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ANNOUNCEMENT ON THE LAST ISSUE OF THE BULLETIN
OF THE NATIONAL PEARL RESEARCH LABORATORY

Accrding to the reorganization of our research system, the National Pearl
Research Laboratory has cesed to exist as a separate unit and has joined the
National Research Institute of Aquaculture which will start on March Ist, 1979.
Simultaneously, the Bulletin of the National Pearl Research Laboratory will no
longer be published, and the present issue, No. 22, is the last one in this series.

Looking back at the 22 years of the Bulletin’s history, 251 articles have been
published in the fields of biology, biomineralogy, biochemistry and environmental
science, concerned with the pearl culture in Japan. After this, these works will
be done in the National Research Institute of Aquaculture.

Hitomi Sugimoto
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A gy, HeokBEOREMO 7 & i & OEHEICET 5 A RN AEY
SR THR D 2B S5, Z2NICE > THRIKO b DHEEEO-—EV RIS 5 & &
AbNB, UL, COMBICETAMEROFAEDZSEANELF 2 BIUIANES B E
~ (Read, 1966; Ghiretti, 1966, 1972) TV TIFHLNIZIDTHH, C OMBELEE
KL=, =0 (K55, 1959; HEA, 1970) 5 355, KKEDO 7 & 7 BRHEAIC DU
TIEBmHD T2, BHEOMBREY, Kenny (1964) O 4+ TOHMEDHTD 5,

A M EEORK T 2 A HENHFAO-BE LT, 7ar 18IV +%
B, MRS 5 MR 2 BB U THREO 7 3 2 BBEREHRE L, =, Z0OHIRZ2E
1O THET %,

1R, WMEWHILL, TIaYHABIOV FERBOBRICTH I %2 BT E S AR R
iR FEEL O L, EEZABHOBRET 5. TR CRE 280 - 1o RKBIFEHT
EARCHITES 5 O HET HEE T LB U R %,

wHREHE

HE MR EEBNTETNER LI 7 2 ¥ 4 4 Pinctada fucata & < 77+ Crassostrea
gigas T, MEL D 4FEERZEALUI. BKIZI975F 1 H208 7 2 v ' 4 T E B

Fig. 1. - Diagram of the pearl oyster showing the regions of both the heart
and foot that the body fluids were withdrawn.

# Jsao Yano. Amino acid composition of the body fluids in' Pinctada fucata and Crassostrea
gigas. With English summary, p. 233l. Bull. Natl. Pearl Res. Labh. 22: 2327—2331.

T EEERIZERT %45 No. 246 (E 7 BIERAT#R22 © 2327—2331. WAFA634E 8 B)



2328 H &7 B % B # TAFIS34E

WL TEEL Fig. 1), #FOVTROE»SBERLIZ 02207 &L &
Utzo ML b 1KY SEKTE 2RROENDISNIID, 73 ¥4 4 TIidd0fEHES,
B % OHETIE 2EES, »FOMTR 7T BESOBRKEEDIZ, 28, #F TIXEREK
PR T E IO THHERNE U, 72 ¥ 71 OB T E 2> iz oERICS 3
TR UT2o B UIERIITE BT 3000rpm TISAEELL, 20 LEBEAR2 7 I/ B
ricdt L7z,

T I/ BRSO  BREREED 12N EBEP A, HRAHREE L110°CT220E /N K 5
U8, EREEZL DA UTHEBZRONIZS 0% pH2.2 0 & = o ERMEERICARE
UTHI KLA—5 7 3 v BB TOH L1

= S

Table 1 K7 a v A BIUDFERO7 2 7 BROBEEE 20T VEE 2R LI, LIE
PO U FBREDO 7 ¢ BOBRERM CITER D s hicd, BTy 27 3
INTIBBED LN, 7IPH AWV TIRELH SR LUK TLI7HE, DE» 5
OEBE TR Y ZAF U BBHINTICED 7 2/ BBED NI, B7 1/ BOBER2A3
&, FEFEREIBATEUI BT > T, T2bb, buvd=y, vV, FSrxis
B, Yoy, YUy, 75322, NY, ufvy, Fall, T ATFTIT2UB

Table 1. Amino acid composition of body fluids in Pinctada fucata and Crassosirea gigas.

Materials Body fluid (# mole/d!)
P. fucata C. gigas
Amino acids heart foot male* ~ female*
Aspartic acid 107.2 98.2 307.0 302.4
Threonine 56.0 52.1 386.4 101.0
Serine 46.0 43.8 142.7 89.9
Glutamic acid 94.4 90.5 317.5 190.0
Proline 33.2 30.7 195.1 85.3
Glycine 63.3 56.3 358.1 186.7
Alanine 57.2 51.8 317.4 151.7
Cystine (half)  — 24,3 -— 34.6
Valine 62.0 52.4 148.4 80.2
Methionine 9.6 18.8 35.3 25.9
Isoleucine 46.4 38.7 194.7 124.3
Leucine 67.2 57.9 257.4 157.6
Tyrosine 30.7 38.4 98.3 24.4
Phenyalanine 32.0 26.2 108.0 61.7
Lysine 35.5 36.1 16.5 16.6
Histidine 38.4 43.2 289.2 191.9
Arginine 26.8 27.5 98.2 83.0

* hody fluid removed from heart
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P exF o OUEBOY 3 7 BOE AVBEIROTN S HELVIHEODL.5~3. 8 D&V ERZR
Ulze CHIL, PRI FURE, VOUBIP 7V L RIBHETIRIZRIVEE 2R
UtZo 7YX 4TI, FRINSELUB,, brd=, ®YY, Frxi B Ty,
FYvy, FI=u, NYL, AVERAYY, B VY, FuLy, T2 FTIT=L,

YUy, ERFULBIOTAF=2DI5EOT T BIZEE, OE S IZTEUVEER
RUT

Table 2 KA FBIV 72 ¥4 ORKICEETN S 7 T BEREREI0001CK § 5 %
73 BEAROEHERRUIL, DB SHKR LI FERPOET 3 BEEEBOEHE
BF RN FUBTHIZEOKN 164 PrtzrbFod  TREERMD2/EEE DD,
INS 3EO7 I BRMBETE UL B> T, UL, BekHiahih-7zv 2
FURBKRNT, Y, SAEIUEE oV, FYVVYy, FI=r, XYL, xFF
=, 4AvuAt vy, sLYy, T2 TFIT=, IV, EXAFUVLBIITAFZ
L OISEO Y §  BEEBOHISIZMERE DR UEER U, b hREHE: § 7
ZNRTEVER, brF =, TAEIVBBIOTeRFOCDAEDOT 2 BBOBEED
EREBOHNUYZED, VO UVERVIBVEERRUIL, 7a v A1 BEIZER O
EHRTRRGF UM, SR UBMBEL, NS 2EBDOF I BTEBEERDBYEHR
BED, RNToA4vy, bLF=l, NY, 4VYRBLAYY, FRYY, T2ZUF T

Table 2. Amino acid composition of body fluids in Pinctada fucata and Crassostrea gigas.
(amino acid residues per 1000 total residues)

Materials _ Body fluid
P. fucata C. gigas
Amino acids heart foot male* female*
Aspartic acid 138.4 124.2 101.1 163.7
Threonine 63.5 57.9 111.8 48.0
Serine 45.0 41.9 35.5 36.8
Glutamic acid 136.7 128.5 117.3 115.4
Proline 36.2 32.7 54.2 38.9
Glycine 40.5 35.3 58.4 50.1
Alanine 45.6 40.4 64.5 50.7
Cystine (half) — 59.4 e 36.1
Valine 69.0 57.1 42.1 37.4
Methionine 14.1 27.2 13.2 16.0
Isoleucine 58.9 48.1 63.0 66.1
Leucine 85.3 72.0 83.3 83.9
Tyrosine 56.2 68.8 45.9 18.7
Phenylalanine 52.8 42.4 45.5 42.7
Lysine 51.0 50.9 6.0 10.0
Histidine 59.0 65.1 113.5 123.8
Arginine 47.1 47.2 43.9 61.0

* body fluid removed from heart
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=y, VULBIPEXFULHEEL, ChHI0EDY 1 BTLEEHB DT % &,
AFF = EBRAENEESRR LI, Vol d, YXFLRDNWTHRE, D7 I8
WEDLNIZ L FOMTEINY Y, T dr, Y EEBRAVHATEEINTO S,

z g

—HBEHOKED 7 3 2 BizowvwTik Kenny (1964) 257 & O0M» 5K L 12 KK
BR—se—s w2 NS5 T 4 =THNUEREY @ BRI I 1Y, 6N OIEBR TR
BUIERRIBYRF Y, 72207520, XYY, Fuvl, FuJy, FYv,
TNE I VBRI ) L O8BOT I BHRHINE L BREL T B, KERT
B7FavH46I00 +ERIIGE» S ITEDO Y 2 2 BOSHH s, &+ 0EKIREs
ThvF=y, 2V, M2Vl 70y, 94y, P52, N, oAy
v, FRYVY, TP I2uBIexFOLDIEDY I s BIEEOFHBOTRE
BOBERRUICY, LNy 2 BBEOSENEICHIICERLTALEINS
DO»dHB3VRMOERTEEINZ DPREARHETH Y, SHBIEIBINZELAADT &
WL, =H, HRAGEOERZEZRUTHRHTAIVEN DB I E12,7 3 ¥ F 1 ILEHE
e R B EHS RIS 5 7208, SRS LI 2 IO ESEE LT, ZDE
MBERZHF EHANTTEES, HoLRIZFOFB 7Y HFA4LDE7 i BEEZSH -
o COMEMIEY FEBROBEAER (234+74ng/dl) 2|E L T2 R% 5 (1959) DIFZE
v avH4DFEN (22—42mg/d]) WOWTHRUIZHEA (1970) O#EERE —FT 3,

= #

1. GE»SHEER LI FARD 7 ¢ 2 BOBERSH TI7TE, #TRy 27U BRHS
NP RED SNz, 73 ¥ 44 TRER» 6 HIK U IR TL7H, Olfid» 5 0Kk T
BozxF o shd16EO 7 2 0 BUHED bhi,

2. HEERBSMREE S 7 2ANSFUR, A=, SAXIVBBINERFUL
DAFD 7 3 BROBEEVLEERONUY% 2 5D, )Y B ENEEERUIS
7av A ARRISER, ORE TR F LW, Sk I L EBBEL, HEOT 8§
THEBEEBDBLHHZZ LD, ROT, w4y, bLd=r, NV, fVB ALY,
FuLl, 72T I=lL, UDLBIPERFUULHPEL, CNLI0HOT T BT
SEEBEONT0%% 5, *F 4= 3RIENHERRUI,

3. A LAY, YL, FALEIUER FuUL, FYvL, FI=L, N
Vv, AV, FRrVY, 72207720 BIexF0U0DIIEOF 2 2 BBoE N
WREDSA TS B DL.5~3. 8D B AEE R R U DI L, FRASXLE, 1o
UEIOT S VIIMETIZIZR VB RR LTS
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Summary

Amino acid composition of the body fluids of the pearl oyster, Pinctada fucata,
and the oyster, Crassostrea gigas, was investigated. Sixteen to seventeen amino
acids were determined in the body fluids obtained from the two species by the ion
exchange column chromatographic method. In the oyster the body fluid removed
from the heart of male showed a higher value of amino acids, threonine, serine,
glutamic acid, proline, glycine, alanine, valine, isoleucine, leucine, tyrosine, phenyla-
lanine and histidine as compared with those of female. The body fluids removed
from the heart and the foot of the pearl oyster have high amounts of aspartic acid
and glutamic acid. The oyster has the body fluid with high amounts of aspartic
acid, glutamic acid, threonine and histidine. The male oyster contained no cystine.

X &k

Ghiretti, F. 1966. Molluscan Hemocyanins. in “Physiology of Mollusca” (Academic Press)
II: 233-248.

Ghiretti, F. and Ghiretti-Magaldi, A. 1972. Respiratory Proteins in Mollusks. in “Chemical
Zoology” (Academic Press) VII: 201-217.

Kenny, M.T. 1964. The in vitro maintenance of oyster cardiac tissue in undefined and chemi-
cally defind media. University Microfilms Inc. Ann. Arbor, Michigan: 1-97.

Read, K.R.H. 1966. Molluscan Hemoglobin and Myoglobin. in “Physiology of Mollusca”
(Academic Press) II: 209-232.

WARE 1970. T3 ¥ 44 ORE L AEBNIBEI DN T, ErEEH15 @ 1863—1873.

RIGRA « kPEE—BF - (LOFIL « FHEB— 1959, A FOKEDILFERMCETIHE 1. =4%
(Gryphea gigas) OMBEKCHLERICEENEEEE, B8 8 —11.
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BREABPCHRE»EEI VT TEET 586, MEEXEVAIEFEL TWAD, Ml
WEBRICE > THRET A DT, COROKEREZHEL THREMOMERELHEET
2ONNEESKEETH DY, MEOCEEICE 220X EHEOHEENKEIEEDEE L
THEhS (BR, 1973) . U2 UAUEEHOMIBR DV T KBEREIC—ED S DTk
7, MO E MUK S TET A0 THY (NG, 1973, 1974), T 85ED
A E MR A RO MIEE KRBT S % — VB EET A B h T
% (RAE, 1972),

BB T 3 BEOEMICAL TS, BEAYBBEINTEL, MEROSEIT—R
KRB ET TR INTE Y, b OmBROMBERKEE LW TOHIE
BlZE 60 SR 7 aYH 4 20T, & UTERBENEBHICET N TAEs N
MERT & DIKEYAE 2 BT,

BPHETALHIVERSHE L VIO EREYEN AR/ NEBRHAR L5 0NICHE
B EFEERASRIGFREL B OB 2R UL T,

MHEERTHE

SEEEEESHENOEE T 2 nBICEFER LU EBREER 3 EE 2T, 1977
£ 9 A30H—10A31HiTHIE LT,

My »eikid L Ed7z b 0.5—1.0ml OB 2 BB 15 M LTS 5 S8 TR,
1EOHIEICIZI0OE 2 AV, 2NFhOEDPSE - Y v IR A U1z, FERLIZMm
Y »oo¥RIE 1000rpm T 5 ARIEOILE S ¥, EE%2 3 TIc%, Table | OXKEIKRICES
W TMBRZEEME L, 1200rpm T8 HRIBGINE S LB 23Tl XWWT, Hfafys
0.7— 3 x107/ml i€/5 % & 5 kB ICH BB 39T, MREEK P /R U, Finh
LHIEE TIR{ER (4—10C) RDL, it 2 AUPICEERZTT LIz, 1 EOHENE
T EREERIMER, AR MR & R NER MERIC D W T2 N E h20—40E 2 HiE L,
HHET5EENE LT,

WKEIE 13 Zeiss B> Cytopherometer ((&EM) % AWV T 25+0.5C, 10mA O&Rf:
THlIE Uz, KEED pH 127.1, 4 4 L 3EIZ0.10TH 3,

* Shoji Funakoshi. Electrophoretic mobility of the hemocytes of the pearl oyster, Pinctada
fucata. With English summary, P. 2336. Bull. Natl. Pearl Res. Lab. 22: 2333—2336. 1978.
T EI BRI No. 247 (EEHRFFAHE 22 1 2333—2336. FEFIS34E 8 H)
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Table 1 Electrophoretic medium

A Dextrose-buffer solution

Ingredient Amount per 100 ml
Dextrose 16.2 g
M/7 sodium barbiturate 10 ml
M/7 sodium acetate 10 ml
0.1N HCl1 ) 11 ml
B Salt solution after Cameron
Ingredient Gram per liter
NaCl . 27.27 :
KCl 0.76
CaCl, . . 1.22
MgCl, 2.36
- "MgSOy4 ) 3.44
Mixture rate
A 9 parts
B 1 part

HRBIUER

FaAYH A OMMOKEER 5 HAIFEL, Z2ODfE% Table 2 iIKF LI, 1z, 5E®
BEME2BE LU CMEROEEGNICHKENE DR A2 R UIz0H Fig. 1 Th 3,

100{
5ol AH FGH
-
Qo
o
() | _
g_ -01 -0z -03 -04 -05 -06 -07 -8 -43 -1¢
@ E.P.M.
e p/sec/V/cm
501
100

Fig. 1 Distribution of electrophoretic mobilities of each hemocyte type. The
abscissa represents electrophoretic mobility (E.P. M.), the ordinate does
the frequency for the hemocytes measured. AH, agranular hemocyte;
CGH, coarsely granular hemocyte; FGH, finely granular hemocyte.



8 A Mi—7 3 ¥ 4 4 R OMBEBRSKBEIC DT 2335

Table 2 Electrophoretic mobility of hemocytes. Mobility is expressed as p/sec/V/cm.

Hemocyte type Agranular Coarsely granular Finely granular
hemocyte hemocyte hemocyte
—0.33+0.08 —0.40+0.05 —0.65+0.02

M dard —0.32+£0.05 —0.39+0.03 —0.65+0.02

ean + standar
deviation —0.27:0.04 —0.41£0.05 —0.65:£0.04

—0.29+0.06 —0.40+0.06 —0.64+0.03
~0.,27+0.06 —0.40£0.05 —0.65+0.04

Total mean —0.29 —0.40 —0.65

fEEhinER (AH) © kBB 3BT EH —0.29 p/sec/V/em T3 FEEOMERF TH b
EBNMERRL, —0.18~—0.59 p/sec/V/em OEEIDEFELTH D, HICEHED & &
EH~OSEALLTED 51,  OEEE DKE) % R4 EEN MBRITIZ/NED & 0D <
BmEINIz, Tz, PN IMEROKEIE O 27 R AN Bk (CGH) % & o' /N MUK
Mk (FGH) O & E/L DG TN B -» 72 MAFRIMER DIKEE X HEEE —0.40
t/sec/V/em T 3BIEOMERD 5 b THEOEZRL, —0.27~—0.544/sec/V/cm OHEIFH
W Utee  M/NERIIER O IR BIEE 1S ME —0.65 #/sec/V/em T 3 D MERF T
By#L, —0.55~—0.72 u/sec/V/em OIS L, HABENMRODMEESD
A5 L b T,

Fig. 1 wimUizk 51T, 3EEOMROKBERZNLENERDIHLZLTNEEA L
TCEDTE, ZRFNODTHDILRAEL TN B, ISt REDHERES BOHEET
NTE, 3EHOMBMEEOHITERDZE (P<0.5%) BEBDLNI, INHDEND,
T & UTHREZRMETOTOES N SEEOMNRE, 20%EE» S, 2hE
NBEZIMABETHEEBDBCENTEL 5,

AR BRI E R I ICHKER DA 2 ATV S § OBV, DEOM/NE
RPEFROFNER 2 H»>bREL b O BEIN, M/NMEKNARIHNEND A 25 .
COTENMIROICIIM/NER P EB LU TEENBGENH A &b, WEDMKIE
EEFRAUEBEOLOTH Y, NIEERERBOLNNTHAEVIEALF L T3, M
ROGITHBERHOEELS LOMRO KRS SICHEND S L b SBREMNITEL 2 MK E
Zztr (i 1974), MENMIRZXREE» 525 &, b UEEICE /55 BTG
H 525, KEEODHICIMMBROBMICEE T AV ERDLLELLONS, ULy
U, ERICIRZ3 05 ERELT, BiTE-> SV PEEUIERSER2RT L EDOEAL
T, TERMERO I BITRERLFIET AR AV R I N B,

HEME DI DRBIERITICH I > T, BMEDTF =z v 7 2 5 D RKBEEREDTIIDHIT
EEANE S LTSy FROERSAN SN TV S, BEREOKKDOIESEREZEKOZN
L1313% L < (Robertson, 1966), BHEEIPDHERIKITL 6NTREENES L { & W\WIC
DT, AEBROKERICIE Dextrose ZRIMUTRELEZFFH LI (Table 1o 2D &5
REBBEBET TS v MROIRIEATELS» -2 T, SHEOHE CIEERRZ
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AunTiizngd, Table 2 R LIC L 5 WHENBEREEOEWEIERERSE NI & h
5, MEROEEEEMOKIBEDHEIZITEIEDEEA S,

7avYHAOIEEOMMAT, MNENMROKEE X Z OGRS /NI, T
Hied (EEfE) dERENE D E» -1 (Table 2, Fig. 1) ¢ &b 5, 58T 5HER
FOMEBSKEENER DY, 72 ¥4 1 ORyNER MR 7 EHEMg E L TER P
DB EE LTI, M/NENMEROMEESRKEE & ROESS 5 NiCEH sk &
DERITONT, BEEFORIORMBEINTNEDT, Fav¥H4LUNADH»LHE
WP ELNENENI CEEHDETEEEKRT 3,

35
= i

1. 7av¥ 44 OMmMMROMBBERIKEE 2T LT,

2. F&UTHEBENBHMCESONTOEINT 3SEBEOMER, 3 /5b b Sk mER,
MAFRIMER, % & O NERIMERIZ Z W F DR 2 MIEEBSKKEIE 2R LT,

3. MIASBSXEE M NENMBRL RS &L, EENMBREIFIEL, 2 U THAM
BBk 2N 5 O EIIGTVE 2R LT,

4. WHEEEOMBEBSABERNTICHIY, 73 ¥ h 4 OB ek % =i &
LTHN S C & ROV THEL T,

Summary

The electrophoretic mobility of the hemocytes of the pearl oyster, Pinctada
fucata, was measured by the method of cell electrophoresis using a cytopherometer.

The three types of hemocytes: agranular hemocytes, coarsely granular hemo-
cytes and finely granular hemocytes, which are mainly classified according to their
morphological feature, possess characteristic electrophoretic mobilities, respectively.
That is, agranular hemocytes possess the lowest electrophoretic mobility, coarsely
granular hemocytes have faster electrophoretic mobility than that of agranular
hemocytes, and finely granular hemocyes show the highest electrophoretic mobility.

Finely granular hemocytes might be used as a standard cell on the measure-
ment of cell electrophoretic mobility of marine molluscs.

X ik

RIS 1974, Ta v A4 omIRicoN T, EIEEETE 18 1 2140 —2147,

INETEF 1973, HHRROBRE Lo LTk S MR REmAE L. MBS KkEERE (LBEBHE ,» X
Sa pp. 109—113,

NEER 1974, HROREE L REEE. £9YHE 14(5) © 18—27.

Robertson, J.D. 1966. Osmotic and ionic regulation. in ‘Physiology of Mollusca I’ (ed. by
Wilbur, K .M. and Yonge, C. M.), Academic Press, pp. 283-312.

BEME 1973, BRAHHEFOVEZNEE MRESKEERE (LASBHE) » X0t ppll—
33.

