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FruwV—%RRELTGEHL, TNSHRBEORRCEERRERRO TS L
Wi L7 (R 19612), AEEHHTRT S bTo Lo siinomrsie 5 BIcksd 5
AUMMCOWTHET 5, BECBFS4 L5 BoMECE TR, £ 08e, El
H & oI WERE A ERMR E SN Tz, EBERERT P44 7 ) v EFEHLL
2 c Lo C, Z7ax A4 ORBLHKOAEREDRERY LS~k (hE 1961b ),
FRICEDE, WRELBNTORO LR \REDT, HBOBMNO LS 5 HE (18
&) WHVWBAOEKEL Y b, FHOWHCHVESOH#E LET S & & aibno
To UED T EmbEHRABCEL TV B/ L5 BATHOBRY T3 UELLKL, 4
Bl QHEIC 2D CHTELREDI, 7 3vH 4240 ZHARDWTE ~RY £ 7 4
(Pinra attenuata) TREFEOBELRITIeD0k, A& D BHREH BRIV & B R B Hs
H5LEbh, AMCEELD T Tnaa, 4EREL SRR,

T A% A A GEEESEENICEMIN TV 3~4 FHEOLORFEMA Lk, ~KY
FHAREZFCEBRAIOBEEY V HELLZE 13can~25cm 03 0% EA L, B
ERE, EEFERTCH#OE) TH5H (hE 1961a),

&® =

S& 5 BT 5RO, /NE (1950, 1952) wioThEHLAR L 5 Kk,
B EEOLRRISFEEL TS, BAHTILHEEREL TWHER, FIYH{ D
ERFTOREOEEDHE L B ok To0WSryd s Lalisks (Figd), —oik
A LIEHELESRHEYRESE, bbb, Albckitss s 548 (pallial line) i©
HENAEET, ZOMWHTEFCHERERES L, EOBEIORE®MEMRAEEL
Tw5% (Fig. 1; m, Fig. 4;B, C, D), = 0SS EMSIDRL, HRI3EEL

* Hiroshi Nakahara, Behavior of the mucous substance in the mantle of Pinctada
martensii and Pinna attenuata (Bivalves)., With English summary, p.876. Bull. Natl. Pear] Res.
Lab. 8: 871-.878, 1962.
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T BIRDEBHICD C W THBE 2D TW B4k &
"D, BERO®S &E UREOE X OrREIEE
REbIh D (Fig. 4; A, G), zhbohT, FRD
B3 Tsujii Iw k>T, Central area *FEiEh 7z
DTHB. TOWETE, PEROHHD LWL IO
TWAHAMEZED T, PLKETFLT LT 5,
flid—2134 & 5 Mo BAMIDEL ST, = DLy DRk
Bl () o ERZ, HEBEMECS TS EANER
DRI & L THEAIN, 4% TlkE DEENS
REINTHWD, ZOHEHRFOHICHE~B &R
B Din v KRR BB AR T oD & Al A
FIBEL, FEMBRBCINEL TS, 4ERkC
D4y % FLE LIFATEL o

MBI B B A i 2 FE D R ARSI IE D N7 &
LTHEET S, —21, =4y viiFgeL, brqvy
VI N—TRRELTDHIDT, OREREEORREK
MR E ERICGEWE SIS v, fio—DRT 4y
VRIS LEELTY, b4 vy T v—TELEL, F
R~ bRV Y)Y THILPEED, Wb AF T
TV—%E2T 52, BB Lo TENS L, &
MY TLAREBLLIHE URER, L Ltiois X
YRELBEHET . Y o/ g (1950, 1952)
12 & D TRIFHIHE K OO e g & PR EN 72 B DAl
L35 LEbhd, # (1954) i~< b vy v T
5D AKEE, RELRDPOREAMREANL T
W5, LI OAEIC S DR AL O F % Ul
TWBR A vy T u—ic & B3EHEEe L5 0
NEBECTHD, Tsuii (1960) vkt wvAf v T v—=T
AF 7 uwy—wito o PAS BHERBRHEL,.
EWEBEOGEE®TEH Lk, 40RO
Kb F~T PAS RISt Th ok Fie, HIKER
kT 3 & EbnakhikE (Bd) & ABREKED
HBED Rk PAS BH2HRH L.

RO RN RERE 0HA (hFE1961) & [FH

1. Transverse section of the mantle of Pinctada

© (same section of Fig. 4A). 15x. s; shell side of pallial

zone, m; mucous gland cells of central zone.
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Ut ic FREZ A o fERE %2 @2 Coh e i
Sha (Fig. 2, 3), MigMiaoikee
i, BEEEDLNRE T IY A4 BN
T, WEE2EL TRERERTWE
53 THbd, BREHEBILEWT, Wb
W5 EFEIFEN BIRED D DT,
KSR D e <, R D DIk~
PEARIE 23221 72D T B B D A3E W,
ARTHRTHEFER D oot
EHEMRABL TSR, HHODD
TRBPFICED T B,

s &5 oA B & BBREEE O
AL, 2SN 7o b iRk sk
DRVEED B B o FTEJE P I s WE
#BodosEbhsRERROTSDR
bb, MERR QEERIES LR T
ZLALNBaMEEPICD LIELIE
Hbh b, WEEReEC v, vy
T—THEL, PR A S T a<y
—%BT5, ARy JBETEEL,
AF 7Y v— Pk o TEE LM E
TIHEE 3R RS — D& 2 7R 3728,
fro E 5 ik T E e T I E e
ik Lich, ELLBErnilnizd
FTHEENE ., ARy ITBICED
BEEMEITY, T4 v TCEE L
Rk, HEHETE v AE R 2 B ekt
ELzgnEbnd, chid s 74
VOB LAANTBEELLNS,

