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CSWRTEER 7 a7 WA OB EHEESNIBM T 7 v 7 N o RIEBEE 7 2 54 DR
5, WHERS & OBRE@NT 5 o0 S SRBOBY 77 v o, KH, 72vH4JEDL
RO EFEHBIRCHEC DI YV IBE LoD TEN S ORRIC D M3 5,

* Kazuyoshi Suzuki. Biochemical studies on the pearl oyster (Pinctada martensii) and its grow-
ing environments. I. The seasonal changes in the chemical components of the pearl oyster, plankton
and marine mud. With English summary, p. 62. Bull. Natl. Pear! Res. Lab. 2 : 5762, 1957.
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Table. 1
Contents of chemical components in the pearl oycter
Mean welght Percentage
Month Total | Fresh | Dried | I Carbo- ‘ o
| weight } meat | meat | I\t/{101s~ Ash | hydrate | Cf’gide Ig‘;)‘ég&
L (® (@ | (@ [ 7% 1 (as glucose) "° PIPE
Jan.. 234 6.3 15 | 870 590 923 4,40 70.70
Feb 24.2 6.8 14 87.4 745 7.32 4,08 78.55
Mar. 243 7.0 1.3 87.7 899 873 3.78 80.14
Apr. | 245 6.4 1.3 80.1 | 880, 945 375 | 86,59
May | 25.1 6.1 1.3 79.0 752 1 8.64 4.50 86.76
Jun. ' 284 8.2 1.5 80.5 7.99 6.99 5.92 28.02
Jul. | 267 74 14 81.3 9.40 5.69 433 61.71
Aug. 298 6.4 1.1 810 | 962 524 5.63 8757
Sep. | 34.9 7.1 1.3 840 | 1112 453 548 = 60.87
Oct. | 24.0 5.6 1.2 794 11097 ¢ 10.02 4.92 83.20
Nov.| 24.2 6.8 14 80.9 | 11.89 9.54 4,71 75.44
Dec. | 266 6.6 14 766 | 1062  9.07 5.08 70.82
Table 2
Inorgamc components in the pearl oyster.
~Component ;5" | pe,0, Ca0 P,0; | MgO
Month ,\:_f (%) : (%) (%) () )
Jan. trace 2.31 10.37 8.73 5.37
Feb. 7 ; 2.44 10.40 10.92 5.28
Mar. y 2.23 9.23 10.28 5.59
Apr. y | 241 8.93 11.24 5.22
May 7 2.32 10.15 932 | 5.43
Jun. 7 2.21 10.68 10.04 ? 5.10
Jul. s 2.12 11.23 12.02 5.24
Aug. ” 2.24 11.25 12.41 5.31
Sep. v 2.20 10.41. 12.81 4.92
Oct. 7 2.18 9.21 13.41 5.21
Nov. ” 2.15 10.21 11.28 5.36
Dec. y 2.10 1025 11.14 5.62
Note : Inorganic components is presented as ashes in percent.
Table 3
Contents of chemical components in the plankton.
. Component | CArbo - lerug fag Crude | $i0, | FesOy | CaO | P.O;| MgO
S (as }élucose) protein | ‘E |
Month el (%) @) | %) | () | (%) | (R | (%) | (%)
Jan. 2.20 3.37 | 1645 ‘ 47.04 116 822 164 . 1.58
Feb. 3.10 3.58 16.52 49.39 | 136 @ 1066 @ 148 | 1.31
Mar. 8.11 447 14.72 61.12 142 11.23 2.82 1.52
Apr. 2.96 5.66 25.21 54.23 145 ¢ 1130 © 232 1.42
May 2.54 2.97 36.34 56.31 0 131 . 936 | 152 133
Jun. 4.43 349 24.60 46.38 123 1 824 151 125
Jul. 2.91 3.05 1634 | 4611 121 © 963 @ L32 . 1.38
Aug. 2.19 3.41 15.84 46.82 1.30 | 11.00 112 | 121
Sep. 2.41 3.82 25.93 50.39 ¢ 124 981 1.21 ¢ 1.13
Oct. 2.36 5.72 36.15 53.21 | 137 ; 1078 2.08 1.31
Nov. 4,72 3.58 18.49 49.21 1.28 10.40 2.16 1.62
3.06 3.47 11.80 48.22 1.32 . 10.82 1.75 -

Note :

Inorganic components is presented as ashes in percent

1.50
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Table 4

Contents of chemical components in the marine mud.

Com onent Losson| Total . ! :
p Ash ignition nitrogen S0 Fe;503; Ca0  P,054 : MgO
Month (%) (%) (%) (%) (%) (%) (%) = (%)
Jan. 80.59 16.02 0.25 6241 : 490 | 343 @ 0.20 3.22
Feb. 78,58 17.83 0.20 5856 « 470 | 511 | 033 275
Mar. I 7749 | 1844 0.24 60.27 @ 436 . 358 | 0.24 @ 286
Apr. 77.83 18.12 0.21 59.43 4.50 401 | 024 @ 283
May. 77.73 18.82 0.18 62.15 461 | 423 027 @ 3.02
Jun. - 7840 17.81 0.22 61.31 500 @ 393 @ 027 250
Jul. | 78.62 19.00 0.29 | 59.02 472 405 © 020 241
Aug. i 7751 18.61 0.24 62.32 526 @ 443 @ 016 @ 234
Sep. . 7535 18.28 0.23 62.40 526 @ 4.21 0.17 2.20
Oct. i 7943 15.21 0.20 63.99 577 427 @ 014 2.21
Nov. ¢ 79.88 1713~ 0.19 6363 . 556 ¢ 368 012 ¢ 291
Dec. 81.98 16,51 ¢ 0.19 66.61 | 4.73 . 3.98 016 | 237

Note : Inorganic components is presented as ashes in percent.
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Summary

With a hope to learn the relationship occurring between the growth of the pearl oyster
and its environmental factors, the author investigated first the seasonal variations of the
chemical components in meat, plankton, and marine mud.

The results obtained are as follows :

1) The content of carbohydrate in the meat showed its maximum in winter and minimum
in summer, while protein indicated the maximum content in summer.

2) There was found maximum content in spring and autumn, and minimum in summer
and winter, so far as carbohydrate, crude fat, crude protein, and ashes of the plankton are

concerned.

3) The chemical components of the marine mud were rather in variable through the year.
4) There was found a seasonal relationship between the contents of carbohydrate, crude-
fat, and crude protein in meat, and those of plankton.
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4) Fox, D. L. and W. R. Coe 1944. Bicl. Bull. 87: 59.
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B s 1903E B S bEE () 51—52: 111112,

8) Browre and Zerbdna 1955. Sugar Analyesls (Third Edition) 76—777.

9 Method of Analysis of the Association of Offical Agrlcul*ural Chemists (1935).

LT DS & ELE Ze .

SRR LR 1953 )”“”‘1 () (H).




T AYHAEZOEBEREOEFERITIZ

II 7avyHAREEFST 7 FoO7 3 0 BERD
WU

ZHRADF RS oW T MEY, 252, kAP, Block & Bolling? ® ® LEpi#sish,
LS REBLOEFIRDWTHADORTRZEE L THAD, 7 avH A0 TIE L DR B
FHNCHE SN TV AIGBX 0 REBTH 5, L L—EEBHF D Conchiolin a7 ¢ ~ B>
Wik, Roche et al” [Hep® S HBTEIR & O BRI IO TAIEL Y BEfic 7 3/ BRRLAT R 35 >
W LUTWD A, 7 a7 4 O&EER BRI L TiT<{ kicid Conchiolin o7 & v BRI T38, 7 o
HARO7 2 BRI S ic UTEL BB S S EEbN 5. FHIXEH GB1H) T

¥YFaAvHAETI ol by, BEORS»EDHBES 2EIE b s OMEBEZICNT
BWELUNS T avyHABTI 00 Vo 2BIABLTO AR 7 I HAORER S b o
@%?&“C%w‘ AHATHEEHDNL. OTTI o b 7ayH4E0BEPHEIC

oL THIIDET T I b b7 avy HAD7 2 JBRERP Lo R_ZTCNGHEED T R 7
%ﬂuﬁiﬂA WP U TN AHE RS I UIiD TEFOERZHET S,
£ B A &

L7 o v A PRI SR o SRS ER L T B =R H (19565 3 B EER
AWV, WESZ R IRERTERC TBRENRE UTRH E Ulte 79 07 b R EEEBIRE %
FuMe I 2 b oAy FIRTHBIERE Uz o (19564F 3 ALY % RIBHCHETER USRI T
Wk & Utze oAk i ﬁ)M&O?WﬁUﬁ%%ﬁP,%%*5NF@,%%iSNNU
2 % B 2 BT T15R L 1 L0 A — 2 v T & D HUKDR U, BREEIK DR EERT 8
Y 2,3 K IRRAENI R BRIC TR A RFIL, BRIERRELIZ DR R — 1t~ v b T 574
—ef Utce 7 3 BREEICIZ R PEIRANE No.50 2 AR & LTn- 772 7 —)b il k (4:1:
2) Evx =ik (80:20) O2HOLORMAL, SR ERER— =0 TS5 74—
PEMLU- e PRI DEEE LD, AP LVF 2 RORE, e AFFUoRTFa v iR
o RS X DR LT,

* Kazuyosh1 Suzuki. Biochemical studies on the pearl oyster (Pinctada martensii) and its growing
environments. II. On the amino acid conpositions in pearl oyster and plankton. With English summary,
p.66 Bull. Natl. Pearl Res. Lab. 2 : 63—67, 1957.

U BN ERRA TR No 10, (I kAT 2 © 63--57. HM324E3 )



phenol

phenol

6= VA

butanol

H OB OB o® &

[ I T N R N S N

T e e =
W = O

fEF 32 48

. aspartic acid
. glutamic acid
. lysine

. taurine

?

. glycine
. arginine
. alanine

. proline

?

. valine
.9
. isoleucine

. leucine

Fig. 1 Two-dimentional chromatogram of H,S80,-hydrolyzate of the meat.
First run with the mixture of phenol and water (80 : 20}, second
run with the mixture of butanol, acetic acid and water (4:1:2).
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Fig. 2 Two-dimensional chromatogram of H:SOy-hydrolyzate of the plankton.
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First run with the mixture of phenol and water (80 : 20), second run

with the mixture of butanol, acetic acid and water (4 : 1 : 2).
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Fig. 3 Two-dimensional chromatogram of Ba (OH),-hydrolyzate of the meat.
First run with the mixture of phenol and water (80 : 20.. second run
with the mixture of butanol, acetic acid and water (4 :1 : 2).
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Summary

The composition of amino acid in the pearl oyster and in the plankton was determined
by paper chromatography. Thirteen kinds of amino acid were recognized in the meat of the
pearl oyster and twelve kinds were determined in the plankton. The former were aspartic
acid, glutamic acid, lysine, taurine, glycine, arginine, alanine, proline, isoleucine leucine,
valine, tyrosine and histidine, and the latter aspartic acid, glutamic acid, lysine, taurine,
glycine, arginine, alanine, proline, valine, leucine, tyrosine and histidine. It is suggested
that the plankton is the main source of amino acids and proteins of the pearl oyster.

3 ik
D Bom g 1948, ki
2) IR - RS - BIROARE - it - Wl — 1951 WSEAAD T ¢ BRAEBIEINT DT
BAb 7244,
3 KRB SE T 1949 kEEEMEEE ().
4,5,8) Block, R. J. & Bolling D. 1951. The Amino Acid Composition of Proteins and Food. New York
(Enlarged Second Edition).
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7) Roche J., Ranson, G. et Eysseric-Labon, M. 1951. Sur la composition des scléroprotéines des
coquilles des Mollusques (Conchiolines). Société de Biologie, 13; 1474 — 1477.

8) M IE = - B EHET MZ & R B 1953 EEReBEd A4 LEERIE (38 3 ) Conchiolin
73BT HAiL 74:193-197.

9) Mazur, A. and Clarke, H. T. 1941. Chemical components of some autotropic organisms. J. Biol.
chem. 143 : 39—42. )

100 A f 76 EEIEIUAR - O 28 B9 1956, RBIFIETIZ
PR THRE L 72 Diatom (2500 T. BIGASK

4% Plankton WHE fymas IV, SR
WP B4 R 49--50.
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BB 7 3 ¥ H 4 (Pinciada martensit)  OHBOFN EELT 5 ¢ 23, i
B BEOEHED—>T D 5 BRI THEO R L OB R S NICHBROE &G % b s Rl
FEL 9 5 iRk WG L 2 ME T & 2 o FUIO(L RS DTS, By
B KR B 2 1§ 2 MR MR T & 325, £ 0T FUSHNCHTE T 2 L O8N X,
FUKILE B G 2 BR R S BRZ RO D TH %,

7 3 H AT BT, BieEE O AL O TIHHOI T 5 552, EigoMicy
LT, WA - TP, Y, e, B EY OWEsd b TG DMt B & B MO HEE
i, %995 % ORBEAIK &5 %@ Conchiolin LERY ZWEITHOE»BMEOTRESD & X
NTW5, COMWBOILRITDNT, BH - TAY ik, Fe, Mg, K, Na, OF{E2ED T bh, i
fH N2, Al Fe, Ba, Sr O ER &E LTV 5o 1, BEE 23, R ROARRICERBY OF
DHTIS T A X BEIRIESHE UL e LD, 73 5 A OERPEHOBRICE LT
DORAKOEEH X, FHEEYOM S HROLE DL, ARKEBRIEESE LS L TIW
INTUWHTAE LT D U URIEEE, MW X > Tirb i BTN o 9L T, B
SRAT I R AK DR i DA D B O BERA K ORGSR L T D T &G SN T s,

TH G OMEIEE LU TAKILERROMPCE T 2 HINT, HRROMRS 2BEL, £
W R 2 RN E U TR OB 217 5 & e, BERDIEEE ST % Fiv TRIE M OB e
THWRBEICHER U, B, O & B RCHKEDOGHN & DBIRIZ DL THIYE LI D T,
Z DR RET 5.

