 22.8 8.02 1.87 1.61 11.7 0.16 64 4.93 385 — — —
2”7 22.7 8.02 1.90 1,57 12.6 0.14 63 4.99 383 — — —
13 Feb. 12 22.3 7.90 1.75 1.16 8.5 0.68 580 4.89 419 0.56 46.7 6.67
7 days 10 22.3 7.96 1.78 1.43 9.6 0.55 495 4.94 426 0.30 30.0 4.29
8 22,2 7.99 1.74 1.70 5.5 0.43 525 4.95 417 0.79 98.8 14.11
6 22.2 8.04 1.81 1.66 6.4 0.50 325 5.03 417 0.39 65.0 9.29
4 221 8.04 1.86 1.28 5.4 0.48 505 5.01 418 0.45 12,5 | 16.07
2 22.1 8.06 1.93 1.23 4.7 0.37 365 5.03 417 0.29 45.0 20.71
27 22.1 8.08 1.91 1.23 5.7 0.27 275 5.01 410 0.34 170.0 24.29
20 Feb. 12 21.4 7.86 1.64 1.28 5.5 0.74 115 5.02 376 1.29 107.5 8.69
14 days 10 21.4 7.93 1.75 0.82 7.1 0.55 72 5.10 397 1.08 108.0 11.14
8 21.3 7.91 1.55 1.48 7.7 0.55 90 5.09 379 1.64 205.0 15.18
6 21.3 8.00 1.65 2.06 13.7 0.52 77 5.05 391 0.89 148.3 - 11.90
4 21.2 8.01 1.80 0.67 11.4 0.58 82 5.05 391 0.74 185.0 10.36
2 21.3 8.04 1.89 2.01 7.0 0.37 57 5.12 388 0.55 275.0 18.57
27 21.2 8.03 1.86 1.97 7.9 0.43 48 5.12 390 0.61 305.0 19.29
27 Fed. 12 22.4 7.80 1.66 1.18 4.9 0.63 157 4.97 385 2.16 180.0 10.36
21 days 10 22.4 7.84 1.83 1.27 6.3 0.58 104 4.94 373 1.48 148.0 5.71
8 22.4 7.82 1.82 0.64 7.1 0.52 135 4.84 374 2.68 335.0 18.57
6 22.4 7.86 1.84 1.36 5.2 0.52 107 4.90 378 1.33 221.7 10.48
4 22.3 7.93 1.86 1.18 5.2 0.28 107 4.90 385 1.12 280.0 13.57
2 22.2 7.96 1.93 1.09 7.0 0.28 80 4.92 378 0.80 400.0 17.86
2" 22.2 7.96 1.90 1.36 6.5 0.28 43 4.94 375 1.00 |~ 500.0 27.86
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Date No. of | W.T. Alkalinity| C.0.D. | NHs-N | NO,-N | NO--N | O, Ca | Lncrease in under-water weight
Elapsed . o pH Cumulative Daily
days animals C mN | O, mg/ ¢ | ug-at/ £ ug-at/ £ | ug-at/ € | cc/ € | mg/g “g/group mg/oyster Img/oyster

6 Mar. 12 — [ 782 1.67 113 | 10.6 | 1.18 89 | 5.08 405 2.69 | 224.2 6.31

28 days 10 — | 7.85 1.75 1.45 | 12.7 | 0.95 78 | 5.06 414 1.66 | 166.0 2.57
8 — | 780 1.64 1.45 6.6 | 0.59 84 | 4.91 403 3.30 | 412.5 | 11.07

6 — | 7.8 1.72 1.37 4.6 | 0.77 80 | 4.99 414 1.75 | 291.7 9.99

4 — | 7.92 1.92 1.36 45 | 0.5 72 | 5.05 410 1.26 | 315.0 5.00

2 — | 7.94 2.03 1.13 45 | 0.4 56 | 5.0 403 0.82 | 410.0 8.57

2" — | 7.97 1.89 1.49 3.5 | 0.46 52 | 5.08 412 1.24 | 6200 | 17.14

13 Mar. 12 | 21.3 | 7.78 1.81 1.5 | 10.8 | 1.18 120 | 5.10 429 2.97 | 2475 3.33
35 days 10 | 213 | 7.8 1.81 113 | 141 | 1.07 94 | 5.16 392 1.75 | 175.0 1.29
8 | 21.3 | 7.80 1.75 124 9.1 | 0.7 125 | 5.03 402 3.64 | 455.0 6.07

6 | 21.2 | 7.86 1.77 091 | 15.4 | 0.45 68 | 5.09 402 2.08 | 346.7 7.86

4 | 212 | 7.92 1.95 1.09 9.7 | 0.47 68 | 5.14 386 1.30 | 325.0 1.43

2 | 212 | 7.92 1.94 1.09 9.0 | 0.42 57 | 5.13 378 1.03 | 515.0 7.86

2 | 211 | 7.93 1.86 1.16 9.4 | 0.45 58 | 5.27 383 1.46 | 730.0 | 15.71

20 Mar. 12 | 215 | 7.86 174 | 114 | 153 | 1.34 58 | 5.12 407 3.92 | 326.7 | 11.31
42 days 10 | 21.5 | 7.88 1.82 | 1.77 | 18.0 | 1.10 56 | 4.97 400 2.53 | 253.0 | 11.14
8 | 21.5 | 7.90 1.84 1.84 9.4 | 0.86 64 | 5.02 402 4.44 | 555.0 | 14.29

6 | 21.5 | 7.90 1.81 1.30 8.0 | 0.74 50 | 5.06 405 2.75 | 458.3 | 15.95

4 | 215 | 7.8 2.01 1.57 7.7 | 0.1 38 | 5.0 403 1.52 | 380.0 7.86

2 | 21.4 | 7.98 2.04 | 1.66 8.6 | 0.49 28 | 5.07 409 1.34 | 670.0 | 22.14

2 | 213 | 7.98 1.97 | 1.59 8.5 | 0.61 30 | 5.07 402 1.98 | 990.0 | 37.14

27 Mar. 12 | 23.9 | 7.93 1.67 | 1.43 48 | 1.30 I 39 4.57 | 380.8 7.74
49 days 10 | 23.9 | 7.9 1.69 1.72 41 | 0.7 — | 4.4 397 3.19 | 319.0 9.43
8 | 23.9 | 7.97 1.71 1.77 5.6 | 0.77 — | 4.83 397 5.09 | 636.3 | 11.61

6 | 23.8 | 7.98 1.70 1.81 5.0 | 0.36 — | am 392 3.30 | 550.0 | 13.10

4 | 23.8 | 8.0 1.83 1.50 4.9 | 0.43 — | 483 396 1.58 | 395.0 2.14

2 | 23.7 | 8.04 1.8 | 1.66 | 4.5 | 0.50 — | 4.86 392 1.55 | 775.0 | 15.00

2 | 23.6 | 8.04 1.81 1.8 | 5.4 . 0.67 — | 4.9 389 2.27 | 1135.0 | 20.71
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Date | N5 of | WT. | ., |Alkalinity| C.0.D. | NH,-N | NO,-N | NO,-N | O, Ca | \ncrease in under-water weight
Elapsed | . ¥ o i pH Cumulative Daily
days 1ammals C 1 I mN | O, mg/ £ |pg-at/ £ ‘ pa-at/ £ | ug-at/ € | cc/ ¢ mg/ ¢ &/sroup 'mg/oyster img/oyster_
3 Apr. 12 24.2 | 8.00 1.62 | 1.01 | 7.1 | o0.58 125 4.79 425 4,77 397.5 2.38
56 days 10 24.2 8.01 1.63 - 1.32 i 6.7 0.74 138 4.76 418 3.77 377.0 8.29
8 24.1 8.03 1.77 1 1.59 ‘ 7.0 0.64 108 4.74 427 5.36 670.0 4.82
6  24.1 | 8.06 1.74 | 1.48 | 7.9 0.48 108 4.77 391 3.84 640.0 12.86
4 | 24.1 8.07 1.81 1.43 “ 7.4 0.48 86 4.73 400 1.67 417.5 3.21
2 24.0 8.08 | 1.86 1.72 ‘ 6.1 0.32 58 4.79 395 1.79 895.0 17.14
27 24.0 8.10 ‘ 1.84 2.01 | 5.1 0.32 39 4.81 396 2.68 1340.0 29.29
10 Apr. 12 i 23.3 8.02 1.67 1.16 5.4 0.66 66 4.90 409 5.06 421.7 3.45
63 days 10 ¢ 23.3 8.02 1.68 ] 1.63 | 9.4 0.66 76 4.85 393 4.27 427.0 7.14
8 23.5 ¢ 8.01 1.65 1.77 | 7.5 0.62 72 4.73 397 6.03 753.8 11.96
6 23.5 | 8.08 1.69 1.41 | 5.6 0.51 77 4.82 409 4,42 736.7 13.81
4 23.4 | 8.11 1.78 1.48 | 5.2 0.40 62 4.85 409 1.73 432.5 2.14
2 23.5 8.12 1.86 1.99 | 5.9 0.32 51 4.82 407 2.08 1040.0 20.71
27 23.4 8.15 1.80 1.86 6.0 0.21 48 4.87 388 3.00 1500.0 22.86
Appendix Table II. Whole, shell and meat weights of test pearl oysters
after the end of rearing.
. % Wet whole Wet shell Wet meat weight { Dry meat weight

NO. of animals™ | ight (g) weight (g) %) (2)

12 24.47 £ 1.04 11.66 = 0.55 8.07 £0.91 1.02

10 23.42 + 1.38 11.38 + 0.69 7.34 + 1,05 0.98

8 | 24,65+ 2.27 12.01 == 0.74 7.49 = 1.42 1.04

6 24,83 +1.95 11.88 = 0.89 7.02 +£0.53 0.96

4 24.17 = 1.26 11.45 + 0.49 8.48 +0.54 0.99

2 24.79 = 0.59 11.46 £ 0.59 7.94 +1.23 1.15

2” 26.70 + 3.17 12.94 + 1.05 7.83 +0.31 1.28
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I %

REARET AEBOTELARENEE S LTIRE, R, &, BRoOEREE"
BFBCENTES, LOALINOOBEDENEE - T ZOERAEREXE T 2FE
EFBAEHICEIT I N TN, TavH4 BT 2BREARERREOSTEH & EF
BRIBAPBEBRRBICET 2ERSEOEEEMNTT OV ELESICHLINTV S &
WA, :

i (1962) BEBOFERREFNIEETH 260, KR, BXUOoCKEBEGZO D
HREZOBUTHZPATAN, BERLAONITEREYLOERNELICE-TET B
DI U THRIRICAH SN EZERZTLORERIc L > TEBTD, HIKEEZ* o4
WeEL B, FLUTKERIDRORESELSFECLEHOLI LI, EORKELD
BEOERRIECEBE»S (DDEAERLEMERED “L DI LEEREBEE O
CRAEKEIR I AOTEB LY, (2)EREhCISMINLEBBROILDIER
W, 73556 CI(3)EEHBELUADAEEEDC I BOBRBER LTS, (1)&(2)
FOERELAENERERTLAINIIELTH B L 2ERL, oL EMR
BERBOBEEL, HEAROBNELBIVEEBEROCERCE>TEL AT AR
ELt, INOCORBRERSEBOSWEREOHENSERELEOREDOHEELI - T
BHhi, BECEKZOEBRRRLENICH S RT OBBEEEMNELRD, BRoBDE
B oL LoBEOMINNHRE OIMb 21 DEMICIE 5 EE2ERLTY 5,

BORAEREROEERIISEL, £NICE RV BERISICE D 28 L mIEEL
LI EAEGRREOERTAEC, I OLENCOHEEBENTEEEDLN B3 E
Ao E DB BAKIBICH RIS OBERBEABREIRE - TV 5, Bil, wGElsIvrEDH
FECHCHECR 203 ESROMKBETE I 3HAEGOHRERE ICELZORERD
BT bbb EEX LBELOBEBRTH %, DV TREHOEARMBE TR T 20%
BE LT, BHROAIOHREEBBIUREEOMOBZENE L OMERICL -» T
Lxht, L LEEROHEDCCOMBEOED FT 2t IBA4DEBS-TVWBETHEAD
EROEMABR UL - Toicd, BHEERIRBEES XUBBEERSA C2BALTHE
KR—OEHEE & - lEOERE LTBLEhh, MERCERESL, BEREELE
WEREFBEBECE - TR, UL SERBROVUEICH - T, EROBDOEREDHE
IR T B LI ERUBEHROMEI R EEZOA LT R L L E500H B,

AW O BIIES O AEGME L TR BB A 2B L CRIEBRBICEY 24
BORBEEBEEROUELAREZR»ZCLETHD, BEOBRENBEICHRERT 3
BIEBRREEZRETHESGROBEREBBEICE s TOLREETH AP ENI T &t
BB BEOEREBRBELOMOBBREEITT 5L ETh b, EHEIFBOE B & H—
B UCERBOEBIKEB LT (DB DEFEAD BB EHBRIC DN TEES

* TR ETATN D,
T BEFEYOIRAE, —BICHiEE (Y -2 B) SFATOS,
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FICHEEL, (ABEOBEERE L CIVER L HBEOE £ DO THKED B
BHEICBE L, DR, A—0RETIEOTRBHEARSHKOAEE LEMRO S
WHEESEAABOERRBEVE R X T 5 & OERER . SHICREKEORDERD
HEO—MBRNTE O TETFOEREMA T TIKHRET %o

I Exof, XRELIUVEEOAERE

BHEERTEON-HERBELOLERE O IEEO—T B BE5A0 5B EE
KDONTHEL, BRI OVWTEHEREER ST LUz, RBEOREFES I URIESR
HRIRDELD TH 5,

(1) & o A E

BB B L N EE R EEY RC—1 BMEREENERTH 2, AEET~TH
BHEiICH e 2HFEOERNEBEOERL LICE 500 LS I0EHK £, CeloiEEH»S.5
mm T8 3) BNUATAFY - Y XLOFCHEMNG S vice BEEYISNET 5 EEER
BT RS, REHRAETMICEZRYNS > ONILN XS IKEE L TEERAREENE O
IR LA FOCEE Uc, L LRIBEIC/NS TREYRES LTbe bl
AR FOEBERT Ui, AATEENER TR TIRICEST 22004 DEE%
BR/NCIE B XD IR@A (1957) OWEI LichSs THE L, 7% Back ground i3
MgO 4Rz,

=6hEE X, Y, Z ARHEHHELO05EHICKDEML, BB, » 2RKDi,

(2) R o @ E ‘

BEONXREBEOMERIRERZH PG—1 BEREDLREA2E > TH B o 7co HLREERY
CEMRERCS SRRV E ) KRHEMBRICE S, SeHoPEIT 3L 5 ICHHE L .
RREYE L OFNRLTBONANLREORAEEE/MEEZTEL, BROMEIZZ
NOEDFEFEICL>TRBLR -0 REREYELGONETRINZEEMEIEA LI
7o

(3) EE2 ol E

EHOBRAIBIEITEEBORE LRI 570K, BERO%E S RER LICER X
NEEREBEOFEHDERTEDL L, EXREBOTHOERE, EEEb—Y v N5 02
TEMIC Img OB E TRIEL, KOERX (FIH, RHH) »oHBELTRDI,

AW=%np(r,3—roa)—|—0.17

LZTAWRBEKOER»P SHEBOEREZZ LIV dD, 0 3EHEOHETH2.72
(RE, RFER), r, RAKBOYE, BLU v, FEZEOEETH %,

I EXRED “B68” BRICOVWTOEREFMREE

Pinctada B3R, HHER O KB ORIBICIESAER L, o4 B ITmEEI
Ko THROREY, EQC L - TABRBEEZZ 2BEHOMONTV S, COODBAX
ERNICBY 2EBOKREITT avH 4 Pinctada fucata % - TEEIN TV 3, TLH7T
Y A4 DBEEFEEHICESE T ABRBIEESERT, ZoKiES 13°C LM s
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B, FERESBED 22% DTN ECATE S, REOBEHEIIxOLD TS
U<, Bl EIIKkOB I P THROBET 2NBRRELBICE ET > TES
ETERICE 5,

BRKREBHAROTERIBAL, FRSDFRERBO—BE UTHEEREARERL
720 EbH T, FROBERISHSKLERMTIIMNENE, BAEBHTRANEBICE L 3
u@®%©ﬁamﬁbtﬂébto%@&ﬁ%ﬁ%tbfi,ﬁ?ﬁm&c;ofEEA
#Ciéﬁ%%méCM%bfmtc&&TECML(E%HMT%HLAT@@%T%
BEARIB 1 CEEBT AL ENBTE B,

BEORMRER 25O RAKBECREERE 0OBRFESBACHEL LT, B
FREEOCLZRESILRA—DOBRBERE TOEICL - TELENICE » TEL » HEHD
BABRRTIBRLAES, SBEBCBI L7 av 71 0EFOBRIIALBNICKELEZL
SNIIEDRE, THLKBEEDLETTa Y H 1 OHBICHOON T AHEEE &
BEHIBELTD, TaVYTACHFENS -2 E2P 2B EREFICRETSH
HHo L LIDED MERBENEEIMERER INTELELRREOBERI L OB
EETT ADICEREEDHKETH 5,

1. BERELRB BT 2EAMWOAATIKEE

CTHEAEBLSHEECERLUTH -7 34FEH (Table I) L FNE/NTEREICERL
ThH-74EH (Table ID MLEEAICHEE LT a¥YH 4 D 300 FEED EXDHK3 2
DOEFBEAOT L LEAOEREL S OMAEEENL, BREEREBE Y 3EETD5
MREEZERX S LT Fig. 1 ENIR Ui,

B HEESABRNEEARERBEBCSMT S50 (Fig. 1 o D), HAaER
BRICE > THIEDERD, BERBLBTREESOLO, SHEEME L EBGEA 5
HMIOBEMOREEBR TRV SO, BEHRRLSIEMSEICO - AEEBRCEN DI
ENE B, RRBOMA TEBENSEL Z5E, BER—Fh oMl ich - CikiEni
WLUEADT B0 THEIRISO UBEHIRO DRI & U5,

WA HEPHLENOEBEBRICBONTHT 2650 (Fig. 1 o 11, Fig. 2), &
IR RABKEAEIERICE > THE UL R DY, —BicIgRhis s Elggicn
LZEBER X DIEMETHCH - T (Fig. 2), 8L DB EBICH - THikEL T 210

I II-a II-b II-c

Fig. 1 Schematic representation of various types of the distribution of yellow
pigment in the nacre of Pinctada fucata.
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520

£ 10 sanjep,

700m .

.30

Values of X
Fig. 2 C.I.E. color diagram showing the local variation of color of the nacre of two pearl
oysters. The spectral locus of 129, colorimetric purity is shown for comparison.
Dashed lines with arrows show a yellow-nacre-oyster and full-drawn lines with arrows
a white-nacre-oyster. O is left valve and @ right valve. a, anterio-ventral part; c,
central part; m, mid-ventral part; p, posterio-ventral part.