2. Outer epithelium of the central area of O EEDE IR EEE L EE
Pinctada mantle. Collected on June 6th, fixed in g Y —90 * g
1% OsO4 (pH 7.4 buffered), sectioned with Lt%) DRI g = /: 2R
methacrylate embedding method. 700 x. Taken ThUbtoc tdHs, FIH TRE

with phase-contrast optical system. e; epithelium. FEDOHA L IEHEDOINFEARKE WD
g; metachromatic granules. m; mucus. CIEREI b b i\, thildic
3. Same material of Fig. 2, stained with . ’ ’

toluidine blue. Photographed with ordinary light ~ ~ V%2 2C K& 1% L7g\o EDTA
microscope. 700 X . LD THIK L HEROBERRREX v
Ay T v—TREL, ks K

CHER A I uwy — %235, EZRI— I vEHCI VA LI ELEOBIERZD
DT EITIRDOk (FFE 1962), rhic X 5 Lo FFE BB oMk e
HEAINIH — 2 v ORFE, hllE»bEAIRCEm»2>TEREHL, #— 3 vRFORH
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SR O EERBREERRC IO THEEN Tk, 2O &b, FulicE
WTEBIAMWMINITIE R, AABCH» O THhET3ZE20E YHLELTHE S, S &
SEAmMO EEMEDICE, D TUMITREDPEELYE T LO0RRET S, i
BAMOTRIC L2 EBH LR ok XT3 0L Ebh s,

4. Showing different parts of the mantle of Pinctada martensii. Darkened
areas indicate location of mucous cells. Position of each sections were shown in
middle; shaded area (correspond to central area) indicates the location of the
mucous gland cells.

NETREHATRT IXAADBEEERAEDT, MEABEOBCEEL BaEix,
A& D EATIARICIE Y —FOBE CHEMEAES L TWv b, SHERENOKEIRE,
REHERILT IYHAOBERERSIHEMARSZLNT, VIR PVA VY T v —@
4L, R A S I n ey — %R 45, PIYHALREAUCL, S INTOREER R
BehoTEFOERYE Y, BIREEZRT IS D, AF 707y —RTr0% V5
DTn5b, ZOBRESIAKILORC 2HIC, TTCEEBILEZLNZ DD LEHBEOE
WHEEREHR IR TW23 DL Ebh, BT (P 1961a) wkids 7 2¥ 41 OBEHRE
DBEELILUTV2E, BREEOBOFNCH D> THMERET AR L TCwb o &b FH
HEOBELAKRTHS (Fig. 5, 6), MEBOEIRI0I 7a v iETd s, ~F7*x
HA DAL D EEREAKT v — v THEE LIk C, BRI DA IR & 2T
EAERLUE IR, HINIHREEHER 5 WIEROBELRT, chxEL=2
VT TR D EERITE AR T, BERREE AR HERER A5 oy —2EoTn3
(Fig. 75 2, b), cOBERBELSBEOEOHOEBC L > TER SR DEE L
bh, EBEEBOMBEROEBEOEE L OBRENRTEIND,

z -

W, ZELOWRBCLOC, MEWHEEAKLEDEERBERSHEIR W5, H
WDk Bevelander and Benzer (1948) 23l L EHE N HBOHF R E 2 R
THC &R BELCLE HBERC BT 5BEHEORENBREIND L5 C/ihok
{(Wilbur 1960, Kado 1960, Tsujii 1960), #i10 (1956) ri4k & 5 o #k¥ hic Sulfomu-
copolysaccharide WE B H D ¢ & X HE L, Wada (1961) REWIOREEIIA S 7o~
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5. Outer epithelium of the mantle of Pinna attenuata, collected on August 29th, ﬁxed in
19 OsOg4 (pH 7.4 buffered), sectioned with methacrylate embedding method. 1000 x. Photo-
graphed with phase contrast microscope. e; epithelial cells, showing large vacuoles (v), striated
border and small bubbles (b). g; mucous cells containing metachromatic granules. s; secreted
metachromatic granules. m; mucus derived from metachromatic granules (g and s), also show-
ing metachromasia, having very fine particles arranged on fine lamellar structure.

6. Same material of Fig. 1. Stained with toluidine blue, taken with ordinary microscope.
1000 x .

7a. Outer epithelium of the mantle of Pinna attenuata, fixed in ethyl alcohol, stained with
toluidine blue, taken with ordinary light. 100x. 7b. Same section of 7a, Taken with cross
nicols. Secreted metachromatic substance forms fibrous or membranous structure, showing
birefringence.
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VR IRTEBEORCH NS T bR BE L, — Beedham (1958) 34 L B &
HgkoM ok, AL BEoEEYirdbneTdh0EE 2T,

SEloEE IhE, HBROEHE AL I BAHOME L RRICHALL A s T o
V—%IRL, AL DD EMESD SMINLIOTH D, BN WE L WBERD
Sulfomucopolysaccharide |3, Bevelander and Benzer 2ZE 272X Hic, EAHE Lkl
BMOFBREPEBIT A0 EEbRS, oDz EikEiE (h)E 1961a) TR ~7c P4

OBAsERLTLTHS

M%K%ﬁNkIDK FiBEE Avv U ARG bbb THLTWE &
(b - gz 1955, Kado 1960%) »BEIN D, FHEMN KA Catst— T 47
FIRINEY, 7Tax A4 OHFCG I Catd 1130 pcidst & 5%, Kk
DO R IC S S R Lo bz, B, 9053t Catd AV O b & Thovie
DEBILTWBDREAbRlk, 2O &nd, MLEHTHWERZNERTCerIvyy
LERASLTEDY, kBB em» D THEIT5 2 L RHENLTEHES