HERUEERE
ElE UTHOWIZ 7 o v 5 A, ZERIEEESREHTCR T, 1955 428 B U R Hfk T
1EMEUAETH 2, BB @iick bmE GEEaE), SBeH, REfl, 88
BHO 4 BIRR U TV, HERS 195N S 128 8 mm D BRT 10g D =Bk AL TR

*Yasuo Sawada. Studies on inorganic components of the pearl and the pearl oyster. Bull.
Natl. Pearl Res. Lab. 2: 6873, 1957.
1) ENTHEBRIEA AT No. 11, (BT Rgmeige 2. 68—73. HMI 3243 A)
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U TR I D B & f94g O BLERE % 18 TERucdt L1z,

ERe LAEME Lz Eo Homa g T
WRLTH 5D, 12 ~ 16g OO QAW IEFCHEE L @
THREEZGNEDOT, UTFORBICIZAT 12~16g sl
OHE Iz AR EE, RO G 0mesic
ST 2RIz, o
&mbtﬂim&%@mwh%%$%ACqu
B AT KPE LR U TERED I AT TIK 5L
~mbno<bmmdm@mﬁi,ﬂﬂ¢%@ﬁs§m
T 5 %R RRICRIE L, FERIRIE T A DIEAIR S {5 A
DR 2 1 U, C ORI U THREEAIK 2 VA L €802 19 18 716 15w 132 1 lo 9
THe, RiEd 5 Conchiolin % iFEsKrE L, i 7 v ] 4 5 6101 17 12.13 6 4 &
a—b, T — TV TR L TR L, £0i 2l W1 R 1 ERS LIZH
T Crude conchiolin & L7z, (HBEE) OERDME

ATIZ oW T, £ ) 77 CRRIRIC & B BHROER
&, R RN X BB T o, BIB DR RO HF OB A SR LIz, =Y TF
B7 ey ald o UkB2LB e TER L, MEEBoBI KD 28R (LD B Ui
b DR BRI U e IS OHBBE i AED Car i3 e TR b, T @i
WCHER T ENBH A i.» Cat* g7 & =2 LA TEBAK & LT TRA L, PHE
DB R LS5 &, MMM%@wswdH&bTMmtwucmbf T HERBOENE L
CIETF T2 C EXMI LT-0T, AERTH Ca 2B FIce0% s i, 2@y, AT
%MWSEHHﬁK%;J&UM4ﬂ¢MEcw 50 B DI YEEE & Ao

EBRFBERLUER ,
”ﬁ@ﬁﬁf?j&ﬁ%ﬂ#ﬁ%ﬁbf@%*Tl%mﬂbt%@fééoWBE@$®M%W
o, Wh « FEEY oW L IUSETH 255, BCRTMNLEFODHTRAZUIZH
@CﬁbTO%NMB%#beméoa_nmA%%%FRECmPOu]tbbfﬂu$uﬁ
FETrELUTEHRT A E, 20R1Z005~0099%¢& 72 %

1R BRABOTHRER (/ﬁdu'i T TRE BN 2 BB TEDD
" Cochiolin | PyO5 Cag(PO4)2

e s ) i 0,
KRR KB T % %
G E A | 057 9537

B 060 9537 | 0.05

C 059 95.22 0.04

D! 058 9518 0.05

E 056 9556 0.04
5, 3.69 0.09
! )
076 95.02 003 |

KW EE 078 95.12 003 |

‘ 332 005
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AR EL 063 95.88 002
065 = 9526 003
061 = 9529 ;
| 365 0.05
SE @ 064 | 9496 003
067 | 9503
336 0.05

E2R L b6 Mg EPS B ER b i & 2 B RITBROBMEER RLL DT 3

o 2{7@ 420mpy kb 750muy B0 ﬂ,f'wwc%m THAD, TObOS300muy & b 420mpy 2 @ypg,
)t%V_—lz 12 A EEST Back ground & —H9 5O THE LIz, © oRiET Ca 08 E R IE

ek x oo Ca d422.7my, 554my, 622my) F278 Na (589m,a) UM oeBizmHan g
%4D&U 5 B, SIREMOBEN2RUILLOT, EROSEFBLEL TS T EA0HA
T 5o 885 i FRaElo Fe, Mg, K, Mn o4g }’LM’ EBO e E B LI b O, I
Fe, Mg " ifEd A L & 2IERT A ENTE B, 2L K@404.7my), Mn (403.4mp0) 1355 6 [Tl
7z, Slit 435 0.2mm TRk R ERE T, Slit 3 0.09mm i THOHHIEN T 5. HICHE
SKieittir K & Mn @@ liEEThdbNTWVD. HAREERERD Su460m/¢) DAFAE 7
LT\,

SFtumaCa

RelaTive Iﬂeensi@

'F 4227 mu Ca
B
-

420 440 460 480 ‘500

M2 HEEmysm (1gAsh/30ml dil. HCD o @R (Slit 0.01mm)
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46 1mu 5

Relalive Intensily

| [ BT T

3bo 70 380 390 400 1“0”3‘

#3M Fe Jur Mg HNRIEY HIFO I
(Slit. 0.2mm)

Relalive Intensily

&1Q3~50””}kﬁLu,ii EPS #7560
EEF L b T L0 T, ke i OB—
50 WTHEIE Uz & CAH2FE oM s e 8
7o CORR®D S B Li (760.8mp) ORUE N
ko Li wwlg~TIRFIe S <, 16 T HE %30 450 470 490 Slomu
RO EEo L piiks s o B sh
B Sh T Er#EsNns, B4R FUBRRIA (1gAsh/30ml dil. HCD

RO WHE EEEE) ©onTh PRV Gl 02mm)

S OTH AW, REtE, HEEE, B8

B H, MOEBIZOWTOENEENES B THA

>H&®mxﬁ O MICDTAEIKET 5,

MEIT R T RAID ©— & OFER S 59, FEO%SBOERDIZE & §ICe OiEZ BT

f@%@ s % % @t¢
P oREHE L b EERE o B %MDmﬁ%ﬂ%%>@%Wmﬁfﬁ o PEEEMICEE

sy, Na, Mg, Fe, K, Sr, Li, f¢¢ Mn, Cu 28

P! ?“.'Co ;’E IS }Ut 1k b/\lL’b))(U\
GIEST 5 EnEy sz, Bz Li ofFEEREKO Ll i~ TIFEcBig
hOTHND éQTé CENHEEIN G, L UEBEOEIE SEME &R L O Rz BE
ZRED B EPHR O

AW b, MIRENEY 2 B -5 fo sl RS BRI 2802 A 5,

SR s B
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Relasive intensity

IRV B I, AF 32 4

3bo

5 ARG & FBRINE & D CHHED I (Stit 0.2mm)
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2)
3)
4
5)
6)
7
8)
9

10)

1)

12)

3 H U = 7 3 Y A SR S ER

Relalive Intensi@

(L 73

2% FUSHERATE (1gAsh/50ml dit - HCY) Froesg
KOBHIHHTO R
(Bffiis QB-50 Mo 24 7 VEHBOWET,
TR R 75 LI HSE L)

(Ej x A an  Back i Slit

stic 0.2, ‘ L ground (mm)
shd . s00 0 s15 | 20 0 o1
Cu 300 150 ,
324mp (. O . 7
s 190 10 p
7618{mu, 4 4‘0 H O 7
Li 5 :
670.8mu 7 #5005 v
Mg | . N | f
st aog,,] ¢ J ‘\ ! | 371mu v 25.0 z 7.5 #
90 Moo Ao 4xq, 401\34.2111# o 140 | R
BOK KRMn 2SEET A0 5515\511 . p 40 0 003
AR p b ; |
150, T 7 440 0 0.1
'8 ey
BAE Rk o BT - 2 K116 73, 870.(1952) : 74, 74, 193 (1933) : 76, 496.602 (1955) : 77, 1707.
(1935)
Loc. cit.

BME TN AL 38, 819. (1919)

NEBICED.  HEROBTZE. (1938)

Tanaka, S. & Hatano, H. Publ. Seto Nar. Biol. Lab. II 341. (1952)
Loc. cit.

Loc. cit.

Hrp - B2 F4L 73, 870. (1952)

idib. 74, 74. (1953)

B, Rl 26, 359. (1936)

T, KRR 1 4. (1956)

Loc. cit.
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11, BE¥EEHE O Aragonite Crystals DEE™D

il i S 5]
Gl A =N - )

@ L b &

R VBB OEEEIZ aragonite #54 &  conchiolin fH & SR HIBERLUTHIITHN, T
OEED AP RE ICEH LT VAT IR 2 10 AR A RREE 2 £ U T % o Brewster (1
813) iz OEEREIZE L TSR Mobius (1858), Rose (1859), Rubbel (1911), Biedermann
(1914), Schmidt (1923) 28z & > CTHE PEGEOESEOREN R SN T X7z, Schmidt (19
23) i3 Margaritana, Anodonta, Meleagrina J 8% 0o BE2BME L T, HOFEHDNH O
REOTCLOEBBRESBEZ STV AERH Uz, HEH (1954) 37 ov #4 BHAHOERMI
& 7% aragonite 55L& FMICEEL, =7 1955 Fir # OBEM S G LU L > TR
BERF U, ¥HFix 7 av 44 Pinctada mariensic (Dinker) 8GO —EHOWEE LT,
B EREER OGS o0 aragonite FEFOKEIC OV THEE LI

KA BI D o> THRIBIEE LT I3 ot BIIERE, W E LRz B =ZER
SREKEESE S M IO VST 5. 7230, MEHEBMBETEBECRIL T IS0
BTFERR 2 B A B Ko R 5 .

MHEEU A E
BECHO IR ZERERBZERBBSCEM U To o148, 14, SELKF 4FED7
AYHAONB TR0 FEIHI VAL FIZALTRREELILLDTD 5,
T MG AR E I & 70 0 T ERIE U7 HORRIEE 2 72 > BICBRE L7 v 2 — U Tl B,
AFNRALY Y N—T U =g 8 TEBUCE DT, TNEPHMTUTHERAEER A v TR ZED
2o ENNEEBRMPERED 20TV =0 4 2 UTHRE W2 L, 45— THEHEL

7z 6

ERERUEE

Fa¥ HANBOELREER » AEEME THEE L (AL EHERVERS L TR RE&BERNS
LB T OBBEOREITEHY (1965) »7 av HABMEKETERELTWAINL, RBLTAR

* Kozi Wada. Electron-microscopic observations on the shell structures of pearl oyster (Pinctada
mariensiz). II. Observations of the aragonite crystals on the surface of nacreous layers. With English
sumrmary, P. 81. Bull. Natl. Pearl Res. Lab. 2 : 7485, 1957.

1) ESTHEEPTIAER No. 12 (EEERDIRMERE 2 : 7485 MMISZHE3 )
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B s S OEE &S FMECIIZERO S Diehb U b d, RS TRERLLILINLHBROES

Rige DE L TR ED T & Text-fig.
1 O Ths. 2D TNLEREN2E
U LMEabaoh, MAaAmcERED
b UT—BEEs g 5. HEREER
@ aragonite DEAREOFEFOA & &
DPERABOS T L T, 2o Mko £
REBICE D TRESTWVW S, —CERIO
Ek e BBk E#ERE : Text-fig. 2, 3 jo¥

4 OMxRGEBEERT T, BIb, BEEEO
BEE I EER B ER TR T SRR
HLELON AR, TsbrEoduhilicir
D ACHED TIBER PR PR DR R S
Nz, s T, 5 0RO LM
RO MRk aragonite f5 5 0 FRE 0 RE
HEDELLZEDTHAHVY, aragonite
DBUERE L TEL LN S OB
BHNOEEROWML A7V FRITBEHTHS
b, AT BB TRAFOHLE L b BB
h» 0T, \ERECHEHOMERD S Otk
W I —FE £ ORI @
TR0 K & wo>Twvns  (Text-
fig.5),

Text-fig. 6 © A, B Rom, 25V 7
DB ROREIINBORTITLE ST
o, FILDHTIRRA T Y TOMEIE 16--6
Su THBOREXEZ2—9u %KL, Th
IHE L TR I s Tz s 7 T OB
10— 16 EFRHERS L =3 pTihal
BAEAEDPH SN L. T OIS BE
L7z aragonite #ERRAHEEZZEL, i
okt 22 (Fig.1,2, ch s FiEic
R5h 5 aragonite FEFOKAE 3 OEOH
B RERREEEDRRCI A DTHAI,
Wiz B EER S LRET 51
DIz OTR TEOMBRRE S ZIIILT, &
TTEOMKM R EDERS 20 3RO
D LR RE ORI & —EHIBEPIC T
HHE» b D TNSRIRRE LTRA it &
U, RBCHRAEP AKX RET % EAR

@

i

Text-fig. 1 Showing the patterns on the

surface of the nacreous layers (scheme).

Text-fig. 2 The parallel pattern on the
surface of the nacre near the prismatic layer.
X 62
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Text-fig. 3 The spiral step-pattern on Text-fig. 4 The concentric step-pattern
the surface of the inner part of the nacre. 62 on the surface of the nacre near the dorsal
margin. x 62
CERRAIMC S 2 IR AHACRE L THA B2 &8 B2 AL T BIh, @SR
Mo ER TS L TiRs B S 2T L AMITER 79 AT b fRATE L, £olaEic
MmakE U TEHE AR SN 5. CORE, MaxOfiihd lE L THET 28RV EICEMT 2.
CNGERRAENEE L TRIERO L EHIcsT 2R EGS 2B e LEaBE LTV . DD
Fh R E O Rz T Text-fig. 7 TME SN 5 & 512, #i0D 7 g7 (screw dislocation)
tReh s (Fig. 3, 4. o4, MY (1954, 1955) A#MMEBOET CHRE LTS <,
aragonite FiFOMINREE 110 mics C bR cRE Lich AR E LIz b LTk
Y, BICETENR 2 35 L2 D TR —E R M H—#558E %2 0 THEIR ST URE L Tn
LT BTSN D, ZIRENE KD overgrowth > triple twin 2§ #6515 (Fig. 5,6), ZL
THE D 001 &0 FEH s & o0E L s b 0% an (Fig. 8), M EEOFR & [ U Mk
- ; o HoND. HEHERILALNZ NG D
J aragonite oS 134902 ~05 4T
&b, s O HS O E FEIITIT
IadoEEns. UrsicfliEo
KIE T & 5 aragonite OF55A I O ITERE
B & Bz o THEAh & &5 & o b
conchiolin 75% ¢ fliz= s b (Fig. 9), %
W ENT IS U TR RN 3R L fo i 2 7R
Y, DA SRR & O & R
sl T Zoicittfi LT3
aragonite #i{ ORESEOH AR Y, K

R CRIER) ic X iZanE i b 2 R ERIT

119,

I s y 4N f
[ " e AR 1 it LT h
3o Q%ZM v

:l‘ext;ﬁg. 5 The gr\.vth s:.tep_of the MU TR ARNCES LT % OIILBE
aragonite crystals on the surface of the OFNE NS O o b e tangent

nacre. X170 . .
O b EZ T TREL TV A,
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RO AR BRORERA 6 NS
WAEENOHEA 1T TR EEE OGRS
AL 2D THY, SREIFITRNL TV M
EnEieas, b OEEEOER % M
FEramLTas s Text-fig.8 washs
& 9T, RSN A TN RS LT & an
M %4 U ABOBICIB2>TRPHVTIE
o (Fig. 10), %> Text-fig. 9 o< HEkE 0%
‘PO ELLFRINTLL I 0H T TE
@ aragonite FEF o LIOEBHTILE & C
A an (Fig. 1), O, &S0 001
E A EOTM R S > THEARs LT
74 (Fig, 12), Text-fig. 10 washn i k

Text-fig. 6 Showing the differerce of 31, B OB X T L8 R IR
the size of aragonite crystals on the surface e O N
of marginal (A)and central (B) regions of the . gD Iuﬁﬂtﬁ@ @ 5 E— 75 (e STV INE < T Al e
nacre, %420 SLTHAB LI KEL TWd 08 s

Ho COX I CHBEPFIITHHERE LT 2558, HdlE S50 HItiENET 2805
FMICBHEHLTHET 22 a0, THOREEMT L TEOMRIES Lzh, BRRREL
TWA5DEESALNG, 2O, chs oo BEoRE RO TIZME L Textfig. 11 2
&6 %M, aragonite FEFEASTATIZ I WE Lz 0 (Fig. 13), 0.3 ~3 x ¢ 6 10D/ E 1nElfb
PEAMZ s A0 A S LT a0 abng (Fig. 14), HbEok s icBlkoEM
Bz k> T REFOEFT MISHEIL 2T A, ST OBAREDP GRTH T TREEOE

¢ cation of aragonite
crystals on the surface of the nacre (chowed with arrows). < 600
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Text-fig. 8 The dissolved surface on the Text-fig. 9 The aragonite crystal faces

nacre of the weak pearl oyster shell. <440 dissolved on the nacreous layer of the weak
pearl oyster shell. <460