K% 1972, MRESKE. BFEY 27(3) : 606 —611.
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B FAABREOB Y CH S AEETEZIT/E 512D, BPBORES O b DAY
HREEEREL, 2 O/ BEEROHR THRNICRAT 5 C EBBRETH %,
AHETE, BEURBEOREIOIORHEE7IVY A ORELRHE  SKPHLDI
TAHLERENE UTEBE2T2V, MR2EBICOTHRET 5,

WIS, ERO TR 28 > TERCHFRE, KAZSHETHAESRICHERE
To E1, XEAOREZEWIHAREEEE, HEROFANEKE HEZE OB
ZRBEONUATHAMLRERZFICBSLEB L L 5,

7 ik

HBICHNI 7 3y A 3BBEREI VIRA UICKRFESBE LUICE (NAT &)
EATHEBE I 2EAERREREOHE 3 (ART LBSEE) Th 2, ABRIZ1974FEH 5
1977 T TO 4 EFITHIZ DT80, 7441t NAT & ART Higi 2 £81I250T5
A~12R % T, 7581z NAT 2EH ko T6 A~12H, 768k NAT 248,77
BRI 1FEE 2EB DTS A~128E TTRE - 12,

HBRH I EEESEET R ORRED SYEHE 0.5, 2, 5BLOT7 m ETFEHBELI
CT6E L TTEIRB CNILE mZINATI ), REECHEAORE, H5»UDEHEETE
IR L C7TATEE30M/ME, ToE~TTERSER), BRIk Zz8 L C2EE (EFES)
BEIE LU, 72120, TTEQ LERRDWTIRERZ T TRIELCISEET O M H L
HEEDHEIHL I,

BAEE - GRAEE, L AEER, ICKEICHEHEUICHOBRAKOSER, &
REESLREBRANER G0CTLEMLLEER) 2HEL, Z050EREELLE
Bol W/T), HREAEELEREEOL (D/W) »OHEE LT, 20fhic, KE, BE
SIOEEE U TOFENRRER C EREEOL AW/MW) L ERTORELZEZDS
2 (Perkin Elmer #® Elemental Analyzer) »#liE U1 F17, BEIIKEBHEL T
Hotk7a¥r 41 OBARBEERL 7L = 7 BEREHME 2 T4E~THECLITTD 2 £

* Katsuhiko Itoh. Ecological characteristics of cultured depth based on growth and metabo-
lism of pearl oyster, Pinctada fucata (Gould). With English summary, p. 2351. Bull. Natl.
Pearl Res. Lab. 22: 2337 —2362. 1978.

t EEBRFEITERE No. 248 (HIrEBRIFFETHRE 22 | 2337—2362. WHRI534:8 H)
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flichtz b g (1976) REWVEIE L1z,

o £

BRAEELSEEQL W/T) (LD0T THERBIAKESTO NAT 2 H 0
W/T & (Fig. 1), 0135 A~ 6 Bit k&<, EFENIT/NSL, 9ADBARL S
S TS, BBIDOHOBICZ E L IKERTM 12, 75HED NAT 2880 W/T i, 5
A~8RAHrITT7TmOEMZOMOEL D b KED 7205, 9 BLIBMITE - 12, 764
DONAT 2EEHTIE, BEIL SHA~IA LT TNEIL S ->72h, BEIIKL 2801
S 12 TTED NAT 2B W/T 12, BEIEISHIWNIL Y, Z20HBKE
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Fig. 1 Seasonal changes of weight of tissue: total weight .ratio (T/W) of 1 and 2 year
pearl oysters cultured at the different depths in 1974 —1977.
@:05m O:2m, [J:5m, A: 7m.
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{71z, BIITE AL, 0.5mDEMSMICHRT 8 ALB/NI b -1z, NAT 1EH
OW/T X 2 ER OB il TN, *
ERAEESBRAEEDEL (D/W) (CD0T '74Ficki 52 NAT 2480 D/W
13 (Fig. 2), BIEX & SEIEIRROTETULIZY, 9 ARgLEZ2m>0.5m> 7 m
DIFICS > 12, 75D NAT 2 FI3 A4 & ARHCEI 2 O Ic{E T U1cds, 0.5m &
2m®HEI 8 BiItgEiczh, 7TmTRIAPEICRIEIREE 72, 9 AL 0.5mE 2
mOENTmOE L DBEULE IS5, 12B TR BIES ORBIITEDIZ I8 -1, T64F
w3 NAT 28280 D/W 28 HFIWICETL, 20#%, 2mOEIIFHTHIT
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Fig. 2 Seasonal changes of dry weight: wet weight of-tissue ratio (D/W) of 1 and 2 year
pearl oysters cultured at the different depths in 1974—1977. .

@:05m O:2m,[]:5m, A: 7m. -
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FENRHESLERZTEDCL AW/MW) [CDNWT 7440 NAT 2&HB0 IW/
MWix (Fig. 3), 0.5m®RAT7 B#w & 8 AEITE L (0.285), 78 g ic &R
(0.257), 9 ALIBBET Lz, 2mTid 6 HHEE 7 ATA~8 A LA (0.27~0.286) L&
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Fig. 3 Seasonal changes of weight of internal organs: wet weight of tissue ratio
(IW/MW) of 1 and 2 year pearl oysters cultured at the different depths in
1974—1977. @: 05m, O: 2m, [J: 5m, A: 7m.
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(0.313), 7 AANT{EL s h (0.255), 8 AFFAILIBET L1, 751K 1T % 0.5 m O
NAT 24@EE® IW/MW X6 B FEICEZSITELI (0.369) DbBRAIETF LIz, 2m
DEB0.5m R 6 HTFEIESICE LI (0.353) ObLHEMiEHiKETF LI, 7mT
37 HTAEE 8 AEiKE < (0.353), 8 AEIDIKIEL (0.297) 72 -7:2%%, 8 B FALIK
BT UT, "764EITi81 50.56m® NAT 2E£H0 IW/MW &, 6 B4 (0.329), 2mT
6 B & 7 AAl (0.349), 5mT6 An & 8 ¥ (0.321~0.334), 7 m T 7 A
f1& 8 AT (0.345~0.396) ILEL 5 h, ZOBBHEHIE TR U, "TTHER B T 5
0.5m® NAT 2&FH0® IW/MW 12, 7HLE4A (0.317), 2mT6 Afget 7 ATA
(0.334), 5mT7HLHE (0.360), 7mT6 A& 7 H T4 (0.327~0.350) ITig< 72
STDBETL. 1FHD IW/MW BgBEIH7 ATGCELkh, 208FHE &
BILET LTS,

BASBORBLEERESTELCDONT '7T4EIRBIT 5 ART 2 2B 0RESHE R 3 (Fig.
4), 0.5mDATEIEL, 2m>Tnm OIEIREL S ot BESERIZTmOENED
#<, 2m>0.5m QIRICEL 212, 74D NAT 2 EHoRESEZE (Fig. 4),
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Fig. 4 Seasonal changes of carbon and nitrogen contents in tissue of 2 year pearl oyster
cultured at the different depths in 1974. ART and NAT indicate the 3rd genera-
tion 'of the combined oyster and the natural oyster respectively.

@®:05m, O:2m, A: 7m.
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6 A~8 AL TIRO.6mDENRLEL, 2m>Tm DIFITEKL 22D RIZVL, EBHR
BERITmTRIEGL, 2m>0.5m OIEIKL 2572, 9 BLEE 2mnDODEDORRE
FEDBRLEL, 0.5m>7m DIFITEL B > I BRSERICIFITES I - 15,

75480 NAT 2EHORESELEOESIRL 5E T Fig. 5), 8 A THRAEZERS
{, ZNLK, 0.5mDEVRIEILY, 2m>T7m DIFIEL -1, BEREGEER
TmOEPRLEL, ZOMOHOBITIZEN LT, T6EICE TS NAT 2EH O
RESEHEIE (Fig. 5), EEMI0.5mDATEHL, 7TmTED 1, BRSERITIHE
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Fig.5 Seasonal changes of carbon and nitrogen contents in tissue of 2 year oyster (NAT)
cultured at the different depths in 1975 and 1976.
@®:05m O:2m,J:5m, A: 7m.

XL BB o1, TIEIRKITA NAT 2EBORESEROEIRI AHE VX
(Fig. 6), b A~6 Hit0.5mTHEIEFEL, Tm>5m>2m DOIFEITEL 27,2 D%
BRI L 2B NZZL, 0.5mDADMBICHNTEYRKE» 12, 15ER O RREF
iz (Fig. 6) B B2 RO2NTZ2OBNZEILDEH DL E-1, Fiz, BFEHFHX
130.5m DB Z2BIEHERELD U 2 2R LT,

ERASENSHFIMERZTICONOT "74ERBII 5 NAT 2 £HoHEER Fig. 7),
6 A~8 HREM I TELADEER2L YiEL, 9IAHUBRERECE ) ZORERKEEE
120.5m DECig b k&< (33mg/day), JRWT 2 mdD26mg, 7 mD 7 ~18ug DIEHIT/H & <
ot 12, BEERIZ (Table 1), 2mPBE I REL, KO TO.5m, 7mOHIC s
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Fig. 6 Seasonal changes of carbon and nitrogen contents in tissue of 1 and 2 year pearl

oysters (NAT) cultured at the different dephts in 1977.
@®:05m O:2m,[J:5m, A: 7m.
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Fig. 7 Seasonal changes of growth rate of dry tissue of 2 year oyster cultured at the
different depths in 1974,



Table 1.

Annual growth and the spawning by 1 and 2 year pearl oysters cultured
at the different depths in 1974—1977

G: Growth (mg/year), S: Spawning (mg/individ), D: Dry weight, C: Carbon weight,

N: Nitrogen weight

Age of 0.5 m 2.0 m 5.0 m 7.0 m
Experimental period ovsters Elements

y G S S§/G| G S S/G| G S S/G| G S S/G
1974 May - December (NAT)| 2Y D 1960 505 25.8 | 2080 366 17.6 1893 798 42.2
(ART) 27 C’ 802 243 30.3 812 168 20.7 746 358 48.0
N 199 44 22.1 214 35 16.4 193 80 41.5
(ART) 2Y D 1492 188 12.6 | 1875 61 3.3 1187 214 18.0
C 615 100 16.3 759 27 3.6 509 124 24.4
N 150 9 5.9 196 3 1.5 139 30 21.6
1975 May - December (NAT) 2Y D 2256 913 40.5| 2410 790 32.8 1784 932 52.2
C 944 435 46.1 | 1047 405 38.7 716 422 58.9
N 220 73 33.2 255 76 29.8 182 94 51.6
1976 May - December (NAT) 2Y D 2225 640 28.8 | 2148 642 29.9 | 2066 453 21.9 | 1972 489 24.8
C 903 294 32.5 891 308 34.5 825 195 23.6 741 176 23.7
N 220 47 21.2 227 69 30.5 233 62 26.5 205 48 23.3
1977 May - December (NAT) 1Y D 2008 28 1.4 | 2239 1389 6.1 | 2087 92 4.4 | 2016 145 7.2
C 822 21 2.6 929 62 6.7 857 45 5.2 801 61 7.6
N 213 2 0.9 241 15 6.2 222 11 4.8 213 14 6.7
2Y D 2152 658 30.6 | 2138 643 30.1 | 2438 966 39.6 | 2194 806 36.7
C 934 311 33.3 908 274 30.1| 1039 415 39.9 938 358 38.1
N 215 48 22.1 229 70 30.5 258 99 38.2 242 87 36.1
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h, EFBER7TmORATRELZEL, 0.5m, 2mOIERCDEIEsT, FEIRXBUL
ART 2 FBE O ER (Fig. 7), 2Kk E LT A~8 AP I TELADEEZL DL
9 AUMIEREIRS Y Z0OBAREFEEIX 2mDEVHE S K& (2219), RNTO.5mD
ldmg, 7 m DIOmgDIEICIE -1, (12, MEEBRX 2 mOAMPRIKREL, 0.5m, T m
OIFINS 75, FEIFRE T m>0.5m>2m DIFICE -1, THEKBITAHHE S O
A0KER (Fig. 8), 6 A~8 AXTRIELADRE®L VRL, ZOK [EREITE
W Z2DEAREREIZ2mE0.5m TR S AKX 32m, 7mTi32/m%eRUIL, £1, B
BB 2mOATRIAEL, 0.5m, 7mDIF/NILsh, EREIZT7m,0.5m, 2m
DIFINE { 75512,
W 1976
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Fig. 8 Seasonal changes of growth rate of dry tissue of 2 year pearl cultured at the
different depths in 1975 and 1976.

TEER B AZESOEORER (Fig. 8), 6 A~8 ATHETELEDEERZ < b
EBL, 9 AUBRRCRELZOREEEIZX 2 m TR KEWVKT33mg/day s /s b, 0.5m,
5m, TmDIFITINS L o1, BRERIZ0.5m, 2m, 5m, 7mOIHITNEFEH
Hix2m, 0.5m, 7m,5mODIFICNI -1, TTHRIECBT % 2 FHOHER (Fig. 9
108113 2 m T3 DEAKERRL, 5m L0.5mT26~27ng, 7 m TI6mgiTis 512, #
BEEX 2mbELAEL, 7m, 0.5m, 5mOIBI/NIL ,ENEBXS5m, 7m,0.5m,
2mDIEINS -2, 1HEHIR Fig. 9), S ALBOARE»RIELTERE?
RU, ¥110812130.5m T 19mg/day, 2 mT18mg, 5 m Tlémg, 7 m Tl3mgDHEKREE
BIRUI, %70, LTEERREE»S, BEENZUSWEEbOTO S (#AFHF 1965)
SHEID DEDKENEINCL 2D TH T & FIUE ENFEEI7Tm, 2m,5m,0.5mD
EICNS7sh, MEEBIZZmDETEIKREL,5m,0.5m,7mDIFITNIL BT,
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Fig. 9 Seasonal changes of growth rate of dry tissue of 1 and 2 year pearl oysters
cultured at the different depths in 1977.

EOEBERLEORELERIEEM» LANLEORER, Z20EHNLE & PHRRE
ELHERN» L AIUEE LHELL Tz (Appendix table 1),

BREEBRBETFVESTESREMEBICDONT T4ED NAT 2EBOBENEER
(Fig. 10), &Ea &z b 6 Ahfy, 8 A LA, 9 AAIRE L -1z, BIRIPE VX
TmBRHEEFBAERD NS -1, ART 2ERIZFEHL2B®LTO.5m, 2m, Tm®D
I HBEEZHL, 7TATH~8 ALl TRIEILIBAOHEBERR LI, THED 28
BT, 7THATHAESTREIZESITE § 20 LIS,

TAED NAT 2RO 7 v =7 RBEZFHHEIX (Fig. 10), 0.5m T 7 B@Y, 2 m T8
Hak, 7mT8AEDILE L 212, ART 2EHTIE, 0.5mDET7 A4, 2m Tk
7AMEE 8 b, 7Tm TR T ATHICE 2570, EHENITIE 7 m O H OB &3
KHENRTEOERY S 12, "ERB T3 2EA0EHER 7TwBREIFL, 0.5m2
m DEICED IS -1,

z =

HKBUNIEEBECBIBAREMHC 7 2¥v 4@ W/T & D/W OBEIICL 32BN, 2K
LLUTTmOBMNREINILZNUNOEOITIZAL HER IV, IW/MW O B X
WX BB, REOBEKG: VEELESRZOHBEAZEICLTWES, TmDH



8 A BHE—7 v 44 ORP - REED O A EREE ORH 2347

ma/individ.

Oxygen consumption

r
1974NAT
2_
)
h=)
2
©
Sar
<
o
13 2 1974ART
o
2
60 2o
Q
»
[}
4of Zar A 1975
8
f =
(=]
. 20 E 2}
E
<
0

MIJIJIAISIOINIDI MTJIJIAISIOINIDI
Fig. 10 Seasonal changes of oxygen consumption and ammonia-N excreted of 2 year
pearl oyster. @:05m, O:2m, A: 7m.
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DEEERZ DD BICHARTEBL BEHEE L /NS WERYH 5. COEMBESITL 55
PO THOENEERED S LI CELNG, REISOADBEERILZ0.5m, 2mE
U5 mDOETEBITZDOREICEVY DY, 7mo i3zl _T/Hh s (Table 1),
Z2HTH L, EINEBRXT6FELZBRIESImE TmTEL, 2mE0.5mTHIRN, £, E
RELRER O S/G) WEs AR EL{h, TmOHTREIRL > T50% %M
ABLELDB, COCEWR, ENRBOZDURERDORS I LEHENICRARLEZWNC
LRRLUTWVA, COWRIEHZEPEDBERMIBEIO S BELAICELF3N, KA
DYFKOHED & 5 2B EZHREBII SN AREL, B3I LHWEZELTL L,
BHEBRFEEL 7 m TIIMLICENEREOLRMFCH 5 (BB KK 1978). £ 72, BHEHTD
WTRIEIIRE B3RP LOMEBE &2 DNBICHEEND D EI3EVE (fEE 1978),
B->T, REIOHOEREHET 5 LEONI N ABERIBKE L BEBEEVET L
N&k3, ENEPLELATARMEIBBEORERTH Y, EEEOKALHEKER L DR
(FnE 1976), KIBZEF L KR RREPERE, EIZEE - Ry 5cE, 7mDHED
SERBCEN ORI NE LB BB EREDNS, TmODHEMDE & TEIRD
EHHCHEPEL TS EEAL S, ThbE, 0.5mP2mDATIIKBOEIZT m
d O REL, MR, BEDNEENT active WI/EAL, #HIABACECIBRS
CHREALTIZd Ob SIEKMHE 3 5038, 7mDETIZZ ORI D L AFEIR O
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TS TR LG T U b BIICE L OEEMEOMEBIT b0 s b O LRI N3,
FavH4DRBICONTIE, BIPECUIROBENER  HHERBITEEN &
b, BICERYHER 7 m OESMIENTHNNIZE L 8D, TBRENERID L
BB EVD (FEE 1976), LD EiE, BREHEE L BEOBERE & OBRICE T %
BEOHIR (BA « AJL 1976, HA 1970, May 1972) » 5 3B »TH > 72h8, =
FHHHBORBELICE 3 25 I TS PIRIN TVED » H,

Redfield et al. (1963) ZEMPOBENEE L ERFMEORTFH (O/N) WHEHNTR
HICFASNTOIYEOEEE UTHEATS 2 & 2/, Jawed (1969) 3RBIC
EREPRBINE L O/N I 8ILHESL E LT3, 72, Snow and Williams (1971)
RBEETHYO O/N IRHEHOANR 2R THEEE RQ) KRAEL> 20U 15
FAY N A OBBRNBER L ERNHE L O (O/N) & #EREE & ORI Fig. 11),
TAED NAT 2 EHTREES &b 8 ATAITEL 2D (10~17), 7 m Tidflckb~_T
EEMICEN, ART 2FEHTR 7 mTRIEL, 2m, 0.5mDIfIckEgh, 756
T 7mDED O/N [3{Ed> > 1255,0.5m & 2 m TIE3EL T - 12, Snow and Williams
(1971) oEZBAFZEicTE, CTORS O/N OEI L AHEEIIRBRNE ERBAE
OELE DBERITES S DEEA LN,

Bayne and Thompson (1970) &, EHITELLNA R PV AORBEVS KL 2513E
O/N DETEMNAEL %85 L L, Bayne (1973) 32 ® O/N »x L 2DEE O %
BRIBIILAELT NS, HEDES 2 b LR ERBEKEOEANZLOT & % b5,
Widdows (1978) x2S L, KEEEHBEL L, ZOWEIC2WT O/N %244
HUIHESE ERENESS31CoNT O/N MBREh, SUBE IR0 E M,
7 O/N ZETRLY (156~20), BERIMELHENNICED AL Uice %17, #E-IE
f (1972) & Tigriopus W2V THHRICE 350 O/NWET L, L RELEROS
ERLIETTHEL, lkeda (1974) L BREEW T 7> 27 b o TRKSHERZ U, BiH D
C/N 3 {ETTHC 2L, Coffic O/N kg &  ikEEEHEY © BN
AoEEITIEY, Uhrb Z0rROBERES ONELRIKBERLTHA L5, RS
DOHOEBEEF D C/N (FHFH) 2HET LTS

T A NAT 28H0 C/N i (Fig. 12), 0.5m»3H b K&, WWT2m,
7 m DI D EHREL T2 OELOEIF0.5mMBKE» 512, ART 2EHICD WV T
L ERETH - 7203, 75D NAT 2FHTIR0.5m & 2 mDRICEIRZL, TmDATIX
EEORHALIAMIZIE L 72 5 T2, "T64E & TTHEICII BB OIE 21T b /s h - 1208, AEZRH O
C/N 33 b 7mDENEEE LTHRLEL, 7olNOHORIKIREENSNE 5 i
Bbh s,

z®» O/N & C/N & BRIt TIE, O/N HBEiud C/N 35 zbh, O/N »
Ehu C/N &L 2%, 77505, RENBEREOXRBRELBRLTVHIE VS C
LM TH B EBEREB2ELT AERE LTI, iALERIKE BOYHIREE
OEIME OEE» 5, BIRMIRENIINVCL T BEOBMESEBEL ML NEC &K
b, REPEAEOHBICESZAVRECHELL DLEEALNS, DT LR,
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Fig. 12 Seasonal changes of carbon: nitrogen ratio (C/N atomic ratio) in tissue of
1 and 2 year pearl oysters cultured at the different depths in 1974—1977.
®:05m O:2m,[]:5m, A: 7m.
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BERREOREBEDL DBME 7 2 vy 1 ORE LB P2HEITLUTHLPILT B2,
19745E~1977HD 4 ERJITO T Y EHRIRIBD0.5m, 2m, 5w L X 7TmDEIK 7 3
YAA (FR2EERR) 2HBEL, 2hi0B0RERELRHE BENEREL 7L
= FRBERHR), BEREREL2EEBOL W/T), CEARAERLEBEREZDE (D/W)
FTEARRER S BAZREOL IW/MW), MERHDORZLEROZHFRR2HAE LI,

BREHO7a v 4D W/T & D/W 37mOBH/NIL, ZOMOBORITIZFHEA
EHBEN B P -1, BEERIZ0.5m, 2mBLs mOBIKERL VKX IDIEF ITE
LD 1295, 7TmDEIEMHO S DTN THICKER, REHE & §K» -1, ENE
BR7TmOETESZL, REELORIIZEZI I,

BAMER L HMBZRRBOETFE (O/N) 27 mD BN, Z20MOBEDH
KR EGICZ QRS EIEL, 10, BREHPORE EEBEOFEROF T (C/N) &
TmTRHELS, 20 C/N & O/N OFMEERE: OBRRIZEDOREREBERBAETL®
RT3 0TH%, HOBREILAH LN 2 BEREORHIE, H2PWH I ERERGL
fUHDOANE & (R OHRICHET 2 HERAEL B EEA %

Summary

On pearl oysters cultured at 0.5, 2, 5 and 7 meter depths in 1974 to 1977, the
oxygen consumption, ammonia-N excreted, total wet weight (T), wet flesh weight
(W), dry flesh weight (D), weight of the internal organs, and carbon and nitrogen
contents in flesh were investigated.