O(1954) 7 2 X HA AL S FICk T, HEEL “hK&Fﬂwﬁﬁﬁ%%m
By, CoOBRMTAKER, EARRYESLIOLEEINLS LHEL LN, chizEs
DB L OB ERBCHEY T D EEbN S, SBEELLARY #1714 Tk
Bk ol O BT A BT, FRREA & D BEARR, BaRELEBET, 13 v—Fk
i Ll\wico Fax A4 KASNS &5 in BRI 04375 23 0 Bl 7873 % 7
E 975 WEABORIIEIC LI D Tle LDz,

KD DF L, BEE B D= - —F— 7 K% Gerrit Bevelander ¥ 21 X# D&
212“3‘6 Lk, AFFEDOFITICY b RIEIE L E % B0 R B SR B & A i L
WL HELYET S, ‘

i) E:3
1) 7oy A4 crsl s ERE G ofEmidiich s, ~KrF
HATRARCIE I B L Twb,
2) WHIBORERE M INTHR LD, AL HEEHBROBKIERS. 7Y H
A TR TR I W S R IR LI 0 B A I i as 2 TR S o
) HEHHAHBEEEOEBEYERT 20 L EbLN D,

Summary

(1) Bevelander and Benzer (1948) stated that the mucous substance of the mollusc
mantle was associated with shell mineralization. During the past few years, it has been
further suggested (Wilbur 1960, Kado 1960, Tsujii 1960) that the mucous substance
plays a significant role in shell formation. From biochemical evidence, Horiguchi (1956)
stated that the mantle mucilage contains a large amount of sulfomucopolysaccharide.
Tanaka and Hatano (1955), and Kado (1960) discussed the specific affinity of mucous

substance of mollusc mantle for calcium. Wada (1961) reported that the organic matrix,

1) i BIX19604E 9 H17H, /R28°C ORI {Tin DT,
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upon which crystal formation occurs, to be metachromatic. Beedham (1958) suggested
that the mucous secreted between the mantle and shell acts as a lubricant for movement
of the mantle. The author reported (Nakahara 1961a) that the mucous substance is
incorporated directly into the calcified nacreous layer.

Further, with the method of tetracycline administration (Nakahara 1961b), it was
demonstrated that the nacreous layer in the dorsal part of the shell of Pinctada grows
more rapidly than the nacre of the ventral or marginal part. This fact reveals that the
whole area, including the dorsal part of the mantle is important in shell formation. Former
investigations of the mantle refer for the most part to the marginal or membranous area.
We have shown, however, the need to observe whole area of the mantle including the
part which covers the visceral mass.

(2) Japanese pearl oysters (Pinctada martensit) used for the study, were 3-4 years
old, and kept at a pearl farm in Ago-bay. Pinna aitenuata were collected in Ago-bay
during the summer. Materials were carefully fixed in 1% OsOy solution buffered at
pH 7.4, Regaud’s solution, and absolute alcohol. Methacrylate embedding, commonly
used in electron microscopy, was followed after osmic acid fixation, and the paraffin
method for the others. Sections were stained with 1/10,000 toluidine blue aqueous
solution. Haematoxylin-eosin stain and some other histological staining and histochemical
techniques were also used.

(3) The mucous cells develop over the entire mantle surface of Pinctada (Ojima
1950, 1952). On the shell surface, development of the mucous cells show a marked
difference between the central and pallial zone. Well developed masses of the mucous
cells were located in the central zone of the mantle, in contrast to the pallial and marginal
zone where relatively few of these cells occur (Figs. 1-4). Two kinds of granules are
distinguished in the mucous cells of the central area. One of them is well stained with
eosin, slightly with toluidine blue. The other is not stained with eosin, but is well stained
with toluidine blue and haematoxylin. Both of them show metachromasia with toluidine
blue, and are positive to the PAS reaction. Hayashi (1954) described these cells and
assumed that the former is albuminous, and the latter is a calcareous gland. In the
present study, with the aid of microincineration, calcium was observed to be present in
almost the same amount in both cells.

In Pinna attenuata, mucous cells are evenly distributed on the shell surface of the
mantle (Figs. 5-7). Most of the mucous granules in the muéous cells are well stained
with toluidine blue and show intense metachromasia:

(4) Mucous granules are secreted into the space between the mantle and shell.
Just after the secretion, they become fluid and spread over the epithelial surface (Figs.
2,3,5,6). In Pinctada observations following carmine injection by the author (Nakahara
1962), show the mucous extends from the central zone to the marginal zone of mantle.
Secreted mucous substance shows metachromasia, and the matrix of the nacre decalcified

with EDTA also shows intense metachromasia. The mucous layer shows a fine lamellar

'
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structure, and contains very small particles. In Pinna mantle fixed in alcohol (Fig. 7),
the mucous substance forms a fibrous or membranous structure, and shows marked
birefringence (mucous layer fixed in osmic acid showing no birefringence). This trans-
formation may be caused by the dehydration and coagulation with alcohol.

During the present study, the author observed with the method of radicautography,
that the Ca4S5 injected in the adductor muscle of Pinctada transferred into the mucous
of the mantle within 30 minutes. This phenomenon further supports the contention that
the calcium is combined with mucous substance in the course of shell formation.

(5) On the basis of our present observations, we have shown that mantle mucous
is incorporated, and becomes an integral part of the calcified nacre.