520
ﬂ .
540 5
] Doy
g)
T 560
H
351 :
38

fi Jo sanjep

Values of ¥
Fig. 3 C.LE. color diagram showing the variation of color of nacre between mid-ventral part
of left and right valves of Pinctada fucata. The inserted numbers indicate specimen
No.. O, left valve; @, right valve.
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ANE N5, HAESTHINICE ULENT IHE, ERICH - ERENS S b
» (Fig. 1 @ II-b), [EHMHRDIEMPRID SIEMBBICPPRL CTREROH BRI
NHobnsd (Figd © 1l-c), FREMBUBEBEMCHEEDEBOBOEND B,
HEEOATIREIF IBBIVEIRE b CEARTRICEN LT 20, BaE
REABRTEREZ0DEABED 0 ENE 5 (Fig. 3), EABRTAEZDES,
FREFE L VERERB THAEOROBESSZ VENER L, £HREZO68MFEEKD
55 1 ERIEZROENELRENECTH- ICbhdh o T ARESEICIIERT e
L H BN - T
BIMEIENHEORBRIEN I N2 0HETELNELE L, RHOEAHELEAR
BHELOHBRRIELSN 120 3K 1 0BATEAESORERE L,

2. ABEYECLIERBEEOBER

BREICK - TavH 4 0ERBREBEOMIT, (A) N—Y A00EMICEEDERIED
HEENRE-7bD, B)EEDED, B0 (C) FBED LD EIKKITE 5, HI
BNTENEEEBEANBRENICER L TH - 7B (Table II) H 5 ER4E L 4 400 {H
EITOOWTRAR O MBIRL TR,  ARID91.5%% b, BEAS5.5%, CHHs
3% TH -0
EEBOERICI->THBT AL, 7Tav {1 0EBREREORICEEARLALRD
ZEEFEEL (Fig. ), BEROODRHBEDORIC I > TERBIRERLICER
by, Fig. 5 QO - THEBREABROELEOHEELSERB D&
BREATERLINEIDERLILEDTH %, HEROEKEE S - 7MKL AR T32%
P, BEITTR2%THBDOII LT CRTROTBEB VDU NENNASNBH, CHO
WRIC OOV TR N TEEBDBER IO o O TABORAELKRELT 5, L
AU BHTHEROELEDOEEXOERENIROE L L1, BEBBEREORRALZD
NECERSNAEEBOEERE & OICIIBEES TN EERLTL 3,

28.0% £20.0%)

§2.5% ———7.07=

Fig. 5 Relation between the color of prismatic and nacreous layers of same individuals.
[}, white-nacre-oyster; B2, light yellow-nacre-oyster; Jllll, dark yellow-
nacre-oyster.

A, common prismatic layer except B and C.
B, yellow prismatic layer.
C, red prismatic layer.

3. BREHBAOESITIEIER
Tav A4 OEBRALRBOEAREGBEERBEDNDETE 2HhEMBIHIC, =

i
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Fig. 4 Photograph of the yellow nacre (left two specimens) and white nacre
(right two specimens) of Pinctada fucata.
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Table I £45ICHEE L - EFEROBE

£ 4 %W M | ASEmShREER | R O% Lt

) g | SERERESE SERBFESE 100
(1968423 (19684£127 )

I R SEEREEL S ERRRE S 100
(19674 8) (19684 4 B) (19684128)

5 g | SERENFERE——SERNRSL - —=RARKESHE »
(19664E8) (196848 4 1) (19684E127)

. o | SERVE SERNEESE— CERARASE 100
(19652E8) (19674E 4 7)) (19684E128)

. SERFEELE =BRERABSE '

5FBLE LA ( ? ) (1968212 A ) 100

() WEOTD () ARAKZOBFICE SN & LURE & REDEA,

One-year-oldiac% 61.0% N 190% |

/ .

Two-year-old 64.0% N 200% ]

Three-year-o|d J23.0% 56.5% 205% |

Four -year -ol d IEEZIR 63.0% N 19.0% |

Five-year -old 2% 61.0% N 160% |

Fig. 6 Variation of color composition of nacre in various ages. [__]|, white-nacre-
oyster; RN, light yellow-nacre-oyster; Illl , dark yellow-nacre-oyster.

EREFESEESICER L TH - Y FER~SEHOFH 5 500 HKLL L& D15 2ES 5
D5 DOEFEREIRE U, Table I QEESBOEFIELADBRELETRT,

Fig. 6 »obhrd k5, HBREHREORAGDHBERRZEDITL » THA EEMITL,
HEREHEOBEAKICEVTEECOMMENS D 2RIESBOE I SHVEESEF T
B, BEBRENELRZICE SR -T3IFELITENL, 20BIE—FEDESNBER SR
IR, KRLOBEEKRDOBEED 3SELTLCBEESNLEES~LBWEK LT DI 51
s 2@@4%ERYT. L LERBOEEKOHRERBEESEF TREEAOEGD HEE
EHBEBRERTOIH LT, BESERTRARROEED HERDEDE & b1t - Tl
M3 %, COTERBESERNLESESEROBICAH LN EELEREROEAD HE
BEOFEPRIL2EBCBENBEND B EA2EDbY 5,

4, BZEBEAOMBIc L AER

D BjlohRIRERBCLIZER

Table I & II KRLA S DOBBERIBICER LTS -T2 ¥ H 4 »5 1,164 HkD
BREZHEL, SEREZBRL TV 2040 EBEEE O 8% N2 TR~ fo SRR EE I
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Table II Zih SIREL FCEBEAROEE

% ] Ho EBER I LBER ® O£ B
RABATR ENENEENE— BB FE—FBNEERE—FNENEERE 50
(196S4EH) (196756 )  (19674E108) (196845 A) (19684E12 )
EBREFE BEREBHEEAEEE—FINENEERNE— BB FE—F)NENEENE—FIIB/ NG ENE 50
(19654 5) (196741 B) (19674£ 6 )  (19674£108) (196846 H) (19684E12 7 )
FRE = BEREBEEABHEE—FNRINEBRE—=ERFE—FNENEERE—F)NENTERE 50
(19654 5) (19672E 2 A) (196756 B)  (19674£10H)  (19684£5 J) (19684127
=BE 5K » BN NEERE —FNENEENE 50
(1965425) (196848 6 J3) (19684£1273)
FARRRS FIRRRS 200
(19654£8) (19682E12 )
EIREBFNE E R EERT BB AN ERES —RIGERFIEREH 200
(19664 5) (196 2E57) (19684 4 ) (1969 1 7)
ERRH BE R A K S A BRBRELAREM |,
(19664E5) (19674E118) (196852121

() #E20F0 () NRESZDOER~BINLEA B JURHEREDEA,
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Fig. 7 TFrequency of yellow-nacre-oysters in the five pearl culture grounds of Ago
Bay, Shiodoshima area, lekushi area, Omura Bay and Amami area. [ |,

white-nacre-oyster; E== , light yellow-nacre-oyster; I, dark yellow-
nacre-oyster.

- THH~, Fig. 7 287, SEWBIGTRELEMAEERIZENEN Table 1 & 1I
WRL &) BBEARTRERBEB SN, 20 Thiad b6 AR EOMBRSN
T, R LEBEEEEESHEEOEARBINOMERCEXITTHELOHBELEELT
DO BEERIE LB ERDESITHEYT 3 3ER E0 D E L,

Fig. 7 24 Th» 3 &id, RTRBEREE bECRERBEOBASLEADI0%LLL,
ZVECTHRNHTHY, BODOHLUTHHERERBOMEKT, HEREEEREBOMHE
ROLENEMICE - TR, REEEZHEOEFNREBERORENSIB.6%TRERD
HOM20.5% LTHEDHEREPIEDHIE LTV %, NEERNBEO ORMOBEMEELE
30 ABROERICH N CRECOEESDILNOD, Fig. 6 BIU 8 LHE~TBEECDL
DIREEBCORIBORBMTH I EIDEMTH 2, BERESOLDEEZEHEBR
OEENI4.5%TH 20K L TEBEOBEKII20% &0 080, KFEREBO SO
BABROGBEAL UK ZONBRRIEEELHE L BRRERELOBETRHOMEERT .
UL LEEREBEHOESIREEROMEMEL 9.9 B & XVsDinl, FICBRHADMHEKE
31.2% LIEEICE D,

BREMKETHEA 2L, BBREBBOBAKONMRIHEBEBLMES, NEBNEL LU
KR EFEVIGEROHICH > THAEMES JUABEOBRERETERIN T EH
KEWEMBAE SN S, CNoOEMAOMTEEAOEREOHRIZENITHIEVENR S,

2) mplokRERE Ik ZER
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T TN & D WERO BRI » SFE L EE S X P EEBERL 52D, —
R 2 LABESLONEEE O BESEORBE LR ZI TV 2 TEEEAEDYE 5,
U LRAZE L S5 DOEMERDS b4 DRBEMEREHEBRENL TV EHMS, TN
ERDERUISO EMERERIIEERE 728105, REMERADEEISDIL B -TE
AR ZH~ 2 DICBHREAM TS, LRI EICWNEERNED SEE LT 200 Hi&oD
FARIE Table IT /R Urc & 5 IC19654EIC R B EEHI THRET A NI 4 DOEFBEANL 15
S TED, AEBLHEEOESIOEAIT Table I 1R Lz X5 KEEHAEE L IE
HRERIBLES5 DDEMEAL SBT3, $EARELEWRIENENKERTH -
7EFEARTS, 200 OREMEFEMER R SEFHLEARCRON TR, £ T
W EEA O OEM TR SN - EFOER 2T~ 2B 525,

Fig. 8 {3Fig. 7. TR U I EREHBID 5 DO EMEAZ R HIBNICZ OHEMBER E T~ T
WAREZIcSDTH B, Table 11 & Fig. 8 A Thh b LT, NEEREBETRELE
BRIZANFTTREINCDORFEIIODEL LS 6 7 ARCRER B IR T
bOTH A, FREMI EOBFNERICIBESLRERAON S, TRLFMEBDRFEOR
HHObDELNTH B L, ILOEMMASETT 31K - CHERERE OBEESHL L,
HEREXRBOEGASENT 2EAERT, ENELBATEE TO 3 DOEMSB ITUK
SEATEROZEFREEAOEESLEDBHLLEENILDE VY, BEHELEH-T
HFLAESHEEEOEMIRARERBOEANERDORLYE TENEEDO SO L RER

Fig. 8 Showing Fig. 7 laid in the districts which the pearl oysters collected from
each pearl culture ground in Fig. 7 were born in. The inserted numbers

correspond to the number in Fig. 7. , white-nacre-oyster; =,
light yellow-nacre-oyster; [l , dark yellow-nacre-oyster.
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WHEEBOMMKIL 8 % EEFIDIN, —F, INERNBTREL LERTISHEIC=
BERFECREINENEEEESHEETREL HEEAD D BI96SEICHTETRE IN
FEMEBEROMIKCE INTEBRINLICE b o THBRARBORAAESZNLEN
20% £19%, BEAOMEENI60% E18B T, TDOEMABRIZTIHREUTN S, LTAHM
HRHREICH 2 FEEE L R A TEOEMRIEBRRL BB BRE U TH > il dhhb b
TEREBOEKEOHEBINILODENRA BN S,

PYEiCHonz B0 RBEREMOEMOERE L CARRLTHEELE, b
OHMRZHBAOUHEIBEL D SAREHRBOEBOERARTICHELIHTE D, K&
BB OEF ORI EOEMOENEARYAETABNICETAZTNIIHITXK - THRE
INBTEERT, ULhbR—OEMICERL TH 2 EAOBR SEICL > TAARICE
ZONDHRENEICHE N0, FEMOEMAOUEZERTOEMAORICKE - RO
OHEEREZTHAL Do '

3) HWEAEWHOESIHR & B

TavH4OABRERBOHADERBEICIEALOZI DOLHESBELD bHL
BOTOBETHHDC EEFTETHERAN L, L CATEEREFEHOERIZEBEAOMK
Beho3l,2% LiggEmR) (Fig. 7) AT bRiil (Fig. 8) KATHMD 420
FICHNTT 3235, BIABREEBOREENIOBED > TWNE, 2D LiIFEMH

301

Tatokujima
o—=o  Shiodoshima

X—-=X_ |wajima
A-b Kushimago
&—O /mami

Temperature (°C)

0 ] N AL T | R LI ML
Jan. Feb. Mar. Apr. May Jun. Jul.’Aug. Sep. Oct. Nov. Dec.

Fig. 9 Annual cycle of temperature at a depth of 2m in the pearl culture grounds
in 1968.
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OHENREL O MO THE LOBUE—RFBELTAHALS, MAREREEKE
BB ORKBLBESBREP ORI DO T LWEREZRZATHAIL TNz T, &E
ABEHOEFOBRBED LI L TEDL - hEHEHRL TA,

z OHERIIZ1967411 8 3 BB BRI & 0402 E L TEERBEE~EIZ NI,
TERIC X B B OWIIRIEA LR, BEQ 1 Ah I TOBHRIT4BLUTTH - 2o K
BOLAICH 2 1 AhE LD 5 A THRERAHOEEEFTORORILNB T 5K
T, TOHMEPOEIERIIIO~ISHICEL T2, KEPALERL, &EKiR 29°C KZET 3
6 LD 9B FAEDRREH LcREERL, COURP OWEIEEIL15~20% 8L
72o IOATAEDKRRBATHRL, REA T TORIKER S ~10%BEBEERL o, RO
FICRAROYBENEHEDIZ DI C OEEE D REB RO &0 R EMNROICBRL
TWBTHAHD,

BEREFROWRBMAO 4 DOEFEACREL LBERIBICHERTELVERSD,
KiEEFICE > TAHTH 1 ATEA»S 3 AhAEOREKERD 2m FT 17°C~19°C T,
kD 27°C Dl oM 7 A TP I A EAETHI A ARDENIChI - T 3
(Fig. 9, HOBRRRIEEKRELB N MORERE TREHOEEBKRPELYOR
FEKRBEBZOLED, —FMICIOBLTHEBETHD, ChiICH L TEERSEHOR
OHBHRITCREIAREL, GELRO L D BFMMERTHIZENR T 5 (CKH, 1968),

HbLEABRERBEORECROMKEABRROEKICE » TRBICHT AHIGEICEND S
ERET 151, REICED ISHEBULBESEEL CEFOBREELIEIERR
BIENERNNENRNTED S, L IERERSTRER LU @EBEEL, TFH
AETH O, BEIGHEIEL L HMICER OB IE m#a&%z%n%ubtﬁofﬁw
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DNTRELF LN TNEY, COMEABRET2-DCEZEZTaYH 4 ONEED
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FEAE SN EERT,
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COWMBERER LT avy 4 Z1964EC=FEFETEEL, 1966485 Blr=FHH%
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BALOEREEEREHBEOERE O SHEKED 2BHCOT o, KB2N21 100 {Hik
DEFERRIC 144mg DEHK (HRAK4.60mm) SEEREKEORS: b>HOAER
Bt -T2 - e BHA EABREROEEIC LIch > T—EdTHEAL, FHOTA
KRR 6 B AN THEEFEF S BBEEEREMNOE, SEETH 2m OBIKETL

fi Jo sanjep
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Fig. 10 C.LE. color diagram of nacre of white-nacre-oysters (@) and yellow-
nacre-oysters ((O) used as a host. The spectral locus of 129, colori-

metric purity is shown for comparison.
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Fig. 11 C.LE. color diagram of pearls occured by transplanting the small piece
of mantle of white-nacre-oysters into the gonad tissue of other white-
nacre-oysters whose nacre distributes in the area surrounded by dashed
line. The spectral locus of 1295 colorimetric purity is shown for

comparison.
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Values of X
Fig. 12 C.LE. color diagram of pearls occured by transplanting the small piece
of mantle of white-nacre-oysters into the gonad tissue of yellow-nacre-
oysters. Note the distribution of the pearls deviated from the nacre
of host’s shell surrounded by dashed lines. The spectral locus of 129,
colorimetric purity is shown for comparison.
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SHREBERBAICK T/ V=D T 25BN EHFL, ZOEED SEIEL
it Lo RUENOm» > ARRERBOABRE b AL EAREARBOARE b
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Fig. 13 C.LE. color diagram of pearls occured by transplanting the small piece
of mantle of yellow-nacre-oysters into the gonad tissue of white-nacre-
oysters, showing the distribution of the pearls deviated from the nacre
of host’s shell surrounded by dashed lines. The spectral locus of 129%,
colorimetric purity is shown for comparison.
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Fig. 14 C.1.E. color diagram of pearis occured by transplanting the small piece
of mantle of yellow-nacre-oysters into the gonad of other yellow-nacre-
oysters. The spectral locus of 129, colorimetric purity is shown for

comparison.
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Flg 16 C.I.E. color diagram of pearls produced by the pearl sac derived from
the mantle tissue of white-nacre-oysters transplanted into the portions
A and B of gonad of other pearl oysters (refer to Fig. 15). A is the
pearl extracted from the portion A and O the pearl extracted from the
portion B.