Values of W/T and D/W during growth season (Sept.-Nov.), the total growth in a
year and the growth rate at 7 meter depth were the smallest than the others. Atomic
ratios of the oxygen consumption to ammonia-N excreted (O/N) and of carbon to
nitrogen contents of the oysters (C/N) at 7 meter depth were the lowest than the
others. The seasonal changes of them tended to be similar to each other depths
throughout the all seasons. :

It was estimated that the characteristics of the cultured depth results from the
effects of many environmental conditions on the variations of their metabolism and
of the proportion of their constituents (C and N) qualitatively.
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Appendix table 1. Carbon, nitrogen, ash contents and dry weight of tissue
of pearl oyster.
Date Dry weight Ash Carbon Nitrogen Hydrogen
of tissue
(& (%) (%) (mg) (%) (mg) (%) (mg)
1973 NAT 3 year
0.5 m depth
Jul. 4 7.37 42.25 10.71 6.64
31 2.04 41.03 839 11.11 227  6.51 133
Aug. 30 1.96 6.78  40.37 792 11.29 222 6.37 125
Oct. 24 2.84 5.82  40.38 1146 10.76 305 6.62 188
Dec. 6 3.54 5.99  40.25 1426 9.98 354  6.60 234
2 m depth
Jul. 10 1.99 5.94  41.83 833 10.78 215  6.41 127
Aug. 2 1.93 6.61  40.92 791 11.06 214  6.39 124
Sept. 21 1.97 7.59  40.00 788 10.94 216 6.58 130
Nov. 8 3.10 6.26  39.80 1234 10.11 314  6.29 195
Dec. 25 3.82 7.77  40.34 1542 10.20 390  6.45 247
7 m depth .
Jul. 11 3.24 7.26  43.44 1410 11.48 372 6.82 221
Aug. 7 2.32 6.88  41.32 958 11.62 269 6.57 152
Sept. 12 2.08 5.82  40.68 847 11.30 235 6.47 135
Oct. 31 2.76 5.52  41.66 1151 11.45 316 6.6l 183
Dec. 13 3.45 4.88  40.39 1392 10.81 373 6.36 219
Mar. 12 4.68  38.88 10.51 6.33
May. 17 5.28  39.19 10.72 6.23
1974 ART 2 year
0.5 m depth
May 13 0.485 4.59  41.20 200 10.32 50 6.65 32
Jun. 3 0.714 5.22 41.29 295 9.93 71 6.53 47
24 0.916 4.84  42.17 386 9.13 84  6.69 61
Jul. 9 0.976 5.53 41.81 408 9.70 95 6.62 65
22 0.993 5.12 42.93 426 9.46 94 6.79 67
Aug. 2 1.167 4.51  42.58 497 8.80 103 6.81 80
12 1.153 5.08  42.68 492 9.59 111 6.70 77
Sept. 2 0.979 6.05  40.58 397 10.53 103 6.47 63
25 1.288 5.57  40.74 525 10.39 134 6.51 84
Oct. 30 1.754 5.02  40.43 709 10.34 181 6.51 114
Dec. 17 1.789 4.93  39.97 715 10.68 191 6.47 116
2 m depth
May 13 0.472 3.77 38.98 184 10.09 48 6.20 29
Jun. 3 0.724 4.35  40.82 296 10.14 73 6.51 47
24 0.882 4.71  40.77 360 9.75 86  6.49 57
Jul. 9 0.987 5.72 41.66 411 10.20 100 6.71 66
22 1.011 5.81  42.61 431 10.18 103  6.66 67
Aug. 2 0.950 5.12  42.48 404 10.47 100 6.69 64
12 0.998 6.18 40.81 407 10.17 102 6.47 65
Sept. 2 1.128 5.47  40.85 461 10.68 121 6.48 73
25 1.486 4.95  39.83 592 10.24 152 6.48 96
Oct. 30 2.229 4.37  39.26 875 10.09 225 6.50 145.
Dec. 17 2.286 4.44  40.05 916 10.55 241 6.55 150
7 m depth
May 13 0.493 5.60 39.34 194 10.23 50 6.22 31
Jun. 3 0.556 5.01  40.57 226 10.67 59  6.47 36
24 0.858 5.55  41.66 357 11.13 96  6.59 57
Jul. 9 0.861 5.60 40.82 351 11.16 96 6.50 56
22 0.827 5.85  41.39 342 10.97 91 6.56 54
Aug. 3 1.059 5.44  42.28 448 11.04 117 6.52 69
12 1.008 6.65  40.24 406 10.60 107 6.46 65
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Sept. 2 0.879 5.65  38.52 339 10.51 92 6.34 56
25 0.929 5.17  40.06 372 11.02 102 6.48 60
Oct. 30 1.271 5.07  39.51 502 10.68 136 6.16 78
Dec. 17 1.466 4.89 39.51 579 10.87 159  6.48 95
1974 NAT 2 year
0.5 m depth
May 7 1.70 4.93  41.22 702 10.32 176 6.40 109
28 1.66 5.88 40.27 669 10.76 179 6.42 107
Jun. 17 1.74 4.32 41.42 722 10.28 179 6.49 113
Jul. 1 1.94 5.87  41.80 812 9.96 188  6.65 129
15 1.74 5.28  42.34 735 10.21 177  6.64 115
Aug. 2 1.81 5.05  41.81 755 9.51 172 6.65 120
5 1.85 4.94  42.51 787 9.95 184  6.74 125
16 1.57 5.59  40.72 639 9.94 156  6.69 105
27 1.58 6.04  39.26 621 10.48 166  6.36 101
Sept. 11 1.57 5.16  40.10 628 10.77 169  6.48 101
Oct. 14 2.65 4.59  39.31 1041 10.27 272 6.42 170
Dec. 11 3.12 5.16 39.40 1288 10.63 331 6.39 199
2 m depth
May 7 1.46 4.14 41,72 607 10.76 157  6.57 96
28 1.59 4.40  40.65 645 10.80 171 6.47 103
Jun. 17 1.74 6.67  41.23 719 10.33 180  6.47 113
Jul. 1 1.59 5.35  40.49 642 10.30 163  6.40 101
15 1.68 5.99  41.29 694 10.76 181 6.61 111
Aug. 2 1.85 5.62  41.27 762 10.20 188  6.70 124
5 1.65 5.01  40.62 671 10.30 170 6.47 107
16 1.74 5.54 39.43 686 10.63 185 6.39 111
27 1.73 5.50 - 39.97 690 10.71 185  6.46 112
Sept. 11 2.01 4.90  40.50 815 10.59 213  6.36 128
Oct. 14 2.86 5.49  40.67 1162 10.48 299 6.47 185
Dec. 11 3.17 4,50 39.48 1252 10.56 335 6.42 204
7 m depth
May 7 1.59 6.26  40.39 641 10.52 167  6.47 103
28 1.52 6.06  40.94 624 10.86 166  6.42 98
Jun. 17 1.69 5.55  41.44 701 10.81 183  6.50 110
Jul. 1 2.02 5.88  41.69 840 10.93 220  6.83 134
15 1.57 5.48 39.94 629 10.89 171 6.41 101
30 6.29  40.28 10.79 6.46
Aug. 16 1.67 4.95  38.37 642 10.66 178  6.27 105
27 1.37 5.62  37.76 517 10.70 147 6.30 86
Sept. 11 1.65 5.55 38.23 629 10.46 172 6.28 103
Oct. 14 1.87 4.99  38.72 724 10.84 203  6.22 116
Dec. 11 2.62 4.94  38.64 1012 10.64 279  6.36 167
1975 NAT 2 year
0.5 m depth
Jun. 4 1.98 5.26 42,71 846 10.15 201 6.70 133
23 2.16 6.07 42,79 924 9.68 209  6.91 149
Jul. 14 1.70 6.88 41,95 713 10.65 181 6.70 114
29 1.34 7.16  40.65 557 10.68 146 6.55 90
Aug. 5 1.50 6.85  40.70 610 10.45 157 6.44 97
13 1.41 7.21  39.53 557 10.57 149 6.40 90
20 1.42 6.82  38.18 542 10.34 147 6.36 90
Sept. 1 1.68 5.82  39.98 672 10.12 170 6.60 111
16 1.75 5.87  39.98 700 10.57 185  6.44 113
Oct. 1 2.16 5.59  41.78 902 10.90 235  6.56 142
20 2.76 5.77 41,49 1145 10.58 292 6.61 182
Nov. 10 3.37 4,56  41.99 1415 10.61 358  6.62 223
62 3.64 5.54 41.40 1494 10.48 381 6.56 239
Dec. 8 3.36 5.03  41.82 1405 10.83 364  6.67 224
22 3.32 5.11 40.82 1355 10.65 354 6.42 213
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Oct. 21
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Jan. 31
7 m depth
May 10
Jun. 3
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Jul. 19
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Nov. 30 1
Dec. 27 2
NAT 2 year
0.5 m depth
May 23 1
Jun. 13 1
Jul. 6 1
25 1
Aug. 9 1
29 1
Sept. 26 1
Oct. 25 2.
Nov. 28 3
Dec. 22 3
2 m depth
May 23 1
Jun. 13 1
Jul. 6 1
25 1
Aug. 9 1
29 1
Sept. 26 2
Oct. 25 3
Nov. 28 3
Dec. 22 3
5 m depth
May 23
Jun. 13
Jul. 6
25
Aug. 9
29
Sept. 26
Oct. 25
Nov. 28
Dec. 22
7 m depth
May 23 1
Jun.. 13 2
Jul. 6 1
25 1
Aug. 9 1
29 1
Sept. 26 1
Oct. 25 2
Nov. 28 2
Dec. 22 3
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108
125

106
128
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87

82

96
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204
219

110
121
104
110

78

87
124
199
227
207

107
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93
96
79
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Appendix table 2. W/T, D/W, and IW/MW of pearl oyster.
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Appendix table 3. Oxygen consumption and ammonia-N excreted by pearl oyster.

Ammonia-N
Date W.T. Weight of tissue 02 ;(t)rl:lsslyﬁlf/t' excreted.
C) wet(g) dry(g) s individ ug atms/h/
) individ
1973 NAT 3 year
0.5 m depth
Jul. 4 24.6 17.81 2.23 156.53 4.76
5 24.8 1.92 150.65 4.85
31 26.8 15.37 1.94 112.00 5.44
14.18 1.89 148.41 6.30
Aug. 30 28.7 15.96 1.92 172.94 5.90
14.12 1.70 161.37 5.01
Oct. 5 23.4 17.98 2.72 95.36 2.69
24 19.0 19.18 2.90 100.51 3.09
17.29 2.61 99.19 2.54
Dec. 6 11.1 23.25 3.69 32.78 0.40
26.43 4.19 27.01 0.73
2 m depth
Jul. 10 27.2 18.22 1.91 184.08 6.79
Aug. 2 26.6 13.59 1.99 141.79 7.86
10.14 1.49 129.81 9.58
Sept. 21 23.4 17.17 2.02 138.92 7.01
13.67 1.61 105.85 6.87
Nov. 8 17.8 23.30 3.21 110.70 1.43
21.56 2.97 77.28 1.70
Dec. 25 9.2 24.97 3.97 11.34 0.23
21.06 3.35 7.02 0.29
7 m depth
July 11 27.9 20.15 3.24 229.23 12.16
Aug. 7 28.3 15.45 2.32 182.49 10.20
14.85 2.23 173.55 9.21
Sept. 12 25.0 16.27 2.07 134.39 4.99
15.96 2.03 133.26 5.26
Oct. 31 19.1 19.32 2.77 80.69 3.68
14.69 2.11 72.29 2.95
Dec. 13 10.7 22.52 3.44 25.72 0.88
19.79 2.84 16.20 0.84
1973 ART 1 year
2 m depth
Jul. 12 28.0 0.17 0.024 13.48 0.19
Aug. 9 28.5 0.54 0.078 17.61 0.36
0.51 0.073 20.71 0.39
Sept. 26 22.9 2.06 0.322 41.89 2.99
0.76 0.119 17.33 1.24
Oct. 26 3.25 0.504 26.64 0.54
2.18 0.225 22.06 0.67
Dec. 11 11.0 4.38 0.792 9.22 0.15
2.95 0.532 7.62 0.17
1974 ART 2 year
0.5 m depth
May 14 18.6 3.81 0.535 24.83 0.96
Jun. 4 22.4 4.46 0.773 52.47 1.05
25 24.6 5.59 0.97 90.50 2.23
Jul. 10 25.6 6.29 1.05 101.48 3.30
23 26.0 6.34 1.06 106.85 3.08
Aug. 13 27.8 6.54 1.21 100.92 2.15
Sept. 3 27.2 6.93 1.11 92.58 2.75
26 23.3 8.14 1.31 71.76 2.81
Oct. 31 19.4 9.93 1.76 41.67 1.78
Dec. 18 10.8 10.70 1.80 15.45
2 m depth
May 14 18.6 3.73 0.50 21.83 0.71
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Jun. 4 22.4 4.58 0.75 38.62 0.89
25 24.6 5.31 0.85 65.94 1.65
Jul. 10 25.6 5.70 0.96 79.89 3.88
23 26.0 5.67 0.95 84.86 3.36
Aug. 13 27.8 5.80 0.94 82.12 4.06
Sept. 3 27.2 6.83 1.08 84.07 2.69
26 23.3 8.42 1.40 64.22 2.40
Oct. 3l 19.4 10.88 2.12 51.19 2.21
Dec. 18 10.8 12.01 2.18 16.91
7 m depth
May 13 18.6 4.05 0.57 24.61 0.99
Jun. 4 22.4 4.10 0.63 47.27 1.45
25 24.6 .36 0.96 59.54 3.06
Jul. 10 25.6 5.67 0.94 69.65 4.20
23 25.5 5.82 0.91 72.10 5.24
Aug. 13 27.8 6.53 1.11 75.62 3.78
Sept. 3 27.2 6.76 0.93 66.11 2.22
26 23.3 6.74 0.97 52.19 2.91
Oct. 31 19.4 8.72 1.32 39.68 2.44
Dec. 18 10.8 9.81 1.53 10.95
1974 NAT 2 year
0.5 m depth
May 8 18.2 10.95 1.82 49.23 3.45
28 22.2 11.20 1.76 76.25 1.74
Jun. 18 24.3 11.72 1.81 119.86 4.09
Jul. 2 23.7 12.08 2.00 108.26 8.96
16 25.1 11.32 1.82 133.42 7.08
Aug. 6 28.7 11.85 1.87 144.00 1.85
28 27.5 11.96 1.58 116.05 6.61
Sept. 12 25.9 11.79 1.56 99.55 4.79
Oct. 14 23.1 15.21 2.64 90.84 3.21
Dec. 12 12.5 18.33 3.07 28.17
2 m depth
May 8 18.2 10.29 1.65 45.61 3.56
29 22.2 11.15 1.77 78.60 4.81
Jun. 18 24.3 12.04 1.89 121.71 3.53
Jul. 2 23.7 11.87 1.70 92.71 3.59
16 25.1 11.57 1.78 107.69 3.44
Aug. 6 28.7 12.24 1.73 135.64 6.49
28 27.5 13.16 1.80 105.09 8.40
Sept. 12 25.9 13.60 2.11 129.39 4.60
Oct. 14 21.6 16.16 2.96 88.05 1.91
Dec. 11 12.5 19.88 3.31 24.22
7 m depth
May 8 18.2 11.20 1.88 45.12 3.29
29 22.2 11.51 1.79 83.77 3.78
Jun. 18 24.3 12.16 2.02 141.22 5.03
Jul. 2 23.7 14.13 2.37 107.95 6.40
16 25.1 13.64 1.90 108.55 6.27
Aug. 6 28.7 13.26 1.87 149.32 10.04
28 27.5 11.59 1.64 103.90 7.18
Sept. 12 25.9 12.74 1.84 115.74 4.97
Oct. 14 21.6 15.96 2.12 58.43 2.78
Dec. 11 12.5 18.15 2.90 40.08
1975 NAT 2 year
0.5 m depth
Jun. 7 22.8 10.99 2.02 110.04 5.98
24 22.9 12.49 2.27 124.08 5.63
Jul. 15 26.8 11.70 1.78 114.70 6.19
30 28.5 10.89 1.41 128.73 7.58
Aug. U4 27.1 11.02 1.39 94.20 4.68
Sept. 2 29.0 11.97 1.69 120.71 6.99
Oct. 2 25.9 16.23 2.21 109.81 6.62
21 21.8 17.99 2.88 111.94 7.08
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Chlorophyll-a (Chl-a) & Pheophytin (Pheo-P) % Lorenzen 3 (1967), BZHARSIZ
FBRERITL > 72, BFRIEE (Diso/Dees) DBIFIZ SS RO 7 & + > HHBRD430nm
& 665nm ITBIT ARMEDHLE UTRDIZ,

SS Rt 2 RLAIROHIEI H12 - Tid, KH (1959) O E B « gt T i<
Ey o2 E OBROBREZECLUTT-. T72bb, BILRAERD 1~ 2 BRI
0.5, 2, 5BIT mOBEILLIEKL, BUBHBBELIZ 24m/m H 5 2R
MLCES R LI, BEOFRIUISRIICETEEL TH - 2 ROL0EE% SS flEtkl~
2 LTE by, JICABUICRAKE (BAKIZFLE S um TR HITRALL.5~
2. 5EERIBIT AT Ry N TIT o100 MELUTCHELF 5 A BHERE EIC®BIL, 20DB0O
AuEEiE SS BIEIEICHE » 2. EMEEIEICDW T, Conover (1966) D Copepoda %35
USSR 5 ORI ROEE N2 T, &iT, BEE i Mytilus O E{LE)H
%87 U Copepoda D& & A LERVIME T N T % (Widdows 1978, Widdows and
Bayne 1971). AHETIZCOBEEKXZH Ty 2 v ¥ 1 T >0 TREILZIEZHIE LT,

M5,
(F-E)
(1-BF

Uik 0B #Ho AR, EREOHROFERYEER, F 3ERPOERYEHEX.

U= % 100

Z DD EMR LTz SS & 3 %450°C TE0TBLIE L, fiZ O OB S a R e e L.

¥ E3
EREOEHRI TE~NTIERB T 2 BFOEWE (HHIVHE) OFHME{L% Fig. 1

r

Transparency. m.

TMTJToTalsTolnNTD!

Fig. 1 Seasonal changes of the mean transparency for a period of ten
days at Tatokujima Station in Ago Bay, 1975-1977.
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Fig. 2 Seasonal changes of the precipitation at Tatokujima, Ago
Bay, in 1974-1977.

WRUIZ, BEILIcETOHBE%2E L CEHEIIMKE (Fig. 2) & OBEETH»Z b /L
U, T5FICi3 6 A~108 I T4a~6m, LLALIMES mP btz -1z, 76 H 1T 135 3
THOBERICE DBABIX 1 miiie 1205, 8 A~9 ALAIiz6~7m, 9 Fhkic—
RENThI 2 h (2.5m), 1IALB I mLl itz -7z, "TTHEIE, 5 A~8 Biehil T
5~7TmTdhb, 9HFIICLDICI0Om, FHLUES~8mOETEILLI.

BEE, RREEYEREUCEEE (Chl-a+Pheo-p) OEHEIL '764F 1T B 13
AEWE O SS, POS B U GBEBOELZEIL% Fig. 3 TR U1,

0.5m® SS i35 B THOBERIICI b 45mg/ L Wiz 1205, ZDHBEEL, 9 A0—
723 ~4mPZRIVFI2AETLI~3mThH -7, 2mD SS i20.5m DS & 12 B
TEALL, 5 AD13~14ng, 9 A~108D 3~ 4 mpA2 T 2 % TEIL Lz, 5 mOD
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Fig. 3 Seasonal changes of suspended substance (SS), particulate organic substance (POS),

chloropyll 4+ pheophytin (Chl a + Pheo-P) and Dy3¢/Dsss at 0.5, 2, 5 and 7 meter

depths in 1976. @ : 0.5m, O : 2m, + : 5m, A : 7m



2367

PHE—EEBERBISIC BT 57 2 i 4 OREEEIC ST

8 A

SS D, 5 A~6 ALME 9 A~0FD 3 ~6mE R IEI2HETIHZ2~3m O

BMTELUI, 7mdD SS i35 mED SS & RS2 R

-
«“o

LT

1760 d-o0eyd +D 1D =0 /v 1780 d-o0ud +P 4D =a/°+d
© < GY o o ) LY e) 0 [ < o o « 2] N O
e T T T T 1 T T JLI._l iy T T T T T T T | | Sm— II
;
° 3, o 3. o
£ S ! r a " -
3 3 4 z 3 =z
m. ............. o « - o a -
Sl >g © m °©
::::: [Y 7] + 17}
« 0 o [
g b4 b 2 L
V o T : 6 o <«
< - N -
T - RO -
~ = ! L ] 5 |
~ o ;
2 - .J S
~ o
f = ~ 1 =
! L 2] \ -
i b |« i «
- 1 L 1 ) 1 )
[=] <+ L2l ] - [
I/6w sod
° _«9« d-00yd +0 |40 =a/"a
~ o« ~ o
Al T T La— —T (I ulaf
8 o
& . -
¥ =
L
- Sp— L
Ovegrrzzn 770 ©
unnnimwu.o Mb
o e B
s 28 e a
Lywadepe=== =
B~V o nimie TR -
~ o -
~ = - =
o 0 N
p— // -
\
<«
1 R 1 L ] L ¥
[+ < ~N (o] o
I/6w g g 176w SOd I/bw g S
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0.5m® POS i3 SS OEMLILEBLLIETELL, 5 i3 smllbeEik-
1hs, 2%, 7 AHRE, 9 ARERERNTIE 0.5~2m/ ¢ OHEBETEN LI, 2mT
12, 5 AT 3mg, DBESBICEAS L7 A~1281K» T 1 gEiE THE LI, 5md
POS i3 SS 3¢5 A~0AKET1~2my, 1BLE1ImLU TS, 7Tm
T, 5 AREIIBIEFTRIGENMERZ T2, L L, 2%, —BReEmLc7 AL
£) (1.85m9) %2[R& 1M TRA LI,

0.5mDBFEEIZS ARIT 39ug/ L 2RUIZH, Z20%, 6 5& 9 0BV EZRTE
FEICE BBWET U2 mTiE 5 AR (19¢1g) & 9 APA (8rg) KA LN T A~
8 AL 10FLI T 20e BETH -T2, 5 mOBRBEMBO/E L B h T
L VEEMBELL, 5 AL (5.50g) &9 AdE (6.9¢g) KELWILMD S bhizdh
ZOMOEEIZ 1 ~4 pg OEETEIL LI, 7TmTR 5 AFQREBIGEMETDH - 12
2, 5 ATA~7 ALAER»TTEINL (5.7¢g), 20#%1 SS OB S ELILEETE
bL, Ziice §2WET UG

TTEICHIT 50.5mD SS OEHGZLIE (Fig. 4), 6 ALEET3mLlt, 6 ARG~
105 ) 1.5~2.75mg, 11ALIKIZ 1 ~2m O TEL LIz, 2mTiz5 A~6 AL
/7, 7A¢4a, 8HLA, 9AFERICIOAEAICLEZRL (2.2~3m), %MD
Bt 1~ 2mgEATEL LI, 5mdDSSiE5 B~7 A (2~3m), 7 B FA~8
B D Gymnodinium sp. D EHE (5.7mg) %#RNESHHRUBESICE OB LT,
7 m T 7 AT HED Gymnodinium sp. DEEIFEIT L % 8.5mp %2 B 17131.5~2.6mg DHEIHH T
(A

0.5mD POS 26 AEATT1Inglll, 6 HFALIE0.5~1micis -7z, 2 mTiESS
DOELITEERT POS 323 EE UL AR Y, BERZBLTIwHiETH -2, 5m
@ POS 27 A THEDZELWEIN (3.8np) 2BRIIIE 1ML T THoT7mTIRTAT
f] (8.5mp) LIAtiZ1.5~2.6mD&iFE T POS & kL1,

0.5m DBFEEIF 4 A~10FITHITIT1.2~6.7ug/ ! OHEFTE UV EREE2L hEL,
OB THLEL~2LgiCit>7z, 2mTI0.5mDFEIIEBINOBITAEL 2L, 98
TH~107 LA (6.7¢g) 2BRiT1E1.3~3.90g OBTEILLI, 5 mDBERIX7 ATH

(424g) PIAVIZ1.3~6 pg DHFTH > 72, 7 mOBERIT 5 mOFES EEL U ED%
AU,

BRIBE Diso/Dess DEHEIL "766FEITK 1T 50.5m DEFEEEE (Fig. 3), 7A~8
ALaieh i3 C2.8~3.6, ZD32.6~2.90HETEILLIZ, 2mTiZ, 7HA~8 Bk
AT 3~4.21TH > 1o DS FAILIE2.5~3.01C/s 5 72, 5 mTid 7 B TFAI4.1IKEL, 8
FRE~103TAIC3.1~8.5, 9 HL12AIKiE 2~3 OREICH -1, 7 miITBNTIRT
RI2.7~8.9TH>1ehs, 8 ALIBMRAIIET Uic, TTHICIT 3 0.5m BRI

(Fig. 4), 5 AR, 7 A4, 8 AM, 9B LABIOI08KIC3 M i ->T08, 2
Ot 2.35~3.0 DETEIL LIz, 2 mTid7 AR~8 B, 95 LAE10AKIc3 »
AN, ZDfOHlIZ2.35~3.0Th -1, 7mTik6 Ahd, 7 da, 9A3 L4
THNTIZA AT 3 LRI 5 7008, Z Dft2.3~3. 00 TEL LTz,
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TEICH T 5 BHRIEGE : BFRE ORI, BEEIS S Q25 L OREBEHENL, 5
BEPAREL 23 LBEEVBOTAEAYBH Y, COTERXTOERBOTEE L X
WASTTEICIE Z DIEEE L,

BEVPORE, EXHLURDSEFTEOEHEL "TTEICBIT 5 0.5mD SS FIDRK
RaE®id (Fig. 5), 6 ALA, 7 AkER L0009 AEARILZRLUI (18~20%) 25,
Z DDEEATIZ10~15% DEHPNTEIL Lz, 2md SS Tk 5 AR E 8 ARDE W E

(19~21%), 9 AHAEILA EAOENME (7.7~9.9%) ZBRiFF1I~17%DHH 1T &
~12o 5m®D SS T, 5 AKRE 7T ATAICEL 17~30%), 8 ALBEDL 11 Bic

30(

20

Carbon

Nitrogen

OTAIMIJIJIAISIOINIDI

Fig. 5 Seasonal changes of carbon and nitrogen contents of
SS in 1977.