The role of the mucous reported here is similar to that previously described in con-

nection with pearl formation by the author (Nakahara 1961a).
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#EE (1961) FEHEESE LR THilEiTh > ot O Feh 5 Emkc, &
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D—2Thd, FOREBHCT— vRTEEATI LR EIDT, 4&dENHERKS
WTHMINTMEOE &2 AR5 LEFK, FEMRECEEREO S — viRTFOER
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M#ERCAE

R Les—3 vk Chroma #OIDTHD, HHRT IS TOo I~ v%22%0D
B THEACEB Lc. COBERY, 7IYHA 08 E 5 BEHHEBONENICY SIS
(Fig. 4,C) oA L ExBL €, HEBEE &AL S BEAm LE & ofics L pa (0.02
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* Hiroshi Nakahara. Observations on the ingestion of carmine particles by mantle and
pearl-sac epithelium of Pinctada martensii (pearl oyster), With English summary, p. 883. Bull
Natl. Pearl Res, Lab. §: 879-883. 1962.
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HL7eAnbARRICEREDE B C Lidiknoi, 2 H, 7T HEOHETHRAKETH 2%,
MR 2EERT DL, RLEAINLESTR, ALdELEHE (Fig. 1, 2: ) L5
R o ERRRER b b Miad (Fig. 1, 2: w) @€ — 3 YRTFHAERIATWS

1. Outer epithelium of pallial zone, fixed in 1%, OsOy4 (pH 7.4), stained slightly with tolui-
dine blue. 2 days after injection of carmine particles. Showing a number of carmine particles
in the epithelial cells and wandering cells. 1000x. e¢; carmine particles in epithelial cell. w;
carmine particles in wandering cell.

2. Outer epithelium of outer fold, prepared with same method of Fig. 1. Less amount
of carmin particles are observed in epithelial cells compare with pallial zone (Fig. 1). Carmine
particles are clearly locate in the Golgi zone (e). 1000 x.

3. Pearl sac epithelium, 1 day after injection into the space between epithlium and pearl,
fixed with ethyl alcohol, stained slightly with. toluidine blue. Showing the epithelial cells include
carmine particles. 1000 x .

DREBND, FH 1 B, AL KEEAROMOMEh LD h— VT O
BOTWHDORRLNEA, 2HZRE T HBROMETRIGEAELE D I — ¥ VKT A0
oMlahicE ) AL TED, HRPrRFEoOThWiw, BHREDEADRKETHS
A, COBERA LD e -~ R R O AR 0 E I sk & D B~ T
Wizhic, RSO H— I v EEMRCERY AnbhTtns (Fig. 3),
FERMEO 7 — I VHEREAALIELD B I OTRkERENS S (Fig. 4), 4
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4. Schematic drawing of the mantle. S; shell side of pallial zone. I; inner side. o;
outer fold. m; middle fold. i; inner fold. g; gill. M; central area of mantle, filled with
mucous cells. C; place where carmine particles injected. +; epithelium ingested carmine

particles. —; epithelium ingested no carmin particles.

L RO EE A BRI (Tsujii, 1960. 1c ko T Central area &IEEN 2By, & A
TRPLKETFATEL, MOMAPCH~THEMIEAETEICE N, hE, 1962 )
TR EEMEPRIGEAE I—Y v RS, 1 RBOMES, ROKH A o #EERAC
bR RbN%,

AL ORI (Tsujii 1© k0T pallial zone &IFEN7H4) X FEHRNCED %
A= vhFnEs Anbhs (Fig.l), cOHH TR, ICLOTELDERD 52,
2o FERENKE, £L0H— vHFAKOWIIE CIMAEICESL TW 5D
BRohb, BEMRCY FLEBOI— I VvRTFHRADTED, 1HKE 2 HRICBKHEK
& PR, 7 A% CRASSHEB D OEEMRICE L V.

5. Low power electron micrographs of outer epithelial cell of mantle,

pallial zone. Showing the microvilli over the surface of cells. 3500 .

AL RS ONED FR (Fig.2, Fig.4:0) T, RIRBrEXTRIHedinng
ThRd s, EEMRPICT— YRF2RER) ARBNTWS, & OHFCIEERMIE
WD vy, ) A— I v E2BRLTCWS, 71— v OBREAEONA (B
LTWwiswim) O ERiedaEDdbin, Ml GRicEELkem) O LR LY Wllo EROK
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WRANEEDH—IVERIANTHDE DB D, BEDOHWI N T 585 5 A,
ThbbhBEEANEE, H— v 0BRSS ALk,

= IV HIBRADESERY AR T2 EREAIRAZEET S, MHh Anbhks—2
YHFORBAREEEGEOPEICETOTWS(Fig.2:e) COWHIT FEUEK ST
Buviowp B Golgi zone WM T35 & T AT, 842 37 AL 2TH OIS Golgi
o e s (i 1956),

E 2

" ERT D amoebocyte DIEIEH oW Tt £ < OFFER I X Nz, Takatsuki
(1934) X 5 ¥ @ amoebocyte DWW TEELWEBERHE L Tw5b, Biciid, #&5
eI D amoebocyte piki-F&BERL C#H, WSO ERNERAT LI &ndbd, EHEDA
BlOWFRC I, WERD & & 5 AR & O ThfTbh T o & 3L
DT DTe, & DO DRTE T B B EMIRER R ORI L C, A& S A E
OLEReEATAHLDOEELIE,

Fie, ARIOEEND, A E D BAmO LR, &6 T2 ERT 5 8k
BT & abhole, Takatsuki 1%, %tjh FHREO LA R bR
W, EELTwD, LELINBOEZSBMELETHY, AL 5 HEAmEE & ks
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Hawatson and Ham (1957) Zw X v, =@ microvilli #4+ ARaEE, WER
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HRETR3EAbH 5, UEoo enbEr €, AL EAEFELHME FEL, »
oD BB I A T o T B0 Tl & B b, Weiss (1955) r/INg T UL
TN iliE» Golgi zone IWHEE LR R T35, 4EOEE & I L € EHEEWEHE
TH D,