Text-fig. 10 New aragonite crystals deposit- Text-fig. 11 Parallel growth of aragonite

ed as islands here and there on the surface of crystals developed in ridge-like. <70
the old laminae in recovering pearl oyster. <100

BEIET T FERE AR UERI/D S0, 20FNETRAEDHRPEBSRCEE LT b #
S EEIT B LTk R v, L A IRKEDEL LoD 6 BT T AT
b IR S By AR ORI ZE S ARG TRAL L2 fSmMsFEH 12 2 72 b FER kDS
AT DT B, 2L THMOAE T RWTAOES TS T oA SRBCHE L TLKEL
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BEHRLARARERT A, 2ic@E2em UTOMHOREEER>BEL Ta 5 & BEEL T
D2 U TET S REEES S R ERS 2 ik EOAR oIz D (Text-fig. 12), £ D&%
DA 7Y TOBEFEZ 13 ~ 30 o TE F O
D IR R RIS & S IR 25T
whhkxa2~4p Tdsn (Fig. 15, 16),
choEEHOEBERICALNAEFZIERD
Tt BT O Z I L TRERI L A x &
PIRT . — AR E L Ty,
001 i FEFITESL TH S,

PAEE%E L TR L M o HERFZE R IC
1 aragonite FEEhASELAS BRE L TVAT, B
IR, FOGARS AL ARACES LT
%o L OFRBEREEOEBINE, £5,
HEYO BB OFHNZELDE—EAT S 3 ST
MBOERPILL>TROTHY, CHizE ‘- 'i‘ext-ﬂg. 12 The sﬁrface pattern f he
RIEAMIS A VTN E RO ffi# sk 3 nacre of the young pearl oyster shell. 150
aragonite f5 DR E N B0 AR EHIE D35
EH5DTHHI . INEBERECFAOLIIROZRBBIREC I HITIENE & o A fRo MR
WEBRIE BBEINZBINEIRERORERR ROEEoE—, A1tk 0EEALNS.
LT Zh5BECHOHAROREHFLOHEDDHINEN Ch itm BT 58 0Lilbh s,
IR OBERICEE U DR A s A% 0D Mabn, KE1X 1 OHaIAEL
Ta. COX) SHAOERICEAE LTOARIMO BOA S S BAROBIICL ST, S~
AT T b MRPEHIC L S THERA LNz, BB, HMHROMEHOMBONR S Sl THD
MO Z—4fEDRE KDY, BEMEV AR Z LTV 20RMLTHEIAZR
LTWd. ZOL I IEHGOKE SPESRLZDRNB AT ERREOHIELEITL S S
DT, LOREEEDZF Iz CaCOs HiROBEMOEESITL>TETAIDEEbNS, i
DOE—BFTE S ZOFWENOEALIIEHO A LRI LU LT #BPA L (EVHRA
i a8, HEROFRRREL 22 TR0 oL T/hsv,. ELTHOERIZEZ
O kit b % aragonite FERBBLIEM SN TS5, 20 OR EFHZBUITB LALER SN
TR, WO RER ORBRFEEICILE LT % aragonite #5512/ E { AEZ BT
B O AT EMBRICREL TV BN ELT, TWOEELRITIEHSE RE UicHifig/ha L
THL BT EARINERZRT o bhs, Lk LadsRAOHESEEICAS N 2FMNOEOE
EOLHREMEBROPHAIcIL LT 2 aragonite OEL£0REHEICELLTH Y RO
ENERELDLITHDE (BHEKRKER),

o, HEREEOBRA D HE HA TS H & TIRINEM OERMFL> aragonite fEfyORE
REP R DTS, BB, HE ORI AR TR RS 2 b iR U TP, @il
CROHROFRMERES 2 7Y FREES LT H5, BIFE TR 001 EiE 5 —E D05
e i oTEMER 2T EIICEEREL TV AfiABa s hign, chiZ2aochs 0ATIE
NEFEORIK FWBEELTOAPTWMINTHTEDTLLEDOTH DT, TOL H ITHMOME
fig &7 CaCOy W 6 OFBIER I AR OMMK, FKAOERD pH @ BA5LTL 5 Tad




80 B v B Kk O ®w & fHEn 32 4

A9, BIEE L T—EBE U EEE EECE LT s R LVERIRE L TR Re L,
BRI A 7Y FRICRRE LTV &) Th b OB FMOMBOER IR ELEEIIC 500 T
Offi At aragonite #ERMIEE LT 2 HORERB Cn T, BBans (FHERER
FEHY (1955) FARNTWVAB LI, NS OEEDLBATHEVH LS RELTL 28I
LR /N S R BRIR E LTI LIREBICERE LTI EE L, BTtk UIRES T IRED
TRAFY B ->TH b0 LBEbh A, =iz aragonite &5 [ &5 triple twin, overgrowth
DEDEDE L RER B Ly, conchiolin & APKR LT INPNREROINRRET . C
OBFFHEBEZGWTIRAEEELLND,

Summary-

Nacreous layers of pearl oyster shells (Pinctada martensii) were observed with optical
and electron microscopes, and the results were as follow :

1) Aggregates of aragonite crystals on the surface of the nacre exhbit parallel,
spiral, concentric or irregular pattern. These patterns vary with physiological conditions
of the pearl oysters, age of the animal, different regions of the nacre, and seasonal
changes of the enviroments, probably because of the difference of mode and velocity of
crystal growth.

2) Volute and spiral patterns are circular or deformed forms, which may be due
to the conformity and not-conformity of growth velocity and directions.

3) In the process of crystal deposition, newly formed crystals deposit at the
edges or on the surface of underlying crystals and develope independently with them.
Near the edges of developing steps, small crystals are scattered within a certain limited
distance from the edges of steps.

4) Size of crystals in the marginal and center of the nacre is 1 ~3 4, and 3~9
#, tespectively. The former are rounded forms and the latter are hexagonal. These
difference of size and forms seem to be due to the difference of growth velocity in different
degree of supersaturation of CaCO;. The velocity seems to be greater in younger shells,
and the marginal part of the shell than older ones, and central part. It seems to be
also greater in summer than in winter.

5) The screw dislocation is observed in the process of crystal growth.

6) Aragonite crystals on the surface of weak pearl oysters are found to be in the
process of dissolving with definite etching orientations on 001 planes.

1) Watabe, N. 1955 . The observation of the surface structure of the cultured pearls relating
to the color and the luster. Rep. Fac. Fish. Pref. Univ. Mie, 2, 18—26.
2) Schmidt, W. J. 1923. Bau und Bildung der Perlmuttermasse. Zool. Jahrb., 32, 23--35.
3) WEPDE 1952, HBkoEIREE. BRI, 2, 3133
4 FOMEEE 1957, 7 a2 vy 4 DRBEOBTEMSNER. 1 N EDRIkEE. B EHERITEI R,
2, 87-—-93.

5) Watabe, N. 1954. Electron-microscopic observations of the aragonite crystals on the surface
of the cultured pearls 1. Rep. Fac. Fish. Pref. Univ. Mie, 1, 449-454.

6] FRE B 1957, OREREAMISE 1T L A EBNOCHBOE! i
2. 94--93.

b
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Explanation of Plate I, II, III, IV.

Electron-micrographs of nacreous layers of Pinctada martensii.

Fig. 1
Fig. 2
Fig. 3
Fig. 5
Fig. 6
Fig. 7
Fig. 8
Fig. 9
Fig. 10
laminae.
Fig. 11
Fig. 12
Fig. 13
Fig. 14

Aragoriite crystals on the surface of the marginal region of the nacre in summer.
Aragonite crystals on the surface of the inner part of the nacre in winter.
and 4 The screw dislocation of aragonite crystal on the surface of the nacre.
The overgrowth of aragonite crystals.
Isolated crystals grown along the edge of the lamina ; triple twin of aragonite is observable.
Isolated crystals are not along the edges.
Aragonite crystals deposited irregularly ; crystal faces are curved.
The surface structure of the nacre at the impressions of adductor.
The dissolved surface of the nacreous layer. There are holes along the margin of the

Showing 110 planes of the aragonite crystals.

Showing the orientation of the dissolution on 001 planes of the aragonite crystals.
Showing the aggregates of aragonite crystals developed in ridge-like.

Showing little aragonite crystals deposited here and there on the surface of the nacre ;

overgrowth of aragonite is observable.

Fig. 15

Dendritic growth of aragonite crystals on the marginal region of the nacre of young

pearl oyster shell in winter.

Fig. 16

in winter.

Parallel growth of aragonite crystals on the central region of the nacre of young one
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Plate II
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Plate IV
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A NENT DN T, 45 IR Z0EMDREDOHE M S 11ice’, Carpenter (1845,
1848) 1wk b Z DRSS L LA I izo o, Bie Rubbel (1913) /oA 2ED, WK
,ab@&@ﬁ‘ﬁ®dﬁ®ui*mﬁd,ﬁ®m1 ZET 3 ARSI L A b ZF
LS 2 U 7o, X Schmidt (1922), Haas (1931) l;ﬁf‘&@%ﬁ PIYEL, b O R O8I
%‘kfﬁiwa —77, #E (1929) @FAHR L T 4 caleite $ aragonite NI ERS LTV 5
B % XERAIHTIc X DTS iz LTz

Balicnic b, EIHERO R >€&c\}ﬁrf4 WU CHEsg A2 b, BIREE RO T DRA
MEHELNT D, BB, K (1947 REHREO—HOEIZH OV 0364 &L, 2h e —E
MR BR s N BREOE ?t@ﬁ&bTIHZFﬁWWWLT,C@?@&bf@ﬁ%%ﬂ
12, PIA, EE (1947) @EEOMRBREHORPET? EEBREOR X ERE—HTH LMD
Hkiz ~05 4 OESOENEHHROERIND EEBALLH LEREBZIEA ., —7,BH%
(1950) FEBEOME & EHOBE» S BEFOBYRE 250, BRI ROBES HICELO L 5
WRABRZOTHERINAC &, MOEHHBOHES » Rz 0B > TEOE S EOR R H]
FELU—-FARER SN AEOHIS DWW EROEE: 2 EETR—H—RERs F2HERE N2 5%
WE Lo, Bz 1952 fie LEDEMS L s 5 ANEIU 1o conchiolin OEHAHMEL, iR ©
13°C ~ 0 FRSABR I L > TER SN, O MR LIz, @l Y EVE»BE LT, C
N EERICLP2DOTHA I EIBNT WD,

iy av 4 Pctada marlensis  (Dinker) Jrifi BRI f N BLERIE O ZE RS
DNTERATINS, COHET ’imMéJ oW LOD’i’r?}'&%?ffﬁuLEww

C DU M b, IR o 5 Ji«ﬁ)ﬁr& X LR s 2 B »ET 5. X
B rOBE R 2Bborz, | JEESIC BT B .

M8 R T H E

ﬁé%wﬁ J/Jﬂ“ﬂ

BAERIEOKEICER LTS D1 4 47 2% 1 4 O CHFIZ0

* Kozi Wada. Electron-microscopic observations on the shell structures of pearl oyster (pinctada
martensir).  III. On the laminary structure of shell. With English summary, P. 90. Bull. Natl. Pearl
Res. Lab. 2 : 8693, 1957.

D ESRIRUTIUATERT No. 13, (ENTHERAIZEFTRE 2 : 86-93. WHAISZ4ES H)
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£10 AL HASLEE AZTIFELILEDTH 3,

BTHMSEREA R o> TERRER TR >THAR2REECUE L, SWaadEhdac T
L, et 2o aTHETELCE, MEWERCER2EsLIIiOL,
50% A ) — 7 ) € ) AEERTEB L THBEYZE» Uit O & 21E01, BT, it % i
Hilic#lorz WD 5 b, Ey|BEHNCE OZEBATHRME Lz, chboliEz7va—0
Tilt L, AFNA RSN =TI = AT LT ) Hik, HibaFLts s ) v— FOPEES
kR AmcH L 30—35°C T 3—4 RMEG IS TH—-v 7 A28 oHk, @B/ aicT
faibe 2 THI 7 v = a0 2FEH LTV 7Y #%{E2 7, _

CNEBHT LTRSS B OUIEEIA 2 o1z, ShpidifEs ) =410 2 ) LIERTAE 2
BATMA L L CBE LI

#HR RV EER

7 A% H 4 DHBTIHMOIIEIO = H & Rk, BFBERBES he D Lic BB TER
I b, BREFER Y- TR Euyy conchiolin [EasAE Al i@ JRicild LT 2 I
b, Zm it calcite OFERHTHFG U THEROBESER SN T . COE, RX58l%4 5T
YR D BEEE DA T o THEE L TRR I N S, Ths RO ZFITES LTk
ELT—oOBRM & 25, BREFBERSNICH, #DLic conchiolin & aragonite MfkfH
DR UTHBERPER IND, 2, FRNOME LT s M@ oisd holekE & faols
it 2 o706 EKY  (Helleschicht) 783 2., MM NMEOKREIE b n>TAE 2T L
[T, REMCR>THEHGE B2 Y 0 505, MHEROREFROMME CuTeE b no
TR BIIT 5, BARMOBE Lo MERBERans, LizdoT, chbft
W B TR D T WM L = DR 2 1 Es
% & Textfig. 1 whonsme, i\
b R, B T OV TLERE ONEIT R &,
BRI 2 BT OB X > THEL TR
RZgGahTtHAZRichbhTinnb, B
i3 JEfEE @ conchiolin [F» 6 25T h
WHOMTBRTIRAE LI OBZ0, S0k
FEE > HEEF 12 calcite % aragomite &%
fap—r—rfalils > TE L2 DE 2R L
TWb, 2535, BiEEicsu T calcite o i ‘
ks AL L 72 JPH% K~ conchiolin (g ! (S R ST AR
PRD LS, SABRROBEEELTY e ot g oot s sl
A2 Text-fig. 2 wRehsLIIT, C nicols). % 50.
o conchiolin DEEE I 4 Biahia b, Bz Aoy Y (Prismenscheidwinde) 7356 4
% (Text-fig. 3), #dfth, R 7g & WL THMZ RS2 s LTuns (Text-fig. 4), 5T
B BEAZA=avDd & TEEST A L. RAMMER ST E0omR s 23 0F 2495, £ Pinna,
Mytilus, Meleagrina Jy¢x % ot EUS 0 Yl b D 3LER M & AL { aragonite f55h g b 2 3
Rz AROR AL YRAHY Blshcah T, SEO7 3 ¥ H4I1TB0T
i TH 5, HFEREEeEE - O 25w conchiolin @A LT OMifE %438k L Tu
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Do, RO B 2R FCEME TEET S
&, Zhn calcite gifio Chlizs 5% @
(c#EE 7 conchiolin (m3f U THICVITIC S
HVEHL-EOHEFE IO TRABLTA
HERPERY TiliR Lics, HEEF O arago-
nite #Hio CHl P05 L ORI
EYEEZ AL E2>TNT Schmidt® (1
923) Ik HfhONMBHEKBEOL & LHKT
&b
PRI DI R 2 BT B L T a5
Text-fig. 2 Cross-striation in the conchiolin £, WEREHRILL T e el
wall round a prism (crossed nicols). x 180 EOIE iz kg 0.7 ~7.0 0 DOfi% L 2T
IR HR L T, BeEEOMBESK
0.04 ~ 0.5 2 @ conchiolin (= L > THw &
ntiwad (Fig. 1,2,3), Bz Fig.3whis
N5 L 5z, overgrowth®*® jz F 5 THL
HiEbLNIBIBMEans, ChdFEOE
PDEOEFEICEE LT EEE UTEEE 2
HEAR LT % 53(Fig 8,9), iz o1 T HERE
EOEFITE O o TR OE S 13# 3
% I %R L2 O O iz e s 5,
Hit, ARELAOSSTiRB RO btk
i s HEPRSE LTV 20, B ciiEiczo
' Te_xt-ﬁg. 3 A band (Prismenscheidwande) BRI SRS L TR ERE ST E LT
v grism. X 155 WBHE B, TN6EEEIGE B O
K2 13 —f#1z conchiolin 735 ¢ calcite it
W 02~14py OFEzOEE LTHEELTY
Do TIHHEEO8ERIE conchiolin @
FEEREE Uilige > T E BN 123
thy zofoFEREH, Had BRicds
(Fig.10,11,12), Fig.12 wlaehsind,
i 4 & conchiolin Hriz BRI DRSS 3
gansh, chuags CaCOs ik b
jowie caleite pisRiciREA 9K RiC
STHIELIZS O LD %,
Text-fic. 4 Bands of pigment 1:1 pris;natic RERE ORI L > TN ZBIRDU S
layers (crossed nicols). ¢ 190 NTsh, FEEZECL D EFORE A