@®:05m O:2m, +:5m, A:7m,

WBI0% LTS AL ENH -T2, TmdD SS Tik 6 ARE~7 BFA I » 1 T L
(21.7%), 9 AAEBAL (11%), 9 B TFEA~108 LaE»KEL By, gD
Utz (12HT7.6%)
BHEID SS FOERAEXR (Fig. 5), RESEXROBLEELLIZETEL L,
0.5mDBREEXRI6 ATH, 7AHRE, I LAKILZRL (2.8~2.9%), 6 B LA
8 BLA, 9 AREL1I0AHEITEL ), ZRUNDERIZL.5~2.7%TEL LTz, 2 m
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T3, 5 AKE 8 BRDENE (3~3.9%), 9 AFAE1LE LHOENE (1 ~1.4%)
PETIEIRIZL.5~2.5% OB TEL Lz, 5mTId, 7 ATEIIRA.8%icizsh, Z#hLIE
BRI UL.5~2%ICIs Tz, TmTIE, 7RIC2~2.8%C/E->1DObEDL1I~2
% DR TELLI

TEEEITE T B0.5m D SS RORSEEEIL (Fig.6), 5 A TAIDKEHICL 28060
LZEDOEEMORAR L 3EE (90%LE) & 8 A THIDA0%E % T 1£58~70% DT
Hotze 2mdD SS TiE, 0.5mDPALELIL, EME2BUL T7~75%DHEATEL U
7o 5mE7mdDSS Tik, 5 BICERX (5mT8Y%, 7mTlOY) Tdh-1h, 7D
1351~T76%TdH - T2 TTHEICI T 50.5m & 2 mD SS ADRSEHRIZER 218 L T46~
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Fig. 6. Seasonal changes of ash contents in SS, 1976 and 1977

73%DHITEILL, BT AL 5572, 5m& 7mdD S8 Tk, 7 A TVEOHEM
DHIEC L B 5mD 32%, 7 mDI6%2ERITIIHE & $54 ~75%DHEEICH - 12,
TTERB T AEESD SS ORABEBROBMBKDEBRICL b EFEh, Ky »
BWT A EREELERIIWMETACERRLI, 72, SS HORE, BHELL KD
BEHBOEIE AEBIBHMNCHERTAC LRI -TIBELZBL TR EAE IV
5TdH5b,
R{E$hEDEEZE{L Conover (1966) 1Tk 2 A ROEHA P EILURESTOHR
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Fig. 7 Seasonal changes of SS, POS and assimilation efficiency of pearl oyster cultured at
0.5, 2, 5 and 7 meter depths in 1977. Gym indicates the development of Gymnodinium
sp.

ik 5 SS oRLRIER2REIE LIz (Fig. 7)o 0.5m D BOEMLAIRIZEMAVICELL, 6
A Lfice5%, 7 A~8 Bifnssl~43%, 8 ATAI—RIIE/2Y (72%), 9 AF
I1228%, % DHILH~128T55% Th 12, 2mDEIE 5 ARD 3% 108D D 0%
ZERE 7 A~10FHEIC T TL0~66%ThH »12, 5 mDAETIX, 6 A LA, 7AKS
A~9 A, 100HHE12BIEL (43~58%), ZODMOKHHIREY» -1z (12~20%),
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TmDEIZ6 A~7 B T20~30%, 9 HicEdEL52%icE L, 108 TaLIF45%
PEiTis -1,
FMEZRBEREDZES TO SS HOKSEHRIZ0.5mT44~69%, 2,58X KT m
THI~T4% DHPTELL,SS k5 meE 7 mD 7 AREOHEE 2B 1713,0.5mT 1.6~
2.7mg/ £, 2mTL.4~3.Tng, 5mT1.8~3.7ng, 7 mTL.6~2.7Tm9ThH 120 B
KEIFB7avy #4125 SS ORIEEIEE SS 8L TF SS HORDER - DGR,
BRS2HBUT SS BFLso1zh, SS HORDSEEENSEL 85 & AHEIET L
SS MET U h ROBHEENEL 25 L AL ESEE 3 EARR LIz, 1215, 5mE
TmDRD T AREI I 5 AR HEEEO YT SS BEH THL 22> TOIT d
P57, HOHEBRE»THY, BBCDFI s hr BEBRLTHN L1230
EBONBZDOT, CORMPOUEMBIBSEMEE LT 12,

% 3

TOELTTEDMEITI T 5 SS OEHELIIEI L H 2OBEHE LD, BES
DEMFE SS B2 A% &, T6ETIZ0.5mT 8.04mg/ £, 2mT 5.04ng, 5mT 4.37
ng, 7TmT4.15m1Ti2%, L, 5 BOHKCE ABNMERRITIE, S¥E3H SS ik
2.97~3.07ng/{ DOHHITH VFEIICL BEZIFEAER 2B, Tz, TTETIX0.5m
DN SS 8k 2.2Tmg/ £, 2 mT2.07, 5 mT2.58, 7mT2.47,78h, &AH5m
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Fig. 8 Relationships between SS, POS and chlorophyll a + pheophytin (phyto-pigments)
at 0.5, 2, 5 and 7 meter depths.
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TEL /53D, TA~8HDb m& 7 mDUFEIE DR 2R IE, HHEID SS 132.07
~2.2Tmg/ L VCIL D TBE L FREICESICE A BWEEISNEELB NS,

SSHO 7+ h vHIHEER (BFEE) »HOfEEE LToMEYB TS v v OBNigE:
Zi, BFEEE SS 500 POS ORESEBTOBGE2HE Lz (Fig. 8), BFERE SS
& DBIFRIZ0.5m & 2 mTIXERE>.5ug/ 4, 5 mT>1.50g, 7T mT>0.5¢g TEHUL
EILLT VB, Z2RICHL, BFEEE POS & OMBEREIICE 282, 7mits
3K E - POSERZR» LBEEVFICZ - 2O POS X 0.03my/ ¢ S#EE IR, o
BREITRINEDTACE RS-,

SS HDREE BROBHEDOFETL (C/N) 354 OB S TREAMICEILUIZY, &

atomic

C/N

7k
L

T .
T 1
ATM ' UTITATsTOo"NTD
Fig. 9 Seasonal changes of C: N atomic ratio of SS at the
different depths in 1977,
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EIOBIEITENS 5 L 3EL N (Fig. 9), BRTHEELUIEREMD C/N3H
FHIRLTE~7TH Y, ZDBOKRSEERIZI2~31%TH 5 &> 5 Parsons il (1961)
RER (1971) OFER®» S, BICE 580 5 OEKYORARZRE, BBICET 5
SS HOKSGEEIE40~T0%TEILL, HEED 245, L1z, C/N 136.2~10T, H#
BOLAEELZ->TWVWE, 361, SS OKAHIZBCTRAEIN TV 5 b OME
DRFEE LTHRHE SN A & (Appendix table 1) 25, Ho SS At #ir: iy
Py b URBED L DIEMH D TR ZOMOYED P HY REESTEEN TN AT &M
Eibhb,

Conover (1966) X&) 75 v v b v ORI L ERBDKSERE L DRBEKRITOW
THRE L, ROGEERSELZ 2O >NESEDETT A & 2T E, F 12,
Widdows and Bayne (1971) & Widdows (1978) 13 Mytilus ORMEAIRIIEHBEEIE
{IBRONTELALBEVIHRZAT VS, COTLERTavYHAIRELAHE LD SS
DOREMEFRICDNT TG REY bh (Fig. 10), T SS 232m/{ LT TIRKDE
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Fig. 10 Relationships between ash contents in SS and SS concentration
and assimilation efficiency of pearl oyster.

©® <2 mg/l, O:2mg-3mg, A> 3 mg/l

HRERHRE QAOHEERSH 5, 72, SS OEE LEIDREGERE LTE D
R O EESHEE SN AP TIRSV, 2Dk dic, RikziEs SS o0&, T
FSARTE TN &id, FEIEOMERICIIBSD SS & THICL - THUAZ
FURIRNHIERUL 7S STV &0 S BTRITSL - TW A58, R, "TTHED7 A~ 8 A
WWHBR VIR OBIEE 2050 AP 2EBI L TV &0 SS & EOFRDKS
DRFSGEEVEOH DO EAS S ST L EDE, TNEDT & IREEERE:DTE
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EEBEZENH L EEZLLN S, ‘
Margalef (1968) 13BN LFWD H AEBHDO T 5 7 b DKOBETH L T2.5~
3.5%& 0, U bBAEYHI- b DEEN (P) %

P:C(Dees) 1'3/(D4so) 0.6

LUTEDL, PUIBREBEOYKD IFICHHT L 2B/ LT E, EEEESAT
i, TeE~TTEOBTEIEEIZ2.5~4. 00 TEILL, WhWAKDEDHEEIE VDL N
AHEPFRICH S L6, HEBRIRAGIAFE2HEL TRVEREERE TS 70 &
EF SR

EE (1978) X2 miITER LIz 7 a v 4 ORBEE, KEEZ L FIKEBO SS 0xy
BE (2mg/¢) 2EBC, KA

Rss= (Mc % 7212 M) X 100 100 100

Ass * Soc F 721t Son . Sorg
T T T Rss 13 BHYENE (g dry wt./month/individ.), Mc & My 13 /R8 & KB ICE
Ut RFER & BHRE (g/month/individ.), Ass 13 HORLEHE (%), Soc & Sox i SS
HOREE BEOSER (%), Sorg ik SS HOBEMEEE (%),

e > CTHORHB - EINE: SS B2 5 A~12HE TOEMMLEREE LT 91 g &
BL, Ch2#EiL—-RAOFEEKES 133 £ LKz, L L, T OREIISHELTEY
T Uy NohDREEEREAEERDI3.2%C, 7T.2%NE2HFEHLTHACEE, Btk 3
IR %2 100 % & LT 5 SUCRIEY & - 12,

W, EEERRRRSITCKIT 5 SS HORBEDOREK L BROSGHHIZI0~20%C, 1~
3.5%N &M EE DI/ 20T X, CNPERUTHEONERPRE LIZIZUTE
HREOHEEOMKITE 2, ZRIINAT, #*i2d 5 SS ORMEESIER 240~50% & 3 5 1
K (1977b) OHLZZBICANNIFEICHERIMFITE S, H->T, 7a¥F41iLL 3
FEKREIEEERSD SS OEEIiIC U TEMK360ny, HMEAKEITL T300~450¢ T 72
b, B8 (1972) D110~160¢ , {LHEM (1964) D24~351 ¢, & HICidfEAR (1977a) O
B & DEKE (6.7~6.9¢ /hr) 2BA B LTI B, CDC &3, ERiIT U SS OEFR
BRERCE s EHEMMEIC 255, B (1972), MAR (1977a) & OBt (1964)
DRKEDOHMEME & RABEME DEDKE %, SS 1D POS BED SS OEBNTH D
53 1w TIRIEF—F LTV ED S, SS RERBRSHEICL > THEDNZEE &
ABLDL, LA, TTRAMAINIIEREDLAIONELEEL SN, HEBEEK
BBORERRL, AE2BEUCEBEEREE Btk 3 5SS ONEBEEE BSTE UIIRET
KhHsbDEWEINDD, 4%, HREEDE Bick 3 BEMEIC OV THITEMZ R
275 BEVD 5, ’

B #
WEBEERE B 219764E~1977F®D 2 £MITh I 2 RBYODEN, BN EHE
LEBRBITB 272 v 741 2 BBYORIHERDORIE 2 I BHO B OFEREED
IREBIC DTS LTz,
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By R ARBIBHMICE USRI U, BEYHORRERY B ER 28 L
Tlmg/LFi%THY, BEHORBELILIFA SERESCEE SN T, KEYHF
DRZEBFZOBEEIIZNZFNI0~20%C, 1~3.5%NTHb, C/N 33tk 5 &
D372 6.2~10DEWEITH - 12, BFEEEIL2.5~4.00Td h BOEBERE 2 TR L
TV, 72 ¥ H4IE 5 BEDOREEFRIR 0 ~66%DHEHETELL, BEYHOKS
SHEELEREYD A, BEEOBRIZEL » TS,

7arH4 ONRME, KER, BEBYEES S NCRRSEER LS ES AORAMK
KEOHEME & BEROBEAKE : o, MREEDBER - ERBE X 2EEET]
OIRBIZE » o, REBARRGOREREEIEWEERLEIRL 2 SS 0—-RHER L
VDY ESIIREETICH 5 EHEF SNz,

Summary

It was investigated on the nutritional environment to the pearl oysters in Ago
Bay from seasonal changes of suspended substances (8S), phyto-pigments, particu-
late organic substances (POS) and assimilation efficiencies in 1976 to 1977.

SS and phyto-pigments (chlorophyll a + pheophytin) changed remarkablly, but
POS was approximately 1 mg// throughout the year. Therefor, the seasonal changes
of SS almost depended on the inorganic matters.

Carbon and nftrogen contents, and C/N atomic ratios of SS seasonally changed
within the range of 10 t0 20 % C, 1 t0 3.5 % N and 6.2 to 10 respectively. Diyao/Deges
values in phyto-pigments varied within 2.5 to 4 which suggest high primary produc-
tion. The assimilation efficiency by the oysters related to the ash contents of SS.
The filtration rate was calculated from the growth, the metabolism and the assimila-
tion rate, SS concentratration and carbon contents in SS.

It was estimated that the nutritional environment for the oyster ground is of the
equibrium between the primary production and the consumption of SS by pearl
oysters, judging from the difference between the filtration rate calculated and the
actual measurements and the seasonal variation of POS and Dyso/Dees values.
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Appendix table 1.

=

.

VL

woB B o#

RG34

Concentrations of suspended substance, particulate organic substance,
chlorophyll a, pheophytin and carbon, nitrogen and ash contents in
suspended substance at Tatokujima Station in Ago Bay.

SS  Ash POS Chl-a Pheo-a Chl+ E 39/ Carbon Nitrogen Hydrogen
Date . Pheo Eggs (%) (%) (%)
(mg/) (%) (mg/D) (re/D (ug/D sS"Ash SS Ash SS Ash
0.5 m depth
1976 May 12 15.91 84.5 2.47 2.02 3.28 5.30 2.29 1.22 0.30 0.03 1.48 0.44
26 44.51 93.4 2.94 4.56 0 4.56
27 26.06 87.6 3.23 4.23 1.69 5.92
28 12.40 86.5 1.67 39.72 0 39.72
31 12.29 73.6 3.24 15.82 15.06 31.64
Jun. 4 9.26 80.1 1.84 6.25 1.62 7.87
14 5.54 66.3 2.03 7.99 2.06 10.05
Jul. 1 2.33 6.30 1.47 7.77 3.49
8 2.49 70.0 0.75 2.01 0.95 2.96 2.80
15 2.95 59.9 1.18 4.72 0.62 5.34 2.85
22 1.71 58.2 0.71 1.84 0.01 1.85 3.62
Aug. 5 1.76 69.1 0.54 1.90 0.17 2.07 3.56
13 1.55 58.7 0.64 1.50 0.90 2.40 2.88
26 1.94 47.3 1.02 4.00 1.34 5.34 2.93
Sept. 16 3.56 58.0 1.50 6.47 2.07 8.54 2.63
30 2.8 71.0 0.83 2.04 0.82 2.86 2.79
Oct. 25 2.27 71.1. 0.66 1.59 0.55 2.14 2.76
Dec. 1 2.05 65.7 0.70 2.22 0.21 2.43 2.71
24 1.40 64.3 0.50 1.02 0.14 1.16 2.67
1977 Jan. 7 1.39 68.7 0.44 1.11 0.66 1.77 2.65
28 1.02 47.7 0.55 2.52 O 2.52 2.60
Apr. 11 3.61 68.6 1.13 1.44 2.03 3.47 2.65 10.29 3.02 1.42 0.00 2.68 1.51
May 25 3.66 57.4 1.56 6.45 0 6.45 2.69 16.82 4.31 2.93 0.18 3.23 1.54
31 3.54 58.9 1.45 1.80 0.85 2.65 3.19 12.46 3.78 1.68 O 2.49 1.45
Jun. 8 3.07 64.1 1.10 4.51 2.15 6.66 2.53 15.83 3.32 1.61 O 2.56 1.13
9 1.78 52.1 0.85 1.65 1.12 2.77 2.73 19.74 4.11 2.64 0 3.62 1.49
Jul. 11 2.43 54.7 1.10 4.18 0 4.18 2.36 17.77 6.36 2.51 0.46 3.49 3.07
14 2.69 66.2 0.91 1.10 0.07 1.17 3.45 12.01 1.76 1.88 0.03 2.76 0.96
28 2.04 60.0 0.82 1.92 1.37 3.29 2.82 15.56 2.51 2.34 0.12 3.44 1.54
Aug. 1 1.92 67.1 0.83 1.21 1.25 2.46 2.95 13.29 2.03 2.04 0.06 3.13 0.96
2 2.59 67.9 0.83 1.76 0.09 1.85 2.88 10.19 2.93 1.43 0.06 2.33 1.10
15 2.11 52.8 1.00 1.99 0.88 2.87 3.04 12.08 3.79 1.70 O 2.67 1.59
17 2.47 67.7 0.80 1.59 0 1.59 3.87 10.70 1.45 1.61 0.15 2.51 1.18
24 1.87 46.4 1.00 2.06 0.17 2.23 3.04 13.02 2.18 2.14 0.34 2.95 1.55
Sept. 6 1.50 61.2 0.58 1.46 0.12 1.58 3.56 20.02 1.26 2.96 0.12 3.52 0.64
16 2.73 65.6 0.94 2.50 0.72 3.22 2.74 12.68 1.24 1.80 0.11 2.74 0.94
20 2.11 72.1 0.59 1.38 0.35 1.73 3.01 11.59 1.57 1.36 0 2.45 0.34
Oct. 4 2.52 61.1 0.98 4.95 1.32 6.27 2.64 14.58 0.70 2.66 0 2.88 0.50
11 2.24 68.2 0.71 5.90 0.81 6.71 2.47 13.30 0.68 2.11 0.08 2.42 0.24
14 2.69 73.0 0.73 2.45 0.98 3.43 2.49 9.60 0.92 1.37 0.11 2.24 0
31 1.11 57.8 0.47 0.59 0.46 1.05 3.28 13.87 0.75 1.86 0 2.57 0.09
Nov. 8 1.76 70.6 0.52 1.66 0.06 1.72 2.61 11.37 0.37 1.50 O 2.17 0
Dec. 7 1.61 65.5 0.56 1.69 0.06 1.75 2.82 11.09 0.03 1.61 0.05 2.22 0.02
2 m depth
1976 May 12 13.93 83.9 2.24 4.46 0 .46 2.40 1.19 0.35 0.03 1.50 0.42
26 13.89 82.7 2.40 10.98 2.91 13.89
27 12.74 78.7 2.71 6.93 0.75 7.68
28 13.13 77.1 3.01 18.87 O 18.87
31 8.98 76.3 2.13 7.76 0.78 8.54
Jun. 4 8.51 75.5 2.08 10.15 0.73 10.88
14 3.97 62.0 1.51 3.84 1.54 5.38
Jul 1 2.33 60.7 0.92 2.67 0.79 3.46 4.00
8 2.62 72.4 0.67 1.56 0.29 1.85 2.92
15 2.45 71.0 0.71 2.13 0.26 2.39 3.42
22 1.85 56.8 0.80 1.26 0.13 1.39 4.03
Aug. 5 1.78 69.3 1.23 1.85 0 1.85 3.67
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13 1.68 57.8 0.97 0.97 0.55 1.52 3.92
26 2.19 61.7 0.84 2.44 0.97 3.41 2.93
Sept. 16 3.97 74.5 1.01 6.49 2.18 8.67 2.52
30 3.09 68.3 0.98 1.89 0.76 2.65 2.74
Oct. 13 3.91 68.9 1.22
14 3.34 67.9 1.07
15 3.08 64.3 1.08
22 2.28 62.3 0.86
25 2.70 69.4 0.83 1.33 0.95 2.28 2.94
Dec. 3 2.14 71.6 0.61 1.86 0.33 2.19 2.73
24 1.55 63.5 0.57 0.93 0.05 0.98 2.56
1977 Jan. 7 2.13 67.5 0.69 1.21 0.21 1.42 2.77
28 1.17 47.9 0.61 2.06 0.12 2.18 2.59
Apr. 11 1.53 56.2 0.67 1.42 0.05 1.47 3.08 14.86 4.58 2.00 O 3.12 1.
May. 25 1.78 48.4 0.92 2.90 0.64 3.54 2.71 19.38 7.89 3.08 0.24 3.73 1.
27 2.96 64.6 1.05 2.62 0.68 3.30 2.77 12.91 2.53 1.85 0.09 2.38 1.
Jun. 8 3.08 67.7 0.98 2.68 1.21 3.89 2.53 12.88 2.43 1.67 0.08 2.16 0.
10 1.74 48.5 0.90 2.31 0.12 2.43 2.92 16.80 6.80 2.03 0 3.28 2.
Jul. 11 2.18 51.5 1.06 3.56 0.21 3.77 2.80 15.47 3.99 2.11 0.21 3.15 1.
13 2.27 62.6 0.8 0.92 0.37 1.29 2.33 13.80 5.44 1.90 0.09 2.71 1.
28 1.48 54.6 0.67 1.43 0.90 2.33 3.06 16.74 3.57 2.48 0.31 3.53 1.
Aug. 3 2.73 67.8 0.88 0.92 0.87 1.79 3.15 14.06 1.28 2.05 0.03 3.39 0.
15 2.53 63.2 0.93 2.12 0.90 3.02 2.78 12.07 2.60 1.94 0.05 2.84 0.
19 2.10 61.9 0.80 1.79 0.65 2.44 2.86 13.93 3.46 2.19 0.07 2.40 0.
24 1.41 53.0 0.66 1.97 1.01 2.98 2.93 20.91 2.86 3.95 0.33 4.35 1.
Sept. 6 1.61 61.5 0.62 1.43 0.41 1.84 3.14 13.10 2.69 1.83 O 2.38 0.
16 3.16 69.0 0.98 2.81 0.47 3.28 2.79 12.07 1.26 1.72 0 2.66 0.
20 2.15 70.2 0.64 1.74 0.06 1.80 2.87 9.83 0.86 1.37 0 2.17 0.
Oct. 4 2.53 69.8 0.76 3.25 1.21 4.46 2.83 11.97 0.73 1.80 O 2.40 0.
11 2.37 67.4 0.77 4.94 1.69 6.63 2.52 12.58 0.79 2.00 0.15 2.40 0.
13 2.11 67.6 0.68 5.64 0 5.64 2.59 14.36 1.83 2.02 0 2.71 0.
31 1.13 64.2 0.40 0.90 0.06 0.96 3.12 11.55 0.59 1.51 0 2.07 0.
Nov. 7 2.09 67.5 0.69 1.90 0 1.90 2.74 7.66 0.07 1.01 0 1.44 0
Dec. 6 1.48 67.2 0.48 1.41 0.38 1.79 2.58 11.50 0 1.50 © 2.33 0.
5 m depth
1976 May 12 13.05 85.4 1.91 5.26 0 5.26 2.16 1.11 0.30 0.02 1.46 0.
26 6.84 84.9 1.03 0.61 1.10 1.71
27 7.78 81.6 1.43 0.57 0.92 1.49
28 7.34 81.8 1,34 0.82 0.90 1.72
31 8.93 81.0 1.70 2.06 1.48 3.54
Jun. 4 5.80 79.2 1.21 2.73 0 2.73
14 3.12 67.5 1.01 2.73 0.33 3.06
Jul. 1 2.82 62.3 1.06 1.34 0.48 1.82
8 3.45 61.9 1.31 2.76 0.57 3.33 2.81
15 2.78 71.4 0.80 2.72 0.39 3.11 3.08
22 1.72 50.8 0.85 0.99 0.62 1.62 4.11
Aug. 5 2.39 65.1 0.83 3.98 0.48 4.46 3.37
13 2.76 65.7 0.95 0.99 1.12 2.11 3.47
26 2.07 57.2 0.89 2.16 0.69 2.85 2.87
Sept. 16 4.56 67.3 1.49 3.88 3.02 6.90 2.64
30 3.42 68.9 1.06 1.98 2.07 4.05 2.40
Oct. 25 5.50 67.2 1.80 1.47 1.85 3.32 3.16
27 2.91 71.2 0.84
28 3.16 69.2 0.97
29 1.49 70.3 0.44 .
Dec. 1 2.60 68.3 0.82 1.52 0.29 1.81 2.70
24 1.69 62.7 0.63 0.88 0 0.88 2.62
1977 Jan. 7 2.42 72.0 0.68 1.08 0.40 1.48 2.71
28 1.68 60.6 0.66 1.84 0.05 1.89 2.47
Apr. 11 2.00 63.3 0.73 1.08 0.18 1.26 3.07 12.23 3.64 1.39 0.02 2.56 1.
May. 25 1.85 53.7 0.86 2.03 0.03 2.06 2.97 17.31 5.23 2.30 0 3.17 1.
31 2.26 63.3 0.83 2.29 0.16 2.45 2.82 14.06 2.18 1.90 0.12 2.84 1.
Jun. 8 2.82 70.6 0.83 1.47 0.63 2.10 2.67 10.33 1.87 1.27 0 2.13 0.
9 2.08 59.1 0.85 1.31 0.24 1.55 2.80 12.82 3.71 1.58 0.06 2.64 1.
11  3.07 64.1 1.10 4.70 0.05 4.75 2.90 16.77 1.76 2.53 0.18 3.25 0.
14 2.77 61.5 1.07 2.10 0.87 2.97 3.18 13.37 2.77 2.06 0.10 2.65 1.
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Appendix table 2. Concentrations of suspended substance, chlorophll a + pheophytin,
carbon, nitrogen and ash contents in suspended substance and feces,
and assimilation efficiency by pearl oyster.