VLR~ 505 ISR & S BIRE L, HUBR R OTHEBEER & B BENH D &
Zbhbe FH (R 1951, 1962) BB R UM L S i B2 EHE T8+ 8
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BB s ) ANbNRWRSORIERRS, &5WEBORS %, LEMEXOE
TEMPE AL, BETAHALDEBBING,

AEIOFFFE TR, hOEBNEBESHINI A — 3 v TFREAR D CRET 5 ¢
ENERb Dl o T DT ik Bl (RE 1962) A LehTBn, A— 1 vh
T E S EAEO R Y T O THEBE AWML T B THHELTWB 2 &1,
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Summary

Carmine particles were injected into the space between mantle and shell (Fig. 4C).
1 and 2 days after injection, carmine particles appeared in outer epithelial cells of pallial
zone and in outer and inner epithelium of outer (shell) fold. Carmine particles were
also ingested by wandering cells which appeared in mucus and in the mantle epithelium
(Fig. 1, 2). No carmine particles were observed in epithelium of the central area (Fig. 4).
Pearl-sac epithelium also shows ingestion of carmine particles (Fig. 3).

Epithelial cells of mantle and pearl-sac have a striated border consisting of microvilli
(Fig. 5).

One of the functions of the epithelial cells demonstrated in this study appears to be
the absorption of residual materials which are incorporated in the shell during its for-

mation.

X Bk

Hawatson, A. F. and Ham, A. W. 1957. The fine structare of cells. Canad. Jour. Biochem.
Physiol. 35: 549-564.

HIR O HE 1986, 7 o A A EIE LRI OfHE . B 650 188,

—— 1961. FBSSOMEENITIR . Ay a<v-—UHOTE. EH7
545. .

e 19620 7 3 ST A4 KT X 574 DAL DB R BREE OB oW EE
PERR 8: 871-—878.

Takatsuki, S. 1934. On the nature and function of the amoebocytes of Ostrea edulis. Quart.
Jour. Micr. Sci. 76: 379-431.

Tsujii, T. 1960. Studies on the mechanism of shell and pearl-formation in Mollusca. Jour.
Fac. Fish. Pref. Univ. Mie 5:1-70.

Weiss, J. M. 1955. The role of Golgi complex in fat absorption as studies with the elec-
tron microscope with observations on the cytology of duodenal absorptive
cells. Jour. Exptl. Med. 102: 775-782.
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* Akira Machii. Studies on the histology of the pearl-sac. VIII. On the formation of
epithelium derived from the inner epithelium of the mantle piece. With English summary,
p. 890. Bull. Natl. Pearl Res. Lab. 8: 884-.890. 1962,
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Summary

The present report is concerned with the formation of the pearl-sac and an
epithelium similar to the pearl-sac derived from the mantle piece containing only
outer or inner epithelium of the mantle.

On one day after operation, the grafted mantle piece containing only outer epi-
thelium began to show a tendency of forming an epithelium having as same character
as the ordinary pearl-sac tissue. On 7 to 10 days after operation, completed pearl-sac
were seen in the majority of specimens, and the deposition of the secretion products
appeared on the surface of the inserted nucleus.

On the other hand, the inner epithelium also had the faculty to produce an
epithelium similar in shape to the pearl-sac but different in nature. And following
interesting cases were seen in such an epithelium: No secretive activity was found
on the epithelium derived from the inner epithelium of the mantle piece, and this
epithelium seems to have a tendency of degeneration about a month after the nu-~

clear insertion.

X [
D #HAK B 1956, HpSERcET A B L IR EEL T OB A oW T EVE
TRt 41—46.
2) e 1959, EPREIC BT BMRENMCE T AN AERE, AERE, ABERSE
LD ENLZRG O Wbl € — 2% v TR TR0k on . B EBR
#% 5: 503—515.

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

4) ——— 1953. Studies on pearl-sac formation. II. The effect of water temperature
and freshness of transplant on pearl-sac formation. Ann. Zool. Jap. 26: 217-
223.

5) WH M- b K 1957, ABRSOMEEMPIRI . B X o EREVREEOERE. B
EIRER 2: 107112

6) A ERAEAEL - AREEE - BREEA - JE R - FoRSUHE 1956 HBRIERUC BT MBI
I EBEKEHLT (1 1-9.
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EBRPHR 1: 10—-13.
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Table 1.
A B Cc | D E
i i

Marginal zone of mantle 1.0640 1.0661 1.0645 1.0675 1.0540
Pallial zone of mantle 1.0636 1.0732 1.0685 1.0700 1.0638
Blood 1.0228 1.0232 1.0234 1.0230 1.0245
Gill 1.0546 1.0525 1.0516 1.0534 1.0468
Adductor muscle 1.0793 1.0786 1.0754 1.0778 1.0806
Gonad 1.0817 1.0825 1.0782 1.0708 1.0793
Foot 1.0793 1.0793 1.0785 1.0812 1.0788
Mid-gut-gland 1.0794 1.0928 1.0855 1.0750 —

1.09004

Adductor myscle

> <4 Gonad

= Foot

>

=

(&)

Q

5 Paliial zone

e of mantle

&H

Morginal zone
of montle

Gill

Table 1 and Fig. 1. The average values of specific gravity of organs in the various conditions
of pearl oyster. A; Native pearl oyster. B The pearl oyster is not suited for insertion operation,
as the germ cell is filled in its gonad. C; The pearl oyster is suited for operation. D; The pearl
oyster is not suited for operation, as the gonad becomes to narrow for insertion of nucleus after
spawning. E; Enervated pearl oyster.
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Table 2. Results of the significance test for difference in mean by the F-distribution.
*: 59 level of significance. **; 1% level of significance.
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Summary
In order to identify the physiological conditions of the pearl oyster, the authors were

used the specific gravity of the organs of the pearl oyster.
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In this paper, it is reported that the specific gravity of gill, mid-gut-gland, marginal
zone of mantle and gonad are changed in the various conditions of pearl oyster.