s

* RN THERRROEFEBEIT L AR JKEERES: SR (1955).
OPERITE  MIERER (7 o A 4 SR ORI KEEFL G (1955).
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HRERUHROKRE SICERA LYY, ETREDE CAENLLN T, Fig 13 £ 14
RSN 5 & 51z, aragonite #ARO BB HERICEL L TRFEERAEL TVWAD, LOHEE
BoORy OBFE % & > TBE L Ta 3 & aragonite OEH B —K—RER L Ty (Fig.15), ¢
5 —#—# D aragonite DFEFIZF 0.3~05, DEIDKAKRTHEEE 2 BRL T2
calcite #EfHICHEL L TH L, FARMICHEE LT3 cochiolin O3 R IEE 10, Bic
HHEBRBEECALN I BECEEEOELPERADHTERIZEA L 20D, BOMIcE
BONEPHEABHETEL TV A, COBRKEEOTZ2MEOESIOEEENRIES b EESic iy
DCEY, BOEIROFNER» S ORIBHRCI>TRLE S, BB, REAEL Y EEH T3¢
WHRED THEIREL 25 h REBIT RENCE D x R EMICH TIRECHBM O & 6 BirET %, ¢
OWHE Iz —~BOEIPEL B E UTARARR THOEBEIC B U TE~ OFEPHEBT/Iw
L, BEEE & ORIk conchiolin @B e LT e Fig. 18),

P oBE» S b b L 5, BEBDENEE ST conchiolin B33 3N TEFD it GKIE
WPIhE U TIEN TR Sh T, P (1950) 12 @R icisi T calcite Jy¢¥ aragonite
ORSRIERPE 2 B2 > TR BRES2ETHIHLZIERL, 756 < AFOEBREOET
FIZE GIC L 26 D EHERL TV 5, B, CRIMATSHER LicEr oBREERENN 58
IR NIRRT X O TRED KT ISR b 16 shT—BEKLanIc s 0TS
A, BB, —EEMAcgwmans CaCO, 2 conchiolin B L E A BRI £ LY
AERBEREEDND, TI0EEY® (1952, 1954) 2% overgrowth, dissolution, recrystallization
FERERMLUTOAWL, CNLGREDTHIBOREIRCERETITHA ). BEBELETRE: O
TS D JE R F 07 conchiolin oY, #OEOERMEOREL s 2 ER itk h&fhan
BE35THEH, HIL, COMEOERERESHOYEALTLT, conchiolin BxIJER 1% FHE
F % caleite FifA3Hc RER SRR s BIRMEE 249 3 . ¢ O, conchiolin 43 i4E
PLOMITOHEICKE BRSO b0 LEDN S, —F, BEEVHEEE B LU TEOE X
WEICELN TV B DI calcite #& OREHE P ARG ATH>T, £hicid conchiolin & 4 BY
FBLTWALDEEDNS, "

Summary

The laminary structures of the shells of pearl oyster (Pinctada martensii) were observed
with an electron microscope.

1) The thickness of an elemental lamina in the prismatic and nacreous layer is 0.7
~ 7.0 4 and 0.3 ~ 0.5 4, respectively.

2) Laminary structures of prismatic and nacreous layers vary with the amount of
CaCO; crystals deposited in a definite time. In some parts of the layers crystals seem
to have grown up with overgrowth or recrystallization, which also disturb the regular-
ity of the layers.

3) The thickness of calcite crystals is not so uniform as that of aragonite crystals
because of their undefinite growth velocity.

4) Near the borders between the nacreous and prismatic layers, calcite crystals are
thinner, and conchiolin membrane are thicker than in other regioﬁs.

5) Very thick conchiolin layers exist at the boundary between the nacreous and
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prismatic layers with small spherules very often scattered in them. Thesé spherules
seem to be calcite grains which could not afford to grow enough with little supply of
CaCO, solutions.

2z £ X &

1) Schmidt, W. J. 1923. Bau und Bildung der Perlmuttermasse. Zool. Jahrb, 45, 131—134.

2) Watabe, N. and Wada, K. 1956. On the shell structures of japanese pearl oyster, Pinctada
martensii (Dunker) 1. Prismatic layer 1. Rep. Fac. Fish. Pref. Univ. Mie,, 2, 227--232.

3) ISR 1953. 7o ¥ 44 AEMEOBTENESENEE. L BEERoO Calsite crystals OELE.

EITEE AR, 1L, 1—6. ‘

4) Rassbach, R. 1912. Beitriige zur Kenntnis der Schale und Schalenregeneration von Anodonta
cellensis Schr6t. Ztschr. wiss. Zool, 103, 386—388.

5) Schmidt, W. J. 1923. Bau und Bildung der Perlmuttermasse. Zool. Jahrb., 45, 13--17.

6) FMEE 1957, 7o vy A4 MEREEOBTEMNENEE. I HEEEERED Aragonite crystals
O EITEBRHIEIRE, 2, 7485

7) WPt 1952, HEnkoBIREGE. EEonst 2, 31-33.

8) FEUTTRER 1950. HErOBRESEICHGNT.  HEoOUR, 1, 1-3

9) EEEEY 1952, EMEHONFECRE LN ABEROEE S S NPERINIBEEBCRNT. BRO
wae, 2, 27 — 35.

10) Watabe, N. 1954. = Electron-microscopic observations of the aragonite crystals on the surface
of the cultured pearl 1. Rep. Fac. Fish. Pref. Univ. Mie. 1, 449—454.

Explanation of Plate I, II, II1.

Electron-micrographs of the laminary structure of pearl oyster shell.

Fig. 1 and 2 Laminae of calcite crystals near borders of nacreous and prismatic layers (fracture
surface).

Fig. 3 Regular deposition of calcite crystals and conchiolin layer
observable (fracture surface).

Fig. 4 Prismatic layers near nacreous layers (treated with 5025 KOH-Glycerine sol.).

Fig. 5 and 6 Laminary structure of prismatic layers near outer surface of a shell (treated
with 5025 KOH-Glycerine sol.).

Fig. 7 and 8 Calcite crystals and conchiolin in prismatic layers (etched with 0.01g5; HCI).

Fig. 9 Calcite crystals in prismatic chambers deposited almost horizontally or a little obliquely
to the long axis of the prism (fracture surface).

; overgrowth of calcite is

Fig. 10 Thick conchiolin layers separating nacreous and prismatic layers (fracture surface).

Fig. 11 Borders bestween nacreous and prismatic layers. From upper to below : nacreous,
conchiolin and prismatic layers (fracture surface).

Fig. 12 Showing the granular structure in conchiolin layers (fracture surface).

Fig. 13 The margins of elemental laminae on the surface of nacreous layers.

Flg. 14 Photomicrograph showing the surface and fracture surface of nacre. Elemental laminae
accumulate to form steps on the surface.

Fig. 15 Fracture surface of a nacreous layer. Showing the accumulation of laminae of aragonite
crystals. ]

Fig. 16 Aragonite crystals of nacreous layers with the thickness of about 0.3~0.5 . (etched with
0.195 HCl).

Fig. 17 Laminary structure of nacreous layers (fracture surface).

Fig. 18 A light (Helleschicht) lying in nacreous layers (fracture surface).
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Plate III
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H J}_ﬁ. Vs
[ 7 BB BF %8

HEOER R ABORE & e, BBATMERZ LTV, ChbOMEOEIRE: L
TREEA VY L ORI OM L DR LSRN0 > TEL T3, BERELCHBORERE
GEOBEHAEYE EOMEE LT £ X b, BB, [IENIT RN LT Y, NHEKOR
R, OEOMEOMELE A H Y, HHOMAORMN? S § RESHEZZA TS,

fit Watabe (1955), fom (1957) %tk -7, |EEMEICOWT, & L THEHFHEBEICS
BEBHSES STV . PHIEIT X 2 B BIITbh T 5.

HEGFEMBE R EALT, WL opOMEERERNTRA, SHBGELE HB LI, HEERL

1 28 FERROFERE, 330X MEEEOLE T L O Obj. 165X, Oc.6 x, Conpensating prism
WA, e = Sy oIS D, 1 2 IS0 Th 55 WAL D
LOL 5 ITHIEOEEAT TS, 1 iﬁﬁm.zm@%&an@mmlmmm e
¥ht 10 HT@J&E‘%?QTH&HSUJLT a4 (Pinctada martensii) MWL

# Hiroshi Nakahara. A device for the method to observe the surface structure of pearls and
shells with the ordinary microscope. With English summary, p. 97.
Bull. Natl. Pearl Res. Lab. 2 :94—-99, 1957.

1) [EYLHETSTEE No. 14, (Sl SRS 2 . 9499, A2 43 )
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R OZFER IZEIH O EER & Bbhh g %bnu"))f-r@ NLTNEDT, EEREEHED L, P TR
By o b, a3 A FBEAREEADT, EHEITEBICEZT 258 ITRR
EOHEE S T A, Lk, BYSEERPERT AL, BERI>THY NI 2 a2
g bic W RIEFHERR2EA L EPARETH Y, GRERD, FHOMRT L TIFHERS
BorrEpraics,

HALE¥RIEE L iz Leitz Panphot iAo hizd o%#A L. Bz Panphot 1z
X oL, g 34 EcEE Lic, SicdicoTid & U ot e SEARHG 2 M
L, Bz 74 v aETRDEL, #H2H5E Ut

| EFBACLIEERRE

FEOHEI] o 2 7 4 & LT EEEES (vertical illuminator) & v ko si— 4 (Ultropak) @
MERHEM LIz, 55088 THIEE2HET 2D, AFERCELEEDES L L3R
T, BRAKROERR# — 7RO O THFOBIMOIZ I HE LoD 2HEH0,

FEBEG 2 MR 2 HEREROER S L CAROEREOE EIBEL Te»h B £¥s
%, SEIEMA UL Leitz oEE #k#iz Opak-illuminator & IFEN 3 & ©T, W ICRLEAD
Compensating prism & Plane glass tddbh, WHP2AMEZERLUTHERT A EHTR
Ao B 1R o 23 Compensating prism Z{#ff L, 16.5x OW¥ L 2% H L Tt
UNHERORAETH 5, P37 3+ 44 OB OEE T, plane glass 2L, 45 <0
ﬂ%vyf%ﬁofﬁWbtophmgﬂh*ﬁmbn%ifmmlf&)nﬁC&&ﬂybaz
MR E {58, Bt L (BB
5. HR2BET sk L2 MoTHiE»
T za—aflity, 234 FF7AEFHS
H5, HEEZ ST 2T 7v i 22— o
WWHEROEZR L b P s/hSVEEOR 2 H,
LDJND RIcEHEZOBTHRE LT, 20X 5
29 5 & —MDIER % & 6 BT 5 Ol
HFTe s,

2R oEERou Ly v X 2 lHT 256
i3, U\,LCDIFFE'E WBIER T v T2 Mg
755 DT, AN bk (1954) D#ificd 5ILE
AL AR R R LT, FEicEE
LR 2RO ED, ERONE
AT LI, E&Er vy =a— a8
16 mg %M 6 EEC 45 mm OB 5T
IR, LIRS, H4Mz oD
TRk bR e 2 (80%) AL
TR L7 a ¥ H1 HBBOERETH 5. H
PEHAT IR L, FABARAY v o m ik B : g 35
ERELITS A0 2.2 F DIERCARS G FBR 7oA A BENOKE, 540, R
2o Lin LRSI 2 ArFERECSED YE4%, Obj. 453, Oc. 8%, Plane glass {ifif, & I:

e Py L Tmas (o4 ) IR, MO S B
BB TETLE ) OTHRLARNCEERNT 1056 2Bm iy, #E 8 7 FRIREL
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g besS— 2 RHAUTLBEERITETS 2D, 3072 ML, BHOL I BRA—TD
WMOE TR EOU6MRELT, EYTIREPON, L L, BEHESNMP 1Y C Lz
COWTIREENRIET, CoRZEELDEEOR E8aY, HMoM »H s nEen-oTH
bh, I T2 MOBKEEINS, L UEHELMBDERIIEEREZTORMBT (A
TWwaLiicillbhsg,

AR 7 avH 4 LEEEOZER, 1500x, EEIYHEE Obj. 80/1.30 Fluorite jhiEs, Oc. 6x
Periplan, Plane glass §fiJfj, 17 0 = 25 7 oiZhi, #ENZIZ germanium OEEESFIT L HE
O EALEBIE EC 2TV 5, BERRAYOREORE2IRELIZLOT. EERPITHD
LEHNBA/ND aragonite DEESHIA LIS, HELZ 10 A FAERR,

I 2y x5 B
A FHRREBRER#ME M L copboEREZ g mcll s s Sk, Elleva
4 FROERZHEETEDP L, ehE2PROEEICELSS Y, ERLTHLLEIVBUTEHZNS. T
hoHEize Y FELTRLNTLE L02ER LI,
IR & LT iiBH OB AR, REEFRY, RopfE®Ek o=mh 2 ERALz. b ©)
b, BREHESSWIHEIERE TR M52 MEgg, O COoAHEIRE HiRkE
Lie7 a vy A BOBEE L BHBOREAMTH S, CokicElprt hiEysgEn->tT, 2
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FZAMIELNEDLASAOMEITRBEL TS,

itk a s b7 2 P EIFT, 0 BEONLY L X B M BIBICHEL TV 5. 56 Bl bL
HEEEIC I VMU 7 oy i HEROERTS 5.

REEERIZ 20 DTFOMMLY o X2 MHT A EE R BN TS 5, FHICARA ZBOHER
O Z# HEIZR DG C MW TE D, BTIHRCOFERE>TT a v H 4 HEHOEE2HRE L
12507, 10<oxy X2 H L, Leitz i35/ Heine condenser iz J b K5 ¥ HEIH %
T2t BEHEMO Y v b os¢— 2% 2 0 FHEECIGHE LT S IEGEEEE & Do EnfEseng.

EEY LT PSR

Gl
£

FEM T avH A DB (F)  &BEREN ORRE, N6 7oy A4 HERFOXm, 360X A
170% A 2 ki L b B8 (80 TG, Obj.10x,0c.6x, » Fikick ) Leitz Il THs.  Obj. 40x,
BL7oex 00 0iiE,  HERILE EREREL Apoch. Oc. 8 x Perioplan, §i1# #/¢> 5 (5

4 1) Bl 8 H R
EILRORROERINZ 2L TS,
HEE TR 2B b2 @GR RECELEHOERET L. S BEmNEE LSS
oo MEEEE R USET 5.