Suspen ded substances Feces of pearl oyster | Assimilation
efficiency (%)
Date Dry C N Ash Chla+ C N Ash
wt. pheo-p references
(mg/D) (%) (%) (%) (/| (%) (B (%)
0,5 m depth
1977 May 31 | 2.776 8.68 1.68 61.9 2.65 7.09 1.10 76.8|50.9
Jun. 911.775 15.63 2.64 49.6 2.78 9.17 1.47 73.6 | 64.7
Jul. 14 | 2.695 10.25 1.85 65.2 0.91 9.39 1.47 73.3| 31.6
Aug. 11 1.923 62.8 2.46 74.5 | 42.4
21 2.591 7.26 1.37 68.4 1.85 13.63 2.13 78.6 | 41.0
17 1 2.472 9.25 1.46 67.2 1.59 8.59 1.10 75.7 | 34.5
24 11.866 10.84 1.80 44.5 2.23 8.19 1.23 74.0|71.8
Sept. 16 | 2,728 11.44 1.69 65.9 3.23 12.48 1.73 72.9| 28.1
Oct. 4| 2.524 13.88 2.66 64.4 6.27 11.47 1.95 73.7 | 35.4
Nov. 8| 1.755 11.00 1.50 68.6 1.72 6.29 0.89 82.7 | 54.2
Dec. 7 |1.606 11.06 1.56 67.5 1.76 5.93 0.72 82.6 | 56.3
14| 2.688 8.68 1.26 74.5 3.43
2 m depth
1976 Oct. 13 | 3.769 68.9 79.4 | 35.3
14 | 3.261 69.9 79.3 | 40.6
15 | 2.967 65.1 76.6 | 43.0
22 | 2.231 62.3 72.6 | 37.8
1977 May 27 | 2.964 62.1 3.29 62.8 3.1
Jun. 10| 1.738 10.00 2.03 53.1 2.43 9.43 1.55 71.4 | 54.7
Jul. 13 |2.267 8.36 1.81 62.4 1.29 13.27 2.52 67.0 | 18.5
Aug. 3[2.727 12.78 2.02 68.4 1.79 7.04 1.02 76.6 | 33.9
191 2.103 10.47 2.12 60.0 2.45 11.53 1.84 72.3 | 42.5
24 | 1.407 18.05 3.62 57.8 2.97 11.06 1.52 71.7 | 45.9
Sept. 16 | 3.156 10.82 1.72 87.3 3.28 11.32  1.54 71.6 1 18.1
Oct. 4 |2.529 11.24 1.80 72.4 4.45 12.34 1.99 68.8 0
Nov. 7(2.093 7.59 1.01 67.5 1.00 6.25 1.00 79.0 | 44.7
Dec. 6| 1.475 11.50 1.50 69.2 1.79 6.54 0.72 83.1 | 54.4
5 m depth
1976 Oct. 27 | 2.729 70.4 81.2 | 44.8
28 | 3.915 70.3 76.1 1 25.7
29 | 1.491 70.7 79.6 | 30.3
1977 May 31 | 2.255 11.88 1.78 64.9 2.45 12.39 1.73 67.9| 12.6
Jun, 912.028 9.11 1.52 61.4 1.55 9.11 1.39  73.7 | 42.7
Jul. 14| 2.771 10.60 1.96 63.5 2.97 11.70 1.78 68.2 | 18.9
Aug. 1]5.716 54.6 22.12 72.1 | 53.5 | Gymnodinium
2| 3.668 62.4 8.93 67.6 | 20.2 | sp. develop-
17 | 2.708 10.49 1.73 64.6 3.04 8.43 1.12 76.8 | 44.8 | ment »
Sept. 14 | 2.190 12.53 2.07 61.1 3.98 8.21 1.11 78.8 | 57.8
Oct. 5|2.316 11.83 1.99 67.6 3.89 12.13 1.68 71.8| 18.2
13 | 2.581 9.57 1.37 72.4 6.30 5.80 0.73 84.3]| 51,1
Nov. 71.826 8.68 1.31 73.4 1.58 6.85 0.87 80.5 ]| 33.2
Dec. 6| 1.596 9.84 1.42 68.3 2.07 5.67 0.72 83.3 | 56.8
7 m depth
1977 May 27 | 2.710 62.6 3.11 66.3 | 14.8
Jun. 10| 2.573 8.33 1.29 63.2 2.27 10.30 1.71 69.7 | 25.3
Jul. 13| 3.669 12.89 2.27 53.6 7.63 2.84 62.6 | 30.9
Aug. 3| 8.497 59.5 22.38 65.5 | 22.7 | Gymnodinium
19 | 2.341 9.54 1.65 66.5 2.62 7.50 1.02  77.1 | 41.2 |sp. develop-
Sept. 14 | 2.217 9.18 1.13 64.5 2.66 8.63 1.02 79.2 | 52.5 | ment «
Oct. 512.051 11.39 1.94 58.4 4.31 14.67 1.85 62.7 | 16.5
14 | 2.098 9.44 1.42 70.7 4.71 6.49 0.82 81.6 | 45.6
Nov. 8|1.828 7.66 1.13 74.1 2.09 5.84 0.79 84.1] 46.1
Dec. 7 |1.914 7.47 1.05 67.6 1.92 5.60 0.71 82.8 | 56.6
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Table 1. Experimental periods, cultured depths and age of pearl oyster for the
measurement of mortality

Experimental periods | Age of oysters ﬁgﬁ?}?ﬁr of Cultured depths

1974 May - December 2Y 130 0.5m, 2.0m, 7.0m

1975 May - December 2Y 300 ”

1976 May - December 2Y,3Y 300 0.5m, 2.0m, 5.0m, 7.0m
1977 May - December | 1Y, 2Y, 3Y 300 ”

* Katsuhiko Itoh and Saburo Mizumoto. Mortality of pearl oyster Pinctada fucata (Gould)
in pearl cultured ground, Ago Bay. With English summary, p. 2398. Bull. Natl, Pearl
Res. Lab. 22: 2383—2404. 1978.

T ESIABRER EAE No. 250 (EvEBBEN#E 22 1 2383—2404. IBFIS34E8 A)
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Fig. 1 OI;servational station for the measurement of mortality
of pearl oyster in Ago Bay.

AWFEEQTEE 7 B 5 L0ABIRITIN, ORI 5 BOBARRITE DS - 15
BESEMAEE UT, EEAIRKITA0, 2, 58X0°7 mOKIE, E, AFHFEE(Winkler
) LZWEETOMKERAE LI, RORBICETABETIE, BiKzhZhORERa
BHELIL 7 a Y 44 OB, NE>BEPRONTTIEABRER 2EREEOK (IW/
C MW) 2EHILIZ, 351, Z2h b0 HOREE260°C TSR LI b # % U W 4,
Perkin Elmer ##4¢> Elemental Analyzer TRESERZOW LIz X1z, T6HEE 77
FEOMEITIE, “NVIELI ABAEOFERICE 5 BHEROBERE2HE LI

ik S
ERANNWERICDNOT JBERBITZESH, KENORBE~NIEH% Table 2 iT, A

Table 2. Integrated mortality of pearl oyster cultured at the different depths
in 1974—1977

Mortality of pearl oyster (%)
Experimental period Age of oysters

0.5m 2.0m 5.0 m 7.0 m

1974 May ~ December 2Y 26.8 32.8 20.0
1975 May -~ December 2Y 27.0 30.0 17.0
1976 May - December 2Y 56.0 23.7 18.3 13.3
- 3Y 60.3 26.0 16.7 21.0

1977 May - December 1Y 4.0 3.7 3.7 4.7
2Y 22.7 14.6 10.0 10.6

3Y 21.0 18.3 18.6 18.0
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Fig. 2 Integrated mortality of 2 year pearl oyster cultured at the different depths
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Fig. 4 Integrated mortality of 1, 2 and 3 year pearl oysters cultured at the different
depths in 1977, @:05m O:2m, +:5m, A:7m.
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DBET LTz, OB 7 ATARRIEL 5D (10%), 20% b 8 A4y, 9 A4,
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10AFEIIRE L ez, TmOEO IW/MW 127 Aol L Lz (0.305) D 5 {E
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Fig. 5 Seasonal changes of mortality (M) and weight of internal organs: wet weight of
tissue ratio (IW/MW) of 2 year pearl oyster cultured at the different depths in
1974 and 1975.
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@ IW/MW 37 BTEICE L 5 -12 (0.345) OBET LIS, 8 AFAICEHERL
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2388 B 7 ®H B B # FRFI534E

+5m

Mortality, %

0
976 M1y TuTATs ToT NT D!

Fig. 6 Seasonal changes of mortality and weight of internal organs: wet weight of
tissue ratio of 2 year pearl oyster cultured at the different depths in 1976.
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Fig. 7 Seasonal changes of mortality and weight of internal organs: wet weight of
tissue ratio of 1 and 2 year pearl oyster in 1977.
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BrREEOHEIZEH-512,0.5mD 2 EED IW/MW 27 B AR 3L 72 b (0.320),
Z0f%, ETFUN. ~NWFR7 Awy, 7 AFA~8 Amf, 9 AREIREHELE
(2~3.2%)o2m@DED® IW/MW 25 ~6 ARMITELZY, 20%, 7APHET
TIETU, THREBICEL (0.330), 8 AHFAICET Uize IR 7 AFRE~8 AL
AT HBR LI, 5mDED IW/MW 35 8~6 BRAKEL Z-1:057 AfRaE
TiZIF0.35CREB L 8 HUD KA LI, ~WIEIZ 7 ARH» 5 8 B ictding 5 tEnamns
Hotze TmDHD IW/MW 37 A DET2ERTIES mO R ELIE X 2R,
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Fig. 8 Seasonal changes of carbon contents of 2 year pearl oyster cultured at the different
depths in 1974—1977. @ :1974, O : 1975, (D : 1976, + : 1977, '
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BAEMORZTSEXEOEHELL MERHDS Y 2 -7 L IEEOEHLELITONTIE
Wk 5 % OHFEHIZINTEIY (RE - B0 1961, B8 1972b, BF - S5 1971),
COMMEIZZNZFNENCEILLZDREBE UTEHMCE DX 5 581L2 3 5 bR
BB E» -7, H-T, CCTRMBDEOEBHETETD 5 REDSHEHEDEHZE
{b2gEL (Fig. 8),

TAEICBIT 0.5mBOEORESERII 7 APARKEBIED (42.3%), Vo T A
WA UIchs 8 BOIDICHIEIMLI: (42.5%), Z20%, 8 ARICH»ITHEWULIL, 2m
ORTIZ, 6BfMa, 7 BFA~8 FELAIEL (41.3%), 5 AKE 7 AODHATIC 8
AFAIET Uz, 7mDHTIX, 7HEAI4LL.8% %2R, HAETL, AADRKRK
Vo TP AU T2 8 AR THA LI, "TEEICK 50.5mD D KAESHE 6
RIiCHmED42.8% 2R U120 8 BRANT» AL (38.2%), THITIZ40% LI i A &
Uiz, 2mDHETIE, 6 ATHIREHEIZY (41.9%), 7 ARKLITTY %0 K 4
Uizdd, 8 ALA~HMicE UL R LS 9 AFaE TR LI, 7TmDETI, 7
AFAEEICEL (42.2%), 8 AHRAOETOHENE RTS8 A TAI»iFEb L, 2
DFSEE LT,

TOEIISIT A0.5mDEORASTHERITZ 6 A TAICESEITEY 42.2%), 8 » T
WAL, REDBIEEICE YN EINLI, 2mDETIR6 A TERESEICL 72058
RTHETHADL, 20%2FCEELI., 7TwOHETIZ6 ATAKESEICSY, 7AH
AT IRP U DL BRLITHEINUIL, TTEICE T 50.5m D BORRBEBRILT64E & U
NEIxRRL, 8 ARIKRER S >1OBEIMLIL, 2mOBDBARAKTH T, 7
mDETIE 8 ARHEREICE 512, COERT6FEERABCRESEEN6H~9AD
g2 U EOBEBOBS S h -1 EXEBELTHIF5N 5,

NOERBATDOFTERZDMICKBBBICDOT "T6ELTTHEITI T 5056 B B
DEFESITB I BNOFEEHRNEOFERZ O & 218EEHREOEHLIL2HE L
72 (Table 3), 7272 L, "7T64EM0.5mD 2 ££H & 3 FRD 5 AROKBFEDEHICON T

Table 3. Infection rates of shell inside by parasites of died oyster in 1976—1977.

Shell inside infected by parasites (%)
Experimental periods Age of oysters

0.5m 2.0m 5.0m 7.0 m

1976 May ~ December 2Y 52.1 63.7 80.2
3Y 67.9 72.0 84.0

1977 May - December 1Y 58.3 72.7 63.6 71.4
2Y 69.1 84.1 83.3 100.0

3Y 93.7 92.7 89.3 90.7

BEIELURS» -7, 2EAOERBERIX2 mT52%, 5mT64%, 7 mT80%, 34 ER
D2 mT68%, 5mTI2%, 7TmT8Y%T, EFTLEINEIRRVEL L AHAZR LI,
TTHED 1 EE O BRNEOEERIZ0.5m T8%, 2 mT73%, 5 mT64%, 7 mTT1%
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i, 2EATIR, 2NFN69%, 84%, 83%, 100%TH »1c, 3EETI, 0.5mD
HT94%, 2 mT93%, 5mT89%, TmMTI%TH-1, '

BEEEDO IR IR (Appendix table 2), "764E® 2 m Tz FEIL 7 A TFA, 5m
T8 ALA, 7TmT8ARIFIKERLTE Y, ZOMORFINITIEIAA &R TOIERICEE
HIZL 2EPD -1, 3EAD2mTIR6 ATAELT7TATH, 5mé7mT6 ATARE
BRIZET U 2 ERICHASENICE D > 12, TTED 1 £HOHEBEROHERIL 0.5
mT7THTHE, 2mT7HA~8H, smT7HTA~8ALA, 7mT8ARHIHY,
2EHEDO.5m T 7T ATA~8 A, 2me5mTIZ8 ALAE, TmTRELL b -
2o BEATIHFITHEMIBZBREILD, BEALETONERDVEER S 17T,
BRERECOOT O KE KESHEHES> DT ZOKE S 72 ¥ 71 DER
REBEPEZ AT EEIEI>LTIRV, 2CTIE, SHEEEDO, 2, 5BIFTmD
BRI TOOTED B TTEOIVER ORISR (EHWERR 1972) ORI 2 LE
KR E BT U, TAED S TTEDZEDHUEEKEBEE DR E LTRLDEIDKIE D
FHIN B & 2 I,
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Fig. 9 Seasonal variations of mean water temperature for a period of ten days
during 1967—1977.

29, LEKROBLEPEREsYicABE (Fig. 9), 1 A~3 AL TIHRESD @ i
BFRAEKBRZIZZ VY, 4 BUBREVAETL, TA~S8ARDIITCDESE S KEXLR
Bo 0m®DKIEIX7 HFA)~8 ATAN27CLLLE (27.1~29.0C) &/23, 2 mTid27°C
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Fig. 10 Seasonal variations of the deviation from mean water temperature
in 1974—1977.

wic, FEKERE ZEOHMNEEKEE DR DELZ A B L (Fig. 10), "T48E T 1
A~2 HQie»iy—2°C, 3 iz +1.5, 5 AHAELTREEATH -8, 5 A TA~T
B LAacsEeEp E, 7 BhA~8 BEAIIZHITEELT, 8 AFAICIIELELAITRE-»
tz. TSEDKIEBZEMNIX, 2 B LAY T+ 2, SATHEPWTETL, 4ALA~5 A
THE 6 ATE~8 ALGITIZFEENA, 6 BAFEEL, 8 ARaItEL 2 -7
THUBIEDICREB LT, "T6EDKEEILIZ, 2 A~3 BIIIBEM/EL I h &<
ish (2 RLAT+2.5), 4 AT, 5 AHM, 6 ARER L7 Adfict 1 OHET
LU, ZRDUMNBEENATH -1z, TTEOKEZEIZ 1 B~4 BT i PE
BLULET, Bic2 A~3 AIt+2~2.2TH -5, 5 ARA- TEERL D {EL L7,
7RiE+1.5E7%0, 8 ARA-THEER2TEDD (—2), ARSI BRBUI,
2m, 5mBIYTmOEBES BT 3 BEOYILEKEOEHEFHORIBIIESITE
BISWEPT NS BTN ABY, 0 mKROE S L IFPTETEE LTS,
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Fig. 11 Seasonal changes of the precipitation at Tatokujima, Ago Bay in 1974—1977.

@ HE ZHETADTA~TIEETOZXDRESOEKOLEZEBLZOFTH L
LB ->TIN D, ChiBAkBEERLTVWEEEASNS (Fig. 1), LT TR,
ER, EIBOEMFEEHE»ERE LANOLBLHEL OERFHICUTRREIDLED
EHEBOE et Uiz (Fig. 12) '7TAFED 0 mDILEIZ 6 A~7 AC»ITEUL{ET
U, 7THREICE—9IEL, Z0%, ELTOEEL, 2mOLEROmnOHELH
UL 6 A~10FIEH I TIET UL, 0mick~RTZOEEIR/N S » - 2 (7TATHT
—4.3) COEHENEAKIZT mETHRATVI, TSED O mOYEKOLEIZI6H ~8 A
M CEEEMICED - 7255, 9 A~10H0BKICL VIET LI, 2mDEEZOmE
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Fig. 12 Seasonal variations of the deviation from annual mean of specific gravity
at 0, 2, 5 and 7 meter depth.
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Fig. 13 Seasonal changes of dissolved oxygen at the different depths in 1975—1977.
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Summary

It was determined’ the mortality of pearl oyster Pinctada fucata cultured at the
different depths, Tatokujima station in Ago Bay, 1974 to 1977. On the environ-
mental conditions, seasonal deviations of water temperature and specific gravity and
dissolved oxygen contents were observed at 0, 2, 5 and 7 meter depths.