For the determination of the specific gravity copper sulphate method was used. The
shell of pearl oyster was opened and very small slices, just half the size of rice grain were
cut from the gill, marginal zone of mantle, pallial zone of mantle, adductor muscle, gonad,
foot and mid-gut-gland. Blood is sucked up by small injector from the heart. And
then blood or each slice was inserted below the surface of the solutions with graded specific
gravity from 1.022 to 1.095. The specific gravity of the tissue slice was estimated by the
point where it became suspended in the middle layer of a solution of which specific gravity
is already calculated by the standardized hydrometer.

As may be seen from Table 1, which shows the results of this experiment, there was
a gradual change of the average specific gravity of the organs in the various conditions.
The various physiological conditions are as follows. A; Native pearl oyster which
collected under near the Marine Biological Station attached to the National Pearl Research
Lab.. B; The pearl oyster is not suited for insertion operation, as the germ cell is filled
in its gonad. C; The pearl oyster is suited for operation. D; After spawning, the
gonad becomes to narrow to insertion of nucleus. This group of pearl oyster, also, is
not suited for operation. E; Enervated pearl oyster.

Fig. 1 shows the average changes in the specific gravity of organs during the course
of the artificial spawning treatments or enervation.

As the method of determination of the specific gravity is so simple and does not take

much time in the procedure we expect to carry out an extensive experiment in this di-

rection.
X iy
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* Haruhiko Uemoto. Physiological studies on the nuclear insertion operation of pearl
oyster IV. On the control of physiological condition after the operation. With English
summary, p. 903, Bull. Natl. Pearl Res. Lab. 8:896-903. 1962.
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Summary

In the operation of nucleous insertion, as described in the preceding reports, it
requires that the pearl oyster should be kept under controlled state in the physiological
function. The reason why the animal is generally led to an unfavourable prognosis in
the case of the operation under normal state, may be due to the fact that the equiliblium of
“homeostasie’ is broken on account of an abnormal and severe organic defense reaction
which is caused by the operative aggression.

In the present paper, the effect of control of post-operation on the restoration was
studied.

(1) 'The physiological activity of the oyster was observed in the method of measur-
ing both the weight of crystalline style and the strength of adductor muscle.

(2) The restoration of the physiological activity of the oysters which had been
kept under control for 15~20 days after operation was found to occur rather earlier than
that of those which had been controlled for less than 10 days.

(3) And also, the pearls produced from the oysters treated for 15~20 days after
operation show good results in the quality.

(4) The mortality and the ratio of escaped nuclei were beyond control by any
treatments after operation. It seems that they are sure to be governed by the treatment
before operation.

Basing on the facts given above, the following conclusion may be done. It
seems that the physiological repression of post-operation in the oysters has possible effect
in regard to both the prevention against the excessive defense reaction resulted from
operative aggression together with inserted nucleus and the reinforcement for the efficiency

of treatment of pre-operation.
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% B ’ + + + o+ A+ +4+ 4+
B # Al ++ + o S S S S - ¢ +4+ A+
, B + + + bt e R ++ A4+

DEHKIVE Cu, Agsd, pink ZOHEBETIE Na, Zn BEZWELTW5S, ¥/, ERET
OF XA OHABROERBOEEEBOEY LR TS L, Y v A—%p Cu, Zn, T—
WFEHERNCu-Zn-Cr-Mn, v 7%»n Cu-Zn-Co-Cr-Mn, 7r~%7Tit Cu-
n-Co-Ni-Cr:Mn BBHINTWBHLIT,
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H2HE BEBETOENTAY vk (HET 1947)

" TR (r/100g)
% w1@ o g2E T g
| PR & TE] TRl &B IT#] [R] &8 K]
o — ¥ 49 0 - — 49 70
= v 40 52 | w 48 42 50
ey s 66 9 66 12 66 11
s 9 A4+ 60 9 66 0 63 5
7y 7 = & 46 “ a3 43 45 43
rOORO® 16 33 — — 16 33
3k EHDhOEEIE (NH - R 1947)
X & & & B B
g Na Sr Mg Zn Pb Fe Si Ba Cu Ag
s—»¥l 0 O O O O O O O o o
2%vy, O O O O O O O ol
vy O O O O O O
AT A b O G O O Ob %
T ) -4 O O O O O O O
T~ O @] @)

VY LO#HMNI Y55 LT 5REICR L HKOER L OBRIEL ORI O
HEDHD T ENEDBND N, CHREDEKOBESENEE K —THD, Lirdi
PHEOENANFETCH LT LR IAVDTHEA S EELLNRS, LoLanbEEDT
ot TR TR, T oY A AROHER, FEARLUEIEBRL LN D
BHE, FEVREARARPHOAREAROMELR b DEAMEL B LT OREMLR
Db Ninhole, HEOTHRKOBAREF TI&BLEOLTRFEMNT I ENn TSR
Wz AL 2o