Summary

The present paper describes the method of observation of the surface structure of
the pearl and the shell with the use of several types of the ordinary microscope. After
several trials, it was found that the wvertical illuminator was most favourable for the
direct observation of the structural feature in the surface of the pearl and shell.  The
application of the SUMP method was also useful for study when it was combined with
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transmitted light, phase contrast and dark field illuminations.

Figures 1 and 2 show the structural feature of the surface of pearls, Figure 3
indicates the surface of the prismatic layer of the pearl oyster, and Figure 4 illustrates
the surface of the pearly layer of the latter ; they were all taken with the aid of the
vertical illuminator, in Fig .4 the oil immersion obejctive being used. It was observed
that the surface of the pearly layer as shown in Figure 4 was coated with germanium
by vacuum evaporator with a purpose of increasing the surface refraction. Figures
5, 6 and 7 were taken through the application of the SUMP method. Figure 5 shows
the surface structure of the pear] oyster shell and the boundary of the prismatic and
pearly layer. Figure 6 indicates the surface of the pearly layer of the pearl oyster,
taken with the phase-contrast microscope. Figure 7 shows the same structural feature,
observed with the use of the dark field illumination.

X 2

FUH RS - MAEERE 1954, BB O EBRICBET 20198 K D EFHTHBAER 5 (3) « 1-5

FIEHEHT 1956, 7 2 v # 4 N OBTRBENER 1. BREEHO calcite crystals OB%.  EHEH
PHgL 1: 1—6.

— 1957. II. BE¥fEFEE O aragonite crystals 0. FL, 2: 74—-85.

Watabe, N. 1955. The observation of the surface structure of the cultured pearls relating to the color
and the luster. Rep. Fac. Fish Pref. Univ. Mie, 2 : 18—26.
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}(JLIH[P@>2 3 DR FER BE R AT : ”%;zﬁﬂb%wa B, s
@E, R AR M S EZRDHK s B T DK x & 0RE
ZEWDhPrDIZDT,

>
H

iE
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EUTHRIIRE
Z DL NRERIK BEREER I 3 WV T D 12, DR =F =R RS A RS A SEAYA
*‘%%MTFDTMIJMHJ\_ 5, SHR R thir-"‘ﬁ\l)fg o, IR JX: U”&f WMoOBERET 5.

M H & A E

PICEES A 3IEHEOT o¥ 4 (Pinciada mariensti) % 1956 11 B 29 F, @12H 6 8
ROE8 Ho3Ehi h IR L, Ehists B, B, FmE, EW &, L‘@, FHIB B, T
EEERE L, Rl U gz ( KH:PO,,NaHPO, = pH7.0 icfli%L ), 575 A1k, Hov
Do B ) VETETE UIZ, dove Y VBT ROV s v A e ko ) VETED & O
hH—-HTY 71@@ S5p OB, gL —NROEXH o B—-BKEWT
gute, L Giff)111953), RIS 2 5 h X4 L B—B B r A v BRI, F7FA4
WEED S DRI & ’) TEME o afEar ) TUBLUMEERUILY, ik X4 — N EK
z‘&\‘y%»vlw-l)@ﬁﬁmﬁ: (Lison 1953 ), 2126 BCE URMRL G E LT, =—v ) vk « A%
%*°Uywtivyﬁﬁ?ﬁotyéﬂiT&’T?T?%mélﬁbfnfﬁV%*B%%
Wt B S OBIEEEE R RN, A KT v v A ROOKEBUR T R 2 R T ot B SO BEE R S
24 VBB B e TR 5,

8] =

(1) # 75 % &
ALE 5B RO 3 oD IR TR [‘J"y‘ﬁi]ﬂip;ﬁ“(»
"fﬁ?ﬂ?/xo\ﬁm’ﬂ LR Y § T ¢ T

R Lz oTsh, #HE

DTV B DBEE N, PREOATT

* Akira Machii. Histochemical studies of lipids in the pearl oyster (Pinctada martensii), I. With
English summary, p.105. Bull. Natl. Pearl Res. Lab. 2 : 100—106. 1937.
1 EYTEBFIAATEE No. 15, (ES7EERFTAFRE 2 : 100—106. fF1532 43 )
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{ OHTE § AMICH 3 ROBOMOTEIZIFFEIT S TOERA2 R4 5, BELATTRED
O ERAIEAIT ) 3 FROREZ S s BE S HBESHCSHLTs Y, FETROGHE
ROMICH 2EEEHMMBUZRITICZIE 6 DA VBTN T 2WEI b Ak s > - i 2
e VDS TET 5 OBBD S N,
o f M 5 BEIERO b Rkl e
D3HDD IO LFF S s s
&R, BRI TR 2 0 B
TR o7 SR sl F ki bz
HRHLTL A, BFEROHEHEE
PO FARRER & ST O 121t ds V)
A AR FHEK T T Ty &
(R iz >TBh, HWIAT
TR RO D i s B
2ESEAHLTH 3 DN ED N1
1o HbE S NSO Rz R T R

iaslnn . R o : 1

= B OARE 5 R O LR B2
Fig. 1 ftx 5 PR ROREES. LRI ) 3z o T WTaLNIiE b b AEVERAKR
1O Ny 7AW, KA RBRAN o sa b, LS

Ik Z ) o —F oD
B EREEEE 2 B Afld o, MR TAER2 2 UH RO E S 5 B pHllg 4k
DY FHL TV BB ZOEEIz—8ETH L, HE LEIGEVEMIEE 2h b6 ORRMOH»B DO
BED SN, e B &M ohT a2 REMENIRF 7 F ARAICE bR a B BRI £L
&b AL, R A OV O BT R oA S I L LiEash b A o LT DK K
T HEERRLI M) T 5 97 —RRIeFEGITjyz 5, GHERT CEE LSS, BfciEdssmo kL
HENEDEREE, WIS Hes 20008 Kz ns, & 2K abE Bk e Nl kR &
TREAEERRED SNLWVY, 2L ORETENE FEOAPNE FEL DB S>THDO
IS picBlE STz, AR B9 2RI SIEAT TR ) T KERICEEDTLS

(Fig.1).

BIARM : BEEREEEHEOWTIE i SEATFT TR 7 K25 Y 5, @ik
KFTH AR G2 50T, 59 RO > 1ol 2o SO0 e b o BT
ZLAH LTV 5 DN EE I,

WURMT : WsRMEPN I BRI I s 0 B SRS, MR REER AT, 53¢ HHEAg
ol s R bdheBy s hi (Fig.2),

B FriisiE»s Ky, AEEASTOnBIEEZ LTV, B0 B Mgk it hE
ELOBOORRREL VBENFEL TV 2, OECHEER ) 7 FRARK KTz 3. O
72D LEMIERIC & 5 AT F 7 F A IO RRIEY s Y, BoREH R LI RERTES
FET P B O AT A A5 Crafl R P I & o4y DY B ORGSR 20 U B & [AIRRHL 2o il Be SRR 4
{HHNEL, BORMEEFEOMIO EETROEGHBIINTET s~ FF o) TiEET 5
RO oM EFRAER 2 3
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1 Fig.2 (2o k. ARSI
o oz P SRR, ffEEA T
FRAITWT OINEOIRE BEi% § 5T
ho 19564E12 H 6 H,# 7 F A [#E, =4
CE—BHNTE 7 F 4 Yem. 2540,

el A

Fig. 4 o L R#iEo—g. KNSR
=y b A, 19564212 H 8 A, 77 7 #iklE
5, AXCBR-BERNTF 77 A5,
%100,

Fag
(42 ]

hadix

I

oo

R, _
Fig.3 Ho LRk KSR b #MzREncE 5
ZTOR & DR = S CIFHEF R EE S5, x540,

% U8 L ! AR

Fig.5 . FIEORKLD bHEITIEICE 5 2 T
OHi% DA * 3 OIFTURKD D b b, 1956612 A
8 HF 7 7 AEE, A& B —BERWTF7 74
#uft, %210,
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H: HOOA2HA Tk FRAEOIER & O Rz IZhIsiciEs By oo liin
REMBECTTELTEH, £hX h/NEORBRICHS S BRAE L BESOBc 2R HL, =
rotiin s HRAEEz o BB HEE BT H L T» 3o lEshic, &AM TR AR
Wi 2/NEORRIII B LR L ERR ORI A L, A g R JER I o
#Ewohi, FEMBECHERER AL, (Fig.3),

%+ BOHEB2AY 2 M RN i B 2o Ao B i b
YL TN B, & % 50Tk LR O JEIEFR Bz i B s TR R A5, BT
LG & HEHERR DI 12 D D/ NE D AT YRR G Ly ro e AR S R R etk b i b
B LTV A DHEED NI, MBIZE T 2 & A RKGE DL EE» 02 B LML N
e Ein FRZMI R HLY 2 REARR b oA YL IR B L A s ot (Fig 4),

RIS ¢ FRIBER A HEER T A O ELEMI I, E RO o ERIT R x n RS
Babhic, CORBIREELEBEOMICE  ERHFIT L P, L LMESO & 5 FE RN
i, TS MR SRR 2 & 37 B i SRk s I 2 Kic b o h T L TV 5 0N %
aIhiz. MIEREBREsRhogEsTi iR Uil Bz o EHABEO &
KO MICBE IO U, ST AR 5oh S W RRBES LA LTV OWED S
Nice TTNG QAR RE E DONMEOATRRRITAAE LT, RBCHZ oI fiil s R
BRI T LT 5 O S il 5 Mtz HRIBER ORISR Lol 2 M b = < E (8
R A I HFROICE 1 A NORRSETFA SR, Thb ok g i
M SO EG I s THBORE 2 Bl L b 3 ROREIRIEL, ) TR
ot (Fig.5),

Fig.6 HiBl HIEHOER>{ ST Fig.7 BRBL MM ERGNR ORI BT LR
NEDIEE R A 54 5. X100, feTiEid . 1964E12H8H, #7574

W, X4 B-BERAWTF7FA4RA.
400,
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s

ko 32 4

OB BEBOWMERTIEE ORI E L ORFBRICS 5 E)
W ERO RS AR BRI AN, KE» OB
BIHIRBICEE STV S, IEHOREY DL Zu%BHEPH iz
WETFAD NI, TICMER2ID T AEHKS I—H%Kk‘i
oot (Fig.6),

59 B : SUBOMIEIORE 2 HEANT 5 MIEPIC IR T REICER U e Dok RE T
LT3, MBI BREGETE o LI 1056 A 72 AR B O IS E i i B H RO E DD
THREERPIHE LTS, ECMBERCERCRE DIHAZRES L h 8 /NETH S
PEBERZSNRPOH LTV 2088 6N, s OFRABIEE ST RDORRIL,
BRROBER IS 2L ksl By sn (Fig. 7).

A m?ﬂ@@%cmmf% T E O D A5 N D BEEMEI B B2z, BRim
K BHREICBRT AR > T 5, BELPHBRCS s Mg BERa o
$H R BRI S WA A S 111z,

é%gé' meb%ﬂZDiP CTL%@
T h, DHIVEEHTITL—
T fé PAE- o eRe) Ay 1
727

=]
{}g
DICHR s BB O HIE L T2 OH

(2) x % o m B

MESEE  FWMAOERE IO T S FROICEE o i BN S muthéo%m
RO a s F RO E 2/ s WRE &S mbau o NESEBRO FETIH A
a—5 o OEBINAMBAICET By )tk%@fhw% beﬁa,wm&%ﬁ
b ZORICEIEL TV 2 OB a N, ZEORMIBEF 7+ maw%ﬁau HET, A4
CHZEDERENT I EAERD SN,

HE B F7FARBOEELEBEHEBORZPELY T
ﬁ%&mﬂﬁtfm%mbfmé@wﬁwenuc

BB $ERETALEOMNMN R SAROEEBICDOENDT B E BRI o iz bR
KRupERPBIE > TOM L, BEEE oMz AR R HHEL
TWVADMNED S NI, BOLEMIEZED < MEAIRE XY VBB Ao AR A 6 1
0P, BFREPREZ PPN IVEEN RS ITGTHL T 20088 i,

TBD & %450 ERERIIIC O TIRBE B ot AR ORK K & BIEEO B 57 L,
Hhimiéﬁ¢%®$hwﬁétmm DM EL BHBL TV 200 BE sz, LrLad%N
TR OB SR ERBIE N T, KN IRk A Ewl4ﬁwvﬁmut),ﬂ&ﬁ
B oM I7 0 icE BB ERT A REVBEIN. BOLE 20 £ MERIE OBE &Rk
I VEGEORIERRIZ AL N0, FEBICEE >0 F%’E’cﬁfﬁf:\ o RDHL TV D OHR
Do BEZOTNOHAICSO T —FIcHKEBIREEZ > T 5,

B R ESOs 2 EEMCEERSICEE U RERN P EEE & BoMIT S8 s5m
bgm5QM> W bR, FE—HERICNT S &2 FEMIBITE HBOICEE 2 TR
BeAE wéﬂﬁ,Wﬁ&9f<ﬂfﬁuxmofbé@ﬂm%*ﬂuo¥@$®%E@@Ké
HEEROREE oA RNSED SN, TG E BEITE U BR 3HE g 5
Hm,uWQCEN%u BNED S OBE L, FEEBICTOEBAII ¢Mﬁ@é®ﬁ%mM@w@‘
EENI, .