Seasonal changes of internal organs: wet flesh weight ratio, carbon contents in
the flesh and the infection rate of shell inside by the parasite Polydora ciliata
were measured. Seasonal deviations of the water temperature at each depths were
similar with each others, but of the specific gravity became more stable with depth
deeper.

The mortality of the pearl oyster seasonally had appearance during the breeding
periods and was corresponded with the rapid decrease of carbon contents. The shell
inside of the oyster died except on the breeding season was almost all infected by the
parasite.

The difference of the mortality between the oysters cultured at the various
depths and in each years examined, was related with the water temperature and the
specific gravity, their degrees of the seasonal deviations, and the infection rates
under the weakenned condition by their spawning.

It was concluded that the death of the pearl oyster resulted from the combined
effects of the environmental conditions on the oysters which were weakenned by their

spawning.
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Appendix table 1. Integrated mortality of pearl oyster.

0.5 m 2 m 7 m
. Integrated . Integrated . Integrated
Noof died mortaity | N9 died mortahey | Noof died ot
. (%) : (%) ! ) (%)
1974 NAT 2 Year
May 10 0 0.0 0 0.0 0 0.0
20 0 1 0.8 0
31 2 1. 1 1.5 0
June 10 5 5. 1 2.3 0
20 1 6.1 0 3 2.3
30 0 0 0
July 10 0 0 0
20 1 6.9 2 3.8 2 3.8
31 6 11.5 13 10.0 0
Aug. 10 6 16.1 2 15.3 1 4.6
20 4 19.2 4 18.4 4 7.7
31 0 0 1 8.5
Sept. 10 3 21.5 5 22.2 5 12.3
20 0 2 23.7 2 13.8
30 0 0 0
Oct. 10 3 23.8 5 27.5 5 17.6
20 2 25.3 2 29.0 0
31 0 0 0
Nov. 10 0 0 0
20 0 0 0
30 0 0 0
Dec. 10 0 0 0
20 2 26.8 2 30.5 0
31 0 3 32.8 3 20.0
N=130 35 43 26
1975 NAT 2 Year
May 28 0 0.0 0 0.0 0 0
Jun. 4 0 3 1.0 1 0.33
13 0 1 1.33 0
July 3 0 0 2 1.00
8 2 0.67 0 3 2.00
15 9 3.67 5 3.00 0
23 28 13.00 18 9.00 0
29 10 16.33 9 12.00 1 2.33
Aug. 4 4 17.67 5 13.67 1 2.67
12 2 18.34 5 15.34 4 4.00
18 8 21.00 6 17.34 6 6.00
26 4 22.33 7 19.67 1 6.33
Sept. 2 2 23.00 6 21.65 6 8.33
9 4 24.33 5 23.33 5 10.00
16 1 24.67 4 24.87 9 13.00
30 1 25.00 2 25.34 4 14.33
Oct. 7 1 25.33 6 27.34 0
13 0 1 27.67 3 15.33
20 1 25.67 0 2 16.00
27 0 1 28.00 1 16.33
Nov. 4 1 26.00 2 27.67 1 16.67
10 0 0 0
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Appendix (cont.)

0.5 m 2 m 7 m
. Integrated . Integrated . Integrated
N?ﬁgifvcilé?d mortality N?hgfv?éed mortality N‘i)hgifvciléed mortality
(%) ) (%) : (%)
17 0 0 0
25 0 1 29.00 1 17.00
Dec. 1 1 26.33 1 29.33 0
8 0 1 29.67 0
16 2 27.00 1 30.00 0
22 0 0 0
1976 Jan. 6 0 0 2 17.67
13 0 1 30.33 1 18.00
26 2 27.67 2 31.00 3 19.00
Feb. 2 1 28.00 1 31.33 3 20.00
10 1 28.33 5 33.00 3 21.00
21 0 7 35.33 6 23.00
Mar. 9 2 29.00 3 36.33 7 25.33
26 0 4 37.67 5 27.00
Apr. 21 9 32.00 7 40.00 10 30.33
N=300 96 120 91

Appendix table 2. Integrated mortality and number of infected shell inside of pearl oyster.

0.5 m 2 m 5m 7 m
N Yony o N
N} Q Q . Q
T S 2 € gl S g3 S g
w g ST‘: 85 w O ET‘: 85 w T e'(_‘; 85 [pe=t 8'(_‘: 85
o> o0 4= Q) — oS o Q — o5 B 4= O — (=l B0 4 &
s S5 & s 85 £ s8 S5 & S8 S5 &T
zS E§ 5G| z§ S8 5@ | 25 EE &E% | 2§ Eg 548
1976
NAT 3 year
Apr. 27 0 0.0 0 0 0.0 0 0 0.0 0 0 0.0 0
May 11 2 0.7 2 2 0.7 2 2 0.7 2 8 2.7 8
17 1 1.0 1 2 1.4 2 0 2 3.4 2
Jun 1 124 42.3 .0 1 1.0 1 2 4.1 2
8 29  52.0 0 2 1.7 2 5 5.8 5
14 1 52.3 0 1 2.0 1 0
21 4  53.6 13 5.7 0 6 4.0 0 8 85 0
July 2 0 3 6.7 3 0 1 8.8 1
9 0 1 7.0 1 2 4.7 2 2 9.5 2
16 0 3 80 3 0 0
23 0 2 87 1 3 57 2 0
30 4 54.9 3 12 12.7 7 1 6.0 O 5 11.2 4
Aug. 6 3 55.9 1 3 13.7 1 6 80 5 1 11.5 1
12 0 2 14.4 1 8 10.7 6 4 12.8 3
21 0 3 15.4 2 1 11.0 1 1013.1 1
27 2 56.6 1 1 15.7 1 1 11.3 0 1 13.4 1
Sept. 3 3 57.6 3 5 17.4 5 2 12.0 2 3 14.4 3
9 0 117,71 0 3 15.4 3
18 3 58.6 3 5 19.4 5 0 2 16.1 2
25 2 59.3 2 5 21.1 5 1 12.3 1 2 16.8 2
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= 1.5 meter
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Fig.1 Variations of water temperature at 1.5 meter depths and bottom from 1975 to 1977.
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Fig. 2 Variations of chlorinity at 1.5 meter depths and bottom from 1975 to 1977.
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ml/1 Dissolved oxygen
6

Fig. 3 Variations of dessolved oxygen at 1.5 meter depths and bottom from 1975 to 1977.
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Fig.4 Variations of chlorophyll-a at 1.5 meter depths and bottom from 1975 to 1977.
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Fig. 5 Variations of dry weight of suspended matter at 1.5 meter depths and bottom from

1975 to 1977.
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Fig. 6 Variations of COD at 1.5 meter depths and bottom from 1975 to 1977.
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B, EB: L 2PREBEOEANA LN, $12, TALG»S 9 g TcrMECLER
OERIEBEAEEZIBD NS h-12, ABIKBSWVWTIE, 8 BLA»S 9 ARAET, &
BTIZI0B L T2 hZhEROHITOVIREYFR T, BT 9 ATHLKE, EBT
10 HALIBICZ N FNIEEVRD Shizds, EBOHEEBIIEDTH O THEMOE
BEIREL 5512,

2. REWREE WRNEVBREBROE LS Fig. 8 IWRLI, 19764, FETIET7H
LA O ARHETRRELIOICH LT, EBTCOWEIZIALAETTH 12129
9 BRI EBN RS WEZRLUIZY, 2nUNOHRIZEBO S EM 2R
USSR LIz, 9 A TALREPRE, EEE L ICEELIY, MBOLSEEREIX
KEVDT, ZDERBRFBIENNT, 1976513, FREEB TR AKELLIBEEZRL
ted, TRAEARL8 AFAERIIEIFBOLTHRIWERZRUEP LHER LI, 1977
£TIE, 8 ATHDO—FAR2IRL EHFEOLPREWEEZRLU, FETIR I ALAGLUE,
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Fig. 7 Variations of wet weight of meat at 1.5 meter depths and bottom from 1975 to 1977.

HEFAD LNIZY, BEERS A LGV 510AREETIREASEIIWREBDIZY, 9H
HELBIPECIERE OEIIRBICKREL 57,

3. BERE EHEEOZLP Fig. 9 IKRLI, 1975437 ALEG»5 9 B LA
TRAEDOED, £172, 9AF - TATRIREBOISHOT LN 2NFNAEWE
R UICHS, 10 RAELIEEHBSEMZRL, 1~2 ¢ DEVBTRDNIZ, 19765F11,
7TREAE 9O BFEO—EEZERL S ORI ENEBL D L REVEERUI
MEDZEZIAFHTTEDLTLTH S, ZNLUBBIKREBICKEL LD, H1~29D
ERHEUI, 197781, 6 AF@, 5 7 ARGETRPELEBL OMIITIEE A SEIZ
D oNEh» 1205, ZNLBBHBOAVAETNHEEZRL, 12ARAICIZZDEIZN 3
gEit->1,
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Fig. 8 Variations of dry weight of meat at 1.5 meter depths and bottom from 1975 to 1977.

4. RFEER FREEEOZE{LZ Fig. 10 WWRUiz, 197581, 2BMiTiIER
DOFWEVETHBEL, I8 ALA»L 9 ALAE» T TIZEVNKRE L EHbITIY,
108 TALUBRESOZERRD bbb -1 (=0.05), T, HEEEEOREMDS
BEbhzoiRHETIH I B LATH-12h, EETIHNL»AELIOR LGTH -1,
1976413, HE, BEE 3EEOHEBW R VDA UL SIELI X 5 BB 2R LI,
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Fig. 9 Variations of weight of shell at 1.5 meter depths and bottom from 1975 to 1977,

6 ATA»L1I0AHFEE TOMETIE 8 ATACHBOABE» - 2L EBEDEIR

D HNISh o7 (@=0.05) 3, 10ATEHLEZSICERBOTPENER %2R Uz, 1977
B, 7 BEA—ECRESE 5, TATE»S 9 A LAY TREEDT
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Fig. 10 Variations of weight of crystalline style at 1.5 meter depths and bottom from
1975 to 1977.

VELE -1, SATHURIIAHFGECEHBEEEREE ORICEROZRED S gd
-1z (@=0.05), 12ZAREICHBICB N TEEBOHDHHEI -2,
5. D/W {8 WEBOLZEREE D) tEBERE (W) (OLETHEROTEE 2 R
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U, BOEIOEE Lic (LA - %R, 1977, D/W [E0%{ke Fig. 1112 R Ui,
19755E1%, B, EEKBY28ULIIREE LT, 7AHRE» 5 9 A LARPI TR E
i D/W kb U, EEOABENMEE2RUIZ. BT ATEE TR IBD
LT3, EBTEIRANGIENMEZRLTVADTLO—KHRERBDO T BEMN%
AU 9ATELSI0BHFARLITEEZEOEIBD SN2 Y (¢=0.05), 104
TE»IATHOMRBECEBMENERZRUIZY, RERRIHEMCEZDOEIEY
SNIsr o1z (2=0.05), 19765F13, 8 AMGETCRFBLEBE DMIKAED EizF
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Fig. 11 Variations of ratio of dry meat weight to wet meat weight at 1.5 meter depths
and bottom from 1975 to 1977.
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D HNLTh -1z (@=0.05) ¥, 8 ATHLIBEIEBOIVENEZRUZBLHER LIS
1977413, 6 AFAEY» 59 A LAEFEToME, BRIk 5 D/W Ho# & i3 FLlL,
MEBICEZOEIRD SN2 (¢=0.05), 9 SALIEI2ATAE T OHAMIC
BT, 108 L —RKEENESVMEZRUIIEDRTRTEEO GWENMERZR
LEB LR LI,

/S
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Fig. 12 Variations of ratio of dry meat weight to shell weight at 1.5 meter depths
and bottom from 1975 to 1977.
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Table 1. Erosin rate of Polychaeta
(1976) (1977)
Date 15 m Bottom Date 15m Bottom
Sep. 2 9.0 % 62.0 % Sep. 6 98.0 % 78.0 %
16 92.0 66.0 20 100.0 78.0
28 98.0 63.0 Oct. 5 98.0 82.0
Oct. 13 96.0 70.0 18 100.0 84.0
26 100.0 68.0 Nov. 1 100.0 86.0
Nov. 9 98.0 80.0 15 98.0 91.0
25 100.0 90.0 Dec. 20 100.0 90.0
Dec. 22 100.0 84.0
%
20r Death rate

—— 1.5 meter

seeeO-==> Bottom

10F
I 1975
! .o--o---o'o'o'o"o-o-o-o--'o
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Fig. 13 Varijations of death rate of pearl oyster at 1.5 meter depths and bottom from
1975 to 1977.
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6. D/S i WEHOWHRER D) LHRER () tOLERTHEROMAEE 2 T
L, BAHOEEE Uz, D/S B0z k% Fig. 12 iR Uz, D/S IR DV TIREFEE D
ZNZFNO D/WEE XL/ 4 - B2 RUTWVWAE LD Th B, 1975813, 9 AHREIIC
BEESESNMEZTRUIZEPRTNTEEOERREY bz, 51z (@=0.05), 197653,
8 AFICHE L ERE E ORICEZEOENED bhsr-T2iEdid, 7 ARLELZAF
AETEBOSMENMECHE L, HERICEEOENBY Shic (¢=0.05), 19775F%
NAFGEEBOSSENMER R U E3LRHABEERBE OBICEROERED SN
> 72 (@=0.05),

7. ZEHROARBEIRT FBhO BREHE R Table 1 1R, 19764, 1977
EOWEE D 9RAPLLRARPITHE, EBE L CRECRMERIFE E-THY, &
tz, PEREBICE-NTI6EIR10~30%, 19774FE Ti310~20% & ZEHRO HEEIX
B & DITE N,

8. BEFER MFEEDLLP Fig. 13 WRLI, 1975413, R ORI
JBT17.6%, EBTI35.5%Thb, FEITSWT 8 A Ea» 5108 haE COMERM 1T »
T HOENEEFER (8 A—4.1%, 9 B—6.0%, 108—5.9%) %2R UIZOBEFHBIT H -
7. 1976413, RBHAM RO BIERIZHBT7.0%, EETIX6.5%TdH b, 1977F Ik, H
JET4.0%, EETIZ3.0% & LR NBEIERZR L, WEE EFIBNTE & (I
BROBL AL BRERZIBD LN » -T2,

z z

BEFEROZITH LTy a ¥ ¥ 4 BRBERERZE LD OHELBISHHE I oW
T2, Z DWW DPOERICONT, T TRELEHE STV (ZERKEHK, 1950 ; A
1968 ; Fri, 1959 ; 7%, 1948fl) %5, AHBICH I 2 BEEED L3, HEE, BEH®RE
B, BEDERBLY COD I Tid, 73 v ¥ 4 OEJICH UTEZEZE» B LI
IO EBLMEZHREL T, ULHLEME, KBIKDWTIE 3 PEL EFRICEL
T, 72 ¥4 ORBEFO LR TH 220°CRBAEKENHE, EEOVWTHICY
HERELTEh, 7av A4 OFEARNLTHS »IRESBRIBIIFLIEELLNS, &
72, FIL > TKBEEADBESLBKEORHHRGHCIEZRPBEDONEDT, 72 v A
A RBIITHEOBRERIED -t EBHATE S, LT, FEEERBITBITA
BEEKEOEL®2 A5 &, KELFEIICIBOWT2ICR A BB ETOThSA LN
FEEAHBRIEEL D 3 BORIIICREBA TV S, £12, 27°CUTIRTEET 5 Kl
RIEBOTHRPRENTOE LS TH Y, ZOREICKY 32 EEEABEOET AR
DEITHAZ E/HhINOT, BAKROFEREMIFEVEBL VIBVC EITES, EiZ
BEKRECOVWTHEE EEE TRETOENA LN, 19754, 19764F12130.3°C,1977
FITIZ0.5COENH b, VTN ABICENTEBREWVERRL TS, D%, &
BICETHEEINICY 2 Y H 4 ZEEEED S DICENT, LhBVWKECEHBIS X
NIz LWL BDT, BEOKBEHITONTREBVEFTH 7280 A B, KIT, &
FEOHEHFRXB IS 007 4 VaBICONTHBLEBE 2HET2 L, 197613 EA
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EZEERD SIS, 1976FE L 1977TEIIEBO B VBHNICEWE 2R LTV S, 1277
U, 1975 RFEICKB T A7 v a7y 1 v a ENRECHD U TVWAY, 1977FEH B i
BOWTHRPEALNT, LUAHEBINENMEEZRL TS, O EMHE, 7ru Ty
Voa BRIEEE VI IYHAOEREE2AB L, 197T6FITIIERBD 5N - 12
EWVAk S, Fiz, 19754, 1977FEHREL H AEBO VLI RIBREFTH-12L5TH
A5, 1977TFEFBRBNT IRV TENELE TR bt EZL 5N 5,

LT, BREOHBE L EBORREZKESRM & EREELLHIBELTAS &, 1975F1X
EROBEEEFBICHENTORRT TS 51, MBREBECENEETH 12 EEAD
ha, 197661, EBLHFEECERISL, 20BBRIEOHBORESREI D D
FX STV EVED, KIT, I97TERERBOEHTCH, UrddE, BEE b ico
QEIWHRTEIFTHSICEVABL LS TH %,

—F, BEREIA72+Y 74 DENCONT, HBICETEBLI & 0 LBESRMEO
b0 Ept#E% D/W i, D/S fixs L REEED SHREHICHETT % &, 197551
WTIRABETEE BEEEE MO 2 BIRENTEADOETRE LD, & IKhHE
FTHEBEO BIRIENOETHRE - 12, 19764, 1977E 1>V TR BEEED 3 OOF
JHEFBETO b OWHE U TERWERD 7 5 1112,

Ftr, TAYHADEFRRICOVTIE, 1975FOFBETO S DIIXEHY » TEBRRD S
WD TH HD5, MDOFDRELXCENERVARCEEDRIEETH - 12,

FROC EHEDDL, ERERBIEITAKERIOZ7on 7 40V a Bbb A BIE
Zpbe 7 avH 4 OEITR X OEIEE L OEERITOWTHET 2 &, 1975F0FHBIRE
iR, DEE S NS ICEOBREOTDBRARNICEDEIOETIRE UL, BVEEERER
FTRBSTZOTHA5. L UREHDS, 1976 EDQHE L BERBTIRIZE A & BEEHFIER
5 NITOOICHBEREDC OB HBENIEL, T, IO77TFEEHEL D L EBOHH X
DEVWBEEHLEZEALNAICE »PD 5 THOENIHCEERED b OBENERD
ALz, T bid, 1975 UC19764E, 197742, HE, ERE § Bo&Fic s
S TR RS BERETH I ERIBEZEALND, 2E b, HOEFITE
- TR « BERIEAD 5 A HBOREVERBO Z 1T S EHEICEN AR, 20
PAELSHEBUTHETORDOENETEZELVODOT, BEBMOLOTH->THEME
TTE5Thb, 1z, FELEBOKE - HERHEVARE CH 2551, TEOEE
PBALITIEA S A YK EN S EOMOBERMBEA LT, BOHENIIHBEETD L 031
EXEOLOL D IEMNETRT IO LHERINS,

2¥, TAYH4DEFRO—REEZL SN TV S EEHD BRBHRTICONTHS &
197648, 197748 (197ERFEREM LT -72) & D EBOTBEME IR KEE & /It
5T 5, & CAWEE, BOBENOEMZESBROCERPBIETENMEMmSED
BNTEY, T, BHRLCOVWTREBEHFEEOBCIIBLALEZIED NI -
oo ChE, WEOREFHPHEBMICRIFTHY, HOFEIKEDL HrEBD 1212
»ic, ZEROBHPEOATRBICH U TESEZBPBIITUEREL20 ST L5
Criadind, BRERCIZIED LN LT b D LRI S,
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Ul, HEETEBEEBEEES V) ZOOBBERXHFORNTL A7 a3 ¥4 4 OIED2
WU THI, BOEFBICHUTHFRZEERAEOD Lith-»Tik, ROEN, HOEK
B (ABBRTRAEER, EREEREEILLY) OVWTFRAHBETEBED ) OB
BIRUIZ, L U5, ANEBIREWTIE, & IREZEOEKEDHIEE EROREDS
HOABRREOE/LZERONTVAES5THY (LD -ERE, 1977), iz, AHBOK
E»b b, EKEDOLABERCZ OGS & ORMEN, ABRSNTE T a Y40
TFREHZEA IORBICL A E A RBIHEERINGECATHY, 35T, HPHEI
ETTAECERL»>THC AR HOEMERICK L ETHETOWTHFRT &[NS
SEINTWAEY, 7avH 4 OEZBHICONTOEBENEER»SZLTE, BHEIEM
ZBLUT, 5L ARENSEBESHEOMAARITONT, 5%, WE2MA 505
EWHEOTRZ B EZLLbNS,

E #

1. HEETEEEBEEBEOS>ORS > THEMEEH TSI 273 ¥ 41 OFE %2
19758 ~1977TED 3 FERiTh Iz - THIR U1,

2. HELERE OBRERHOHERTE 5 /e, HRE, BAERKE, sov
1V a B, BEBEYERS L COD w2 THHAIL, —75, BOEI2HET 37290
EELUTHRE AEEER - BRERBICEREEZHE L. 12, 2EROER
SRR P IE U1 (19754138 <)o

3. 27CULOBKEHEOES, REKBHEOSE, suov 710 a BORD E 4
RERI->THEEERE OBRERIFICIIZENA SN, BBLREBOI BIF s BEiER
HTH-12EHIZINT,

4. BOEHOEMIE, 1975FRERIE L, 19764, 1977EPEFSBRICE» -
To FTIEEFLRIL, L975FEQHBEN & KEVEMIEIED SN 512,

5. HEOREVBECE/I LIS, HOEN - BEXOH TRIEESEMNTH
», RHBOBRENEFY, b L RHBEEBYAEROEA I, FEOHTVEMTH 3
RTINS

6. ZEHEDBBREHIT, BOFEIKEND ABEUEETNEIEEIXIEASB LT
IBNELSITH %,
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IR

&

¥ x DIGERIS & N ICKRE L1z enameloid
DEIKILE: & BT

A E B —

| B o' I

1E M

BAERREEFIMFRESHE BRI

(Z2fF : FEFN52429 H29H)