No. 3 No. 60 INOYT72 No. 93

Fig. 15 Photographs of white and yellow pearls produced by proper use of donors in the present experiments.
T'wo white pearls extracted from different portions of gonad of the No. 3 host were produced by trans-
planting the small piece of mantle of a white-nacre-oyster into both the portions A and B of its gonad
and two yellow pearls extracted from the gonad of the No. 60 host by the small piece of mantle of a
yellow-nacre-oyster transplanted into the different portions of its gonad. Note yellow pearl produced by
the pearl sac derived from the mantle tissue of yellow-nacre-oysters which was inserted into the portion
of gonad of other pearl oysters, the portion B in the No. 72 host and the portion A in the No. 93 host.
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UBEROBARIZZEE—BLLESGTECEebD, DROVENTHHTEC LD
2%, DTFRICLT$0.292<4=0,323, 0,308=y<0,338 & 11 2 I IR OB PI TR R
T2, COXDHBEHRICAHA T 2 BRIIBEILALICBBRIL < 2 O SRR D 407my,
430mp, BIU 460mp O EBEICHHEREFRIEHL, HEETEIA7S bbby

TEERDIIL, ‘
ii HFEREREOBRZREL2ENDUD LA EBMNEEBEN70L oA

Y OTHEEICBIEL 158 -
HORBRBORAZRE S DB OV & e AEBB/NYAEB XD 77 0 &Y H O
MICHETS &, MARELNRY 7 0Ly v OMBEERAICIES ICE DR TERT 2
23 (Fig. 15 OFEFE No. 60), ZOHBERMLVERT S, CNOOELKOE A C.L
E. N LTERS CDMED (x=0,305, y=0.320) S T o—REL D A4
(P, 1954, 1955 ; fum, 1962) ND (#=0,350, ¥=0,370) & & EHEA LHEM LITE

10 sen[ep

fi

Values of X _
Fig. 17 C.LE. color diagram of pearls produced by the pearl sac derived from
the mantle tissue of yellow-nacre-oysters transplanted into the portions
A and B of gonad of other pearl oysters (refer to Fig. 15). . A is the
pearl extracted from the portion A and O the pear] extracted from the
portion B.
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Fig. 18 C.L.E. color diagram of pearls occured by transplanting the small piece
of mantle of one white-nacre-oyster and of another yellow-nacre-oyster
into the portions A and B of gonad of same pearl oysters, respectively
(refer to Fig. 15). The spectral locus of 129, colorimetric purity is
shown for comparison. A\ is the pearl extracted from the portion A
and @ the pearl extracted from the portion B.
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Fig. 19 C.I.E. color diagram of pearls occured by transplanting the small piece
of mantle of one yellow-nacre-oyster and of another white-nacre-
oyster into the portions A and B of gonad of same pearl oysters, res-
pectively (refer to Fig. 15). A is the pearl extracted from the portion
A and O the pearl extracted from the portion B.
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HWTED, THBAEDEREERELZ L5 & Table IV D X5 ich 3, b LB
SROABEAT L ROEBEEARS LOS MR ZNBBEINEEONAE
WAV R MMM psE S A AR T B HEE b > T EANEOAI & - THINS N
THMH LN EBMBINTEDONEC EL1L, TEBBEN OB HEMBAMSESE T
bACEBAEZD RN ENb b, COBEDPD, FHEQERRPICHMS i sBk
INFE DA B A I B A 2 TURR U IR A S L, EhsEANA CFLVE
BB TYERIEE L TEEEROEED BB LZBNE XUENICH BT T
HLEZONBICHhhD ST, HESO LRAROEGEREARS LUSWEIIEEE
B ZONBBATE LR M T BEEEARANT BHEE S OHE I D Lids  BHE
T, BREBSERONBEAE LM% aaEE SRAWT B HEE D > T hE
IMIC K> THESNG ERRTE D, COC LRI NEBBELARIWT BHEDL
WA DD & BB AE OB RSB LS TEBBREARAWT B HE
HBRINCHEET AT LORNT E2ER LTV S,

WA QR L TOROBRA R EEO B 2B L TER L B0 @4
i C.LE. ¥ A S C R0 M) T/ VB ICER L, Z08HREE0E

T
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Table IV Bk LiEE B BREKEDRE
(EEBEZES)

- ! ] A | AERLcEEom
spgr | om o | SELCBEEG | 2RLEAHOC
w w ’ w
w y
1966 ’
Y w w
Y ¥ y
P w w w w
b y y y
1967 7
# w y w y
£l y w y w

(GE) w: ABRAGEOAR LD H
Y #HeREkBO R E bR
w HERABEORRZ Lo ROABRE,L WD L -1
2y .
vy EHEREFEORBR T b OHDAEREL WD L -
B
w i ABRED
PEBREIE

«

LT, CHICH L TRBEEEARAW L TV ABRHARSEROABEE 2B L TE
B B0 6 SR EaA C fED (x=0.305, y=0,320) S&4 To—REKOEHE
BAO (x=0,350, y=0,370) /A& AEAFEG LICHIZET, FARTOBOEBENSA -
0 —REFOAMHER (1M, 1962) icEx D, BOIIF YA F REKOBHRICHTA L,
B A ShOABBNT E BB LU TERL t—BPHEETL R 1 P REAKO B
B b= FEROBERICh 7 - TERT 5, - \

BHAHREH S RBHERE ST 4 P REGOAFARICAHHT 2 Bk £ 0 Re R
407mp, 430mp % KU 460mp OERESEB BB E—MICEL TV BH, P EMERS T
— v FEBRO BB IC AT 5 HkIZ 430mp 3 LT 460mp OB ABIEEICT .

V SeEROGHEICEETZETOMRN

BEOERRHICBES WA BREOAT LR MERERS0 LRIRIcEEL, B
HEONMICEEEERT 5, Lo bBRERDEL L BEEBROARSE LUHUHE
CHT AR B REROREAHER B CEB LTS, L THBnEEd
BRI LT BB R EROABEABET 5 L IEEICHORETHE ORGSR T
3o LBLEZOEAERPEVERT IR, CORROWELRNASC ERBELOER
BRARMEES LMD S WAERY TS 5 HEOHBSREICE 2 0 ICH  HE T2
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RF %5 EITD1Eh3 B,
HBEOHBIEVEEKOBEORATR U EDOSWERBOILEDHBTH B0,
HEOHBPRRCEL TTOoERICE (DEFSEFFAoERBREOERELUS
WEREOME L (2)EFHHRIHMINEAARPELARELRE U THRNICHTT S
DEIDPOHMBEESEENTED, HEREHROFECEOERE I OCTERTEZRINT S
R3O XH2o0EO L0 HFTEEL BTN SN HEBREEOERICE
B3 2WFEMITTICH >~ THERDAERCD LS HHEO L VI T H e BRI
- THELY, EREEABICHITENICONEL TERUEHRORKTNREEEEZDLEE
MUTE, 2O HBREZOERFABFOBBAERENTHT D EBTETHE,
FHEIECREREOER A b > EONEBF 2B L TAR L EHRORBEDE
HEOWMBEZMTT 2D CD LI RMBEDO LT HAx BTt iE, ABEEEM
OB BEEARBIUSWMEBEICERES IUAEROTHICLEERHICELE, B
B AWM IN-HABESEBRERE L THICE 2BE I Ca RBBiEoERICE
LIS TR AEBOMOBEDE/NHB S 2B 2 LOMEER I,

1, BHEFREROBEHRBORBGE EHOEAE L OBRFR
1) ks XoER

COWEICHER L MR IV—3 TN ERTE SN AEBEABS K oEEOh
O I2EEAEREE L, 2RI Kbl o TAEREURBRINTHIRONERBEKD
EWWTH b, EBMEORBRESICEROMBERKRD LD TH 5,

(1) BHEEZWO LD EEBBARSKOBBREZREL, ABNEZHEKTEN
WD, BETER L, BREFEDD & - ABBOEAKEL THIEBRBERS %
BURBROIEM AR S ARETH 8X 14mm HOBEBE LD L0, BEEERELTZ
D EEBEUBOBEETTHEL . KO THERBAEGTEVRE L, DEBEICHERE
# No. 2 ZMITRV>YTCHUAREREBORLREL 72, 2 b OREME LB E A
SROEBEBRBOHEBEE LI,

(2) RAKOBEABREERD S b 4MEEAERERBEORBRE S >ALGERL,
BHAREAO ABRENBLOHGKELEREZ L TES 8 AkE 4HET oRABB X
UEFRBOEEBEAL S D EMLSREE Ui,

(3) HEONBRIBHABEEROEAINICE Y, SEKIIOEREEHM O
EBRNFEBHEL TBONLBRTOIDTH » 1,

2) E B O B

Fig. 20 A,B,C,D RR2AKOBHEAREAD BREHRBORRE N L DAERE L
DEIY &5 BRAEBEL TER L 2EBHRO AL ICOVT 3HES T >%2—KoD C.L
E. 8ERELCBEIDTRLIESDTCH B, £RbD A7, X7, B8LUOO7 REneh
ERETHBR, %R, BIUEERIUELLBHEFRERO BZREREEZHAL T
BONFENZNOBET, WRBEREUFEEZRDOTTRET & A, X, &
SO O~ABH LI EAEDL, AUHIMT 7 L BXU R OFBICEK » CTR—EIE
OEBEREEABEEREEXAN L. A, X, BXUOORBEUHOBEF®EEROAE
BIEXDWD & s BT L - THEEL HZko®E8E2R DT,
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Fig. 20 C.IE. color diagram showing the variation of color of pearls originated
from different donors. The spectral locus of 129, colorimetric purity is

shown for comparison.

the No.y, donor;
the No.y; donor;
the No.ys donor;
the No.ys donor;

X, the No.y,;donor;

X, the No.y, donor;
X, the No.y; donor;
X, the No.y, donor;

Values of ¥

A\, the No.w; donor.
A\, the No.w, donor.
A\, the No.w,o donor.

A\, the No.w, donor.
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Fig. 20 24 CThd» 5 L3, HEREKOHBEORIRIBHEABSAo BRELRE
CEBEORIEALTHBHLED, LrREA0ERRIEBREORREKEL S
HoAEBBNEAZBBELUBWROERLIENWT ETh 5, Fig. 20A,B 0 X5, sl
EHHA RS RO ARERBOBANR - & VRELEZEEZNENOHEKRLD & - 1H
B & > TER SN MO BIIREIBEA B 5HEICR - 0 &/ v—TICbhi,
BEAOHBEGBL S OEID & o BEA» L IR THEROEBEE L % D80% L
ErREEOEBTHY, RECOHBREBRBEL DAL L - LBRE D SRIEEAD
HEHRRBEEUROBREROBEERSTISL L AL TS, Ll Fig.20CD kS
K,ﬂmbk%ﬁﬁ%@%@ﬁ%ﬁﬁ%@@ﬁﬁﬁﬁ%f%b<£ﬁ@ﬁmmﬁgbéé
BEEZNEFNDORERID & BRI » TERIN-BEROBHEBRRIBE RS &
AC—IET v —=F o BB THENICEL - TED, EEOESIZEVEBEICSEK
TEHBAERT, TREABOEBRBORSNEANT 2 BOAEB/NT ZBHE L TERX
NI EEOBATBEAROHBRERBOREEDR DIEEE L ST 2 WSS &
N, BMERORZBLRBOEREDTH VDR EHARREHOAERENAE L IZ 5N
BhHb, ~HITIIEBLTHL I, ABRRERBOERE LD BEXD & -1 BHER
CE o TERINEHOBLAR CLE. AER ETHEE CEDIREFICHVERICE
EHEAERL, HBERETREELRY, BCEROBEADOSARERBHEF B E&K
DREBREZHBEOFEUL TV Eb0RAEARNTATOEB L > TREPIZVERT S
TEMEEESNE,

2, BRFREKROENNEEL > CICENABEERE - BE0AKOROER
) HEBIUER

COWMBICHERL R V-3 TRNEERTEHONLBERBREKNOERD
P ORDERITE » TEM L1 4 HESOERBEETH 2.

(1) ZEMBICEROABE/NS 2B L TERL L EROBE BT TE 2125
CENZFNOEPSRETELBELEBESEE T TR L,

(2) (D)TEHULBBEBEERD»SERBIUOEZOEBEOA AL CLE. £
BN T HBEEN L TAT YT 5 Bk E RIS - TATHT 3k &2 2h 2N 2 @ik o
HU, 2NICHET 5 4 Eiks OBEIEEFEME & Ut

PIEORBECH - TEM LR, AR TBEAOAHHEIELL TV 2 EEkRE
BRERBEP SN ->THY, BROGHHBEEL > TOLEKIEBRARE, ST - T
120 v

D) £ B ¥ OB

Fig. 21 A,B,C,D B3 Efl B JUFAOABK I DM & > e BHF =BHEL TEREN
FEROEEE BT 2D B REKC Siceheho CLE mENEICRLE
LbOTHD, ZRHND o BIU ¢ RENENBHEABSKOLEBRELE L X OG5
EHEOGAT, BREBEBRELFEER VDI THET S & A0 BLU A0 ABHL
T EERDYT, UEEBRERBREIULERERBICEL CORABEORE I DD &
SEBRAEBREL CERS N EROB A5 2N2h0OBLU@TED Uiz,

Fig. 21 AB p bbb sk i, ARERBORBEDORINEREABRETHIEDER
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Fig. 21 C.LE. color diagram showing the variation of color of pearls originated
from the left and right mantle tissues of one donor. The spectrallocusof .
129%, colorimetric purity is shown for comparison. ) is a pearl pro-
duced by the grafted left mantle tissue and @ a pearl produced by the
grafted right mantle tissue.

the No.ys donor.

the No .y3 donor.

the No.ws donor.

the No.w,; donor.
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RAERDEMBICHMNOAERL DBIEE % & - THBE L KGR, ERINERDA
RREMEEMED 27 V=T ROPNBERNERT COXDIBHEAMEEZ—HICLT
‘A riR, A—EELIDE-BREFICE > TEREN—HOBEKOEREDHRR %
LDREREREZEARRICNE S, ~FABREKEORAR T DALMY & - AE
RN 2BEL TERINCEROEAR, fliz0RSBOEBRBIUEBZROBEKED
BRCELOEND - ELTOEVIKEBEELTHHL, EREENEOM T r—FIC
bbb saaelsdizy (Fig. 21C,D), & A T—o20B RS EOE—HOAEIR
VLS HBHEFIKE > TERINAEGTS, ¥AREGROBSRRILHLKOTFICLS
HOEQERIDOELIRENEREL S - THBEHEWHEBI AR L TV 5,

3. A—oBEARERORA—RONAEBELE - TEL 2HKOEBEDOER

1) #HEBLUER
BEREFROEHRIERRT S TN 2B00RICHBORE RN, BREAE, &

FUBEBEI DI INIZESHEMEINTERT 225, BERBOBARES LV OER
BREOEEEORNOEDICERDBEBIUBBEOENMCE > THBYPIKERT S, L
BoTLZTHRHIMEERN T 2 DR EREHFOHHL, ULhr dBEYBERWRZME
AT EDIERFCRNTH S, C CTHERALMEHE V-3 TR~NIERTELON
BHABREENOERD: 5 ROERETCH - T 2 RS 2EE LT,

(1) BHLUK2ERSOBORERRIRO X > BBHEABREEREE - TENENEDS
NcdDTH 70

a. BHEFBREAOHBRERBREEAT, HARRARNELRETRELBICY
HUEELIRD, ZBEERRBEARESETH ko EAREDICHEKBOHBEDRI I
TR ch S D D RIH & 0 EARTRICHE - THiKEBD U, FREBROEFERFRIIEFEIC
ot CBChEBERBEE No.y, EEL ),

b. BERBREAOABREEBCBL THEATZEMNOEHBRICROSNTHSATS
(BULE), BEREORIVEBRSARL OB, EAREDICERICH - THIRICER
LU, BEBEOBERLOAMIC 2mm 13 E%EE, £ORRIKRER, 2L THRICH
> THIRBDT 5, BEBEOBEAITET 5 2om 13 & ORHEMI LR TRIENFIR
K OEMPROPRBHTETTHET 206X TRIEANBL OBRBRICELZETHAT
3 (P E=BEAHBEAR No. y, &),

(2) #MBE7 7ol 0BRELCEIKIEY &L,

15 BEBMENL S 5 UDIRO & 5 8EBAD DA L7,

(3) IVTHEELLIIC, BERBOERENRL L ERFEMIEICA 5N 3407
my, 430my, BET 460mp OEFHRD 5 5 430mu B LT 460mu OEIPRBEEL 125,
LT ENLZD2DODRRORFBRIBABRI O ORBBROEFREDEELZDHOD
TEREL, TO2OORBOBIHICL » CHBBEDOEBEEDSEZHH LT,

(4) NNI—QDIRU-EHOEER LI OVTOERREDS S, A L LERKICK
THEXOES 0.2mm BXU 0.3mm OEFOMERZHMLL, FRLKOBEROREA
BAESECHEELTRS U,

(5) M~ DEKOFVELRMICHN, (3) BLU (4) 2B3RUTHKOHBREIC
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Fig. 22 C.1.E. color diagram showing the variation of color of pearls originated

from one donor. The spectral locus of 129 colorimetric purity is
shown for comparison. @@, upper 0.4 mm in thickness; O, 0.4~0.3
mm in thickness; X, 0,3~0.2 mm in thickness; A\, under 0.2 mm in
thickness.

A: pearls produced by the transplantation of small pieces of the left
mantle of the No.y, donor.

pearls produced by the transplantation of small pieces of the right
mantle of the No.yy donor.

pearls produced by the transplantation of small pieces of the left
mantle of the No.yg donor.

pearls produced by the transplantation of small pieces of the right
mantle of the No.yg donor.

B:
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LEZSOTHLsDRT-EHEL I,

) E B ¥ R

i BERHKEENo. y, DINEELOBERFE2 LIS

il L CHMOAERE DY D & - BRI 2B L CER SN HBRR ARHER
TZOREHRBEEATH - 1), BELCETOERRILEMGIEULDELL N (Fig.
22A,B), #N 5 DML EMD Nos. 18 £19, Hfld Nos. 4, 9, 2923013tk
OB BHENERS LV OECEBEOGEESLIBNEZEZON S, &R 0,2mm
DIFod0%E X, 0.2mm »5 0.3mm £ T4A, 0.3mm »5 0,4mm FTEO, BXY
0.4mm P FOSDA@THEDLL, #FNFNOHAKDOEAEEE LOHEFEE C.LE. ER
LTHENTAB L, BEEOBROVEIBICHA T S EBRIE—HEIC 0.2mm Pl L& T
ZEMETRTH, 2L OMANEDENE, 2D5H 0.2mm PITORETHORNLHE
BEOROAEMO No 123 EBEEOE DICERINCEZRBOE I BRRE—T, MM
ERINTOAERBOESE 0.2mm Pl EH 25 EMBHANER-TIRREEZOGNED
Tt U, Ao No. 22 ZIZIFHIBLARLTH D, €ORERMHMES SHM L THHEME
e hoBHELEOEEENLZV/DITE XD 0,18mm & 0.2mm PR TH AICEhH
DOTEBEEOEB ORI EHELD S ST TR EHEETE S, 0.2mm P
DEEOHRDODEKOBSOAMITEX ENRT LIEOHBERLTEST, HiRbIHE
HEBXUEEEONEEMMBEC X > THIBOEMINTERT 5, — & &M 0,2mm
CIlEH DA SIEER TV Nos. 4, 6,9, 19, BXU27T05 5, £Ml® No. 19 HHM
@ No. 6 (RO SHNCRBEDEEN D 2 70 BB OB ENIEBICEL RT3
& LB RMBH N ERENNZOLEBELNE LI MRETERINTO/zT &8
BIA &S T BREEZ BN, A No. 27 iy 7 OTaSINDb - TH 3 UK
LoEEERLTED, No 4 ZHYEESLUE DD S ORI BMRROLEEICE
WEERERLTED, No. 9 30BN ERBENBLTRLNS L S IRETE
BENTO, TRHBBORE—IER, HiEdh2 W EEEYONELL -TEEBLL
BEHOEBAEIELOMAR L > THIEDERL T,

it BHEA#EEA No. vy, DIEBELVBIERE L KBS

COBIMBERSEOABEL VYD & - eBHEF 2B L TERINLEKRR LEATE
EDOT0BHEBEER, LGUTEEROOBESEART, HEEOHRO S DIZAEMD Nos. 4
BLU3E AR D Nos. 25 BLU26D 4HICT E15h -7 (Fig. 22 C,D), B854k
No.y; DEBEHBOEAEEBHEAHBEAK No. y, 02N L0 HROEEHZHIEL B
SRS BRI - THIRICER L T T & BRI S5k No. v, 0E% &
FHROFBIMOATIREL—HERH > T & EBHEOREGOEREL LUEAEDR
FOERICHRBbNILEEZ NS, $A MO No. 4 EFHMD Nos. 25,26, % X831
OEFBIEBEEBLIOCB RIS OWEIC L > THRVEMIN TN S, KEBRAEEC
i & 7 v—HEOBEBMNICHF B EAZERT 0.2mm P D% X DH 5 HIkDO KR
SREEIZOCUANEREYZE-TED, FNO0RMOESRIEFCELI LT E
FEEICZN S OEREBNEREDIC L 2O RINFR OB 2L S0 T,

4, HEAKOERROFMIC L 2ER
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D Mkl IUoERR

COWMEIHERLMEREESIUOBEF RS KR ESCARERBEREEREBOHEA
ODEREICE > THFEL TRV IEFEETaYHATH ot TaAVH A OEFEIRICER 159
mg (ERH4.73mm) OB EAER/NTEE—BHTHEAL, FHOTALEEZHIC
AN THEEIIERZESHEEEREMOBICE X DIEE TR 2m BICET Ui, MHKFi
1319644E 6 B30H L 7H 1 HD 2 AMIKEBCEY, 2HB0bED9I AnS19664E 1 AT
45 B —ASOEE» S 100 KD T av #4 2R L CHREREL, RELCEEBES
P—ETOBEL, ARKE TS, KA, BLXUREGIKAELL, —HEERIIM
B L CHEAIGETR U7 100 HOBERONRER PC—1 WIREDERE 26 - THIEL,
SWRBEM20%B L L, 20%0:515%, BLOLBLTO I DICHHEHL, BDOREZDILRE
BERECTINEBBUTRE Lz, ZOEHEAHET 2 DERETREL K

Temperature y Thickness of nacre
‘C 30 20 10 0 01 05 mm

1964S P\ \\ —
)

Oct. iR _'\ J—
Dec.