HOTHORE - SRR OBHEOMEEE 2 R A M HEEIEET 2 ks NEREO R
FHTAH NI, HEMRSGEEOHE A IO ARMEOMBE T RBETERIC s > By THEX

ST O T s SRR DS

e a0
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R L, HRRE oo NEORKPEICGML T2 O0EY S s, B AR
A A OMAR SR ED & N o S B s TRV R S PR S o, TR OV E % Y
HDELBERIZEROAROPRB IR0l TORs B REE/NEORE BB HE>Ta HLTL
BOPEHE NI

(8) + 4 v FHF Y

FlE s BT AIBO FE M R E SRR e b, BEESIEIEEIC S ﬁmmmﬂ%%
THERICH LN, & 5 D EH mmﬂﬁ&aﬁﬁiﬂﬁm TUHEHBR ??;m, BH BN
G FRINSG, MINAT T RS 1003 BICHE 2 Mo BN s i 4 mm¢m@@%w
WhHBRIZELRE L 0,

OB R FPIBIROMIEERO & 5 EEHISIIZE R o 1 BN KIEO RE SR B0 3E R
U T RSB GROEAIC AT LT % . EEHOERMITC 0T ERRICHE o Rk
BORKBHHL TR, 205 ORAOEN ﬁﬁazck*or®©4%7ﬁ L TR L T
ZOPEDOENI, EMERLCEEREED S MEEECRE o BERETOE L,
RE S TLgg o ihd g sy, 0 »EY §<@mo

AR - B OIEOMEMOBE R BT AMiZcizE B ot@@kzmﬁﬁw%r
LT3, MYEARESE oSS BRI RSB STE L, fOMKREGITREZ o1
@@»%@%mémﬁeﬂtognﬂ EI A TV BB I EEIIE D7 R & RERAI Y
EONRNBETTH LTS OPBEE SN, o

ZEOHA BRI, BWES 2R U BIITaME LTV A MR B 2Ry 5 A
ORRBIZEIRED LNV, EI/NED D B O TTHER L B, ST TRMD T
STWHFEZPET LD, HANVREL RSO,

s

3 ®

S OB TIZISE 13 PR ORI R My o %@%@%a,%ﬁ&0m®Lﬁﬂk,MH¢m
HISOMBESE IO THAL R 2 5 e BN E2 2 TOELOAE SORNE LU
<ﬁméntm,”E%iWM%C%u<§<,amfm,ﬂﬁ,ﬁﬁﬁ@ﬁt@orwé”(E
FL1951) S s AL IR OKE L ~HTALER2RTTHHS 5. BOLE, HBEO HEHR
T oS IR OEE ME, MO MBEES W TF 7 F A RE RO R ThRIEh
NHRROEL R FAVERATEHER LU, L UPBROBEROETMIICI 7 4 VE TRES
W E D rNED BRBED 6 iz, TR EE O RERBEO L, M%E%ﬁﬂ@MWﬁ
EZAEDONTI, T N—H—OF R METI E, BLE, MHAEREOMBEES B
m?*hﬁ%&%éﬁ%@@ﬁt(Wﬁ,i%wocn6®%ﬁma$h%®%aﬂ,%@L&
mw&mmﬁ@mﬁE% RS %5 LMMHE»@ﬁb,WMW@&LN:Vz%Uymlx
TWTQ BHET 5 CEPHEING . FEHOHA, e B S ld sy #ARE RIS

FEDOOTNIRE DT BRI 2 AL BRI A LN T, Wi ~ﬁm) WE KB BIER X
1, ﬂ*j%@®L&%%Hﬁoawﬁxa CEIE I, e S ERIE F A Vv ER e T —
HECRE Y, BEIOHT AR EAE m*’@w,+>9%of&¢«—ﬁ~TXF‘“
m%ﬁ%r?iLw@é@T<m#,*%% HEBEOFELEPEAD LN LD, LNdF4vETH
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LT 2PEFBERT I EITHLL TR, &, e BROSHCom s HRELIEE IR
ZEIHEELLEV T EPEERIN G, SHREOBRIFHNCESHRENLT 2 b 3. (B
A, W, HE, WEE) ., FFRSERZOMER DO TEE LI, BEOEMN R EHRE

E )
(1) 7av#H4 (Pinctada martensis) DIEHE D5 2 HBALERICHIZ Uiz,
(2) HBHEOEEMOREMII, B, B O FERE RO AR OB S AR
HERNBHCL BRI,
(3) FBE, BWILBRUCEEE SR TAEHEBEE 28 0BIERE»Z L, FEES
ETHET 5,

Summary

Some histochemical observations were undertaken on lipids of the pearl oyster
(Pinctada wmartensiz). A large number of lipid granules of vague outline was found in
the epithelial cells of the intestine, stomach and in the cytoplasm of female germ cells.

The lipid granules are positive in Ciaccio’s reaction, sudanophilic, and stained blue
or purple with Nile blue-sulphate. The nature of these granules has remained unknown.
The results of the present study seem to indicate that the majority of these granules
are of acidic lipids nature including phospholipids, and that some of these granules con-
tain neutral lipids or mixture of neutral and acid lipids.

X ik

JBRITFEE 1901, 7 o i OB EEEE CF 48D,
MBI CES I £ A BT, Bl 24 : 432435

BRITFE 1951, 7 o v u o O LFNEEE CF S ).

‘ AR ORete, W7o — vBOSENEL. 816, 24 . 436438,

Tl #1933, AEEEICEE - B &l GRERD.

BT IR HIEER, ~

Gomori, G. 1952. Microscopic Histochemistry. The University of Chicago Press, Chicago.

Hori, T. 1956. Biochemical Studies on Setashijimi (Corbicula sandai Reinhardt). Mem. Fac. Libe-
ral Arts and Education, Shiga Univ. Nat. Sci. 5: 111-137.

Lison, L. 1953. Histochimie et Cytochimie Animales Principes et Méthodes (4RIFR, HzD).

Tanaka, S. and H. Hatano 1952. Studies on the seasonal changes in the chemical constituent of
pearl oyster. Seto Mar. Biol. Lab. 2 : 341-355.



H KR oM FE
IL ZFHi T & 5 BTBRARIE AR B 0 2 R

Wy JF - R it
M ST WK

B IO TS 7 av H4 (Pinctada martensit) % B & Uiz BEEER TR, BANTER
(ke ) BAEE, 2<ALE) Subn2BEED 2, $abb, HRTESREKEDOK (ERE
4@~3ﬁ>6ﬁ>5%%dﬁ LIzd @ (P—2R) »RATHOHOEMRENICE Y AT5, F
BICENOTARERB:, dAHMP > T s WHOBEBIE
WEbfméo~Mzwﬁ%Nirm T~ EMHVT, EF ik >T COMZzEDT
, FHBELRSPERINL ARNER2ZRICANTED 500 EY EEbN s,
EAn?ﬂ” BN E S ERE (Y—2) BRIV TERSEPER SN L Bz, 77Tk
Kawakami (1952, 1953), Ojima and Watanabe (1953), A (1956) izt >THEani,
BBE0 BRHEFIC VT2, Kawakami @7 a2 v H4 sVt BFKE28°CoE 5P LK
HBERTH, 98 (OkiE25°C), 10 A (KkiE20°C) P Ltz Re 14 H, 34 BB CEBR
BRRINDCERBEL VS, 2285 AR 108 kE22°C), 11 A kR20°C) wFEHLe
Ber, Pkl r15—19H, 25—30 HBICHEBESSER NG CE2BHEL TV,
HHES, Kawakami, HALE A4 B 98 €E 38 B ANFER 2T 7 a v H
4 (Pinctada martensii) o\ T BB BRIN5BE2 88 Uiz, SR, Tk Heks
®%&§ﬂémﬁ?58ﬁ&6 Wﬁlm%%®ﬁgﬁ5C%%%%%COPTﬁN6L

L B S SR R

THIEET R SEAED 7 av 4 (Pinctada martensii) O HRERNICEHE W0WbWwd 7o
o AN) KL HEBENE—~S5mm T 74 U LIEZ ) A Uice A NTF MiefTo i
195548 A4 H, BMOA20H, 195644174, @SH14H, W6A8H, W7THIR A
M8H1HADTRET ZREIEY, 130MEOMENCONT FHL, KETH2m O & »CiKA
NTo% Ui, WG ENHBRIFERN 2 BHIEERATOME KT8 3 10mTa s, en%E
PEMHBIL, 1, 2, 3, 5, 7, 9, 12, 14, 17, 21, 25, 30, 45 H % 0860 H & & EE B UFHE
u@lo%ww ] /;@%@z& (KH: PO,, Nag HPO, = pH % 7.0 %), v = #—RETEE

*  Akira Machii and Hiroshi Nakahara. Studies on the histology of the pearl-sac, II. On the
speed of the pearl-sac formation different by season. With English summary, p.112. Bull. Natl. Pearl
Res. Lab. 2 : 107—112. 1957.

D) ENEBRBICER No. 160 (ENTHEBEPIET®RE 20 107112, FEM324£3 H).
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(1) Z3AaNiE—2EBPEAFTTRELOEEBANIEHZE I HE Lz, 4H
CEM L SE R FREE» S 5 ~TH
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DL b L AENE,

B — 2 OREAHEL, TIAMERE LW
fbisa sz (K1),

(2) Y—20 AR IR M
BBt b, ¥ — 2Ol OETEIR
ZipD xR B2 B 2HE21E L
foo b B 1> S BIbL 72 RE
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KOs DM REsNS, € - ADMHARBFES PPV L B RRBETHE (M2),

(3) FLBRSY ERZAIIaASSE ST ZIND S RIER B3 E Lic, $ab B4 ARFR LI

W TFlse, SUERTT 0) 2EEN 0 I T30 17 H, 8 HoBA Tk,

FUMAKT 3 H, 320 EETI12 0T COcE Uic. H S LIRS SR eI 20

REBOMBES, FHOESE-BTRLL DB, 52 L OTIRMEV—/E O MR LM

BOAPLLEAZONWHLNE, TN —2A0DONMO2RNTIREAE—BOREIDAALNL

ERMEDA» 5550 H60 5. RN KEERLHS L REAL AP, ThiH

DPLuinT, MEMRP EEREEZRY 2. E—23HHOEGE L HETF2VTVS

B, FEHKR & HRERO SR BMORI L b#ET, ERORS  —RcEhDT, WHhicl

NeHEMdTa I Zadks (W3).

(4) BuzphfHEYraohsRE2E 4 Lic. coMillicEds iz d HeFisLicga
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B 2. FWE7T DORE £~ 20 K 3. Filithl40 OWIE, FHERS D LR RS
RApDRELRT 5, 19565E8 H 1 HF4 Haszsoiz s 2 A, 1956FEAH1TH FHTHESH31H +
A8 HAb= ) SEEEEE ~7hxa e ) CEEEEE, AT kFv ) p—xAd s oY
vz g, x175. P -2, tt, x17.5.

BFWE 2 H, 8 HOB & 2 PR T Havdeoto, BE RO s s0)
BT, TR, BRcEBRE oSN Ae S N, BREEOwHBAL RO, 4 it
Fili Ui B & Tili 250 ,. 8 A& PN EERTI2H#, REL17T~2IH% I 2O Hhs
Sivto. #EZiM, BEEeET sRH
O RS R, EER, &5z
FEIRD BRO fmfkofilg o0& 2hic—IE
O LR s h, HRE OIS 25 5K
B DR EREMEIE~ALETD S,
T ~AE & OTIZ, W X EHEEE
A A s (R - B 1956 ). 4 HicF
drLz @AT 3T Hee —20
ST EAHE S A HBHOMER & X5l
I Nio, 60 Hik Tl — 20 aE
Bz s @wbhn, C—20MAIE
tAEaehndizb, SHIRFHRLI
AT dTil®30HT, BE LM
e R A0 Ew LI 4),
1955 8 H,9 A, 1956 4, 5, 6, 7,
8 Ak &2 AN Tl U o Bt IR 4R
2L ED4 DRI TEELLL

B 4. FlrHL25HOWE, BT RS LT e 4 o £ P
N5, 1956428 A 1 B 27 H +v v ¥ N DOIFENZ M § 2 HEE R OB 2B A 104G
B AT bEVY v—zAy oY, <175, i, #10WY Throi, 2o DMK
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#1, 2ICORUVIIEENPS, 48 5 9H OMRBANTH 2 Lit&, Ky 15°~30° C off
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TR, KEPEVCRREERESREIERIND CEPb 5,
£ 1 HHREOWREE Fliko B OBRK.

R 32 4

LI 0, Wik ACHIORTY LA, X 28 %318 418,
BAOHFIEE INHEEOR 2RI,

\YE 4 g |58 68 78 | 8 H 9 A
M LTHNE| 1INWE [INNE 1VUNE | [INNE 1INV &3
1 9 94 4] 32 5| 35 8/ 55 10 2 2

2 32 561 71 42 6,15 6| 15 6

3 32 5|52 71 22 4, 23 5 61 7 2 2
5 42 6| 42 6| 122 5 211 4! 34 7

7 131 5| 24 6 13 4| 26 8 19 10 12 3
9 61 7| 14 5 5 5 16 7 1214

12 5 5 28 10 1618 336 66 12

14 32 5/ 14 5 336 415 347

17 8 8| 16 7 1326 9211 347

21 3 3 33 6 145 134 99

25 617 33 6 415 145 3609

30 415 15 6| 4610 134 33
45 2 2 53 8 44 156 44 11
60 22| 1 @2 44 167
2 74 84 73 77 | 100 | 18 | 426

() Fer () BFEME () 13FREE
S1HIZEE 10HICEE  66HITHEIE -
% 2 EVHBRPIERIESEBEEERFO 2 mEokE
(0K BE, HERO/KIRETOEEIT X 5 19566R4H ~F9H)

A A

L4 5 6 7T 8 9 4 5 6 7 8 9
1 - 116 154 212 232 307 253 | 17 = 157 21.0 28.8

2 120 165 205 227 300 260 | 18 = 145 21.9 285

3 125 178 200 226 300 270 | 19 166 223 267 275

4 127 181 210 221 300 274 | 20 161 239 275 272

5 140 182 213 215 300 27.2 | 21 @ 162 240 290 269

6 138 185 213 219 290 278 | 22 156 245 300 256

7 137 173 215 227 290 277 | 23 157 250 297 25.0

8 134 170 216 230 292 27.9 | 24 156 195 240 24.9

9 132 17.4 220 238 25 164 182 234 287 24.8
10 140 173 215 229 26 - 167 191 230 277 248
11 136 180 208 238 290 27 167 190 230 284 249
12 129 170 20.6 28 162 195 237 298 248
13 136 110 210 29 155 199 233 201 247
14 145 165 210 30 150 191 235 300 245
15 153 154 215 270 | 31 21.0 299 247
16 156 22.0
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HESERICET 2 L, K322 ALKES, BEC— 208Nk a0bin
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3. 3l EsETIRET 2 HEug, 48 OKR15.8°C) IWF il Ui ez i EEk tF i
7H, SEENEIMTET s, FHRITH, 5 AoBSRO BET5SH, @ Esco
F%ﬁﬁ'@%“g BIEFHRE2EH, 6 AoBERAEL SHEN21 B, THOBSRELL 5 HEEY
12H, 8)%@%{7@& U 3HEX12H, H0HEARTH 287

Summary

The speed in pearl-sac formation and the deposition of secretion product on the surface
of the nucleus were histologically studied in the pearl oyster (Pinctada martensii).
Four stages were described in the course of pearl-sac formation as follows

Stage 1. No particular change was found in the grafted mantle piece in this stage.

Stage 2. The grafted mantle piece transformed into a crescent shaye after develop-
ment. ~

Stage 3. The epithelial cells of the pearl-sac was found completely enclosed the
nucleus.

Stage 4. The deposition of secretion product was observed in the nucleus.

Evidence was presented that water temperature evidently influenced the speed in
pearl-sac formation, as given in Tables 1 and 2.

In April seven days after operation were required for Stage 3 in the most speedy
example and 17 days in all specimens so far examined. In August, Stage 3 reached 3 days
after operation in the most speedy sample and 12 days in all specimens under observation.

X o

Kawakami, I. K. 1952. Studies on pearl-sac formation. 1. On the regeneration and transplantation of
the mantle piece in pearl oyster. Mem. Fac. Sci. Kyushu Univ. Ser. E (Biol}, 1 : 83-88.

Kawakami, I. K. 1953. Studies on pearl-sac formation. The effect of water temperature and freshness
of transplant on pearl-sac formation. Ann. Zool. Jap. 26 : 217-223.

Ojima, Y. and Watanabe, T. 1953. Studies on the pearl-sac in Molluscus. I. Pearl-sac formation in
Schlegel’s fresh water mussel Hyriopsis schlegelii. Ann. Studies, Kwansei Gakuin Univ.
1: 57-63.

B B 1956 RERSERICET AR RHIOKE IRICERRITOIE AT ONT, BB
1:41~46.
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7 av 4 Pinctada martensti (Dunker) % fHE Utz HEEO BRI 80T, B
NBHEEOHOR & 2 51 2 A EER (mantle piece) & T EHHE PR AS 208 EbiTbN
%o COYEER MMM & Y, 21T
BIESER XN A HKROSME P ETATEY)
DOFMEHRICB N E Lo
Thizw, EHEROE ONECFHEE
W2 FTo726 Lwvdy, 7281 F OENE
Rl 2RELHBEO—~DTd 5. B
SN AHMBOME MKz Text-figs. 1 ~2
RS B % 75 21T U T RFBGE &
. i Z DR (BE EER) DA JEENT
Text-fig.2 &5, BEICE O TIMA SIS

Text-fig. 2 Ll L b 1o IWEFICET 2 CEWd b, &5V

MR,  x2/3. B S ORI 5 C L b b %

Text-fig. 1 Text-fig. 2 AFHEBENS D BN EH KL 7‘;%

305 L el &, LIRS N A BMBEI & ORE

PHIH LY A2, x4/3. S B, 2 ORI 2 B EEEAS

Text-fig.1 R I 2 IO THIES I ER 2T

z DI

st APt oI, HERT o

AT EET, BG: mAR, CT: mai@, Gy, oOUcdRb, BEENRE O

AL IS CEAN), DI BRI ME SRR LR S O S,

U TR, LML (0 R EER, R T e e e

. M A N, S:H. Fﬂf?ﬁ‘ﬂﬁﬂ?qm,”E@Cﬂﬁﬂmaﬁﬁmﬁﬁﬂﬁfkm
EHOBRET .