2. HZEOYHREM L porphyrin & DEG

porphyrin WAEMRCLS 3HLTWAHETH Y, L OBEIHCIRR I T
%o ZHMEWC DT Fischer, H. % (1923) ik H 00— T& % Pinctada radiata th
& porphyrin # ¥ L 2% Koncoporphyrin & 438 Uin, Fh, FEHECO @ - &
A0 AV 7 7 4 4 O HBRR T OEREICHTED porphyrin 2EET B T LAY, *
D> HbO—FfE% methyl ester & U CTHiFIRICE D L, paperchromatogram % spectro-
photometer & X B3 T ium uroporphyrin I TH 3 Z & 2D, 7IXHAD
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porphyrin BRI AR PIC—ICEAET 2O TRARL, FIABoNE 2 M+ 55

OMEEBRICELL TR, HHOBEBERLERIIIG LA EHD bRt 2{) 0)1*35 bo
fﬁ_ﬂ@ @ porphyrin DATHITE L < WAL cdH n, - AHEA0E - 4
ERARIS I £ BEICES B IVL BT MY porphyrin @?Mwiaéjébbﬁifmmé:m
Wﬁf} L7z®s ZOX 5 CHOBAEE BT 5 porphyrin @G BD X 5 PP IEE)
MLWHEERSBICEETS - &nb#% 2 ¢, porphyrin Hll@éﬁ@%r%“?‘)xﬂﬁw&%ﬁ&:&
BRI O TWALDTH S EHEI NS,

HIEEOMIH & porphyrin OREFZ DWW T, RO Z & < FhFit ik porphyrin & &4
GETE L OMA Y% 2, metalloporphyrin REHOEELOTEERA YL L TWS &
Tndo Lnl, FHGE DLW - AL DT R0k 87 2 v 4 O
porphyrin OFFFETYEL, HFrrhicid 4 O porphyrin 23383 b, & @ 5 H methyl ester
LU TCHEIR & D 72 L 72 uroporphyrin I OB X OUREG OEEXE2 L O T
Bb, CNbOOFREBOBHBCHEENALE Licvb®d 5 JEEE L IFE 5 R R I
IR ECEME TE DY, HEOBWES, EREOANRE L cBHOHBKCRIZEEAE
WdHBN Ve TOT L5, porphyrin WHEERLHEBROHEBOOHZ B3 1 HEK
LdEZ bR\, L Ligaih, HBRELT LS EHELHEE CTHIEIN T3 DT
Ain <, HEEBMCIMETRS 575 porphyrin 2 E5F L ChsBHELEL L3 L
Wik, BEEOWHE L porphyrin OFE L ARBRTE LR TERVDRIRTH 5o

3. HBREAEEHEINTWLEMABKSITDNT

BEH IV BERINA—HOAEO T, B iiil+ 57 0 —ROEER R &
HEFRIHE (V) —2B8L0 -V FRECOREEY—ET L) OLEDLERDE T &K
HEan, HEMRC L OTHih ) 0ERS 5MELE DS NN DM O FRELEERX
ﬂfbaoLh6ﬁ6ﬁ®ﬂ%zwwb%®ﬂm%&%?ékﬂ Gl — R iiE
ELTCED, kv FROEKCIBRIES TGS s LCIL @ER
OFEADIEHCAE T 5 DONBHLNDDT, 7Y A1 EEREIRAREECL 5D
LR BN ER S LT N T OEBICEAE S WEEL Th 5 T EAEI N5,

0
5 o
&
9® ©
nhenol

B2H. HEHKI OB LAERAARDO - RA~T o } ST A,
— LR Ty~ - BEBE - K (4 11 2)
TIXOURER: T~ K (81 2)

st =v e FJ v 1 Leucin, 3: Alanin, 5: Glycine,
6: Glutamic acid, 7: Aspartic acid 2, 4: ?
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BHOD L THRHI EORROEEY 28 WL T HKEoa% £, i HCL-
methanol TI S DR LK EELALRD ARESZHH T 5 LR RRERE LS
T 5. COOERSOMFMICOWTHE, FE? THE L &< alanine, glycine,
leucine, glutamic acid, aspartic acid DS FO 7 ¥ / EBA KR4S &+ 5 peptide & Fe
DL EMTHELZELFTLVWEETHY, AOROHEEY BV CRBOME TR0 TY
LAY ZOBENELNIWT ERRED BN,

FC B3 P EEEDOFEOERIE porphyrin DADOBERL I DD LHELTED,
FREHES I ERORIMBRR T IX A0 BABROFEEC LIS b0 EMEL T
Do LMD THEBENICED LN LEETDD Fe-peptide EEOEEOL R FHERA &
oTED, B EWwld o T BENCE S HEEEFIN TS0 THED LEZ
Bitdo

HIk@Imo 5

BEEOER R RETSERY BN S LS ER A U CRE Lieds, HEED
BRACNSOEERBEHICERKRNL T3 O TR, HEENECAY RS O THEM
MEROBRBELNRDIDTH D, TiInbbENERTH 5L THARELL
THHOHEERLNb O TRECHEOBARAYER TS0 THY, ERAR/IENER
THHIBERDB L VEERBRCEA LB L OTHRATEIDTH %,

FBIXREHKOORD > bYHER Y Nk L7s WEBCOHOR & D 27 HEETH D
SHATH D, BHRRBEAESCIAAEKC IO TLH ABREREANL DAY
DTN LDTEDIRFAIEGIEH 23, KT Fe-peptide MoEEARD DI WD LE
WHDESEL, TRITNAGRAERR I UHBIRERO 2 EABKKET S, s d
DEXD DH—FCEEDNICE TN T AR REIL, vVIPCHAOERKLERZEH
sk LB FS & T 5 R4 e, BURBAKOER TR ZNEREBEL#
XL C\% aragonite & X B0 iERED caleite TR I N B AR K431
TELTCHRD. FBROERBE IOCRHEYO 4 EEL TN FNRFRS, BlIRS s CE
LGB Thbe, Tu—FREEk, K74 PREWK, 7)—vRHEK 7Y —2RHHK,
T FREGBLOERMECAVEEEERO 6 BO ERFEIELLN S, ERKI