Ja

1965

“Apr.
May = NANAANNN
Jun. NN\
Jul. \b\\ N
t%ggaih ‘y N
SepP\ ‘Q} N
Oct. N NNNNNNY
E-‘- =
ﬁou
1966 N\
T g 0 %
Frequency Frequency

Fig. 23 Hxstogram drawing seasonal changes of color and luster of pearls. ], white;
hght yellow; [, dark yellow B , high luster; medium

luster , low luster; @—@, the average thickness of pearls, O -O),
seawater temperature.
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BRD > & IR L ICSOMER 2 IR B U RIFREDERE TRIE L 2 B8R, HEETHhD L
RERB+IBOBRELATERTE ST LM -1
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Fig. 23 OEEHORIRS 7 7 REAGRDONRRBBMCIVERTEINEd>DERLED
DTHb, Fig. 23 2B Th»rbL 31, BHEONRIEMI - TERL, TOFEMN
ZFEIfMA (1961, 1969,) iCk - THEBINI X S ICEERBOKROEHMNELE 2N
WBRE L7 le b T—EBMTL DR AINETa v 1 0N, KE, XIRETEDOADY
Fickb1s) Ca REOBNH B VRENE(EKE-TEC S, THbb, BROR
VWEH CRRE20%VLE) ORBRERVMEESBIVCREEL ST I ¥ 4 OERBERT
AR B0 DB IcaBICENL, MEEOHMTEZORBRRZIENL ZNKLEENDIZA
BEICEL, AREKA-T2BKEET %, Tav 4 BLREEEL -5 AEICERD
BOELBKOHRBERIOTHICENT2H20059 A TR EAEEMNLIEY, HROE
WHEY CEREISZUT) OBRBERZ7ALLIAET THROBVWEKDOHEHRKRID &
%<, 2Ap55 AL TARREORMER L AHATILE L B/ MEROBEICE > T
L kD60% Ll LB I HET D, HROTEEOER GLRE220%~15%) OHBREIL
REEELIFZOL LT OROAIRICA S ETOWRARE U TLIEKD40% > &70% O
TEBL T3,

—J5 Fig. 23 OHEXLSORERS T 7 ohbhb L5, HRREALD BERICIINIZD
OEALDA LN B, Fig. 23 KBV T, FIEERLLOLNEHAEREROBL L EBRER
OBIMBZBEHICEZERTREBLAERIFICA SN E—FNEERR T, BERO% & 5490.25
mm QEICET L ETCOMREROARA LB EETIEYRND LORENOELE D
AL EIBRLTVBETHA D, IREEICBI A EAREL L ARREE 0 HE iz
4 BORBNBERZRL CEERBOSHMNENEZNESLIT I Y H 1 OEEE
HBOZBMNELEBELUTERL TV S EREFLONEY, 4 BT 2ACRERDE
BB EERONREESL U ERREORE AR & ARANCIEE L vMERiIck
BEAPEROEBRR AR IES Lk EELOND,

5. BEROGHEORFER

D HRBIUER '

V—1B LU 2 THRRI ZNZNOERI OB A 1966F12 LIk bR UL TERL,
BOEMOT 3 ¥ i A Z196TFIZA0 R I LU THRERE U /co HELHABOBEH
TREBRERIKI - THEL, 19664127 1 HICREL 2B UERBOEHRO G & LKL
TEUROBANBRENKERT 20 2R L, NBEERBOSBERIROBOTH- 12
(N—1BXU2%288),

a. HABRAHKEOEBRE S SROAEBICOEREEO AR E b2 RAOANEBR/N

7&@1‘1’5 L/fx:ﬁo
b, HEREFREOHBRZ S OHOEHEBICAGRARBO A% 2D ADHAER/NT
%E’)’HE U fCﬁo

c. BRARKEORZELOHOEMRICEERARED BRE b OHOAER/NY
R B
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C.I.E. color diagram showing the variation of color of pearls extracted
two years after the operation. The spectral locus of 129, colorimetric
purity is shown for comparison. The nacre of hosts distributes in the
area surrounded by dashed lines (refer to Figs. 11~14). @, two years

old; (O, one year old.
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d HERAKEBORZE L SROABRCHEGREHRBOARE b OEOHAEEN
R TE L 7B, ‘

2) £ B OB R

Fig. 24 A,B,C,D 219674 128 |4 L e B DB A EE R C & ITH—ERIICRE
Ul BETkofA (Figs. 11~1428R) LT CILE. AENEEZNZFNRLIZED
THb, #REFROOII6FE12H 1 HIFELLEEE2RDLL, @II1967F12F208 1
WELLARAEDLL, BEORBRERBOGHBEZRRE THATRLI, Fig. 24 2o
bk Hig, 1967TFERARELULEROBEADDAIZ1966FE12 5 ICHRE L e ic &K E
BEOEROBEDFHICH ONIEBHIC I A UBMETRT. ULALABRERELE b
DSEHMLESABEEABEL CERINCEROBARI66ELRED b it~ T
967FE 12D S OBPIR VLS HBLTED, 8L OREL green DRIHBICHET 5
BE%ERT. COBEAOHBRIIBEAL CHEIC—EMBERT 2BETER L LAKOKED
MAEICE > TETHEMNENT B DB - EEL SN, BHEEO RO BE
BEOHBCEEBINTEMLILEDEREL OGN, TRHLBIOEI2ZH CHIEL /-
REMRBOERIIFEY 0.29mm FOESTZOBRIIELED OO RN LT
BRASTTNABEEAONLIDICH LT, 1967F128 1C 4 L K%Y 0, 4mm ik
DOEETEOERBELRED CORMEOEEZH T VXY TSy (Fil, 1962), =
7RO BOEBKRD HERIBI67ED b OITH IR DI EE %R L, 2D & Fig. 23
OW}IRICH OGN LD BEHNNBHEN TREEIABEOELRBIER L TER SN &%
LHBERLTV S,

6. RHEDOE(MICE D HIERBOLELAOBD)
D o B ¥ M
PHEC R UM B B A RS M RIEEERGICBR L Ch- L IFR0AR%
HUETH D, MRHII9BELZAICHREL, MEMEREL THAK TSN, Hil
THAR LT, BROEMBIE, MR, BEM%RS, &I0BRPRE»ORETH S
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X Summary

Pearl oysters Pinctada fucata are afranged in two classes dependent upon whether yel-
low pigment is contained in the nacre of their shell. The nacre which does not have the
yellow pigment is colored either pink, white, blue, etc. by the reflections varied by the
laminar and granular structures of the layer, and- the nacre which contains the yellow pig-
ment turns yellow with the colored reflections (Fig. 4). In this paper, the present author
called a oyster with the former nacre ‘white-nacre-oyster’ and a oyster with the latter nacre
‘yellow-nacre-oyster’. The ratio of the appearance of white-nacre-oyster in oyster popula-
tion to the yellow-nacre-oyster is about 1: 4, the former occupied about fifteen percent to
twenty percent of a population as shown in Fig. 7, with one exception of Amami area, but
does not appear to vary consistently in connection with geographical and oceanographical
conditions.

In this study, the transplantation of mantle tissues was carried out by using the white-
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nacre-oyster and yellow-nacre-oyster as a donor and host. The experiments demonstrate
conclusively that yellow pearls are produced at high rates by the pearl sac epithelium deriv-
ed from the mantle tissue of the yellow-nacre-oyster which is transplanted into the gonad of
pearl oysters but never occur by the pearl sac epithelium derived from the grafted mantle
tissue of the white-nacre-oyster which is inserted into the gonad of pearl oysters (Figs. 10~
19). The occurrence of yellow pearls was not influenced by the nature and physiological
condition of hosts and the transplanted portions. Therefore it is probable that the yellow
nacre of shell and pearl of Pinctada fucata occurs by the secretion and synthesis of the yel-
low pigment in the epithelial cells of the mantle and pearl sac which are assumed to be of

hereditary nature.
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X =

BBOAEE x, yEBIOSRHEME X, Y, Z G053%lic XD M),

19674 7 B ISR FHi 2B B - b0 b7 7 0B XUy AV b ERICRETELES
LN TDAHT CITRGE LIz, BiAE No. OV TIREIED wis BXU 3o RBHEFBE
th No. THD, w BIU y BENFNREROHAREBRBEESOERTH - pHBRTH -1
ERbLT, FLEOBFERIBMA O No. THE3IHED, L LU R BEhFhEMABELXUE

A ERE LR T,



5 A FIR—#EREOERICHE T 2 HRAEDZFE

BENo! miEmE | B F No. X Y | oz | =«
| .

. oo w,-1-L ' 4.2067 | 4.5051 | 5.1800 | 0.3051
Yy w,-2-L, 4.9318 | 5.1851 | 5.6496 | 0.3140

) 2y w-3-L, 4.4388 | 4.6968 | 5.2067 | 0.3095
vHy wi-4-L 4.8091 | 5.1901 | 5.5630 | 0.3130

s 74 m w,-5-R 53089 | 5.6084 | 6.3051 | 0.3083
o h w-6-R 54721 | 5.7401 | 6.5275 | 0.3085

) 748 w,~7-R 5.2403 | 5.4351 | 5.9783 | 0.3147
i w,-8-R 5.1718 | 5.4051 | 5.9665 | 0.3126

] g7 | we1-L | 4.3980 | 4.6418 | 5.3327 | 0.3060
T wp-2-1, 4.2396 | 4.4984 | 5.2638 | 0.3028

. s wp-3-L 5.3546 | 5.6451 | 6.0728 | 0.3136
o wp-4-L 4.8730 | 5.0851 | 5.5197 | 0.3148

, 24 w0,-5-1, 5.4248 | 5.7951 | 5.9842 | 0.3153
- wy-6-L, 5.8688 | 6.1451 | 6.1653 | 0.3228

] 5@ w,~7-R 5.4803 | 5.7201 | 6.2874 | 0.3134
vy w,-8-R 5.3073 | 5.6118 | 6.2550 | 0.3090

. s a w,-9-R 4.1155 | 4.2684 | 4.4783 | 0.3200
B Hy w,-10-R 4.1620 | 4.4818 | 4.8996 | 0.3074

" s w0,-11-R 4.4861 | 4.6918 | 5.3838 | 0.3081
- w-12-R 4.0845 | 4.2051 | 4.9153 | 0.3072

B 24w ws-1-1, 4.4731 | 47051 | 5.2027 | 0.3110
YA we-2-1, 4.2461 | 4.4351 | 49429 | 0.3117

" 2 ws-3-R 4.8404 | 5.0601 | 5.6496 | 0.3 13
- wy—4-R 4.6167 | 4.8001 | 5.5256 | 0.3090

s 7/ we-1-L 3.3058 | 3.5517 | 4.4685 | 0.2919
! Yhy w-2-L 4.0010 | 4.3301 | 5.2053 | 0.2983
Y S sm w~3-L 5.0754 | 5.4168 | 6.1024 | 0.3058
! B w-4-L 4.9334 | 5.0801 | 5.7146 | 0.3137
. 2sm we-5-L, 4.2935 | 4.5518 | 5.3031 | 0.3035
1 I we-6-1, 4.0323 | 4.1367 | 5.2550 | 0.3004
] sm we-7-L, 4.7555 | 4.9868 | 5.6614 | 0.3087
! vHy w,-8-L 4.0323 | 4.2018 | 4.8661 | 0.3078
, 27 ,-9-L, 3.7090 | 3.9451 | 4.7697 | 0.2985
! vh Y 101, 3.7841 | 4.0167 | 4.7933 | 0.3005
. 2y m w,-11-L 4.8649 | 5.0568 | 5.5394 | 0.3147
1 5y w-12-L, 47538 | 5.0301 | 5.5571 | 0.3099




1816 OE %W # FERI444E
mENo| BB | BN | X 1 v zZ x y

19’ 77 u ws—1-1L 4,6804 4.,9084 5.3130 0.3141 0.3294
. .91 ws—~2-L 4,2265 4.5451 5.2264 0.3019 0.3247
20 770 ws—3-L 4,0649 4,3468 4.8209 0.3072 0.3285
. g hYv ws—4-L 4.6526 4,.8084 5.3012 0.3133 0.3298
21 770 ws—5-1L 4.,3392 4,5718 5.3090 0.3051 0.3215
i 4 ws—6-1L, 4,6347 4.8184 5.3248 0.3136 0.3261
‘22 /= ~ws—7-R 5.3056 5.5501 6.2264 -| 0.3106 0.3249

) v h Y ws~8-R 5.4281 5.6451 6.1142 0.3158 0.3284 -
3 } JIu we—~1-1L 4.9416 5.2484 5.8583 0.3079 0.3270
i‘ v A we—2-L, 4.,7702 5.0784 5.6378 0.3080 0.3279
24 ‘ VA w;—3-L 4.4502 4.6584 5.4094 0.3065 0.3209
‘ T h v we—4-L 4.,6983 4.9418 5.3543 0.3133 0.3296
25 ! 770 we—5-L 4,5384 4.7818 5.3720 0.3089 0.3255
‘ I hY wg—6-L 4.,2739 4.4318 5.1772 0.3079 0.3192
26 ! 77 0 we—7-R 4,5008 4.7668 5.4882 0.3050 0.3230
‘ O hY ws—8-R 4.9563 5.1151 5.7756 0.3128 0.3228
97 | 770 ~we—9-R 4,5694 4,8351 5.5512 0.3055 0.3233
‘ g Hhv wg—-10-R 4,6690 4.9768 5.5433 0.3074 0.3277
28 770 we~11-R 4.3522 4,5418 5.3031 0.3066 0.3199
1 v H Y we-12-R 4.2167 4,4284 5.3150 0.3021 0.3172
29 JJ 8 v,~1-L 4.,3833 4.6418 4.9173 0.3144 0.3329
v hy y,—-2-L 4.,5106 4,5718 4.8760 0.3231 0.3275
30 770 ¥,-3-L 4,6575 4,8201 4.,9508 0.3228 0.3341
v h y—4-L 4.,1400 4.4401 4.6752 0.3123 0.3350
3 778 y,-5-L 4 5090 4,7618 5.2224 0.3111 0.3286
T hY y.1-6-L 4.8044 5.1068 5.6102 0.3095 0.3290
0 770 y,-7-L 5.0085 5.4534 5.5472 0.3129 0.3406
v hy v,-8-L 4.,3571 4,8951 4.8327 0.3093 0.3475
3 770 ¥:-9-R 3.8641 4.1067 4.,5551 0.3085 0.3279
B ¥,-10-R 4.0388 4,3284 4.,5669 0.3123 0.3347
" JJua y,-11-R 5.6762 6.0285 5.8563 0.3232 0.3433
v hY y,-12-R 5.1816 5.4468 6.1614 0.3086 0.3244
25 770 y.~-13-R 4,3490 4.6384 5.3031 0.3043 0.3246
o hY y,-14-R 4.8191 5.0601 5.4547 0.3143 0.3300
26 77u y2-1-L 4.6902 | 4.8284 | 5.1929 | 0.3188 | 0.3282
v hY y,-2-L 4.,9873 5.2651 5.6634 0.3134 0.3308




5 A ME—HRBEBE LRI 5 EREY IR 1817
ENo| B | T i J No. X Y z x y

37 Jnm " ¥~3-L 4.6396 4.9151 5.3661 0.3109 0.3294
Ay yr-4-L 4.7245 5.0484 .| -5.4646 0.3101 0.3313
33 77u ¥y-5-L 4.3686 4.5918 4.9685 0.3136 0.3297
vhy V-6-L ; 4.5824 4.7534 5.4331 0.3103 0.3219
39 778 ¥,-7-L 6.0451 6.3335 5.8307 0.3320 0.3478
T AV y-8-L 5.9929 6.3218 6.2697 0.3225 0.3402
40 7/ ¥.-9-R 4.7604 5.0118 5.4193 0.3134 0.3299
Ay ¥.-10-R 4.8942 5.1018 5.5177 0.3155 0.3289
4 7708 ¥,-11-R 4.4388 4.6718 4.8543 0.3179 0.3345
Ay ¥-12-R 4.3882 4.7951 4.8917 0.3118 0.3407
" 7m0 ys-1-L | 4.7767 | 4.9618 | 5.4252 | 0.3150 | 0.3272
vAhY ¥:-2-L | 4.6706 4.9368 5.3464 0.3123 0.3301
4 770 ¥5-3-L 4.3702 4.5684 4.8268 0.3175 0.3319
- vHY ¥y—4-L 4.2755 4.4801 4.5079 0.3224 0.3378
“ JJn y3-5-L 4.5922 4.8401 5.2303 0.3132 0.3301
vy ¥5=6-L 5.1097 5.3068 5.7992 0.3151 0.3273
45 770 y~7-R 4.9579 5.0184 5.4488 0.3214 0.3253
vAY ¥5-8-R [ 5.2926 5.4368 5.7480 0.3212 0.3300
46 770 ¥:-9-R E 6.2198 6.4518 6.7657 0.3200 0.3319
vAY y-10-R 6.2770 6.5585 7.1732 0.3137 0.3278
&7 A y-11-R 4.9742 5.2268 5.6220 0.3144 0.3303
Ay y3-12-R 5.2142 5.4651 5.9842 0.3129 0.3280
48 771 ye-1-L 4.7555 | 5.0501 | 4.7559 | 0.3266 | 0.3468
gAY y4—2-L 4.7538 5.0434 5.2008 0.3170 0.3363
49 /A y3-L 4.6134 5.0551 4.4055 0.3278 0.3592
v Ay y4-L 4.4045 4.7068 -| . 4.9744 0.3127 0.3342
50 748 y5-L 4.4877 5.0551 4.3976 0.3219 0.3626
vy 3-6-L 4.8893 5.2434 5.4980 0.3128 0.3355
51 J/n y47-L 5.2011 5.5018 5.8681 0.3139 0.3320
vAY y4~8-L 4.5922 5.1834 5.1653 0.3074 0.3469
52 77n y49-L 4.3359 4.5851 4.9823 0.3119 0.3298
vRY y,10-L 4.2086 4.3968 5.0669 0.3078 0.3216
53 7m0 y11-R 5.5668 5.8785 6.1024 0.3172 0.3350
vAY ¥+12-R 4.6575 5.0150 5.8779 0.2995 0.3225
54 770 ys-1-L 3.8870 4.2501 4.1043 0.3175 0.3472
A ys—2-L 4.8126 5.1234 4.5138 0.3331 0.3546
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7¥ No.| BHipfr | % i } No. X e ] zZ x y