* Shun Aoki. Some experiments on the nuclear insertion in the pearl-culture of the pearl-
oyster (Pinctada martensit), 1. Formation of the pearl-sac and pearl when the inserted nucleus was
placed in contact with the retractor muscle of the gonad. With English summary, p.116. Bull
Natl. Pearl Res. Lab. 2 : 113—118. 1957.

(ESTEBIFE RS 2 113-118. HM32&E3 H)
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2) SEoBERIING, BEHCELUMNETERINAEZROREASE, v 1B
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Summary

In the pearl&ulture of the pearl-oyster (Pinctada martensity, the nucleus is
generally inserted in the two parts of the gonad, namely in the liver-side and the intesti-
nal-loop-side apart from the retractor muscle. Sometimes, the inserted nucleus comes
in contact with the retractor, and in this case, the retractor seems to affect the forma-
tion of the pearl-sac as well as the pearl. Histological observations were made on the
pearl-sac and the pearl which were formed when the inserted nucleus was placed in
contact with the retractor. From the results of the present observations, it is deduced
that most nuclei in retractor-contract tend to develop into the baroque pearl with
irregular extrusions, or into the partly stained pearl called “‘simidama”.

X 2

PR B ATH BA 1956 EBRROMSSEMETE [ REERK S EEREBROHEBREOLR. B ERHER
#He 1 10~13. )

KERE— 1950. HBOBEFE AROWE (BrEEHESSM), 1 (1) : 3~6.

BAR B 1956, HEBSEARGCEIY 2B, BICHE WIRTIEER T OISRV T B EBRT RS 1

41~46.

WIEE— - INEEME - BB T 1953. 4o 5 a v 4 0B AEBRBORR. HELHEE 15 (1) 1~4

Matsui, Y. & Hirota, T. 1952. Studies on the formation of pearis. I. On the relationships proteins
and CaCOj crystals in the layer barogue pearls. Publ. Seto Mar. Biol. Lab. 2 : 331-339.
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Fig. 5 Fig. 4 O—BPMAURKT, #E S NIOBRETE T 5 EUOHEE PRI RRS 501 ko
B LIS EEN TS, X260, (FHEE20H),
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* Shigeru Ota. The shell variation during growth in the Omura pearl-oysters and those transplanted
from Mie Prefecture. Bull. Natl. Pearl. Res. Lab. 2 :119-126. 1957.
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martensit) Bulll Natl. Pearl Res. Lab. 2 : 128—132. 1957.
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Seiji Katada. The effect of free Cl on the pearl oyster and some other free swimming mollusca
jarva. Bull Natl. Pearl Res. Lab. 2 . 142146, 1957
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1l (B1EER
(Sept. 4, '56)

a) GHIOWIEL  (na/T < 100)
A S—
B e "o % %
LEM%# mESL ny) | 0,/ T 100 AR 0| /T <100
I Fa H 4 2 | 105 17 §9.5
4N 4 18 L 196 73 80.2
g 7T 4 50.0 4 50.0
4 HF 4 51 625 | 31 75
1 7 A A 6 75.0 2 | 25.0
4 H 4 67 847 12 L 152
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T WERE

) 1 2 4. 6 /KB (cc/min.)
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I 100 100 100 100 100 | 57

I 60 60 60 60 60 56

I 33 32 32 32 33 53

v 13 13 13 12 11 52

v 6 0 0 0 0 55
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I 64 92.8 5 7.2
v 7Ty 22 | 87.5 3 125
Yoo m s 7 973 2 27
v A 3 1000 0 0.0
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*  Seiji Katada, Shigeru Ota, Makoto Tange and Kazuto Yamaguchi. Oceanographic observations
of the pearl farms of Omura-bay, Nagasaki Prefecture, Kyusyu. Bull. Natl. Pearl Res. Lab.
21 147--157. 1957.
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LD TWh, ope
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1)

b/\/-
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DT, MK E ORI H S Bk O
D/ St 5 s THE A LITZ U

W &, MBI St. 6 75 & OERKDE
- worom gy BOMNBET, ZOHEPEHOREL
1 gt A -

’ : Z DR TPNECETHHS 90 T T

7 b i, Ao e s mEL
DT, TOWBEORT LB ZASL T E
E— R ORI, BRI 5T A B0
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WHLNTND (B 6K,
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1. w»hY s RNER 6 HSOERE
o, EFI30 7 B~ 1l

ol e N N Higiredi i e Em L i,

-~ g1 0 Yo i 5 R

?20— T: 0 Phos na”’tﬂ‘o\\ 2' Ezﬂ:ﬂ ]‘K?Jrﬁjl (/i‘(zg%@ St 19 2 75)[%’]
¥ i\ : <, BRI @ St 5, 6 HME WE I

wd HHY, By 5 XL i »UT
i, EOEDE L, BRBEL LD
Tind, St 3,4 & oz
RUTW 5,

F6M ZmEOMENLLR

O—0O St.1 @—@ St.2
A=A St.3 A—A St 4
O—0 St.5 E—3 St.6

MHTD T 3 % H 4 OBEGEEET
br2mBoKRODEH (14
ORE, REDH) &, BHH T

Eh b e I TOMIE s—ETH 54, BRETE 10 U s SR Ks {2oTS
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3. 2m BOEERRBIIEPERT, BRIAZZESTELZDOTV 5,

4. 2m BOMES T, FHIZEHEPA R B SN SWEANC 58, B~ e T
4, BHEHTS EREESEE DTN D,

5. Silicate-Si, Phosphate-P %, #4i/KO MR Bk OFE DN St. 5wtk bk
T O%s & CHBOLE b a3, BROBKO RSOV IR TR T DEBIE
HTD%.

6. ke, BOM T, KAFHE BONY LERRL, BRTREK & {42 Tvo. EY
Brix, HE S5 sk x &, BB LK St 6 NS VHIIEH B,

7. F5oh bR G F 0RO BN, B St.5,6 1 T /hEn, BRO
St.1,3,4 TEAREL DTV,

8. UEDT LS BHAPRORCXTT L EBTELTOHA I
(1) AimkoBEEDRESR  EHT, Bk L ORREH EREIND CEPDVIEER St 5

(I ﬂﬁ*®@%®%%ﬁ<%@ﬁﬂ,@K@%@é@&b%ﬁ%ob@b,ﬁ@mi%ﬁm
OREFMEND T, WE R LS OEE St 6



1. AR RS IERNE (uly. 1955) No. 1
AR km ok e o % om DU phosphates (75 0 ke | @01 | RE | & | R W
NN | i 1 ! (g-atoms | P bov o 15 °C
o g M| °C o G ‘ e /L 7 | pg-atoms/L  cc/100L m |
1, ; ,,,i, - ; ‘, - S * . S N ‘
og/juty | O | 286 1665 481 10L1] 50 0.10 ‘;
1 1 | 283 1687 505 1056 50 0.10 '
1he 2 2 1699 | 5121070 10 0.05 69 & [ 30 1 205 N =35
: 3 | 282 1712 502 1053 - 90 0.10
0 | 284 1467 527 1075 55 0.10
18/July 7 967 1652 534 1080 10 0.05
| 2 | 263 1664 539 1082 10 0.05
2L 3 257 1705 517 1033 50 0.10 88 | & 43, 0 322} — 10 7
Ao 5 249 1731 449 889 60 0.05 :
' 95 244 1744 360 707 170 0.17
0 275 1635 | 517 1060 100 0.17 j
19/July 7 9678 1650 510 1033 50 0.05 :
3, 2 | 265 1664 503 1014 50 0.05 124 . 7 | 40 0 | 318 N 3 1
e 3 260 1679 | 503 1041 20 0.10 !
: 5 0 255 1710 485 969 35 | 017 ‘
,, 0 282 1585 | 554 | 1143] 50 0.17 i
Wiuly 7 976l 1603 | 539 1117, 60 0.17 | o
£y 2 | 274 1642 551 1128 35 0.10 133 9 | 45 0 320 N | 2 2
oo | 3 263| 1678 | 546 1102 10 0.42 ;
001 55 256 1694 | 509 1014 35 0.17
L0 | 276 1710 | 463] 955 75 023 ; Q ,
B/July 1 966 1718 | 475 967 30 <005 | | ol
2 | 265 1723 472 960 30 0.10 f ; ‘ LTt
.3 260 1733 449 907 . <10 005 166 400 0 = SW 2 5 T6056m
1390 5 | 258 1730 440 883 35 0.17 { o }30>I)g‘»m
00 | 255 1748 | 416 834 60 <005 A - RS
0 282 1508 | 466 952 | 245 042 ‘
9%5/July . 1 266 1690 463 937 | 100 048 | |
2 262 1735 470  95.0 5.0 030 |
6 3 262 1733 | 465 940 . 90 060 | 26 | 7 30| 0  — SW |2 3
h 5 | 259 1743 | 455 919 5.0 035 | ‘ |
1130 110 ' 253 1660 334 659 | 17.0 042 | ;
124 | 252| 1756 | 326 650 | 160 0.60
S . } - ! . o I

281

o=

)=

H

pas

-]

=)
37

37 7¢ kb



S

(Aug. 1955) No. 2
NB R m | km mEE B R R Silicate- Phosphate: |75 > 2| EUE Bt | SR | S B 2
&\ﬁ%qn1jci oo HMLQWQ@%@S@meLmM% m ¢
- ’, A "‘, - ,,,,,,‘; - i ; - . - L N - S Wl A P S ‘
25/Aug. 0 | 301 1653 | 408| 876 20 0.17
1 | 296| 1650 @ 6051200 10 0.05
g 2 | 205| 1655 @ 500 | 1064, 1.0 005 | 28| & 35 1 1320 8 '3
1600 | 35 293 | 1661 = 496 ‘ 1065 35 017 |
) 0o 201 ! 1719 471 1002] 20 017 | )
18/Aug. 1 98 | 1722 466 985 35 017
2 286 1731 473 1000 60 0.23 ' ‘
20 3 9282 | 1737 435 914 100 0.23 46 6 1 64 0 296 SW 3
B 5 25 1745 314 630 145 0.42 |
: 05 266 1794 221 454 185 0.42
10 |983) 1739 | 455 996 35 005 | )
18/Aug. 7 585 1734 458 966 20 0.13 | 1
3 2 | 285 1735 468 987 10 013 88 | 7 40 0 | 293! SW 3
do | 3 |5 1735 | 439 926 50 . 005
: 4 | 285 1757 462 975 50 | 005
0 | 288 1712 | 468 987 100 017
18/Aug. | | 98’3 1737 | 459 962 50 0.48 |
"N 5 | 982 | 1749 462 973 35 010 73 | 6 50 0 . 305 SE 2
Qa0 3| 282 1745 455 958 35 017 f
3005 | 278 1755 385 804 130 0.30
: 0 | 278 1744 457 954 20 017
(25/Aug. | 75 1749 453 942 20 0.07 ‘
2 275 1749 @ 451 936 35 0.17 ‘ :
> 3 | 275 1751 462 959 55 010 54 7 /60 0 308 -~ 0
B | B 272 1752 | 461 953 35 017
20 95 270 1766 435 897 50 017 :
? 1o | 2r7| 1667 38| 785 120 017 i )
25/Augl 7| 978 | 1673 | 382 | 789 90 0.05 | ;
3 2 | 978| 1755 | 399 | 833 50 0.10 ‘ L
6 | 3 | 277| 1768 | 38 806 50 0.10 14 | 9 30| 0 |27 E 1
N 5 | 275| 1766 | 392 820 35 017 f % L
G0 |10 | 269 1778 | 306| 631 100 017 ; ;
| 1030 Tiis | 269 | w76 | 297 612 200 0.23 | | i

BRSO

E

e

BE g O GBI

2

£ST



(Sept. 1955) No. 3

OB D ok | s m %

| Silicate-
1

\ Phosphate- |75 > 41 5

[ Y

i

W RE | A RS B =

| pg-atoms |

_ ; ‘ P } ]
s Bl moe | n ot e ppaom il | e |
20/Sept. 0 263 1526 | 516 1024 100 | 023 | : ‘ ‘ ; ‘
1 266 1621 | 515 1036 < 10 = 017 | i i
V' h |2 267 1647 | 480 972 10 0.30 82 9 30 0 250 s 1 10
1000 | 3 ' 269 1654 456 925 10 030
e 0 2710 1142 524 1008 29.0 005 ‘ ‘ :
19/Sept. 1 271 1685 497 1016 < 1.0 0.23 %gﬁ%ﬁé
2 270 1708 471 963 10 0.23 ‘ WL
2, 3 270 1730 465 95 10 017 T &m0 BT E 110 3 me
oo B 267 1742 455 931 35 017 . ‘ QR
00 10 267 1740 396 810 100 008 | | ;
ol O 259 1584 | 416 821 230 042
19/Sept. 1 269 1781 453 928 10 0.23
3, 2 269 1861 457 940 100 0.48 26 9 40 0 262 — 0 8
W 3 2681 1744 484] 910 60 0.30 ~ |
40y 1751 446 914 100 0.55 ‘
, 0 29 1417 467 930! 130 | 076 |
19/Sept. 270 1716 @ 460 943 10 060 3 4 ;
4 2 267 1742 473 987 | < 1.0 042 | 159 8 40 0 26 W 1 7
Joo 3 266 1739 431 886 < 10 042 | :'
: 5 265 1745 404 825 160 0.23
60 0 288 1772 503 981 60 0.30
6 1 238 1787 491 957 50 0.30 ‘ p—
2 238 1781 @ 481 936 6.0 0.30 SN
>, 3 27 1792 480 938! 60 0gs 08 7 62 0 ALSE S5 QLD
gt 5 237 1782 468 934 75 0.35 : , <
0110 B7 sl 473 924 60 0.55 f
6/0ct . O 227 1757 4391 839 120 | 068 | ‘ ;
/Oct 1 229 1780 432 832 100 | 042 | 1 | |
‘ 2 229 1809 | 436 | 842 10. | 060 | | | * :
6 | 3 229 1826 28 &0 130 017 | 03 6 51| 0 23 N 1 2
|4 5 230 1817 371! 719 | 100 035 | ; T
oo 10 230 1830 | 396 769 100 0.35 ‘ ;
00 115 | 229 1829 114 | 802 | 90 030 | ; %
— —_ - l - - i — — - » : i !