4% . 7 A ¥ A (Isurus glaucus) OFEREHIA & NT, 58 L7 enameloid DFEK{LHE% microradiogra-
phy G, 20HTOHE (F) OHFi% electron microprobe 1TX - THE Lz, ARILD FilicB T
¥, BRIGETOEERBCE > TRRB, LrL, BiMIiE, BARCEIRETRLES, BECHD
2P TIETT5%. FORERARILOTHTTTIEMRIEY (2%UE) . KT, fic, KEA Y2 Of
FCcaEL R 2 LT, WROTE (DA T enameloid DOPF{AlICt: osteodentin IR I TR
W) TCIRLAYBRMASHEAZ vEFRT LR 5, 5L enameloid T, KB TO BEL EET &K
bEL (#93.7%), WHEMNICH - THRAETT3HAERT. ThICH LT, BREETOFIZ, SHHHE
TCEBLEERUERZRTORRL L, &LV TIEEALRLHE (WL.5%) 2R/RL TS,

L. # ¥

PADFAuAL FofFicgiEh s #%E (F)
DEIED TEL JW3%UE), Lad £hix
fluorapatite PHTEL VRETHTWBZ LiF + T
I APOFREEIZL > THESERLTWS (Tra-
utz 5, 1952'", Glas, 1962%, Biittner, 1966%),
ZORIZE FOEETFANVED RETOM (0
1000 ppm, Brudevold, 1956%) ®30f&LL Liz b &
BDTHB, TheH LT, RFEPOFER
0.4%Fi% T dH %5 & Edb h T % (Bittner,
1966)?,

COEEEEEDFED enameloid T 2¥xh 3
B OV TIREH LB TRV, =) 2An
A FEHRTHHERS - hREEEEBC X5 L
BT 5HEE LD B (Glas, 1962)%,

WFERIZ LTS, enameloid DFERLD BERPE g
RP FREFELTOIRBE BT L
YT o CFEBHEOEEDO—IRESSBZ L2 H3k3
DHENE, TDHRIEONWTiET T Biittner
(1966)® MRFEFER, &bV, B3y
MEfToTn 2, :

—J, bhbhik, %< OEFM (teleosts) 7x
b N BB # (elasmobranchs) O 5 ZFIEMHRRF
DF DEESHT%E electron microprobe Iz & - T
fTwoobs, BEETNLIS, FREREZE
X DYEKRAD enameloid T3 %L LETH B DiTst
LT, ZhbORFER, BHTEES P,
0.5%LLFThsZ &, Fic, —HoHkAa(7 ),
BT, BKM(=A) Tk enameloid FTH F
BEIIIEL, 0.17%LLFTE hO =g A0 BHHT
DEIENZ L Ekfn o7 (Suga B, 1977)19,

Mineralization pattern and fluoride distribution of the developing and matured enameloid of the shark.
Shoichi SUGA, Kohji WADA* and Masaaki OGAWA (Department of Pathology, Nippon Dental Col-
" lege, Tokyo, 1-9-20, Fujimi, Chiyoda-ku, Tokyo, and *National Pear] Research Laboratory, Kashiko-

jima, Ago-cho, Shima-gun, Mije-ken, Japan)

Jap. J. oral Biol., 20 : 1-15, 1978,
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BT, £ DAED enameloid FBFOFERIZ O W
THREAKPLADRHFIEL (phylogeny) & DEHED
b EICRRETTHTNDS,

PEONIzbb ORI FEO D O
WEEZ L LT, EIiT, £z =i enameloid
D FIREEREO—RE M ERT, FfyA

- OFFH, WOISER L enameloid © FHEKL
#:% microradiography 2 X VBIEL, Thix
REERY L, F—R B >WITFORESME
electron microprobe IZ X » THE LD TH 3B,

I HHOFE

RELRICH WD T A+ (Isurus glaucus,
Blue shark, Mako) —SE({KEREH) ok, T
OIRRBEIE L, B L7 (i) T 5.,
Zhbix, BRI, H—BRBWLUE, el
Hi210% 7 v+ Y vicR—EHBEE S iz, #
RF) 245 5 SR Ik Lict, WIRL Wit 8|
FEESEREE LR TV a2 -0 RFITHK,
iz, styren ZEE &S ¥4, polyester BHEIC
B o, #E, Bbstk,

BEOR%, FEERLIERE 1FIE O k0
He, ®AFEOEILOTE L &R SRICE>TH
RE T B4 Yy FFER 2 & LK
BEARMYBEE R X > TR S hie,

L, ZORE, HESFIEOEMLE65IE
e BEHERMABEY L 50T, BOEF]
T, ThbOWTETETHEN+ 2@ L,
EE R ERECIEA 2 AW TR0 OEE O WE¥E
TR ARBIBER & Lz, TROWEBR»LET,
X B ST X - C microradiogram H3R# &
hico AnbhicEBIXY 77 vy 2 # R R
‘0 CMS pltialc, Mo F—F » M Cuy,
BEIEIL.20kV, BHRIZ SmA. F—F v+ b
phE T0 BB 10em, AV bhie BYeAIEHE
Kodak #® spectroscopic plate, 649-O TH %,
RN, BRI aE, cthehiif
BLE7VI=yATny s DFMAIZ epoxy
B8 (Alardite, Chiba) ZHW Ty 2, EEE
etk » o T2OREEL LUER T HE
Uiz, 20%%, BREEMLEX 3 Z0RE
CH—RVEERFILE I &k,

wEWE 20: 1-15, 1978.

ZORRIEBRIE LT L RBEIR BN T ele-
ctron microprobe i & 3 RS B{THoNiz, B
WH N EEE X EE-ARL, EMX-SM 8¢, #H
ST FEDIRIE T ORAE (Suga, 1972)'% HE§
WIREShE, Bb, HFTROSGHCHNDR
TR LRI R L oM T, IREER
15kV, RIEFIX0.20A ThH B,

Table 1
Conditions of the electron microprobe analysis

Apparatus: Shimadzu-ARL, EMX-SM
FKa: 4-inch RAP and FPC

MgKa: 4-inch ADP and Ar-Exatron
CaKa: 4-inch LiF and Kr-Exatron
Accelerating voltage: 15 kV

0.15 kA,

Standard sample for fluoride determination :

Specimen current :

Fluorapatite (Durango)-

. Electron microprobe iz X% %ff}ﬂi, =t ko
BERLETOF, Mg, Ca © REHRAIHT (line
analysis) &, $EEATOESH (point analysis)
CEBFOERBLPLE->TVWS, L, BH
bic o TixiERER R & LT fluorapatite (Duran-
go) (hBOEHEI.TT%) BPHAVBII, 4
B, Xk, ROBUOHUh->Tid, SikE
XN 7= microradiogram PFTR&2HE & Lz,

Microradiogram DELZIXEMEIC L > T, X
i, EMESEDCSMMLS Y v N ETfThitk,
F O, WA LRI X W R BRERLE R
4B 2 BT, microradiogram O # T —F
14 A7V —3&E (Colour Data System, NAC,
FR) Ik BEIEEHRFETR (contour map repre-
sentation) PThhic, TDHED Aa"én"lﬂ (3 ﬁEE
(7T #RRLTIELY,

OI. #% K

" Microradiography |= 4 % RFRILGEOEHER
_®ﬁﬁ®%f®ﬁ@%%gﬁmb@5“%%

B (osteodentin) TH 5,

BbLRAMZELFIED ﬁfﬂ’rf kj: ename101d »
BEBIREHRBERECD 50, 2BOHRBIKET
LTS vwBHich 5, MEOHACERESR
RILZZ LD TRV, ZhicstLTEBEOEE
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i, WBSBERARENIZILE-> TS,
% 258 OWIRTIE enameloid @ £Bizhiz

S TCRRIEBDET LTV S, FORKMERZRE
b TIEW, 72L, BEHT_&Z L, AKX

DEITERBIZ L > TCHLIMBRDZ L, BT
ZOEMNZEREDO L ANViIck>TREZZETH
5 (10E),

YHRME s O VR TRRBRIO K Y O
FTRLAKICE EL, HE ' »Ehic Rk
$o HIZE X YV RRIBOEWIHE CARKME TR
ARV,

FREIMLT, 4, HECIREFRLY DOV
VT enameloid *13F SR 42D Bicsyy
FB L, REOELETRLARKEENELS, %
DETOE2ETERLIBVAKIEELZRL, AK
{LEEWLLT, RIEOEALE, HFIBOIETH 5
(6-a), M, 3L FAE (BER Wik
enameloid PHE I HEREIZH » TR HICE
5 X BB EOR ARG R5, TOXRE
I 3BICAD LML VAL T3 RICR X
5,

DL R ORI R BB R IRl iz ] 9 1R - T Rl ®
CREFRIEBRARBITLTVWS, —JF, EEMlk
]9 ift>C, H3BOBIAKEICIE 2y, *
WEEET B30 3 o Bicikzhig ok
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Fig. 1

Microradiogram of a ground section of lower jaw of blue shark. The tooth germs were cut longitudinaly. The developing enameloid
and dentin at the early, middle and late stages of formation can be seen.

In the enameloid at the early stage (left), the difference of gradient of mineralization increase can be observed for the layers. In
the incisal one-third, the mineralization degree is highest in the surface layer and, then, in the inner layer, however, in the basal two-
third, the middle layer shows steepest increase (see Figs. 5 and 6). The dentin has not been formed yet.

At the middle stage(middle), the mineralization degree has very much increased and is highest in the whole surface layer. The
incisal-half of enameloid is little less mineralized than the basal half. The osteodentin has been formed in the pulp, however, it is
not obzerved on the inner-wall of enameloid.

At the late stage (right), the mineralization of enameloid has more advanced, especially, in the inner-half layer of the incisal half
of crown, than the previous stage. The osteodentin has been formed beneath the enameloid and its trabecule has been more densely
arranged.

Line scan analysis by the electron microprobe (Fig 7) was performed along the lines crossing the enameloid and dentin perpendi-
cularly at the points indicated by the white dotts (a-d).
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Fig. 2 Microradiogram of a fully matured and unerupted tooth germ. The osteodentin has been formed
more densely than the previous stage. The thickness of the ground section is little thinner in
the incisal part than the basal part. Line scan analysis was performed at the point e.

Fig. 3 Microradiogram of a erupted tooth. The trabecule of osteodentin is more densely formed than
the previous stage. Line scan analysis was performed at the point f.

Fig. 4 Microradiogram obtained by the long exposure for soft x-ray, from the same ground section as
used for Fig. 3. The minealization degree is highest in the surface layer and shows a gradual
degree towards the enameloid-dentin junction.
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Fig. 5 Conture map representation of microra-
diogram of the tooth germ at the early
and middle stages of formation (left and
middle in /Fig. 1). The difference of
gradient of mineralization increase for
the layers in the enameloid can be cle-
arly recognized.

2. Electron microprobe [(ZX3 TESHD
iz

(1) TERRABeE T ORI IC X 2822 (7).
rORASHTIZ X% F. Mg =R Ca @404 O[F]E

BT REORBER (#5) BT 2 WIRo B
W 2 o5y (W1, 2, 3 ETHW ATR
LTdH%) enameloid ODFEHIZH L HRIEEAMAIC
EDMETIT o0, ZORO—HZ, I D IE
TIEHSLEE, PHILBE CRBEFENICETRAT
W5, SNTOFEEEERE, &R UEMTTD
i,

F2HEOHEE(K 7-a, 1 DED a 5, X 6-a
ICFEY) TiX, Ca JEEEIX microradiogram @ Jt
B 13 E fY4 4 5 i enameloid JEO L1 b
RLREMOJE TH b E W,

FIEEX Z DBEETT Tz VE L, FKIL

WHEEEEE 20 0 1-15, 1978.

BEORVEVWHETTTI 2%z Tns, *
DA Iz BIEESYL Ca D ZHICIFIEFITL
TW2DORER SN D, Mg WEX 2 ichbiz -
THR® TRV,

5 35 H OMIR T (K 7-b, K1 dem b &),
Ca DWEXEEICbz>T, #ic, FEH Y, ©
WO TLERLTHWD, ZOREE, KRBT
AR, WEIEm D Cfto TRAIET 2R L
TWa, [, EEMN Y THRE O EEHNEF L
DPBEDBNBD, T TIROREFEBTCORER
{EOMEEHT -z Lick 3 L Ebh 5,

FRELESETIOROBEMEIC LT L5255
LTWa, Fric, REM L B0 TELWOR
HEHEShD, Fhice UTEEMR Y, TO ERE
WD THFINThD, TOFRER, F IREZRBH
Y3 DFHT, FRCRED»HLLNS TRLE <,
(8.5% %z TWn3), HKmfllL EREMIC f->T
BTFERLTWS, Hiz, BE s COREEET
DA B THEILBICHET 535 T K IR R
BRLTWD, FIxPl Lok o4 & AR5
LTW3H, 20k, 2Eicbico T THiD
BEBHERLTWDS, THEFFHIIZ D72 > TOH
HEBOENEZRZ 0B 5EETHE, +0
B IC DWW T, TRIE SRR AL O 148 D 1T
ERELTWS LEX BRSNS, FETIIM LM
HLTWAENMIATOLZALRHTH S,

Mg DOPREEZ N, 2B ITbiz > THR® T KW,

ZOBHIC B W T 3 Tl BRI E O
FZLE->TWSED, ZNEHYI5H L Tidename-
loid 2t LT Ca #EEIFKL, X, FEELES
LK< 0.5%LLTFCTh 5, ZZTEALEITH
Eh bWz 2%, % 2%H TO enameloid Dk
oy OFKACE & Ca BEIXZ OBREREFE D~
hegli lRBETH 0 (K1), HiFco
FIREWR T CBEDOAFULETH o7 L TH
B, ZThiTH LT, %FD Mg IREEERIE O Zh
D2ELEDEE FLTWD (”7-b, M1DH
I

FAFEOWIE (K7-d, R1DOAED d i) T
Ca SFHEIFE TOZNIZ L TIEEAE E
LR B,

FHIZH LT, FAMICEbTNEN D L)



W depEEE 20 0 1-15, 1978.

a b

Fig. 6 High magnification of the developing enameloid at the each stage of development shown

in Figs. 1, 2 and 3.

a : The early stage, the highest mineralization degree is observed in the middle layer.
b: The middle stage. The mineralization degree is highest in the outer-most narrow
layer, then, in the middle layer. The many radiolucent tubles can be seen in the inner.half

of layer.

c¢: The late stage. The mineralization increase has more advanced in the outer and inner
layers than the previous stage. In the tubles in the inner-most layer, the less mineralized

matrix is formed.

d: The erupted tooth. There is no remarkable changes in the enameloid as compared

with the late stage of development.
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Fig. 7 The distribution patterns of F, Mg and Ca in the enameloid and dentin at the each stage

of development, revealed by the line scan analysis of the electron microprobe. Line scan
analysis was performed along the lines crossing the enameloid layer at the points indicated
by the white dotts (a-f) in Figs. 1, 2 and 3. Condition of analysis, see Table 1.

a: The early stage (Fig. 1, left). The highest concentration of F and Ca in the middel
layer. F concentration has become to show higher than 2 per cent in the middle layer. Mg
concentration is very low.

b: The middle stage. (Fig. 1, middle). In the enameloid, Ca concentration is highest in
the surface layer and shows very slow decrease towards the inner layer. F concentration in
the enameloid has very much increased, especially in the outer-half of layer (already, high-
er than 3.5 per cent in the surface layer). In the osteodentin, I concentration is very
low (about 0.5 per cent) and Mg concentration is little higher than in the enameloid.

c¢: Incisal part of the enameloid at the late stage of formation(Fig. 1, right). F concen-
tration shows almost the same distribution pattern as observed at the middle stage, but,
that in the inner layer is little higher than in the same layer at the middle stage. Mg
concentration in the dentin has slightly increased than the previous stage.

d: Lateral enameloid at the late stage of formation (Fig. 1, right). In the enameloid,
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almost the same pattern of F distribution as observed at the middle stage can be seen. The
several peaks of Mg concentration which accompany the decreases of F and Ca concentra-
tions can be observed in the inner-half layer. These parts seem to correspond to the less
mineralized dentin matrix formed in the tubles (see Fig. 6, ¢ and d). There is a narrow
space which is not occupied by the mineralized dentin, beneath the enameloid. F concen-
tration in the dentin has little more increased.

e: The fully matured and unerupted tooth (Fig. 2). F, Mg and Ca show almost the
same pattern of distribution in the enameloid as observed at the previous stage(d). Slight
increase of Mg concentration is observed in the dentin.

f: The erupted tooth (Figs. 3 and 4). There is no observable difference of the F, Mg
and Ca distributions in the enameloid and dentin, as compared with the previous stage (e).

BiZRLTW3S,

ES5FEOEIE (K 7-e, F2)Ti enameloid
POZTROBESMIZ HAFIBToZzh LIGE
AMERTLTHD, BRRETOBREZDLTPEEL
BELNBZ LR BN, ZHIZEOEI-2-(2))
TORDSEE, SR> S OIERO B R & B
LTWaLnLBbhs,

FHIEH LT osteodentin N TIX, 20D
EBR NS, ¥, Z20HE LI FREODT
P ERIZEBNW L 20/l —2 O HE T b
B, LU, FHEFREOL%EMLT WV W,
#21X, Mg BEOLR® ZO/MOBEcL ) —
BEMTLTWEZLTHE, ZOBEETRE3IF
HOEBTOED 2 ~2.5B bk oTD,

BEH#E TiX enameloid L BREEHIFE D Wit
2, HE5FEOHEIRTOENDICHL T KRR E
BERLhEY (F7-0)

(2) EEEED enameloid H0 ¥Hiric L5 FiE
ERboSa8iic X 588 (K8)

B 2 ® microradiogram & [F U 5 % H O # T
PO/ELNRO BEFEFERIC2WT, EEDOHE
fLic & 3 FEEDOEE M5 io b AT T Rabr
EfTole, AITERALIE X 8 O HAIK Eic ;R LT
b5, BIb, 2% enameloid FEDHE & 2 IF
TeEAL T MAWE 1T 9o RW'T, £ O L T
enameloid FHEIC WL TIRIE EAL #% Bl &,
FR enameloid FRFG L DOERL b5 &
W FEVy enameloid DOERE THEIZ, SHohE
fio7z. M, TOB, SHALER KA RLOEE
Ehh b WRkEE o,

EFRENDRTHEL N FIEE X X 8 fichiE
ERERLTEEEST T ey FLTH B2, ena-
meloid K@ TOHEIZEWHLT, enameloid L%

FROBEFEMAERP 5B LN IETBENALTRL
Thd,

HFTHEHESNBHRIZ, RETOFRER 2%
HEBNTRICTEAE L, TEHS THED B P
3.7%THBH, WECHE I It~ T, KB,
ETEEL, 100BTRNL.T%LHS2 Z LT
b5,

Fhicd LT, KFELOEFIGENELSTO
FHEERL L 20BTBET CIR3%% 825
2B, FOMOESTIZ1.5%% Bk LizizigR
CEZFLTWS,

IV. #EeEx

YA OEBDOIEE K B BARGOEMB
WHEMY OO = F ANVBERIEYE T, Thi
B Lo S TR RIERE o L 8bH
2 T3, F1ixeOHFBEEE I PRERRT
HbHLTHZ, TORPOFABYDO= T AN
BRSRERRECHB T LT LT, ¥ 2 OFE
X E R F AV (mesodermal enamel) Xid
enameloid L FEIZHMTWB, 2D 2% ename-
loid HOFEEPEH TEL (3 %Hi%E), L
3 #hix fluorapatite & LT &0 RERT W3S
Z & THB (Trautz 5 195217, Glas, 19629,
Biittner, 1966¥),

¥, ¥ 2D enameloid FOFFENRID
KEwoh, XEORCLTERSh DMz
WTEHRZRZAHTH 5,

bhbhixoT, WKEFATLELHRER
RonsdZ LEBEL, —F, b3RKATIIE
W TENT & 25 enameloid D FIEE X BREK
RO FRELBET 20 TEEVS L Bxle (B
KD FEEZRH 1.3ppm TH3) (Suga B,



10
'r
: 5
S o ©
(8]
i
a 8
c 9 o]
° (o]
=
[
5
5 7
8 10
g | ¥ o
T e * o °
o
=1
o °
1
O Surface layer
® Enameloid-dentin junction
1) .

wEkpgss 20 1-15,.1978.

.1.
2 o
o] 3t
3 2 O
o (o} 4
e o ° 5
o 6
o
7I
o]
°
°®
* o . o ® °

Fig. 8 The fluoride distribution in the surface and inner-most layers of the fully matured and
unerupted enameloid. The fluoride concentration in the surface layer is highest at the tip
and decreases towards the cervical region, however, that in the inner-most layer are con-
stant throughout the lateral enameloid, except the incisal region.

1976)¥, LixL, =0, FU EKETHRTL
enameloid D FEER» 7 Y KW (0.17 %LLT)
Finds(77) =& RHL, enameloid FOF
BEREDOFMEIBREAKTIENVIT HBDOTHEA
<, ﬁ@%%%&&%%ﬁbfw%k%xé%k
7t -7 (Suga B, 1977)®,

LL, AORFERELLEELTWS LT 5
L, &)ZJ@@@VJ enameloid OB, ik
BHROAZ L O FEBEO T, XiT, BHE

i, F% enameloid Hic i+ 2R 2BIE1E
FHNTB LE2 L TEADRY, TDHROMR
Wik, £ OMBOELnTRIC L 2BERS, £
R b TRELBRVWTHS I,

APl FOREO—RORHANC D &, A
DR P OWBRTHRIRE O RFEFREZOBRP O
DT DO FERED D O ERBEEL LTE
BEEOLOTH S,



st 20 1-15, 1978.