55 7/ 0 vs-3-L 4,2216 4.5168 4,3150 0.3234 0.3460
bl 4 ys—4-1L 4.,9236 5.2118 5.2342 0.320_3 0.3391

56 770 ys-5-L 5.0248 5.3351 5.6102 | 0.3146 0.3341
Il % y5—6-L 3.8560 4.,0701 4,3405 0.3143 0.3318

7 70 ys-7-R 5.3220 5.6018 4.8031 0.3384 0.3562
bl 4 y:—-8-R 5.4689 5.7651 4,.8287 0.3405 0.3589

58 /= ys-9~-R 3.6862 3.9151 4,2146 0.3120 0.3313
s 4 ys~10-R 4.8763 5.1718 4,6752 0.3312 0.3513

50 77 a ye-1-L 4,6037 4.,9184 4,2795 0.3336 0.3564
4 ye—2-L 4,7979 5.1234 4,2972 0.3374 0.3603

60 /A~ ve~=3-L 4,8044 4,9718 3,9508 0.3500 0.3622
o Hh v ye—4-L 4,6510 4,8868 3,.7992 0.3487 0.3664

61 700 ye—5-L 4.9775 5.1901 5.5059 0.3176 0.3311
T hY ye—6-L 4.9073 5.0668 5.4193 0.3188 0.3292

62 777 ve-7-L 4,3065 4.5784 4.2638 0.3275 0.3482
i 4 y—8-L 4.4126 4,7201 4.,2362 0.3301 0.3531

63 JJn ys-9-L 4,1221 4,4434 4.,1299 0.3247 0.3500
v hY ye—10-L 4.0715 4,2734 4.,5590 0.3155 0.3312

64 /A ye—11-L 5.2795 5.7368 5.0827 0.3279 0.3563
T A ye-12-L 5.0510 5.2684 4,9803 0.3301 0,3443

65 77 a y-13-R 4.1025 4.3918 4.6063 0.3132 0.3352
kY ye—14-R 4,7294 5.0068 5.2401 0.3158 0.3343

66 77 na ve—15-R 3.5801 3.8284 4,2461 0.3072 0.3285
&4 y¢-16-R 3.8788 4,1084 4,4941 0.3108 0.3292

67 770 ve-17-R 4,7000 4,9968 4,3090 0.3356 0.3568
g hHYv y:—18-R 4,7718 5.0751 5.0669 0.3200 0.3403

63 770 ws—1-L 4.5775 4,6601 5.0295 0.3208 0.3266
YA Y y~1-L 5,1489 5.7918 4,6004 0.3313 0.3727

€9 770 w-2-L 5.4950 5.7068 6.2047 0.3157 0.3279
v h Y y-2-L 5.1538 5.5834 4.9842 0.3278 0.3551

70 740 w.-3-L 4,2951 45851 5.2027 0.3049 0.3256
v hY y-3-L 4.4078 4.7901 4.1968 0.3291 0.3576

” /A= w,—-4-L 4,5547 4.8034 5.4134 0.3083 0.3252
v hY y—4-L 5.5113 5.9135 5.1693 0.3321 0.3564

- /A w+-5-L 5.3758 5.7484 6.3957 0.3068 0.3281
v hY Vy=5-L 5.1277 5.3834 4.,7618 0.3357 0.3525
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f5F¥ No.| BRI % # K No. X Y Z x v

- A w,6-L 4.6918 | 4.9434 | 5.2972 | 0.3142 | 0.3311
vk y7~6-L, 5.4264 | 5.6451 | 4.6516 | 0.3451 | 0.3590

2 7Jn wr-7-L 4.5204 | 4.6334 | 5.6063 | 0.3063 | 0.3139
v h yr~7-L 5.1897 | 5.4318 | 5.4449 | 0.3230 | 0.3381

s 7/ w-8-R 5.1554 | 5.5234 | 6.1752 | 0.3059 | 0.3277
v H ¥-8-R 5.2207 | 5.5701 | 4.7224 | 0.3365 | 0.3591

- A w~9-R 4,9106 | 5.1334 | 5.8071 | 0.3098 | 0.3239
vHY J ¥-9-R 5.5342 | 5.9835 | 4.8878 | 0.3374 | 0.3647

. 7/ w0~10-R 4,9759 | 5.2351 | 5.6752 | 0.3132 | 0.3295
Ay 3~10-R 5.0918 | 5.3884 | 5.3366 | 0.3219 | 0.3407

- 7 7m w~11-R 5.7268 | 5.9735 | 6.557 @ 0.3144 | 0.3279
v h Y y~11-R 5.2175 | 5.5284 | 5.4882 | 0.3214 | 0.3405

- 77 a w~12-R 5.5374 | 5.8435 | 6.2520 | 0.3140 | 0.3314
g HY y=12-R 5.1571 | 5.5318 | 4.4803 | 0.3400 | 0.3647

%0 7/ m ye-1-L 4.1612 | 4.3884 | 4.7264 | 0.3134 | 0.3306
v hy wg1-L 3.9066 | 4.0917 | 4.8858 | 0.3032 | 0.3176

o1 Jsm ye-2-L 5.8770 | 6.1435 | 6.6201 | 0.3153 | 0.329
wh Y ws-2-L 5.3987 | 5.7001 | 6.2106 | 0.3119 | 0.3293

% 74 n y5-3-L 5.0640 | 5.355t | 5.4803 | 0.3185 | 0.3368
vHY wg3-L 4,7228 | 4.9884 | 5.4764 | 0.3110 | 0.3285

83 A ye4-L 5.8035 | 6.1901 | 5.4744 | 0.3322 | 0.3544
uhy ws4-L 5.8623 | 6.1001 | 6.5453 | 0.3167 | 0.3296

24 7/m Vg-5-L 4.7767 | 5.0351 | 4.8838 | 0.3250 | 0.3426
Ay wg5-L 4.6869 | 4.9668 | 5.6673 | 0.3059 | 0.3242

a5 74m ¥5-6-R 5.7529 | 6.1451 | 6.1279 | 0.3191 | 0.3409
v h Y wg-6-R 5.9260 | 6.2351 | 6.8051 | 0.3125 | 0.3287

%6 7/ y-7-R 5.3317 | 5.5768 | 5.9547 | 0.3162 | 0.3307
ohY wse=7-R 5.1962 | 5.4101 | 6.3248 | 0.3069 | 0.3195

&7 A y:-8-R 4.3506 | 4.5751 | 4.9429 | 0.3137 | 0.3299
v h Y ws8-R 4.5710 | 4.7834 | 5.5059 | 0.3076 | 0.3219

o8 7/ m +-9-R 4.4126 | 4.6268 | 4.9468 | 0.3161 | 0.3308
vhY ws9-R 4.4518 | 4.6301 | 5.3425 | 0.3086 | 0.3210

% A »10-R 4.1661 | 4.4551 | 5.1575 | 0.3024 | 0.3233
v h Y wg-10-R 4.6428 | 4.8684 | 5.5295 | 0.3087 | 0.3237

% A »11-R 4.4469 | 4.7684 | 5.4508 | 0.3032 |{ 0.3251
vhY wg-11-R 4,7718 | 4.9818 | 6.,0118 | 0.3027 | 0.3160




1820 VAR = N 7S 1 TERI444E
BENo| BEME | B No. | X Y z x y
91 | 7w ¥5~12-R 5.4477 5.7151 6.1712 0.3143 0.3297
vAY wg-12-R 5.5015 5.7951 6.4252 0.3104 0.3270
92 778 yo-1-L 5.4379 5.8518 5.2244 0.3293 0.3544
vy wy-1-L 4.9481 5.2234 5.1476 0.3230 0.3410
93 770 ye-2-L 5.6599 6.0418 4.7697 0.3436 0.3668
vy wy-2-L 5.8215 6.1501 6.2854 0.3189 0.3369
04 77 m ¥s-3-R 4.4420 4.8568 4.4685 0.3226 0.3528
v AhY ws—3-R 4.5759 4.8601 5.0315 0.3163 0.3359
95 770 ys-4-R 5.6272 5.9318 5.7815 0.3245 0.3421
vy wy-4-R 4.8355 5.1118 5.4035 0.3150 0.3330
9% 77 ua ys-5-R 5.9929 6.3868 5.2913 0.3391 0.3614
vAY wy—5-R 5.4591 5.7051 5.8130 0.3216 0.3360
97 77 n y9-6-R 4.4453 4.8034 4.5590 0.3219 0.3479
vAaY wy-6-R 4.9628 5.2701 5.4449 0.3165 0.3362
08 778 y-7-R 5.3334 5.6801 4.7283 0.3388 0.3608
Ay wy-7-R 5.8150 6.1918 6.0590 0.3219 0.3427
99 77 a y8-R 4.2820 4.6234 4.2953 0.3244 0.3502
vAY wy-8-R 4.9024 5.1868 5.1004 0.3227 0.3415
100 77ua ¥-9-R 5.6566 5.9568 6.0787 0.3197 0.3367
vAY ws-9-R 4.0421 4.1617 4.4527 0.3194 0.3288
161 77 u ¥-10-R 5.1636 5.5068 4.8425 0.3329 0.3542
vAY we-10-R 3.8478 3.9567 4.5039 0.3126 0.3215
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BHEETOMRICEL >TY, TavyHA11CHET S Bucephalus B H D ETER TN
TRZQET I WZIPE ST, AT B varicus? THB T LB 1,

AIFFED RO HRIBBRIEIC D 508, KRROEFELEAHL ENTHORREE S
EOBRPBEELTCOWRHEHETHICEDLDS, —BOFR =00k 2D
HEEEZDN L COMBROFTEZETIORERIC LT,

C@ﬁni,wm®¢é%®vé,%1$@ﬁi&bf@7:vw4@$ﬂc;5mm
RHEMODICLT, ZOBRAZMIET2CLERMELTERLLLDTHEH, 20
HE, RBicE37av 541 OGS L OB m&%rﬁwﬁwﬁﬁm&m%b@
B tzDTC T iHET 5,

WEET2CHLD, RIEMERT X > LEBMEFRADERNRER S iIcmisdz B
Do TRERFRBRYELELE, TEA=ZRT, BFUKERZERF—BIS ICEST 5,
38, AFREERIT 23O LT, RBRHOBE, BEIEICOVWT—FE LR ER
HENIIZN ISR, AEETHRKICO) SEBOBEELET 5,

HEMM S LURRSE

&ﬁﬁiﬁwmc;5r$%¢¢abmmw:3%ﬂﬁ%wwmﬁr,wmﬁcwgu
19664E7H LB CRIMATEBR U - BEIELET o ¥ 42,340 TH %,
ARHRICEDREREDSS ONTOER CEEESHESME) KEARBMERT, K
EREBEL L HONZBEEEOERGITNEBIBEEEREL) KMo 1 RBRHMEZREL 72,
EARBRHMICBO TR 21800 ERBR A2 REREDOSZ VRBMA~BIEL, 1»H
B3 enorzEaE8BMIcE b1 - TERL, 20%EA 1 THhEo St
FREFAE L. COEH, MIPART YR bOFENED SN-BRBEIIITERL
THEE, 20BOHKORBERBRLEZFNITE LR HIBFAORERFORBEMEL 1,

* Seiji Sakaguchi. Studies on a trematode parasite of the pearl oyster, Pinctada fucata-VI.
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Summary

To make clear the season when the parasites penetrate into pearl oyster, one lot of
uninfected pear! oyster consisting of 180 individuals was transplanted from Ago bay in Mie
prefecture, into Tanabe bay in Wakayama prefecture, in where the parasites are prevalent.

In accordance with the program, the experiments of transplantation were made for
every month extending from July 1965 to June 1966.

After that, the pearl oysters were examined once a month whether the flukes can be
find or not for about 2 years long.

The results obtained are summarized as follows:

1) It became clear that the major season when pearl oysters are infected with the
parasite must be exist during the period between the early August and the October.

2) In the early stages of infection, the pearl oyster can only be distinguished from the
uninfected one by the detection of the presence of young sporocysts in the host’s tissue with
microscope. Those young flukes grow larger and become to penetrate major part of the
host’s tissue with the rise of water temperature at the next late spring. In the early summer,
the infected pearl oysters are distinguished from the uninfected by the findings of the ef-
ferent branchial veins which in the uninfected are colorless and transparent, but in those
of the infected are corpulent and. light yellow.

In the warmer region where the water temperature is comparatively high such as
Tanabe bay in south district of Kisyu, the above findings on the infected pearl oyster can be
find early 4 or 6 weeks than in Ago bay where is colder and pearl oysters are often expdsed

to the danger of death during the winter.
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3) The youngest fulke which is observable in the body of the pearl oyster is spherical

sporocyst of about 20 in diameter.
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Summary

The present study was made with the purpose of finding effective methord for controll-
ing the parasite penetrating into the pearl oyster.

The author reported in the previous paper that the major season when pearl oysters
are infected with the parasite exists during the period of about two months in the early
autumn.

Some groups of one unit consisting of 210 individuals which were collected as the unin-
fected materials at the inner part of Tanabe bay, in where the pearl oysters are liable to in-
vasion of the parasite, were transferred into the entrance area in same bay where the infec-
tion with the parasite is free, at intervals of 15 days for five times from the 1st August to the
30th of September 1967.

After that, each group was turned back again to the inner part of the bay at the time
(the middle October) when the pearl oyster be going to be free from the infection such as
has been reported in the previous paper. Then, on the 2nd of November, they were carried

into our laboratory in Mie prefecture and were examined whether the flukes can be find or
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not.

The results obtained are summarized as follows:

1) Three groups which were taken refuge into the entrance region befor the 30th
of August showed the low infection rate (0.2~1.09%) as well as that had been set at the en-
trance from the first. While the two groups of the 17th and the 30th of September suffer
a high infection, viz.—the former is 16.39,, the later is 23.89,, as well as that had been set
at the inner part from the first.

Judging from the above-mentioned fact, it can be said that the pearl oystér had not
been received the infection with the parasite before the 30th of August and since the 12th
of October in 1967.

X ik

1) ROBER 1969, 7T avH4 icHET 2 RRICET 2008V K 0Iic & 2 Rgems, ENEnk
R 14 : 1821—1828.

2) 1968. 7 a¥ HA KELT 2B HOATEEL L ZOREFRDVT, ELRBEHH 13
1635—1688.
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St. 4| 017| 1.4 049] 1.2] 096| 1.2] 049| 1.2} 0.63 1.3 1 0.37 | 1.1 L 0.33| 1.4 0.50
St. 5[ 0.16| 1.5| 043 1.7, 0.75| 1.8 0.72| 1.4, 0.83| 1.6 0.50| 1.3] 0.17| 1.1] 0.51
2. FAOBREOKREX
5 6 7 8 9 10 ‘ 11 A ‘
i | mk | P | BA | P | Rk | W | Bk | HS | k| B | Bk | B | Bk A
St. 1| 2.4! 3.0 26| 26| 1.8 40| 29| 66 1.6] 22 1.5 20| 2.1
St. 2 \ 1.0 15| 14| 20 21| 21 1.5
79 a4 n v | St 3| 2.8 7.0 27| 3.0 6.0 140, 1.3| 2.0, 2.4, 3.6, 3.0
St. 4 | 1.4 3.0 27| 202, 28] 55 25 54| 23
St. 5| 4.5 ‘ 8.0 2.8| 2.8 3.2 48| 3.3, 9.9 3.5| 46| 3.5
St. 1| 2.8 3.0 31| 6.8, 2.0, 40| 3.5, 10.0 2.8
St. 2 \ 1.0/ 1.2) 19 28| 2.8 2.8 1.9
F¥yar sy (St 3| 1.9 2.0 29| 6.2 1.5 2.1 2.1
St. 4| 2.9, 3.9 2.3 2.5 1.5 1.9] 29| 6.2 2.3 5.1 2.4
St. 5| 4.1 ‘ 9.3| 2.2| 22| 20| 2.0 3.8] 4.2 51| 6.8 3.4
St. 1 : 2.5 2.6 2.5 2.5] 2.5 3.2, 2.5
St. 2| 2.8 4.3 5.4 10.3| 1.6| 2.7 2.5| 47| 26| 3.2 2.4| 40| 29
F o & & v | St. 3| 41| 65| 6.40 15.7| 4.7| 9.7 5.0/ 5.0/ 3.4| 45 4.7
St. 4| 3.5| 6.2| 7.7, 12.3] 3.8| 7.6 3.4 7.2 31| 3.1] 1.6 1.7 3.9
St. 5| 4.6 4.6 3.1 3.6 3.9

9781
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F£IX-2
3. RAoT7 VY REOKRE X
5 7 8 9 10 1

¥y | &Rk EE | Bk | BB l BR | B | 8K | FE | BR | B | Bk | I | Bk |4y
St. 1 26| 43| 25| 86| 42| 57| 39| 5.0 3.3
, St. 2 3.0 3.0 27| 40! 1.6 39| 19| 20 2.3
¥54 7 Uy K | St 3 29| 73| 35| 107 25| 6.2 53| 87| 43| 6.9 3.7
St. 4 44| 86| 33 11.5| 35| 9.8| 34| 6.0/ 3.4, 7.0 3.1| 31| 35
St. 5 44| 59| 4.1] 14.5| 55| 10.8| 5.6| 10.2] 3.5! 45| 4.0| 6.3, 4.5
St. 1| 3.7/ 7.01 42| 43, 30, 61| 26| 7.4| 4.0| 6.4 3.5
2 o~ m oy e St 2] 45| 67 3.1 3.7 42| 4.2 3.9
St. 3| 5.0 7.7| 4.0f 4.1 4.1| 89| 4.2| 6.4 44| 68| 59| 7.0 4.6
7 ¥ 7 X g4 42| 7.6 6.6 72| 42, 81| 50| 90| 26| 46| 56| 7.2 4.7
St. 5| 3.2| 5.6 3.0 6.4 5.1 8.4 4.4 4.5 20| 20| 3.6
St. 1 47| 47| 29, 25| 50| 7.0| 4.2, 7.5 1.6 | 1.6| 3.7
St. 2 21| 2.2 21| 21| 2.1
2FUTTIYHE | St 3 29! 48! 381 85| 26| 64| 52| 84| 49| 49| 1.8| 18| 3.5
St. 4 521 6.9 6.4| 88| 6.8| 11.9| 3.7 59| 4.3| 47| 3.4| 40| 4.9
St. 5 6.3 7.0! 7.0| 12.2) 6.3| 9.1 6.5| 8.2| 6.5
St. 1| 3.7 4.9 2.9 2.6 4.1 3.9 1.6 3.4
St. 2| 4.5 4.0 2.7 1.6 1.0 4.2 2.1 2.9
£ 7 Y v K|St 3 4.9 2.9 3.8 2.5 5.2 4.4 1.8 3.6
St. 4| 4.2 4.2 3.4 3.8 3.1 3.8 3.4 3.7
St. 5| 3.2 4.9 4.1 5.6 5.5 3.5 5.2 4.6
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Td, 7 IV RERELUTOEEETD, St 5 BABFEKKODIINS, 10, 115
BROTRKELE>TW S,