&1

FASEN -

B ou ¥

€ IR
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(Oct. 1955) No. 4
PR Y Siligate | phosphate- 772 ] ks A B
: : [ o : !
s Wy om o °C g oo/l s MRS gatoms/L /iDL | om °C
119/0ct.” 0 | 210 | 17.51 f 5261 978 100 0.35
1 211 1732 | 460 855 120 0.48 | o
1w 2 211 1730 | 488 907 100 0.42 a2l 8 300 [ 205 o 8
1030 3 200 1751 49 911 100 0.42 ' |
18/0ct. O 222 1769 490 932 75 0.55
/ 1 22 175 488 96 90 115
2 223 1756 488 926 9.0 115 ‘
2. 3 m3 175 490 930 75 0.48 31 .8 501 1 181, NW, 2 7
Do B 222 1775 473 899 75 0.42
0 50 210 1799 422 788 60 062
 ie. 0 25 1787 525 972 120 0.30 o
24/0ct. 7 o505 17:88 978 90 0.30 ‘ L
3 . 2 205 1802 9.3 120 0.23 07 9 40 0 210 NE 1 0 |
b, 3 4 178 952 135 0.30 L
: 45 230 | 1823 934 120 0.35 |
Diaoe | 0 [ 2071 1708 978! 135 0.35 |
18/0ct.| 1 | 20 1769 481 917 60 030 | | . |
4] . 2 220 1790 48 913 100 0.48 07 | 9 35 1 197 NW 4 3 |
ey 3220 1795 499 949 60 0.48 | :
305 217 1792 470 887 | 120 0.68
0 210 1805 | 510 9%2| 90 | 035 |
24/0ct. 1 909 | 1805 501 935 90 0.48 ! | 1
| 2 209| 1807 495 924 75 | 042 S o
5. 3 | 208 | 1808 497 926 90 | 042 04 | 6 751 0 1218 0,0
1300 | 5 | 207 1808 | 499 929 90 | 042
D110 207 1810 | 452 82 100 | 042 |
0 | 196] 1830 | 491] 899 100 | o017 1 ‘
24/0ct-! 1 | 196 1810 | 494 | 903 90 | 042 3
2 196 1815 | 504 | 921 12.0 0.35 | D oog | NE L o |
6. . 3 195 1817 | 487 889 90 048 03 1 6 45, 0 /208 NE [ 2 /0
o | 5195 1818 | 483 881 100 0.23 o '
30 190 190 1805 485 877 120 0.55

551



(Nov. 1955) No. 5
~AR | A | | k|| m % R “ | Silicate- \Phosthate Z 5o ke (B0 BUR | R | EE B RE g
\ S el o gatoms - R i
sl E[EF fj;l m C Yo cc/L LJI | L | ng- atoms/L\cc/IOOL ’ m C 1 ‘
! r { | |
8/Dec.| o | 148 1793 59 %1 60 | 035 | | \ } S
Ered | | | . o AN
1 149 1797 594 963 60 042 5 ] SN
Ll n 2 149 179 594 933 75 0.42 69 | 9 301 2 1200 S 13 1 ATHIL
1040 | 3 | 149 1783 595 950 90 0.42 % Hane
Lo 0 | 148] 1788 | 545 914 50 042 | B "
‘2/Dec. 1| 147 1790 551 923 60 048 ,
i 2 148 1785 553 928 35 048 1
2y 3 148 1785 546 916 60 0,55 41 1 8 | 351 0 117 NE| 2. 0
Do 5 149 1795 | 552 928 50 042 |
30 10 151 1800 | 555 938 50 | 042
,,,,, . N : . L :,"” - - : ,,,,,: R— - S ‘ B
/ 0 160 1806 | 5531 950 20 | 035 , |
30/Nov.| 4 160 | 1807 | 558 959 20 | 030 | |
3 2 160 1816 565 971 20 | 030 | 88 6 45 0 190 — 0 | 5
s 3| 159 1814 567 973 20 | 030 | ‘
S0 45 158 1812 573 981 50 042 | 5
UDec. | 0 161 1822 516! 8001 35 042 3 ! ' | | e
/Dec.| 1 160 1824 | 520 85 60 042 | : ; ;‘ L RE
4 . 2 161 1815 530 912 50 042 | 20 9 | 30 1 | 140 N | 5 | 6 oizwit
B 3161 1814 519 892, 60 042 | ' ; I I
0145|161 1812 | 539 921| 60 048 | | L MEn
: 0 167 1858 | 539 944 50 | 042 I ] W .
30/Nov. 1 166 1837 | 529 923 50 0.35 :
2 166 1828 539 939 35 0.42 ‘, | .
>, |3 166 1829 482 840 35 0.35 16 5 550 0 | 167]SW| 1|5
Ak 5 166 1844 543 949 50 0.42
%0 o5 166 1841 | 52| 928 50 0.42
el 0 160 1819 | 556 957 2.0 035
30/Novil 1 160 1817 565 | 973 20 0.30 ; 1 ‘ i o
2160 1819 543 935 35 017 ‘ ~ | ; L
6 . 3 160 1820 541 931 1o | o4z o 2008 3501 192 NW 19
Do 5 160 1822 541 931 35 028 ; ; ‘ : | L
%0 %0 | 160 1824 543 985 35 | 060 ! a | 1 ]
S S S S - . - — S . o ! e i e it e

9¢1

=27 zg
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I

(D BRTH-T, MIKDOEZEOERENE TREFMOHEBLZIE L, TBIMLID
iq CRAiiAE St. 1,2

(V) FHAK DR LM 505, BRIRADIRA TS Y, KELBOOTREFHDOEE
b ls b B St. 3,4

o



H R B A D B3I

w3

AR E -

e

Ei
FEIT BRI O IO RO TSRO RN OME P EBROR R LBRERE DR %2 I 5
DI ACEIEOTRENS CEPWES P D THEBEEV W LTREREI NI IS L
OGN & RTZORREE UTARRIE TN THERDHE FRICH¥ET 5 6 0/l L
HNERD RN EROESIC AEOHBRC A D CNHRA & 5> TEREPER S L0MT
ZOREEPERINDG EORBIC—IE—RH U TN A L E2ELPIT U, € UTRPEOEE
WOFEI N COBREO [SHE Y EZ ATV 0B Y 2L, FKRICERD R Eico0nT
AT U NEED FEMIEZ2BEE L] ThA S E0 RIERIR X2 LT T2 T
B KERICHNT A EBROTER SN ARA L %2 OBBEE IR OV TIADEERN 0T B % R
%o
B oE R U M OH

f 7 % H 4 (Pinctada marlensii) OFKIKELRR RO UIR & 72 L DHILE 72 3 IC DN T
BN KREAEDOERINIZT 2 ¥ 74 DE L 2ED T2 OEMICOVWTEBERINA, —HHEk
O & N TWSW T 2% 4 4 & OHIRIZ & O THBMR D M8 L IR OZAL s & % HBdTIE
LN TRBANC T NS B RO RO NI E (E 2 B LD 5 TR EZE L, Z O i
ik o TEL LT EBRE SR 2 ) D LY Allen-Bouin ¥ TEE LET0% 7 b o — v e L
z #1% Delafield. Haematoxylin—FEosin, Haidenhain $ Haematoxylin, mallory &ty
100, 7 BOYFEAE LT 2 OMBERENEL 2SR LI,

AR A BT HH% OB L HE OB BICET 5 oA BFRE S L RO 2 iR
To .
FIRIE 7 2 ¥ B4 OERPI D EOTEHEMEZR LIz, B > THRIEH SIS ORI »
BBOTOBHERERT L ONENTS 5.

ShEpD (Mantle) 12 Pf (Stgfig) Lm (JFERE) ML (HEED S op o il Ast
(EHSE R SEE ) As (BIIESI) &b 8b, 7av HAMEROHATFDREI R
(BB PRA %,

* Kusukichi Isowa. Sume observations on the pear! formation. Bull. Natl. Pearl Res. Lab.
2 . 158--166. 1957.
(ENLHEEOTSERSE 2 @ 158166, HMI32HE3 H)
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F¥2 rEROEZzOVGHOHEZEEZ2TT. Lp @4
fEFiEh, Em @A Sm0GREORSETHEMNZC sz
PREFF L2 s 21 s LTS 4, e THEMD v Ml
BTG M BE Usnv, La GRIETS 5. Rl
ORI OB OINNPEEYESE LTIHY &3 mﬂiﬂ)itf
W5,

FEHEM IR A B
SR I 1 AR D TE D 11
LhHDHIETHD
NWHOKREIZ >N T
,?("jj{,p “3 f” rfﬁu”ita’i {z l‘)'J
POTRIHTAIOTH
5. HBPIEWRE %
LTu 2R b B
MmEETH hRE>TH
MTE S L EETa

E1M
Al iR
Ast  [HEImSERETE
As fa’];‘fi’]}; HELTT

B JL )
Em ﬂﬁ%uﬁﬁﬁ% - — 3. AT OME
Em ’i’%ﬁ%&}]ﬁ‘f - 259 % T TR ) L - Rl
Ml giAes Ta PO BB B 5N D

Pf  AMEsii Ip  HHfsm

Pm  AhEH o )

R HULT ABBEOBBCLIHEBORES (1)

—fc 7 o ¥ LD S E b AR, B, v ¥, s

A4, 43, b FFHEEEERGAZEOENF, 7O VXD MR ESA S 6D ENE
ALBNDWI LTI N EZ T a v HA I UIEE» S W ESEpDEER § 71256 L BB
DOHRELD EZZLNANITOVTOZERDNERTH S, LTIEHEEKOREOHEEE EET
H—Rg|BT 5

L AR B B % ek L s = 155 Tu A Polydora m—F% %R L1z,  (FHEE) ABOBHA~DBAYK
RIS THIIGEINEL VR LIZLBARBATALOSETD 200 & U TENOMOI T 6 AT E
oA, BT EEHIZEATS § 0RD CEECH 1l mm ANOM 2 - HREITRNTEA LA 2m
MmO U THRICHILL TN D OREMTH 5, BRHELLTRALFE D Polydora Ofifi% %1} TEIiE
LICPERE 2 i LT 2 2E B UEAZIPA LT DS Th %7 Polydora (Z{alllls TH Z 2Pl A £
Lzl = Polydora & [+ — 2 —5 — 4 | (Y54 ? Wbl X UBIARETIET PR OIER 2 HTOEEIT oM

T THEFT L HOARIKITIETERIT Polydora |3 TIERRF O RROFEEIZE] B3AMY 6 L 2T A4 R7; Blister
Ul JTUER) DR SN AD TS B, BNTLERPITIH LAY iz Polydora (IGERM TRk LAG I L T 378
Fuz iz ED e L2 o THE 2 HRICH LT Al & b, (I AR o &z 698 & IniM-Té iz
IR s O B 3 AT A D TR0 LD G, RFTR TR OMOWE TN L &
& BISAMI IR N O —WIEE & 2 AHESH AR TH D, i)  F42 Vol 6, No. 7, 1936

ﬁ&h&?hﬂb'iﬁ%wmbﬁébtit,ii ﬂ”‘ti®M’$ﬁM%HM@n:
LT HMBEEOMUBBAICE D 2 LIt BN EEBER ENI WS BETed Tz, U s 22EHO

iitﬁquwﬂﬁhgib&%dmhﬁﬂwMC\T@umFE&EQﬁZmE%EE?éL
SN EEERATHS S P — TRV EIRICHEI LT SA BN D & 212 T O OHIK
EWIIRILTHRIOBETH L. HEoNEFOm < «ﬂ,vaM“kmfx~sawmﬁﬁ



160 (E VA S A 7 - Al 32 &

TARIGHRSE LT, XHEZLuvHBEzEb

b3 TohhdH T BTl s, picE
ZOHEOMbY 7oy H11th oo Polydora ok A UiF UIEBRINIDTH 5. AL
COBEITH LT ZOMBEPICHEE O MibEE2UE S #5100 Tk ARGz z 08
iz 2R il s 2262 6 1o ST KE BEAOHE hIcDTH 5

M3 Polydora iz k& Aflisikiio (1)
Jior A H: A
A. ﬁﬁl’ | ’_h‘t‘jﬁ B- A“’Ll J)Jﬂﬂ",}\lj )LJ‘_ q\JD

3¢ i3 Polydora ofiisEiRid v g d->THL 1z Blister ©h s, ZOH OAX
FE O E S 60 mm i 70 mm (4 %U‘”VL*d ILRAD) EFIRE6ELE DD ﬂﬁh
PREOE RN L Blister OFEIZILA LV OTHEZ O LTZOIR I % RL7z. LD T
s faidef10mm gs 4mm (2 & Blister & 2toTWv 3

AR AEEOREIT L 5 R
£ Wil o A4
N. P. L 7-EeRi B. Blister A, fhiEA

b4 AR T DR ET 8% 6 © Polydora iz k % g 0L S 1% . Polydora o
LTt 0N 5505 & Blister Tah s, fivEN 2070 o8 OAKRI: Blister
PHKTV S, CORIRIR L AR TH 203 C CICHEELOREZIEIZS O/ EERBR#F LT
WBCLETHD, CHEHREBRCERsNIDIVERPZOEEBIZ>NTHRER G LIcL D
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5L MR Lo/ s HEPBR SNz, HEL bl L THARANIRERI LIz WE
OHEEEI s 2 HEIC L D TELIZEDTHA 5 »?

Polydora O%fl% %53 5 12 Ic HERE D 7 ESHE S TTiE LTl e A & § % Polydora & 2%
HETALTAZIYHAEDOMIT v —0 = —a [ FIPIBE H C OFRENEAE: Blister
DM SV IS OB ME TR LI Cic¥ s KRERORRIRAITH AL ENI T E
B DTH D O EIZEERH 60 mm 31 6.5 mm {EESEGENTH 5.

) 7O HADHBENERELE OB EN b HEEOHTIT
RS Tk 2 TE AT 2 & kg FHaie & PR DU 3

I A SN THEROHRPICEE 5. ALK
IR 2 X 10 By B3 1 2 SE RS HA s & N Tilg7K I i HY
5. ST iR LT EZ D TR 2 ik
UTifiKZ B80T 3F ) 2 LTED R
% (ED iz @ It HERE 2 0 L THEA S hizifik
BRBIDTHH. L TLiC>ifpkoRRZD
IREBIZL>THADOER Liz/KEEOEYBHES, D
FrEMRIC R L RSV La3 0MEL, ULhLLh
$ —ffi> Blister i fifd s 2. BOSRIZT > UTIE
Stz K xs Blister taa., izl b LT#F0D
KB RUILbDTH S M OEBOBURMIEIZZE L

WM WAOTER T TR o kA LT
< (SN
B. Blister % 2 LP#% R 6 (1) DFeed 2 Lftohdiiie Polydora
g TN S BRI S B HURERTE 2 WEBE L ro i

BEER Al DT X B TIERIER

o Vil IR AT}
NP. B Urohrgkie Ho plisq
A BT B. Blister
LI OEERSER L EY S —— ZORINTERIR AP TOEFLH % Polydora

B ZOFEAL HBAICBALIZADTHA 5. bigdic Polydora (zHi@id o€ BE O—H



162 £/ VAR % S ff 32 4

TliHOEMICZHOELE2 G328 MITHAL VBATA LR, dAVEEAIYHATAC &
REDTHKEZBRAREE LTS 5. 4 THRAREA UK ABERD @il 2 f) iy
THOMOERINTR LI ERABEOREHRcL>T AN (2) o Blister EiRLI-C &8

\

EERINA, — Az 2ORAREFR S H1-0c Blister b Uit BHTH—Hizi bl
AR OEM Lo TEDREREm I AL, HITARMIRO TR S A R RTEO Z{LT
b,

BB MM DR & 2B E, L b i eg T SIBUEMIIRD & 12 b 2 & B IIRIC [
THOHROBERE M S N5 . TIUZEAR MO IR U 2o/ DBk K o/ NI ER @ BEA5 U T 7o B
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