(i). Enameloid OFRIHETH:

P A D enameloid OHEFE, * 0 FEE
BOLBEOTERPK-Tcthic, BIELBICb-
TELE3HTH S, kIEL, 2OROERIE
ERAOARIERD LAVIZE>TX, Bick-
TRILB, e, THcsWTEER */ R
TRHETOARIE LAPELELNDOIZHL
T, BETOZAPELBEOPAEZE, LAL,
RSB AIRIE R RE CRET, HBIIAY
K-> TRTERTRIZABZ LB EE S,
T T Fosse & (1974) LPFFREZ #EL T
W3, ZOELFTRIE enameloid HE D FKAL
HEITICRT 2 M0, Xit, EENOEE ek
) B EOBEOBEEEMRTS BA»Y 2R ME
LTw3sEZbNhS,

TR BRI T Tl BBOEHLEY (4,
NERE—, KR) ORI =F AV BTy
BESN TS (Suga, 19720, HE S, 19752,
BB S, 1977),

BEOLZAS, *OKRFIRSHEDbI D H#ER
BLlbbhbirwi, RI7=BrA»EEEE O Hk
DR ZTFANEL enameloid ® WHFT RS
hizZ L IXEET, enameloid 2BW T, =
AVEDRBH LR, £ORRGETIHL
T A VFEMIERAIOBERRE L, B TEE
BEIMINTVWB I LERBL TS BIZEbh
50TH5B,

Enameloid DHEERE O  BE % WEEHEBER
OB TRICEVWERILEEZRL, TOXRERX
TS IRERL, X, FOTORRILEDRKN
FE LR SBRTESh T, TOBOME
HRBZABEROFETILLTHATHER, Uk
DIAPOEFICTF ANVBHEARTHDZ LHE
2bhd, 5%, BRETMETHS,

Enameloid Pl /. OHET, XHERIRED
FELULBEWEBERLZE, EH»LREBICH
> TE>TVWBEORBED bR, TTIELDA
&2 & - T enameloid HEHic RIFIEHHL D
HE SOMERS ZEEFEELTEY, X, zhid
microradiogram I, X#EBREOHW HE L L
TRBABZ EWFBEINLTWS (Kerr, 19557,
Grady, 19709, Ripa ©1972%, Fosse &, 1974?),

11

LaL, ARz TE, TELRBIIZXH
Ko ETHEEBE RS bhisv, Bib, &
IRIGOFIH TRANE O sz maFR{LoFE
ELTHE>TWaB RS,

FIRIEASEL I T, HETOXHEBE T
DTEPICETL, SoMESBIRLS, 20k,
PIBIE L OSRBRECTRHRIZE 5, ThdD
B, HEN~ORKEDOILEIZL S LD,
MEmoEEcoORRILE LIz X5 R ko
FIRPMISBOBRBICEL R L CREDL R,

Enameloid DARI{LE LA ERELE L LTH
3L, RIRATHITIR, RETOZRITEHEAH
PHBEMIZA - T, HETOZERITHEEM» H
RElcm - T T4 % it Rz %, Fosse B
(1974)% Bz SRS & YRRl - T 1T
BLORTVWEY, ERZEL - LEMETEX
S>TEOERANBERZOTH S,

PHICAS L RELPBTORRKIED LR
WA BEIRANC I - THEITL T 3 Bl R
23, L»L, Kk BTk REIX HELE
iZhle > TiEE RIBED ARILE 27+ # ik
B, ORI {HR HHEMW O R = A
BOBRRGETORBIZIZ Bdbh Ty (FHE
1977)1%, '

AIRALOTH S hH T TR, ZOBOY
A T, enameloid ONEICHEE L THREBESTF
BRERERLTOEY, #2T, ZORH To
enameloid X I X AIFEHIBEMA & SEEERIO T 5 2
b OEBEHAEEIZ L > T RRILE LR &FT T
WATERMER D B,

BRESTEH enameloid DHNEIC BELTH
BREN BRIz, bk enameloid @ AKIL
BIXBEHEDO FRIZIFEEAY Bl >T3Z &
LU EDZEZ EEMFELOTE S,

(i1). Enameloid I TD F OSHIT DWW T

¥, TEREERETD enamelold BIFBF
DRESHERIWTIC & > THBRBE L, EH
SN DAL OHTI T F D534k Ca D5y
FLESETLTRY, FeHbEWRRILER
FRTHBIZBNTT TR 2%UED EEZRLTN
ezt ThHB,

FRIRRANT, RKEH ' TOFRE LRI



12

HWICHEITL, PHTLRPHLETROhED L
BEALFRILBESGERTRICR S, OB,
FETHB.5%, TETHLI%ThHS (TR
My DR,

Biittner (1966)® X £FED ¥ * @D enameloid
POFDEBREMREMS iz, Ho, Bilict
FEAFICEVFT>Two, Thicks L, KET
BRI TH2. 7% CHBE TR 3. 7% ThHED
LT, BNE TR @I 1.5% T BT
K2.5%THBD LN,

BECL LY FREERZOWTIR ABED
FTR & Biittner ®#h & Micid i @ Lz i
MERBZLBHEKD, HEL, ERECLT
LEEZ DWW Tk Biittner D34, enameloid ©
2EE 6B T TED R L5 O0WETH
IR LT, bhbhOBRRIEH 3 pmg DETF
E—biz X 5BRERP OBONEET BT &
EEBERLAELSTARELANY,

Enameloid D7 RGHEFT ORI & bz 2217
T, RBR Y OHETARKEED LRt bi
> CFRED LAPKELP 7o i, FO
BAE R =+ A VIERBAIS B fFhh T3z 2 %
FRT B0 bENEV, RBILOBEIL, =0
B B8\ Tl enameloid @ NEIX RKIERFE
KXoTHbRTRLT, Lrd, A Y. OF
RMEELLEALTEY, MEHTOBRRELL
Bi»nVERTH B, 2hicb bbby 20
HHECTOFBEED LREIWLS»Hh#of, ®Eic
FNPBETHEBA Y, TOFRIRKLTELLM
PTH o,

T, T OWE, NBREEND MENTIEF
BEZWHLS LENWZ L& ZEL2TFER
BRVTHBH, LL, 3ume BiENETFLE—
LABEHIZL B ERTCHIE, FOLDODOEENA
JRACERDO SHHEIC 2 g EREL BEBLTWS &
BFELOhBEWDOTH B,

SERLAREE i T1T = T AR S ITIC X o C 45
BNIEFTR LU ED EiZ oW TRIRT B G340
BRICES, BERE COFEERTBET & By
T, BE—ELTWBDIZH LT, enameloid
RTOEEEETR LB, WHEMCE - TRE
WETE2R LTV, ThbDEHEIL enameloid

sz 20 1-15, 1978

~DFOLHEICHIz > Tz A VERAD 539
HMEOZTNIIVKRENZILEZEZER BDOTH

%, TEETORER COEIFCEP T &
b EOWSIIHEBE, = ANBRO BEEY =5
BHETB MEIRH ST L OEEHE s iR
Do

DL ANIZL > T HRBCOFEERZ DO
WESEH L LTEBGHREND E—L LT, v
T TUREREITLT), enameloid DERAYE
fLLTnwszZeB3dbFohs, X8 OHEMKER
5L, 282 OWSERNT, enameloid X%
POEEI > T RECEH L EoTWBDRBb
2B,

Enameloid AR GICE T 2 BRI % 0 ER L
B % LR B E 2 % 7z 513, enameloid
DRE T+ A VEDOHIAHEEL THWS #IFL
EREIGCCEL LB eELDNSE, L, 20D
M, FORAEsREEYICT > A v SRMfafs b1T
b TW5B LT hid,  SEEONFRAERH
ErkcEbhns,

% 21T, microradiography T & bhiz FBRL
BTGB LR EEL CHDINEND B, SHE
BENERTEREIC BT 5 BIRIGETFEHROE
BT BN BEGERICHEE D BRIk OIBAIHY 7508
WEBET S BEx L TRALAVAL LA
Vo

Glas (1962)® D5 L7z S47E (3.3%) iZLAE
DEELEERLTH Y s hiz Bt obEEsS
Wiz 3R TH o7, X, Biittner (1966)% »
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BIRIGEZR LT ﬁ?ﬁi@%ﬁ@ enameloid
EBNTF BERT T 2% 2B LT,

Hiz, & FOWTOFREZEBVERTO Ba
RIGER DR 55E (Suga, 1972)10 % D FN T F
ANVEE YV ORFEOHF THEVON —ELFTR
T® 5 (Brudevold &, 1956V, Brudevold. b,
1960, Weatherell & Robinson, 1973'®), *
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T, RER oz, UNHET TREBREIWE
PRTORRITE, MOV AL TRELEAERL
fE (1.5%H0%) &RL T3,
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Abstract: The fact that the enameloid of shark teeth contains fluoride as high as about 3.3
per cent in the form of fluorapatite has been previously pointed out by the several investigators®s1?,
In the present investigations, the distribution of fluoride in the developing and matured enameloid
of the shark (Isurus glaucus, Blue shark, Mako) was investigated by means of the electron micro-
probe, in order to verify the mechanism of fluoride incorporation into the enameloid.

The undemineralized ground sections (about 70 micron thick) including a row of tooth germs
(from the early stage to the late stage, of development) and matured tooth were made. They were,
at first, microradiographed and, then, were subjected for the electron microprobe analysis. The
condition of analysis are shown in Table 1.

The enameloid organic matrix begins to mineralize throughout the whole layer immediately
after it was fully formed. However, the gradient of mineralization increase is different for the
layers in the matrix (Fig. 1, left, and Fig. 5). It seems that the mineralization of enameloid has been
completed before the dentin is formed on the inner wall of the enameloid (Fig. 1, middlle and right).

" The mineralization degree in the fully matured enameloid is highest in the surface layer and decreases
gradually towards the enameloid-dentin junction (Fig. 6, ¢-d). The tubles containing the cytoplas-
mic processes of odntoblasts are observed as radiolucent spaces in the inner-half layer (Fig. 6, a-d).

The fluoride concentration has been already relatively high in the enameloid (higher than 2 per
cent in the middle layer) at the early stége (Fig. 7, a). Then, as it approaches to the middle stage,
the steep increase of fluoride concentration becomes observable in the outer-half layer (Fig. 7, b).
Finally, in the fully matured enameloid, the fluoride concentration is highest in the surface layer
(higher than 3.5 per cent at the level of incisal one-third) and decreases gradually towards the ena-
meloid-dentin junction (about 1.7 per cent) (Fig. 7, e-f). However, in the dentin, the fluoride concen-
tration is very low (lower than 0.5 per cent), even in the erupted tooth. Magnesium concentration
is about 4 times higher in the dentin than in the enameloid.

In the fully matured and unerupted enameloid, the fluoride concentration in the surface layer
is highest at the incisal tip (about 3.7 per cent) and decreases gradually towards the cervical region.

On the other hand, the fluoride concentration in the jnner-most layer shows almost the same degree
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throughout all level, except the incisal portion in which it is high as at the surface layer (Fig. 8).

The results of present investigations seem to suggest that the enameloid forming cells have a

peculiar ability to concentrate the fluoride in the enameloid.
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CHROMOSOME KARYOTYPES OF THREE BIVALVES: THE
OYSTERS, ISOGNOMON ALATUS AND PINCTADA
IMBRICATA, AND THE BAY SCALLOP,
ARGOPECTEN IRRADIANS
IRRADIANS*

KATSUHIKO WADA
National Pearl Research Laboratory, Kashikojima, Mie, Japan

Since Menzel and Menzel (1965) reported on the chromosomes of two species
of clams, several workers have observed the chromosomes of bivalves (pelecypod
molluscs) using squash or air-drying techniques (Ahmed and Sparks, 1967, 1970;
Longwell, Stiles and Smith, 1967 ; Menzel, 1968; Patterson, 1970; Ieyama and
Inaba, 1974; leyama, 1977). However, there are still only a few species of
bivalves for which chromosome numbers have been established, as compared with
the greater numbers of gastropod molluscs with known chromosome karyotypes.

This paper presents the chromosome number and gross morphology of three
species of Bivalvia not previously reported : Isognomon alatus, the flat tree oyster;
Pinctada imbricata, the Atlantic pearl oyster; and Argopecten irradians irradians,
the commercial bay scallop.

MATERIALS AND METHODS

Specimens of Isognomon alatus were collected in June, 1976, from Biscayne
Bay, Miami, Florida. Specimens of Pinctada imbricata were collected in February,
1977, near Pompano Beach, Florida. Cultured specimens of Argopecten irradions
wrradians were obtained from a commercial hatchery on Long Island, New York.

Eggs and sperm were obtained by stripping the gonads of I. alatus (10 animals).
Spawning was induced thermally in P. imbricate (14 animals) and in 4. i.
irradions (25 animals). A. 4. irradians is hermaphroditic and usually spawns both
eggs and sperm almost simultaneously. When unfertilized eggs were needed,
these animals were induced to spawn in sea water containing 0.02% EDTA (eth-
ylene-diaminetetraacetic acid) which, by chelating calcium out of the sea water,
must prevent the acrosome reaction of the sperm essential for fertilization. Self-
fertilization was effectively prevented by the EDTA. EDTA-exposed eggs were
washed with fresh sea water just after spawning, and no chromosome damage
was observed in them. Following fertilization, eggs and embryos were fixed at
intervals in Carnoy fixative (3:1). Chromosome preparations were made by
squashing the eggs or embryos in 1 to 2% aceto-orcein.

To obtain colchicine metaphase in some cleaving eggs, fertilized eggs were held
in sea water containing 0.02% colchicine for 15 to 30 minutes. P. umbricata eggs
were not treated with colchicine.

1 Contribution No. 245 from the National Pearl Research Laboratory, Kashikojima, Mie,
Japan,
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Ficure 1. Meiotic chromosomes of Isognomon alatus: A, fourteen metaphase I chromo-
somes; B, fourteen metaphase II chromosomes. Scale bars represent 5 pu.

Chromosomes were examined with a 100X Zeiss phase-contrast objective, and
suitable cells were photographed. Drawings were made to supplement the photo-
graphs.

Frcure 2. Twenty-eight colchicine-metaphase chromosomes of first cleavage in Isognomon
alatus. Scale bar represents 5 u.
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OBSERVATIONS AND RESULTS
Flat tree oyster, 1. alatus

Stripped and unfertilized eggs were oocytes at meiotic prophase I about
diakinesis. After insemination, eggs proceeded to complete meiosis. Clear counts
of 14 pairs of chromosomes were observed in 10 eggs at metaphase I (Fig. 1A)
and 14 chromosomes in 14 eggs at metaphase II (Fig. 1B). The chromosome
pairs are all homomorphic and isopyknotic with no evidence of specialized sex
chromosomes. Chiasmata are present, indicating the occurrence of crossing-over of
the genes. The diploid number of 28 was observed in well-spread cleavage meta-
phases or anaphases from both 30 embryos treated with colchicine and from 20
untreated embryos. Figure 2 shows a well-spread metaphase plate of a colchicine-
treated embryo.

Five sets of 28 chromosomes in colchicine metaphase were tentatively arranged
into pairs according to decreasing size. Total measured length of these chromo-
somes, arm ratio and general morpholegical appearance, as measured and observed
in the photographic prints, were the criteria used for pairing. Using the mean
and standard deviation of the 5 tentative arrangements in Figure 3, mean length
extended from 6.0 = 0.78 to 2.2 = 0.03 p or from 5.6 =0.25 to 2.1 =0.07% of
the total length of the diploid complement. Arm ratios measured from 1.2 &= 0.01
to 2.6 =0.24. Five chromosome pairs may be tentatively classified as meta-
centrics and the others as submetacentrics (Levan, Fredga and Sandberg, 1964).
Both metacentrics and submetacentrics are included among the longer and the
shorter chromosomes. Apparent variation in chromosome size is probably due to
nonsynchronous coiling of the chromosomes, both natural and colchicine-induced
(see Fig. 3).

Atlantic pearl oyster, P. imbricata

Spawned and unfertilized eggs were at diakinesis of metaphase I. Fourteen
homomorphic and isopyknotic chromosomes were counted in about 200 squashes
of eggs at metaphase I (Fig. 4A). Chromosomes complete meiosis after insemination,
and 14 chromosomes were observed in 24 eggs at metaphase IT (Fig. 4B).

Twenty-eight chromosomes were counted in well-spread metaphase or anaphase
plates in 8 first cleavage embryos untreated with colchicine. Figure 5 shows meta-
phase plates of first cleavages.

The chromosomes in drawings of two mitotic metaphase plates were tentatively
arranged into 14 pairs in the same manner as done for I. alatus (Fig. 6). Mean
length ranged from 7.8 +=0.99 to 1.7 =0.44 x (mean and standard deviation
of two tentative arrangements in Fig. 6). Three or four pairs can be classified
tentatively as subtelocentrics and the others as submeta- or metacentrics. These
are, however, only preliminary observations, and there are very sizeable morpho-
logical variations of the chromosomes in the arrangement.
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Ficure 3. Five tentative arrangements of colchicine-metaphase chromosomes of early
cleavages in Isognomon alatus. Scale bar represents 5 u.

Ficure 4. Meiotic chromosomes of Pinctada imbricata: A, fourteen metaphase I chromo-
somes; B, fourteen metaphase II chromosomes and first polar body. Scale bars represent 5 u.
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Two drawings of mitotic metaphase plates with twenty-eight chromosomes

FiGUure 5.
Scale bars represent 5 u.

of first cleavages in Pinctada umbricata.
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Frcure 6. Two tentative arrangements of mitotic metaphase chromosomes of Pinctada
umbricata from the drawings of Figure 5. Scale bars represent 5 pu.
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Ficure 7. Meiotic chromosomes of Argopecten irradians irradians: A, sixteen metaphase I
chromosomes; B, sixteen pairs of anaphase I chromosomes. Scale bars represent 5 w.
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Ficure 8. Meiotic chromosomes of Argopecten irradians irradians: A, sixteen meta-
phase IT chromosomes and sperm nucleus (at arrow); B, drawing of the chromosomes shown

in A.
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Ficure 9. Thirty-two colchicine-metaphase chromosomes of first cleavages in Argo-
pecten wrradians wrradians. Scale bar represents 5 pu.
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Ficure 10. Two tentative arrangements of colchicine-metaphase chromosomes of first
cleavages in Argopecten irradians irradians. Scale bar represents 5 u.
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Bay scallop, A. irradians irradians

Unfertilized eggs were at diakinesis or metaphase I. Sixteen homomorphic,
isopyknotic chromosome pairs were observed in over 50 squashes of meiosis I at
metaphase (Fig. 7A). (Figure 7B shows these chromosomes at anaphase I.)
After insemination 16 chromosomes were counted in 6 eggs at metaphase II
(Fig. 8).

Thirty-two chromosomes were counted in well-spread metaphase plates in 30
embryos treated with colchicine and in 20 untreated ones. Figure 9 shows col-
chicine metaphase plates of first cleavages. _

The chromosomes in Figure 9 were tentatively arranged into 16 pairs (Fig. 10).
It was difficult to recognize the centromere in some chromosomes, and there were
large morphological variations because of the technique used. Even so, the
chromosome complements seemed to consist of meta-, submeta-, subtelo- and telo-
centrics. Mean length ranged from 5.0 = 1.67 to 1.8 = 0.23 p or from 5.2 = 0.26
to 1.9 == 0.30% of the total length of the diploid complement (mean and standard
deviation of four tentative arrangements). The construction in one of the longest
chromosomes might have been a technical artifact.

Discussion

There has been no report to date on the chromosome number of any species in
the family Isognomonidae of the order Pterioida. The chromosome number (2n =
28) of I. alatus given above coincides with those of Pinctada fucata (Wada, 1976)
and P. imbricata also given above. All of these species are in the superfamily
Pteriacea, and are the only ones examined in this superfamily (Table I). Con-
stancy of chromosome number here seems to be one additional example of the
tendency for chromosome number to be stable within the family or superfamily
of Pelecypoda (Menzel, 1968 ; Patterson, 1970; Ieyama and Inaba, 1974).

In the Japanese pearl oyster, P. fucata, about four of 14 pairs in the tentative
arrangement of early cleavage metaphase chromosomes were identified as subtelo-
centrics and others as meta- or submetacentrics (Wada, 1976). In the study of the
Atlantic pearl oyster reported here, three or four subtelocentrics were likewise
observed, and the others were similarly meta- or submetacentrics. No one has
previously compared the chromosomes of the Atlantic and the Japanese pearl
oysters. In his taxonomic revision of the genus Pinctada, Ranson (1961) classified
the Atlantic pearl oyster, which also has distribution in the Pacific Ocean, as well
as the Indian Ocean, Persian Sea and Mediterranean Sea, as Pinctada radiaia
(Leach). He classified the Japanese pearl oyster, P. martensii (Dunker), sepa-
rately from P. radiata. Recently, Kuroda, Habe and Oyama (1971) reported the
Japanese oyster to be a subspecies, P. fucata martensii (Dunker), of the tropical
Pacific oyster, P. fucata (Gould), which was reported to be synonymous with P.
radiata by Hynd (1955). Hayes (1972) considered the Atlantic species to be a
synonym of P. imbricate Roding. The similarity of chromosome number in the
Japanese and Atlantic pearl oysters may have bearing on their taxonomy. It
would be interesting to observe if chromosome behavior at meiosis in a hybrid
of these two oysters appeared to be normal or abnormal. The latter would
indicate chromosome dissimilarities in spite of karyotypic similarity.
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TaABLE I

Chromosome numbers of three families of pelecypod molluscs.

Species name 2n n Reference
Isognomonidae
Isognomon alatus 28 14 Present study
Pteriidae
Pinctada fucata 28 14 Wada, 1976
P. imbricata 28 14 Present study
Pectinidae
Pecten maximus 38 19 Beaumont & Gruffydd, 1974
Chlamys varia 38 19 Beaumont & Gruffydd, 1974
Ch. distorta 38 19 Beaumont & Gruffydd, 1974
Ch. islandica 38 19 Beaumont & Gruffydd, 1974
Ch. opercularis 26 13 Beaumont & Gruffydd, 1974
Argopecten irradians irradians 32 16 Present study
Placopecien magellanicus 38 19 Beaumont & Gruffydd, 1974

In the family Pectinidae, the following chromosome numbers of six species
were reported (Beaumont and Gruffydd, 1974): 2n = 38 for Pecten maximus,
Placopecten magellanicus, Chlamys varie, Ch. distorta and Ch. islandica and 2n =
26 for Chlamys opercularis. The number (2n = 32) for A. i. irradions examined
in the present study is different. Beaumont and Gruffydd (1974) implied that the
mode of diploid number for the family Pectinidae was 2n = 38. They considered
the possibility that the number of Ch. opercularis (2n = 26) was probably the
result of “Robertsonian” centric fusion and that this species derived from an
ancestral type with more than 26 (2n) chromosomes. At any rate, there seem to
be some variations in chromosome number among species and genera within the
family Pectinidae. This is in contrast with the tendency of chromosome numbers
within other families of Bivalvia to be the same, as noted above. However, to
confirm the seeming chromosome variation, further studies are needed on other
species of this large family Pectinidae, which includes about 350 species (Hert-
lein, 1969).

A. 1. irradions is hermaphroditic and the absence of defined sex chromosomes is
expected. Self-fertilized and cross-fertilized embryos alike appear to develop with
equal success in the laboratory, although self-fertilization is uncommon in nature
(Castagna and Duggan, 1971; Castagna, 1975). No difference in incidence of
chromosome irregularities in self- and cross-fertilized embryos was apparent on
cursory examinations. More study would be needed, though, to confirm this impres-
sion.

I wish to express appreciation to Dr. Arlene Longwell of the Milford Labora-
tory, National Marine Fisheries Service, for her comments and critical evaluation
of the manuscript; and to Dr. James E. Hanks, Director of the Milford Laboratory,
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for his permission to conduct this study at Milford. I am also grateful to Messrs,
George Miller (Miami Laboratory, NMFS), Edwin W. Rhodes" (Milford Labora-
tory) and Andre LaBonte for their collection and transportation of the flat tree
oyster and the Atlantic pearl oyster. Thanks are also expressed to Miss Rita S.
Riccio for her critical reading and typing of this manuscript.

SUMMARY

Chromosome number and morphology were observed in the squashed eggs
and embryos of three bivalve species, Isognomon alatus, Pinctada mbricate and
Argopecten irradians irradions. I. alatus has 14 pairs of chromosomes, all of which
are either meta- or submetacentrics. Three or four of 14 chromosomal pairs of
P. imbricata are subtelocentrics and the rest are submeta- or metacentrics. The
chromosome complement of P. imbricata seems to be similar to that of P. fucata.
Chromosome numbers of A. 4. irradians are 16 (n) and 32 (2n) and are dif-
ferent from those of six Pectinidae species previously reported. The 16 pairs of
chromosomes of A. i. irradions appear to consist of meta-, submeta-, subtelo-, and
telocentrics.
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