THak LD TENERBRRORESEZ -7 St.3 TIAIK 6.0mm ZRLTED,
BATIIFEBIC St. 4 T 20.2mm ICEL T3,

R 7Y Ay LY OFESHERBEOFZ N St 5 DS AL St 1 OUAICHKEKIK &
{, BRTHREMSRHAIC 10,.0mm, FiEH S5 BiC 9.3mm ZEHL T 5,

FarLVIZZONEHET St.3 KKEL, BKETHRERTO6 Bic 15,7mm |z
L7,

O LRHE, TEOEVOFEREBERER, Y347V Y ROEEERNT, &
BABOEZOEREBICKENEMCH 5,

ZFLUTENFNORBICELLEAELT, A4 AHy¥FVidSt3,4,5 #3479
YR, FFIeTIVRIIY St 5, =0 w7 PVRIE St 4,3, JHariay, FI
AU St 3, 4, kv T7HaraviE St 1,5 BHFOND,

L LRBHS, 373979V RERN 6 MOEYOEHRIIZRIC L > TEABICH
ROOENBALNTED, chidens0EYONERNESARTENENRELLC L
ERTODEEZEND,

1. AEEMOEEEL

CNETHBEHCBI Z2EENTROBN R, KAPRKLZHEKE, BREBOETR
L, A TR B EREK BRSO B LOTER S ICEFAE 25 LOSRICET S

HEEE R (g) X100

Hek & (cc) X100
|

0 I ' 1 i 1 1 !
5 - 6 7 8 9 10 11 A
R Tavy4 BRLoNEROwRERLHKBDAZL
LB REIKCAEL)



5 A A« BE - TEER—EBEERIBIC B 1 5 B EY OATENHE I 1849

HRETHAESAOLNTVARTEY, cNETOERAERILTRAKTOAERIN
T3, ERYRIEKBEMEOEARKRICETAHEORT, FELTIVYRELTHFA
HADHELLTav i1 OEREREH - ERLE, MEOAE L -RARARKEZD
HDOEHNTHRBES/NEL, ZBIDBOEBRNTOE,, TLEHR I+ ET YR
OLEHETIIMELULRORES KUREHBOA & ZIEFICENEREL TS, T2
Ute & ENEEDORICHTAHEER E LT, EHCEy 2 HEhcHT 254, &
BARMBEREBEEINSDT, HiKe ) UIEENEEETRERBICK 2 RZREYD
EEELT, EENLRM» S OMESMETTUILENHE LEZOND,

2 TARORHELHTLTCR—ESRICBIE2T7av 4 BRLLoNEBOHKES X
VERBEEFAIVESNICR LI, Ta Y137 oy 70RO LMEHHR L TEEBR
L, BonaNERRETHETLEY ZQHEKEE, S5 IKEEKE & -2k, 45~50°C
OEERMT2 AMXEAEZERE LT, 20BBERLTH -7/, '

EINOH/KELERERIZEDICHEULAAERNZRLTNS, ZLTHERTE LS
Mot St. 3 MFELAEENEZRRT, ZODEL -7 5t. 5 WERKBWEZRLTNS,
#ic7, 8, S ADEWMERCORBIIICELOREREARLL 7YY KUFIKY ¥ 7YY K)
OFEDLLEHEICLE BODOT, it St 5 B oI MmERE LU 7 v v KLk
BT St 4, SRV DIpDLHET, 7OV RONEMEOFEHREBHEALYITE
PERENCT ERKET VTS, T/5,6 FICBUKENLREBOEAE LR >THW5C &
13, COBPHIKBRLLEBHEEKIZ b DERDNS,

CCDEDIREBEAWE UERE, BBRUACEYOFEED JOMEBICE T 2 EH &
Bith, BB 37 VY KHEOTAPLUEREICK T St. 5 234%1C7, 8,9 A4
CMCRERMERLTED, KB~ EREYIC K MEEROIEAS 3 O IZEET
TORAEV - RIGLP O DEERABY 2E, BRTOLBEEELRLTWV S LI A X
Do
. ABEEYMETAPHADOREIZDONT :

CNITHNBEEYE T2 v T4 EOWKRIR, ZLBEREERELTHRbON TS,
INLONEBEEYORBESTEPREED 2 VIREFRE, HREV > EENKELET
aYHAOHREERIEIET, ROBE®EEEZHNETAEERARA LD, Ho&miR
BBICEETREE(I AT 2 FRARFRATSELHIR, 1958FICAHF Nk - TRE X
NTHWBICErhH5T, chETIEI UERFRBIEBEAETEDLRTHEN,

LK ESRT LOMMEEYOHBREK (K) LRaEEE (N) BLUHIEL
QEETaYH A OBAEREER (GO LOMBBERERD. FEATORERER
BKOBEDTH 5, St.1=227.7mg, St. 2=203,4mg, St. 3=291,2mg, St. 4=281,4mg,
St.5=245,3 mg

cw#%,ﬁ@%ﬁ&ﬁ@ﬁ%ﬁﬁa&@%ﬁir—owxnS)Tﬁeﬁ@&bnm
Mot LU, St 5 ZBROWIEEOBHATIR r=0.967(n=4) TEBRES BT TEET
HOROERFEABES Nl o

G=0.01038N+99, 11

*EEHER (C) WKHERRAEERTAEL- AMBER RBEH=0HFHBERLZRMULL
HiETH D,
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HEEEHEBREEERE L TR r=0.956 (n=5) BERESHBLTTERTHD, OF
FHrERiT
© G'=8.459K+36.63
E18B, XD ICHEFELEM SBRERELOBEBRIZ 1=0.933 (n=5) BHRESHBLTTHE
TH O EFEHFER

N'=934.6K—10053,92
NELN,

IS ORI, HEERFROLWESRTRABBEARES EDIKEL, Ta¥H 1 DR
ELRFTHBC EAZERL, VBSOS ELNTELANEEYOSZNVAGEIEDOKRED
BOEWISHESHBEREEMNTI TS, UL, §BEHMOZ0EVIFEERLDEL
OEENEEHET I LEERL, EENRKEBRREZVIEARTKEORESHIET
ARiCiE B BN, BEREARKEEOEEREEORRT, St 5 BERERL»
Sizonfcc &id, MEREENIZFELLDIVIZErrHET, BORESHENED -
F T &T, CNRAEBRERTESEL TRy 2A v FvEv X<+ T hl ONED,
{BDEAICHNTEEILEB N EICIDEL L EBDNS,

E #

1. EEBEO SESAOBLBRMERETRE CQm) ONEEYEHEL TCO>E¥FOC LML,
2, WELUAEESRTE SRS bEhkifo St. 3 LEOREDO St. 4
Kb % <, BOED St. 5 EERIED St. 1 TEENSDWVINGDIEL, KicER
WEHEDD St. 2 B bDIED 512,

3. BRONBEEYVOBRPREZENGKEIKES 7, 8,9, 00 40AT, EROMNELE
PR EE UTEBERLSEROAY XA VY, 9 X v+ T84 FP0ICESOENE
CEME, BEFo7 VY REEKEO T YV R, B0l BEFEOBREICI-THE
5a&N5B,

4, BRNTOFBENEEMELTAYAA VY FY, 9X<FTHhHA, 7Habriy, kv
THay LY, FAFLY, AaTAFLY, $IHTIVR, I—0y T IVR, &
FURTIVYRBBTOENG,

5. EEALTIREZET7, 8, 9 iC St. 5 TELWEMAALLN, BOWCBI2 7YY
K By SH 7V YR) OFEPLERESEHEINS,

6. DIBIOIME & Wi L COEEESTROBBIY X~ + T H A RO B Y 3 H v
OBHEBBEHOND, TLUTOABRALNE Lol E LTI —1 v 7 PV R
HFonbd,

7. BEAOHEEERB JUCRARKE T v # 4 OBBIRES & OMICIZIEDHBE
FHEDONE, U UREERE EEABEEOMTIEI St 5 2RV CEAIKDA
F BB R ASERAL Y B 6


bos
長方形


5 A At - BA - R—EHREEREICEB T 2 B £ Y OERBNTE I 1851

% i
D R e AKEN 1961, BEOKRIEIC K 3 HEMOREARICONT. LI 5 T4 H 3
@ : 14—17.
2) EAME 1966, ERARMBAIER - a— b BT AT . ATUEH BT & 5
(2) : 24—33.
3) _ 1966, M LETL. EL §5(3):38—44.

4 R R 1964, GEFECEEYOEEENTE. RIFKEKESBHERE 16 1—138.

5) BEEHR Sl - BRANTE - DMSET 1953, HERBEEMOBEICE T AMEL. =%
UK EERBRGAASE A § 0 1—26. :

6) Shizuo Mawatari and Sumiko Kobayashi 1954, Seasonal Settlement of Animal Fouling
Organisms in Ago Bay, middle Part of Japan 1. &ERISFICATRIMR 35 : 37—47.

D 1954, W ET. FL 36 :1-—8.

8) Tatuo Kawahara 1961. Regional Differences in the Composition of Fouling Communities
in Ago Bay. =FRB/KESBOTFRME 4(1) : 65—80.

9) Tatuo Kawahara and Hiroshi Iijima 1960. On the Constitution of Marine Fouling Com-
munities at Various Depths in Ago Bay. [l 3(3) : 582—594.

10) EEHER 1967, bhEHKEHEROEMENWHEL . WEHE. BHEBEMCHESR 60: 87—
114.

11) Tatuo Kawahara 1963. Invasion into Japanese Waters by the European Barnacle Balanus
improvisus Darwin. Nature 198 (4877) : 3.

12) Shizuo Mawatari » Yoshitsugu Hirosaki « Sumiko Kobayashi 1954. Settlement and Growth
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1852 B oy B % B W FR444F
ffR1 St 1 KB LU EDOBBLBEEES LORBARICED 284 (%)
5 A
B %

1 b B M S B Hydroides norvegica Gunnerus 108 5.4
2 v X = F 84 Dexiospira foraminosus (Bush) 1810 | 0.9
3 7 Y a 4y n ¥ Bugula neritina (Linné) 2 0.1
4 A A = N A Tricellaria occidentalis (Trask) 4 0.2
5 AN Y S N Dakaria subovoidea (D’Oribigny)

6 a 7 a Fy s ¥ Celleporina costazii (Audouin)

7 RVET T3y LY Zoobotryon pellucidum Ehrenberg

8 a7 e3 a3y sy Schizoporella unicornis (Johnston)

9 ¥ 5 % 7 Y VR Balanus variegatus tesselatus Utinomi
10 2 -y 7 VYR Balanus improvisus Darwin 14 0.7
11 2 F V= 7 Y YR Balanus amphitrite amphitrite Darwin

12 Haliclonissa n. sp.

13 IYFFYRADAL XAV Sycon misakiensis Hozawa

14 L v v 4 K ¥ Ciona intestinalis Linné 38 1.9
15 v = R ¥ Styela plicata (Lesueur) 12 0.6
16 =4 H ¥ Crassostrea gigas (Thunberg)

17 HoF O F AN A Mpytilus edulis Linné 2 0.1
18 ER b FF O Mousculus senhousia (Benson)

19 + 3 <= H ¥ 9 Anomia chinensis Philippi

20 % A 1 —

PN s 11991 99.9

21 1 * A 4 X Y | Botrylloides violaceus Oka 0.6

2 |*3h v oz F E ¥ Leptoclinum mitsukurii (Oka) 33.0

23 |(*2 oo EANRNY ‘43.0

*EARYRAETHEEREBIC LU TERLE, RUTEERLBAL)



5 A kS + B - TR BRI B 1 B AR O AR T 1853
6 A 7 B 8 A 9 A 10 A 1n A & F

TRY % (B % Ea % BEelk] % @EaR % B 2 | EBEk | %

208 | 11.6] 976 | 87.2 2340 91.6/ 2381 | 89.9 1618 | 90.9| 64 | 9.0 7695 | 61.1

1502 | 83.90 98| 8.8 29| 1.1 46| 1.7 121| 6.8 437 | 61.2 4043 | 32.1

1] 01 25 1.0 13| o5 7| o4 5| 07 53| 0.4

43| 1.6 20| 1.6 202| 28.2 278| 2.2

1 — 11— 2] 03 4 —

1| o1 1 —

13 1.1 13 0.1

2! 03 2 —

3| 03 119 4.7 56| 2.1 3| 0.2 181 1.4

1| — 11] 1.0 33| 1.3 35| 1.3 94| 0.7

1| - 4| 04 2| 01 37| 1.4 1| 01 45 0.4

23, 1.3 8| 0.7 31| 0.2

1| o.1 3! 0.1 4 —

47| 2.6 ' 85| 0.7

7! 0.4 11| 0.4 30| 0.2

T - 1 —

2 J—

3] 03 6| 02 14 05 1] — | 0.2

1| o 8| 0.3 9| o.1

1 _

1790 | 99.8| 1119 | 100.1] 2554 | 100.0, 2648 | 99.8 1780 | 99.9 714 | 99.9 12596 | 99.8
10.0
19.0
51.0
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H ¥ B % W #

TRFn444E

&2 St 2 WHBL YOS BkE SORBRBIC D 2EE (%)

5 A
Wk %
1 A ¥ xh VoY v Hydroides norvegica Gunnerus 270 { 31.5
2 v X = F T h A Dexiospira foraminosus (Bush) 485 | 56.7
3 J ¥ a Fy AK vV Bugula neritina (Linné)
4 RV 7 Hia s Y Tricellaria occidentalis (T'rask)
5 F =Ly LV Dakaria subovoidea (D’Oribigny) 22 2.6
6 a 7 oa F s ¥ Celleporina costazii (Audouin)
7 a7 ks akran v Schizoporella unicornis (Johnston) 2 0.2
8 F A4 a o s YV Schizoporella argentea (Hincks) 1 0.1
-9 ¥ 74T Yy R Balanus variegatus tesselatus Utinomi
10 A —nm w7 Uy R Balanus tmprovisus Darwin 65 7.6
1 2 F Y= 7 Iy R Balanus amphitrite amphitrite Darwin

12 Y Vvhy 7YY R Balanus trigonus Darwin 4 0.5
13 Haliclonissa n. sp.
14 SYFEVYREAL AV Sycon misakiensis Hozawa
15 v v 4 K ¥ Ciona intestinalis (Linné) 3 0.4
16 v = H ¥ Styela plicate (Lesueur) 31 0.4
17 + + FF R Musculus senhousia (Benson)
18 A G+ Anomia chinensis Philippi

& 5 | 855 100.0
19 1 % H ¥ Botrylloides violaceus Oka 3.5
20 * v oz F K ¥ Leptoclinum mitsukurii (Oka) 67.5
21 zofho AR ¥ 8.0




5 A o - B - TR SRR B 55 B 1 M O A R RS T 1855
6 H 7 A 8 j 9 B 10 A 11 B & &

min % [Eew % mes % wen % (e % EEK % EE%] %

1012 60.0‘ 993 43.1| 1034 76.8 932 57.1 1046 69.0 167 17.0 5454 52.8

619 | 36.7 1282 55.6] 175 13.0 635 38.9] 434 28.6/ 784 | 79.6| 4414 42.7

9 0.6 2 0.1 1 0.1 12 0.1

2 0.1 7 0.5 1 0.1 10 0.1

48 2.8 9 0.4 11 0.7 4 0.3 3 0.3 97 0.9

“ 22 1.5 21 2.1 43 0.4

2 0.2 4 -—

1 — 5 0.5 7 0.1

1 — 6 0.3 128 9.5 31 1.9 166 1.6

6 0.4 4 0.2 2 0.1 77 0.7

3 0.2 1 0.1 4 -

1 — 5 0.1

1 — 1 —

3 0.2 13 0.6 1 — 2 0.1 19 0.2

3 0.2 6 0.1

3 —

1 — 3, 0.2 4 —

1 0.1 1 —

1688 99.9 2304 | 100.0, 1347 99.9 1631 99.9 1517 | 100.1] 985 | 100.0/ 10327 99.8
2.5
28.5
52.5
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H w B Ik % #

TEF444E

&3 St 3 KWHBELLENOBEEBERS LCRBKKICED 2548 (%)

5 B
MEd% %

1 bR A S A Hydyroides norvegica Gunnerus 93| 17.9
2 v X7 Fah 4 Dexiospira foraminosus (Bush) 109 | 21.0
3.0 % v oa B vy Y Pomatoleios kraussii (Baird)
4 AR = T, SR N Bugula neritina (Linné) 32 6.2
5 FY T Y 3 AV Tricellaria occidentalis (Trask) 1 0.2
6 A= R, A N Dakaria subovoidea (D’Oribigny) 29 5.6
7 a 7 oa oA Y Celleporina costazii (Audouin) 2 0.3
8 a5 a3k sV Schizoporella unicornis (Johnston) 8 1.5
9 * 4 a Fy K ¥V Schizoporella argentea (Hincks) 1 0.2
10 A E S ak A Y Electra tenella Levinsen
11 4 3 % 7 ¥ ¥ & | Balanus variegatus tesselatus Utinomi
12 F—o vy 7YY NR Balanus improvisus Darwin 206 | 39.6
13 2 F Y= 7 ¥ Y KR | Balanus amphitrite amphirite Darwin
14 $ v Hh s 7 YV Y R | Balanus trigonus Darwin 5 0.9
15 Yo RAY 7YY R Balanus albicostatus albicostatus Pilsbry
16 Ceraocharina differentiate Dendy
17 Haliclonissa n. sp.
18 IYFHFYR A AV Sycon misakiensis Hozawa
19 a v v 4 K ¥ Ciona intestinalis (Linné) 15 2.9
20 v o R ¥ Styela plicate (Lesueur) 18 3.5
21 Eg 2l F Crassostrea gigas (Thunberg)
22 AL F Y F 4 OH A4 Mytilus edulis Linné 1 0.2
23 = A v F Chlamys (Mimachlamys) nobilis (Reeve)
24 = b FF R Musculus senhousia (Benson)
25 + I = H ¥V 7 Anomia chinensis Philippi
26 % =1

o 2 | 520 100.0
27 4 2 R g Botrylloides violaceus Oka 13.5
28 > v = F K ¥ Leptoclinum mitsukurii (Oka) 70.5
29 a N vV 4 2 K ¥ Symplegma reptans (Oka) 3.0
30| FEATZ7I/w g sy Bowerbankia caudate Hincks
N | zohoBmE K ¥ 13.0




S A A« BA - TER—EHBEBIBICEB T 3 EF LY OERENTE I 1857
6 A 7 A 8 A 9 A 10 A 1 A & &
i % Bk % 1@42(1%1‘ % [EiEH % |Eh% % @B % | BER| %
1143 | 76.1 2101 | 69.8 3486} 75.4 3048 | 811 3711| 91.9 776 | 72.2 14358 | 77.5
190 | 12.6 488 | 16.2 245| 5.3 5| 0.1 160| 4.0 192| 17.9 1389 | 7.5
2] 0.1 r 2 —
43| 0.9 180 4.8 4| 0.1 41| 3.8 300| 1.6
51 0.1 23| 2.1 20 0.2
95| 6.3 127| 4.2 1] - 2] — 254 | 1.4
1| 0.4 10] 0.3 2] 09 9| 2.3 139 | 0.8
50 01 4! 01 6 06 23 0.1
4] 03 5| 0.2 2 - 3| o1 15| 0.1
2| — 36| 3.3 38, 0.2
63 4.2 25 8.5 805 174 40| 112 49| 1.2 1592 | 8.6
1] 0.1 9o 03 22| o5 11| 0.3 4| o.1 253 | 1.4
1l 04 20 o1 11| 03 25| 07 1| — 1| 01 4| o2
1| 0.1 1] - 2] = 9 —
' 50 02 2| - 7 _
2! 0.1 2 —
2| 0.1 2 —
1] — 3{o01] 2| — 6 —
1| 0.1 16| 0.1
6| 0.2 24| 0.1
1 — i -
2] 0.1 3| —
1| — 1| -
30 01 2! — 50 —
1] — 1, —
| 16| 0.4 16| 0.1
1502 | 100.1] 3012 | 100.2 4622 | 99.9 3758 | 99.8 4037 | 99.9, 1075 | 100.0 18526 @ 99.9
37.5 :
54.0
5
3.5
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RFI444E

iR 4 St 4 B L 2AYORE & EEREE LCRERRIC 5D 2EE (%)

5 A
BE MRE %

1 b S S D 4 Hydroides norvegica Gunnerus 531 | 54.1
2 v X e I Hh A Dexiospira foraminosus (Bush) 31 3.4
3 B - A AR Serpula vermicularis Linnaeus
4 7 ¥ a A v Bugula neritina (Linné)
5 K Y 7Y oa sy LY Tricellaria occidentalis (Trask) 2 0.2
6 F 4 4y AV Dakaria subovoidea (D’Oribigny) 4 0.4
7 a 7 a 4y A v Celleporina costazii (Audouin) 21 2.1
8 a7 k35 a3k sV Schizoporella unicornis (Johnston) |
9 F 4 a F A YV Schizoporella argentea (Hincks) 4 0.4
10 A E S a3k s Y Electra tenella Levinsen
1 ¥+ 3 ¥ 7 v v K Balanus variegatus tesselatus Utinomi
12 g —uw w7 IR Balanus improvisus Darwin 331 | 33.6
13 AF Ve 7 YUY R Balanus amphitrite amphitrite Darwin
14 v VHh T YUY R Balanus trigonus Darwin 46 4.7
15 yrAY 7YY oER Balanus albicostatus albicostatus Pilsbry
16 % =} - ¥ Styela plicate (Lesueur) 2 0.2
17 E2FVwA Y EYF % Haliplannella luciae (Verrill)
18 < 7 * Crassostrea gigas (Thunberg)
19 ¥ a ¥ H 4 Pinctada fucata (Gould)
20 | & 5 % % 4 # A | Mytilus edulis Linné , 91 0.9
21 L * v ES Chlamys (Mimachlamys) nobilis (Reeve)
22 b ¥ o= Musculus senhousia (Benson)
23 + 3 = H v 7 Anomia chinensis Philippi
24 | % B

e By 981 | 100.0
25 4 Z R ¥ Botrylloides violaceus Oka 0.5
26 > ¥V T F XK ¥ Leptoclinum mitsukurii (Oka) 5.5
27 FEATIO A ALY Bowerbankia caudata Hincks
28 0o BAE KR Y 0.2
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14 o.s} 8! 0.3 2| 0. 218| 6.6 22| 0.5 22| 2.3 317 1.9
2| 0.1 2 —
6{ 0.2 15| 4.5 4| 0.1 8| 0.8 168 1.0
21 0.1 4| 0.4 23, 0.5 4, 0.4 35 0.2
41 0.2 25| 1.0 9| 0.2 1 — 1| 0.1 4| 0.3
1/ 0.1 16| 0.6 3| 0.1 13| 0.4 33| 0.7 9| 0.9 96 0.6
6| 0.2 1 — 7 —
4| 0.2 15| 0.6 2| 0.1 25 0.1
6| 0.2 6 —
171 9.6/ 1366 | 53.1/ 1207 | 43.6 791 | 23.8 26| 0.6f 1| 0.1 3562]| 20.9
7| 0.4 23| 09 36| 1.3 4| 0.1 3| 0.1 404 2.4
3] 07 36| 1.4 93| 3.4 14| 0.4 3| 0.1 6| 0.6 165 1.0
st 0.3 3| 0.1 3! -0.1 1 — 58 0.3
4| 0.2 56 2.0 60 0.3
2 _
1 — 1 —
4, 0.2 1 — 5 -
1 — 1 —
9 _
1 — 1 —
6| 0.2 1| 0.1 7 —
1| 0.1 1 —
3{ 0.2 1 — 4 —
1777 | 100.0 2570 | 99.9, 2766 | 99.9' 3319 | 100.2| 4667 | 100.1] 965 | 99.9, 17045 | 99.8
36.5
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2 v X = F 2 Hh A Dexiospira foraminosus (Bush) 3 0.1
3 |SHE N A (VA 4 Serpula vermicularis Linnaeus
4 7% a s Y Bugula neritina (Linné) 4 0.2
5 A A - B A Tricellaria occidentalis (Trask) 59 2.6
6 F o Y SN Dakaria subovoidea (D’Oribigny) 1 0.1
7 a 7 a A YV Celleporina costazii (Audouin) 120 5.3
8 a7 ke3 aky sy Schizoporella unicornis (Johnston)
9 F A4 a F osK YV Schizoporella argentea (Hincks)
10 Y 3 4 7 I v E Balanus variegatus tesselatus Utinomi
11 I -y, 7 Uy Balanus improvisus Darwin 45 2.0
12 2T V=7 VYK Balanus_amphitrite amphitrite Darwin
13 $vvH 7Y R Balanus trigonus Darwin 10 0.4
14 e RY 7YY R Balanus albicostatus albicostatus Pilsbry
15 N=7 4y IkFT Tubularia mesembryanthemum Allman 1327 | 59.1
16 = 7 + Crassostrea gigas (Thunberg)
17 L7 H AN A Mytilus edulis Linné 510 | 22.7
18 g b FF 2 Musculus senhousia (Benson)
19 | % ]
N s | 2244 | 99.9
20 A R S g Botrylloides violaceus Oka 0.5
21 x ¥ =z * K ¥ Leptoclinum mitsukurii (Oka) 36.0
22 FEATIT ay bV Bowerbankia caudate Hincks
2B | zothoEE K Y
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3 0.3 126 | 6.9 132 1.4
2 0.4 1 0.1 1 0.1 4 —
1 0.2 4 0.2 33 2,7 2 0.8 44 0.5
1 0.2 1 0.1 3 0.2 1 0.4 65 0.7
4 0.4 5 —
11 1.2 9 0.5 3 0.2 6 2.5 149 1.6
2 0.2 1 — 3 -
1 0.2 1 0.1 4 0.3 6 0.1
13 2.3 756 | 80.00 693 | 35.0, 319 | 26.2 3 0.2 7 2,9 1791 19.9
22 2.4 23 1.2 8 0.7 1 0.4, 99 1.1
4 0.4 13 0.7/ 10 0.8 10 4.1 37 0.4
8 1.5 5 0.5 10 0.5 7 0.6 1 0.4 41 0.5
5 0.5 9 0.5 14 0.2
1327 14.8
1 0.1 1 —
3 0.5 1 0.1 514 5.7
1 — 1 —
1 0.1 1 —
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Effects of pH of Culture Water on the Growth of the
’ Japanese Pearl Oyster

Yukimasa KUWATANI and Tamotsu NISHIT**

The present study has been done to make clear the effects of pH of culture water on the
growth of the Japanese pearl oyster, Pinctada fucata (GOULD). Thirty five one-year-old
oysters were equally divided into 7 groups, which were reared in separate recirculating tanks
(Fig. 1) for 40 days. All the groups were given rice powder as food at a rate of 40 mg per
oyster per day, and 157 out of 40] of culture water in each tank was replaced with fresh
sea-water once a. day. The pH of water of the experimental tanks was first adjusted to 6
different levels from 7.3 to 8.1 by adding necessary amounts of hydrocloric acid or sodium
borate to them and to keep the pH values constant calculated amounts of either chemical was
added after every partial change of water. Chemical analysis of culture water and measure-
ment of under-water weight of the animals were made seven times at five or seven-day intervals
during the rearing period.

The results obtained are summarized as follows:

1) Average pH values of culture water throughout the rearing period were 7.36, 7.48,
7.66, 7.78, 7.89 and 8.07 in the 6 experimental tanks and 8.04 in a control (Fig. 2). As to
the alkalinity of culture water of the tanks was in the same order as pH (Fig. 4). No re-
markable differences were observed on the other chemical conditions of culture water among
the 7 tanks except for the two adjusted to pH 7.36 and 7.48 on the average (Figs. 5~7).

2) The oyster in pH 8.07 on the average and control tanks showed a rapid growth
represented with respective straight lines throughout the rearing period (Fig. 10). Among
the other oyster groups such a relation was found that decrease in oyster weight was in a
direct proportion to pH. The greater part of the animals reared in pH 7.36 and 7.48 on the
average died during the first half of rearing period (Figs. 10 and 11). The relation between
the weekly mean value for pH and the daily increase of under-water weight of oysters differed
with the stage of rearing (Fig. 14). The weight increases in a certain degree at higher pH,
about 7.8 or over, and decreases remarkably at lower pH during the first 19 days. While
after 20 days the relation is linear, being represented with the following expression.

G (mg) =29.589 pH —-234.794
Where G and pH show the weekly mean of daily increase of under-water weight and that of
pH after 20 days. The limiting pH for growth is estimated from the expression to be pH
7.935.

3) From the significance test of the differences among the oyster groups in the dry
weight of shell and that of meat at the end of rearing (Fig. 12), and the relationships between
the appearance rate of etching and dissolving features on the surface of nacreous layer of
the shell and the pH (Fig. 13), it may be concluded that the decrease in under-water weight
of the oysters reared in low pH is attributed mainly to the dissolving of the shell rather
than the decrease of the meat weight.

* ESTEBETERTEME 175 B (Contribution No, 175 from National Pearl Research Laboratory)
T EwE 7P (National Pearl Research Laboratory, Kashiko-jima, Ago-cho, Mie Prefecture)
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BIEAD pH NAREOEEBECK JIETHEBC OV T, ThETREL DERI IR TV S,
BRCSWTEEEY 3 XU 2MEOREEENC X b, PAMGR -« BRY, EHY % oV 20 S
B L 9 FhERA B O pHIC 4 5B DS 5 W IIBSER R OB # fT7e ol L Lighib, Fh
HOBRGILH L THEHWOABH—WE THOT, Thi b oThilbBeEERTIL LI ADE
BADHBOBREYRETHZ LR, TR OMEIBIR TN,

T4, FEKD PH & ABNCHS LicKEAVCT7 2 vy 5 12 @E L, ZORERVIREL L
T pH MNEGTS IE+HE R L,

Wl L UHE

HEMRHIZER 7 " BOE T ESRH AN S E SRR RRS CRE I W EBNIEInAD T a vy 4
Pinctada fucate T, £ 100 {EfEb X H HRANCEESARWEFD LR DL L DR LUKFEEN 5.8~
7.2g OHEENCHH LD 35 EHEELENL, ChbDOBEEHOTEKPERI B HECLD LS
2 5 EFo0 7RI ST i, .

Fig. 1l iRt &R0 A5 u—a Bk (25x25x30 cm) 3% 1#AL L, £RHE, SEHEs X OEEE
E L, BRI LY EABRKOER L EROMER IOFRD b OIER E 2 T70l, R R LUEERI
1339 151 OlkEE L, SEECERER AR Y = —AMBEAYET L, F8EILy 91 okl
PEkER 61 (EE 15kg) © 2~5mm ROW L Ahl, FEKBEREKD > b, EEESEE (Fig.
1. A) iZfRkaic QEBI LT\ 3285, FBEKE (Fig. 1. B) 131 A 2 EoMEEEEMERE (8~12 i Lot 16~
20 ) WidkIE Lic, SEBOERARIITHE 1M 0.50 Thok, Z0k > n@EEETBY
TEBLL, KROHEE L, MAEREER SOREHIES LOROREE o1 DB ERSEE NS ERCBRE L
oo

ERHIEER Y 1 BRU EBKHCBR L, £0%keoF 4 ¥~ b0 T EORKEE 104 DTk
BIORFELLSYY, ERoRS1A2EEL, 1E1EM) o83 20mg (1 B 40mg) & Liz",

FERIWEE S L) v AR L OMEEEE Lo T %D pH {E2 7.3 7 8.1 ¥ TO6BML D X 5 HES
Lic, 1EDOFBEK 391 ©5be
H1E 151 #H LK (1 B
O, FRKLBRBHRLELD) &
THL, OB KETHRKD
pPH % HZE LREOWRMELFHE L
o

1967 4 11 A 14 B A%k
EeAh, RIS AL 128251
¥CHE 0 AFEFEE TR, FIT cT FoT

O, ZLHERbYEEDHETH Fig. 1. Scheme of the apparatus used for rearing.experi~
Tz D IKBOHHTE X OB KEBE ments, FIT: Filter tank, CT: Culture tank, FOT:
BORER Tt Food-supplying tank, PO: Test oysters in a vinyl

cage, a: Air-supplying tube, S: Filter sand, A and
B: Glass tubes for circulating water, Water quantity

KEGH:  ARER O 8 85

(8 ~9Bp)ICHEKL, D¥DIHEH, in CT and FOT: 151, Water quantity and sand volume
FEC LIS TH¥HT Lic, PH {E in FIT: 15] and 9] (15kg), Number of PO: 5, Water
IV =y FEEREE LE circulation in the A and B circuits: 0.5/min., Rate

. s ~ w of aeration for agitating: 500 ml/min. Circulation of
%?%E‘#&E 530 mp i@ X BRI water through the route A continued all day and that
ZHEL, pHT7.0,7.2,7.4-...9.0 through the route B was stopped twice a day for
DIEMERR T L AR B feeding (8~12a.m. and 4~8 p.m.).
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D pH ExFHE D, BERS IOEBREYHE L, 74 %) EX B.C.P. 2i57%: LT 0.01N &
X DEEE L, 7 ve=7-N X WITTING DUEEES L NESSLER IR & 2 262 HLEHEE (430
my) Xk D EE Ui, FARSEE-N |3 GRIESS-ROMUIN BIEA AV ENRES: (500 mp) i X b % Uiz, 5
B-Nite FJ o v CHSHMRET L CHEEE T % STRICKLAND and PARSONS? Oz kot BEL-P
3EY 7 FVERT vE=Y AR IO EESORINC L AEBLILEXES (660my) & L b HE L,
H vy AL 2-hydroxy-1-(2-hydroxy-4-sulfo-1-naphthylazo)-3-naphthoic acid # R & LT 0.01
M o EDTA-2Na 2 X g Lo

HREOHE: HKERERZ LCAEAREOSKTERYHE LYY, HRANOMIIEYEH LA,
Fio, WEKTHE HRERIVEFTEEIRTWAEREBR @4 ot KThER, 2BEER,
ERRICAHOBER LERERE L 2T L, IOREREFC OV CTERERE OB MRS OHE
BEF~DY GREFECOWTIIERT 3),

= B & R

pH OZ(L v
fHHEKD pH o k% Fig. 2 wiRd, HEHMEZELTO pH OFEBHERERBEHEET K CIThLH
7.36, 7.48, 7.66, 7.78, 7.89, 8.07 Lic b, FioxBEMABTKTIE 8.04 Livok,

82

X RS "¥xn
n L] x X
A m !K X!*X ;.-iX)-( )I();i;: .!.X! )-<§xx X
80F 5%x¥ oW 1.3 2
9 @ n 3 o]
A g B a go°8? 58, ;"g00 p 000 gn B
wrgl X nagA, @ s o] A5 :|E|‘ Lo oH
St AAAAAAAA AAAA Aapdaad 4,244 44 RYTY VN
< A
A A
~ 76l oA Ban an 8,88 ATS AAANNAM LA pantA
T " A
a 092 o A o®__oe 0% 0o
oo ° 00ea®.0 ( 1] ]
74k 8 ® Co 0% % %0 % 0 s ° °
0 000°% =~ ,2© Lo o 06° Og
00 50°" 0"  s007CQ 0 00
72 1 Il 1 _ ] I Q
0 5 12 19 26 33 40
TIME (day?

Fig. 2. Changes in pH value of the culture water in 7 experimental tanks during
the rearing period. Open and solid circles: Tanks adjusted to pH 7.36 and
7.48, Open and solid triangles: to pH 7.66 and 7.78, Open and solid squares:
to pH 7.89 and 8.07 on the average, Cross markes: Control tank untreated.
The same marks were used in Figs. 4~9 and for oyster groups in Figs. 10
and 12.

KA S CZOMOKEEEDZEL

KB (Fig. 3): FAEHMEA®E UTC 18.6~23.0°C (F#5 21.51°C) & /e b KIBARE(LER R LichS, Ki#
HEMOERILZ LA ERD LRSI,

FAn ) (Fig. 4):  SELELE U CEEEAL 2.1~0.4nN OREAKCS Y, pH & AEEIER
THIEZRE LR 2R LIS,

7ve=7-N (Fig. 5): EELMOS (12~26 HH) wk\TFs pH 7.36 & 7.48 OFHEK
B L BWERR Licat, MoMEK TR 10 pg-at/l LT CHEKEEMOERIZD bR,

HERER-N (Fig. 6): 7 ve=7-N LEHIFEY pH 7.36 DRBEKDMELE L, pH7.48 Off
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23}
L F X ‘§¥>.<§
~22r 20r
© L
%‘21 r z |
& Z L 5
S0 =10
oc g |
= 2
=19t [
18 : y . L 1 S — 0 1 s 2 A f 2 -
1520 27 4 11 18 25 S0 5 12 19 26 33 40
NOV. DEC. 1967 TIME (day)
Fig. 3. Changes in water temperature Fig. 4. Changes in alkalinlty of cultur®
during the experiment. water during the experiment.
r
| 20t //\
3| :
S0 : SN Y S VR
X St
= | I
= :
=
S r SN
s =
=z r 5ok
' E
L = L
Fox %\,-251‘_ o L
oLEu s W& 7 DR o Lo
0 5 12 19 26 33 40 0 5 12 19 2 33 40
TIME (dayy TIME (day?
Fig. 5. Changes in ammonia-N of culture Fig. 6. Changes in nitrate-N of culture
water during the experiment. water during the experiment.

BROER LTI OSE, fiud 1pg-at/l DFTHEMDZERIZRD bR,

WEH-N (Fig. 7)1 7 ve=7% JOBEME-N L FACTS pH 7.36 & 7.48 OmEEKOERE <,
fLDFEB KIS 400 pg-at/l DT CHEMDOZERIIED LR, ’

Bif-P (Fig. 8):  £ff& LT 0.5~3.4pgat/l DEWEARICS D, 12 AE = TIREEEAE Lo VE 3
LOEALLHEEROZERBALR DA, 19 B B LRI LERRE L, T pH 7.36 & 7.48 OFfE kM
T 2.0 pg-atfl LB, EOMIVES 1.4 pg-at/l LEERR L,

Ay s (Fig. 9): @fkd LT 400~900 mg/l OFEEMNICH Y, FH pH 7.36 DS KOMEI ED
<, PH EOBIE L LB DEHER LT 5,
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4000 [

[ RN
>
PHOSPHATE -P (ug-at/L)
no AN

1000 ----=== == i
N [
® i
i r 1k
= |
= - A < ’
= L
R = A A
= s A éﬂl A "g' % 3
V5% 1§ 2 35 40 YU w9 3w
TIME (day) TIME (day)
Fig. 7. Changes in nitrate-N of culture Fig. 8. Changes in phosphate-P of cul-
water during the experiment. ture water during the experiment.
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I W 05:

(g/ onster)

CALCIUM (m
&

05 12 19 2 3 40

CUMULATIVE INCREASE N UNDER-WATER WEIGHT

TIME Cday) ol
Fig. 9. Changes in calcium of culture
water during the experiment. 0 ? 1‘2 lé 2I6 3'3 4‘0—
’ TIME (day)
HEBOREOZEL Fig. 10. Changes in cumulative weight
KebhEE (Fig. 10):  KebBEE O BEERE» S increase of oysters. Animals were
. ighed in sea-water (under-water
| 7 5 pH 8.07 % LU kiR welg
%xfé,ﬁ@}ii%@%{bbiqz%ﬁf - %loﬂ’“‘?ﬁ weight). Numerals in figure denote
NS LR TRECEER, EFRNCRELRL, the number of survivors,

5 pH 7.89 #i1 19 REUBR S THEVH B

W ERRL, I pH7.78 LITO&E 125 B BT CilEnRZsbi, LI FH plH7.48 L 7.36
OB TOWENELL, ¥ pH 7.48 #1119 BEESWTABE LT 1EE/ D, Fi5 pH
7.36 BCiY 26 B Hie W L,

BIEH:  BEAKTHEFE pH 7.36 & 7.48 OWBC RV CEEERERINDT, F0K,
5 B OYKBFC ZDOHEA LD, TR HREET TRBE IR TOAER MR Ui, #Ls LO0HE
OFSEE Fig. 11 R+ &0, B pH 7.36 OxEOBEEINT 18 H, 1 EEELBAK 8.6+«
B (@ ReBERLTWAL00 5 ElS 570D RERE LTiek), E pH 7.48 oxEOHAEREL


bos
長方形


347

pH OF CULTURE WATER : 736 i
o——x i
o—xX
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O—X =
O~x =
O0—x —
O—x =
o——x
S =
o—
5 i 5 10
o—x '—i’
O-—x
o— -]
. o— o
(]
O—x
Oo—x >
o——x x 9
o
O— X
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o
o0—x
o——x
Oo—X
o
Ox N
[o — L
x 1
o 8 1 1 \ 1 I i
Lova Vs bbby e 19T 6 7
05 12 19 28 33 40 UNDER-WATER WEIGHT
TIME (day) AT THE START (g)
Fig. 11. Survival time of the initial and Fig. 12. Relations betwéen under-water
supplemented oysters in pH 7.36 and weight at the start and dry shell
7.48 on the average. weight at the end of rearing. Double

circles show the data from oysters
sampled from a sea farm.

12 @, FH4®AaEnt 11.1+a BChot,

HERTRCRT 2R MEE: AERTHEHRAR IOEFHTERI LT RBARE LT D&
HEDHELT el ¥, TR KFERCN T 2R THRO EREREEOMGEY 25 & Fig. 12
CART & SR O HHEBBGR RS bhic, ¥ BREREREOEEEEEE S CREXFirD
T, BAE NEERE P35 pH 8.07 B, pH 7.80 B 4 BEEE RIS 1ot pH7.89 &, pH 7.78 2%,
PH 7.66 T D SHMAERMICIZV-Th b AEESRED S hicv 2y, pH 7.66 BHIATO 4B L, %7 pH 7.78
FHL pH 7.89 BRI Mo 3B L DM BEEENEDBH, £4E LT pH MEF S FH T Kb EE
32 REERLSRA T EARR W, —7, HEBENOKFERCHT 2 AERBESR, HE
RWEER SREER-RREER X+ 2RESREROPHEC W CIREOKE, HETHCEE
ERRBD LRI DT, DE Y, RARERLCREMEEMCENZD ALY, REERKS IOCAEDS
KECHEELRELED D Z LN E ol

BRENEREORMSREOHE = ,

KEBEOEREIIEL LTARDOBHBEMC L2 b0 LE 2, EREKTENEEY & Dk S RIEEE L
BRI T X O AREREEOBSME O ARV L, Fke LCIEETROELRBRL kit
RET2LOCLRERE BEED, Thb DK% LENZ § PANPEOT BEMEOBER LSRR LCE
ERRL, TORBEROWMENLHT, HEED 1) MEMEELTH5 L0, 2) RESMEELTHS
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LD (72 l, BREMNELIBIBTHE1HDWITED T
THOBER Tl T DD bETs), 3) i« iR
AtbhTunsi D, O 3LBRECRERS L, FhEhol
BBk BRI L, &R Fig. 18 KRt X5,
MRS X0y pH 8.07 o ARG A ERGE D HEX
AR L3 LA AR EY R LS, ZOMOFETI,
FHE KD pH 2MEL 72 BIC Lic v o TR ES O HBIR R
DL, [BEk < BREGOHBENEMT 2 EEIARbR,
TR PENILERIRETH DS, pH BV KEO BEE
EEZDREL « BREOBENE LV,

% £

REKOKBEZFFORER, wvBr Vv alEfRET
I oTHREI W A-AE KD pH L HEAIZE LB
BERL, i, 7oV EL pH & AR BHES4
RLice ERRIEOWTIEFE pH 7.36 & 7.48 DR
BANERBLELITELOEME R L, ZhIZEELL
BOEFZ I 2R ORE S JOBEADNED—
HoocERT2 0 EEL bR D,

>
o
S g |
100F %—%_ - =2 2
TN EE |oE
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pH OF CULTURE-WATER

Fig. 13. Relations between pH of culture
water and the lappearance rate of
three characteristic features of the
surface of nacreous layer, each in-
dicating growth (Q), interruption of
growth (A), and etching and dis-
solution (x) of shell.

FEIER D Vs o7 pH 7.66 L EOFEKTIL pH, 744 ) ERKR L HOREERIZIZG B%
THY, LodTnbiliilYeRliclsc “BoREY et LIBSEHE" whb, Lisd>T Fig
10 TR LAEEHOBREDOLXN VI EOERENABT KD pH RE L FEINRDLDTHLZ EERL T
%, 35 pH 7.36 L 7.48 DFE K TKEG D ENEIE Lz 2 Lo o\ TESICIIAEAD pH DL
ENEDREREL DT DM, ZRITIZEOEEIRT & & 5 SR EYORE LMo RO,
B RESBIBRE LEL R, Fig. 11 @R Liz pH & EOIE AR & I BRIIHEEH T,

ZREH DS pH & TOMOERBEORERE 2N
4% e Fig. W RT X5k, AEHBKEI9REET
i pPH et 2 KFEEDOBBOENF L K&, »
¥ 9 pH 2HENEL, L% 7.8 UEoHaiihd
PTEHBBEENZ LR, PH B3 Th U TOB &I
BLOBEN AR, ShbORAEIRES S AERD
PH A8 ET LicEaciizo pH ExiiG35 X il
EOREOMEYET, ¥ tDET OEALLBHY Xy
BERIL, FhEITekrhiBEC > TR E
Z NI EDS 5\ ILEBENE N OREDRC L2 TH B
BEORERL LI BRTHD L HEEILD, 20
B B #O pHIZH3 2 KPEEOHBRIILBIRE LT
KD, HEOENLDEDRNMELN D,

G =29.589 pH— 234,794
2T G iKFEEOFHAMEEE mg %, ¥/ pH
% pH {E%RT,

FlezoRnb AOREOEIEAR PH7.935 LEHEE

H, HFHB pH THOT L Ch B >-S3 IR

ey
oo
T

=3
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AVERAGE OF pH VALUE
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3
{=>]

+3
W
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Appendix Table I. pH values of culture water in a control tank and
six experimental tanks during the experiment.

Date Control Experimental tank
1967 tank 1 2 3 4 s | 6
15 Nov. 7.82 7.98 8.04 8.01 7.94 7.99 7.95
16 7.99 7.70 7.69 7.78 7.89 7.97 8.06
17 7.95 7.44 7.41 7.67 7.74 7.83 8.00
18 7.98 7.51 7.63 7.71 7.82 7.87 8.06
19 7.99 7.34 7.44 7.64 7.75 7.80 7.98
20 8.04 7.48 7.53 7.73 7.84 7.93 8.07
21 8.08 7.44 7.48 7.66 7.78 8.00 8.08
22 7.95 7.35 7.41 7.60 7.75 . 7.83 8.00
23 8.05 7.35 7.50 7.63 7.78 7.92 8.10
24 8.04 7.34 7.41 7.57 7.71 7.87 8.05
25 8.08 7.36 7.44 7.64 7.79 7.92 8.09
26 8.06 7.34 7.47 7.64 7.79 7.87 8.10
27 —_ — — — — — —
28 8.00 7.27 7.39 7.61 7.73 7.85 8.00
29 7.98 7.29 7.45 7.60 7.78 7.87 8.00
30 8.03 7.32 7.42 7.66 7.77 7.91 8.08
1 Dec. 7.98 7.31 7.36 7.60 7.79 7.89 8.08
2 8.13 7.36 7.44 7.66 7.80 7.91 8.10
3 8.06 7.28 7.42 7.63 7.78 7.85 8.06
4 8.06 7.29 7.42 7.51 7.76 7.87 8.06
5 8.05 7.32 7.47 7.75 7.81 7.91 8.09
6 8.10 7.34 7.46 7.66 7.79 7.89 8.10
7 8.06 7 30 7.45 7.69 7.78 7.85 8.10
8 8.08 7.34 7.45 7.68 7.78 7.86 8.04
9 8.10 7.40 7.48 7.71 7.79 7.91 8.09
10 8.02 7.24 7.44 7.66 7.75 7.87 8.06
11 8.09 7.28 7.47 7.67 7.78 7.90 8.02
12 8.00 7.29 7.46 7.65 7.76 7.88 8.02
13 7.91 7.29 7.50 7.63 7.77 7.82 8.05
14 8.08 7.34 7.54 7.63 7.79 7.87 8.10
15 8.01 7.32 7.48 7.66 7.78 7.86 8.05
16 8.09 7.36 7.48 7.66 7.74 7.89 8.13
17 8.07 7.30 7.51 7.62 7.77 7.90 8.07
18 8.13 7.27 7.51 7.64 7.78 7.90 8.13
19 — — — — — — —_
02 8.03 7.26 7.46 7.60 7.75 7.83 8.07
21 8.10 7.35 7.51 7.63 7.78 7.86 8.13
22 8.09 7.32 7.53 7.64 7.78 7.88 8 13
23 8 05 7.22 7.48 7.64 7.79 7.88 8.14
24 8 13 7.29 7.52 7.66 7.78 7.93 8.13
25 8.10 7.29 7.51 7.64 '7.77 7.89 8.13
Avarage 8.04 7.36 7.48 7.66 7.78 7.89 8.07
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Appendlx Table II. Data on quliaties of culture water and growth of pearl oyster.
* C.: Control tank untreated, 1-6: Experimental tanks adjusted to pH -
7.36, 7.48, 7.66, 7.78, 7.89 anb 8.07 respectively in numerical order.

G

Increase pf under-
Date . | Tank | Average W.T. Alkali- | Ammon- | Nitrite- | Nitrate- | Phospha- | Calcium water weight
and nity ia-N N N " te-p } Cummulatvie Daily
days No:k pH-value °C mN ug-at/ ¢ | pg-at/ £ | pg-at/ € | ug-at/ £ | wg/f o/ mg/ mg/
| group oyster oyster
15 Nov. ‘e 7.82 22.7 1.89 8.2 3.33 400 — 391 — — —
0 day 1 7.98 22.5 2.11 14.8 6.73 570 — 393 — — —_
2 8.04 22.4 1.93 13.0 3.27 398 — 410 — — —
3 8.01 22.4 1.99 5.0 0.33 265 — 405 — — —_
4 7.94 22.4 1.97 5.0 0.53 780 — 405 — — —_
5 7.99 22.5 2.07 3.9 0.40 302 —_ 405 — — C—
6 7.95 22.6 2.03 5.0 0.33 290 — 406 — — —
20 Nov. c. 7.99 22.6 2.09 6.1 0.43 220 2.90 393 0.29 58 11.60
5 days 1 7.49 22.6 0.48. 18.6 0.33 210 1.90 534 —1.58 —316 | —63.20
2 7.54 22.5 0.61 26.1 0.66 265 2.10 478 —1.25 '—250 —50.00
3 7171 22.5 0.85 3.8 0.13 205 2.20 446 —0.55 —110 —22.00
4 7.81 22.6 1.14 5.6 0.27 420 2.80 448 —0.02 — 4 — 0.80
5 7.81 22.7 1.68 3.6 0.17 265 3.00 412 0.23 46 9.20
- 6 8.03 22.8 215 4.8 0.20 280 3.30 400 0.36 72 14.40
27 Nov. C. 8.04 21.4 2.10 7.3 0.36 170 2.70 397 0.43 86 3.99
12 days 1 7.38 21.4 0.44 | 133.0 2.80 470 0.50 575 —4.04 | —808 | —98.40
2 7.45 21.3 0.51 75.9 1.80 440 3.10 499 —2.02 —404 —30.80
3 7.62 21.3 0.69 6.3 0.27 230 1.40 478 —0.94 —188 —11.14 .
4 7.77 21.2 0.93 3.6 0.23 260 2.80 424 —0.26 — 52 — 6.85
5 7.90 21.3 1.33 2.8 0.17 185 3.40 415 0.22 44 0.28
6 8.07 21.4 2.20 3.5 0.17 190 2.00 389 0.71 142 9.99
4 Dec. c. 8.03 20.8 2.11 10.6 0.43 300 1.55 385 0.70 140 7.71
19 days 1 7.30 20.9 0.43 160.6 17.96 2700 1.85 504 —5.07 —1014 | —29.40
2 7.41 20 8 0.52 10.4 0.72 390 1.99 461 —4.25 —850 | —63.70
3 7.61 20.8 0.79 10.6 0.13 195 1.32 420 —1.06 —212 — 3.42
4 7.77 20.8 1.21 8.4 0.20 220 1.77 417 —0.16 — 32 2.85
5 7 88 20.8 1.44 7.8 0.20 160 1.03 405 0.57 114 9.99
6 8.05 20.8 2.16 7.6 0.23 270 1.55 408 0.87 174 4.57
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Increase of under-

Date Tank| Average | W.T Alkali- | Ammon- | Nitrite- | Nitrate- | Phospha- | Calcium water weight
and nity ia-N N N te-p Cummulative Daily
days No. |pH-value °C mN ug-at/ £ | ug-at/ ¢ | pg-at/ ¢ |ug-at/ £ | mg/ @ g/ mg/ mg/
* group oyster oyster
11 Dec. c. 8.07 18.6 2.09 5.0 0.30 410 1.45 412 0.91 182 5.99
26 days 1 7.32 18.6 0.36 70.2 23.13 3350 2.28 504 — — —
2 7.46 18.6 0.59 6.4 0.27 462 1.80 465 —4.65 — 930 | —11.40
3 7.69 18.6 0.76 5.0 0.07 265 1.45 436 —1.23 — 246 | — 4.85
4 7.78 18.5 1.04. 4.6 0.10 300 1.45 427 —0.31 — 62 | — 4.28°
5 7.88 18.5 1.38 5.3 0.23 360 1.37 415 0.47 94 | — 2.85
6 8.07 18.6 2.09 5.0 0.23 360 1.52 406 0.97 194 2.85
18 Dec. c. 8.04 22.2 2.07 7.0 0.33 240 1.44 403 1.17 234 7.42
33 days 1 7.31 22.3 0.42 17.9 2.24 750 2.22 478 — — —
2 7.50 22.4 0.58 6.7 0.59 710 1.93 447 —5.20 —1040 | —15.70
3 7.64 22.4 0.71 4.3 0.26 250 1.29 429 —1.57 — 314 | - 9.7
4 7.77 - 22.3 0.97 4.8 0.26 280 1.44 424 —0.50 — 100 | — 5.42
5 7.87 22.4 1.21 4.2 0.19 210 1.22 409 0.33 66 — 3.9
6 8.08 22.4 2.04 4.0 0.26 230 1.44 400 1.15 230 5.14
25 Dec. c. 8.08 22.0 2.04 6.7 0.30 200 1.35 406 1.22 244 1.42
40 days 1 7.29 22.1 0.41 11.7 0.73 650 1.80 513 — — —
2 7.50 22.1 0.54 6.2 0.30 620 2.17 461 —5.55 —1110 | —10.00
3 7.64 22.0 0.64 3.0 0.26 220 1.43 445 —1.99 — 398 | —11.99
4 7.78 22.0 0.91 4.5 0.23 270 1.43 426 —0.71 — 142 | — 5.99
5 7.88 21.9 1.21 3.5 0.20 230 1.35 403 0.27 54 | —1.71
6 8.12 21.9 2.10 3.7 0.26 190 1.51 407 1.38 276 6.57

EP 2V ANFEO Hd ONEHERTEATWO y 4o L8R -

€



4 BR FEHR—T 3 v 1 ORECBLIEZTHRE KD pH OFE OV THR)

Appendix Table III. Data on whole, shell and meat weights
of the test pearl oysters after the rearing experiment.

At the beginning. Immediately after the end of rearing period
Average | No.|Under-| Wet | No. | Under- Wet weight Dry weight
pH of | water | whole | of water
of culture |ani- | weight | weight | ani- | weight | Whole | Shell | Meat | Shell Meat
water mals g g | mals g g g g g g
Laboratory | 5 6.24 20.50 | 5 6.45 21.36 | 11.03 | 6.70 10.15{ 0.98
control +0.34 | +£1.13 +0.45 | +1.30 { +0.82 | £0.97 | £0.74 | +0.08
8.04
7.36 5 6.47 21,90 | O — — — — — —
+0.45 | £0.93
7.48 5 6.48 22,77 1 5.33 20.34 | 9.43 4.18 8.44 0.65
+0.41, =1.33
7.66 5 6.62 22.68( 5 6.21 22.19 | 10.45 8.11 9.75 1.23
+0.45 | +1.47 +0.50 | =1.49 | +0.76 | +0.89 | +£0.77 | =0.20
7.78 5 6.63 23.06 | 5 6.47 22.80 | 10.82 ! 8.34 10.10 | 1.13
+0.45 | +2.13 +0.41 | =1.63 | £0.69 | £1.49 | £0.65 | £0.23
7.89 5 6.62 22.01 5 6.64 22,59} 11.33 | 6.72 10.52 | 1.02
+0.37 | £1.24 +0.27 | +1.07 | £0.44 | =0.58 | =0.46 | =0.20
8.07 5 6.24 21.17] 5 6.49 21.71 | 10.86 | 6.58 10.18 | 1.03
+0.45 | +£1.00 +0.42 | £1.10 | £0.87 | £0.56 | £0.71 | £0.44
Field 5 6.71 23.41 5 7.16 25.27 | 12.18 | 9.10 10.96 | 1.56

control

+0.33 | =1.81 +0.38 | 1.49 | £0.58 | =1.14 | £0.62 | 0.24
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