,ﬁbb-mm
SEVEIR S 3
BERAEBR |
VERDR Y +'S
A -
SN NZ| 7y -hRRR
FRmesas] )
Feem |/
// T-LFREK
7
BTN \
HHE K%

FIM, FEEEL D ZHARBOIE.
— ERS, ----: BlIESD

1

o O o

M

¥ &
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RO & L BERWTFR IS DO ERARIPMOTMP L EOTHEDDTELIND
CNBIVRELCOEOTOHOMBC SHMRERXS TRV ERMARTH S, BHiC
COFERE, i T— v PREABCEEEBNEALASBREHRP, K71 MR
HHBEHEREABBECA DT —X - Y 7 ROHBPERINDI B EHEICADE L DT
ZBENTHKOEREANTE, ThicYBNERTH L THOrNbD LT 5D EH
HHEOBRAERINS[DELEEZLN S,

#e 0 1C T ) PRTE IR e & U SRRSO R X OO A R L R
FCEH I LE T,
= o®

1. BEHOBRPYEHNERS X OFEHERCAHHE L TR L,
2. Hre/t¥nERCTHLEBEOEEACOWTLOREYELLCL, ThrxERLT
BEROEELAY T oORABLE 6 BOFERHCHEL 2,

X Ak

) EiER 1947, EEER ST A Y vikiegh T AEERE 1 (4): 247250

2) BME. P 1919, Bkt 38: 819,

3) REE— 1947 Hpko@ml oL, BEHH 8: 3436

4 REHER 1957, 7oy i 4 QRRCEROEERMCET A 1 EvEKIR 2: 68—

73

5) . 1957, BESECLEINCE BEEOEONE. IR 3 175182,

6) — 1958, HEKEOL(LHIHIT - AEREOBE. EI PR 4: 335339,

T 1958, PUKOUOLICET 5. EIERHIR 4 340346,

8 1961, FERROELEGEIE I 7 3% A kB0 £—7 4 ) v EROSTE. B
ELEEHE 6: 546—552,

9) o 1961, EBFOEEEAEOWIE. ETEIEFE 7: 865869,

e
It
>\r
g

& . fHehIE= 1955, EEEOALFMHIR (ES5#H) doHo@m#E (1) Porphyrin

DWT. A{kik 76: 406—409,

1956, ER BT 54 bR (BO6H) HoLHofE (2) Porphyride o

W, BEEE 77: 17071712,

12) BmE & 1955, [ 10 (8),

13) HdiE= 1955, EME-EHBECET SV v Ry o sidsd (EvEEREFR) 130,

14) mEE— - RRER 1947, HBEOBREE L iridescence, HEARE 1 (3): 2531,

15) — 1947, HBZO@ENRICONWT., FREEGHRERIIRERS 135 26,

16) EHEAE - WEG 88 - ERER - P LEHE 1957, 7o v A OREERO RE L REREL
. DOBEFE—I. HKEE 23: 235240,

17 AR 7% - BEB A - Mgzl 1956, H W iEL. ERBOESBRUTZ I VB

CDWC. BIFREKEREHEHSE No, 4: 456—48,

o
-+
g




B F BRI B 12 5 T
INTEENELI T a Y HAD
HEE O i B9 A w5

SHEERS - IRIE R - (HE—% - K B

B sz & OBk UE %R

F U M =
HBREFEEN O 3 BT, ABAMRECEAYBLNTH SN, bz SEOFTL

PR RE S E & T HHANEEL, il AoEREY L LT 5BEERCONTRE, ER
ZEDOERCEN L EROEFOHAED O, MEMEB W THBRERE < OFEEH
HFIFbNTnwdD, LarLliashdb, BHEBE L L CoRBIECEL T, ¥RehoTe
F, BRI SIMEOBIRFE R DWW TOBRH AT 25 a bkt N, FRRE
B H D50, BB DNREL DDA RARERBTF bR T WEarEn
E53THY, —F, HEROEBWTE, BEI IR LORIEDNiEDd D OEBINT
Biove BB O L 2EM T O LI 0T, FOFRFERYHE SRS T LR
ERBEOLDDORDKNEIMBANEATHIEVOTLBWE TRV EELLNS, ¥,
BIEERRZCH & TTHOEE R &L OBHER LMW LT, CoFLorErHTRC &b
TEipv, FTHRRCENT, HEEDEFIN T 3 O0RENRILE & D7 B IHR
DOEEPWFB LY EETAL L THh D, COFMOHE L LT, ZEETFEHGETC
DNWTD T, ZOFEERELRRZION, ERE TRV T MK 25 & Lic—,
ZOWFERRS 505, BBETaEERCh o TOMBEREE, THL b NCERDOLE
DEHRIC A A b LT, WELXERHERALLELRNLDREDTH LD, Z0RFLTOHE
e EX 4 o @cETh, FROBEAMHCELT, HLWIEYRTIDLLT,

¥, EEBROBEBVWTLBELARDLNEW OLDOHALTEBLOT, TOHKERKLD

WTHET S, .
Wik, KREEZDEINAEBEYRCL»ALEEYETHE L, RO

BRI H b e nd i bREGHEHEWERREEZEO Tc o r R T 5, i,
IR E OB PR ¥ Loedicn, B, BE2HEG Ry B E g R

* Masumi Hasuo, Seiji Sakaguchi, Kazuto Yamaguchi and Etso Murakami. Studies on the
qualities of the pearl and growth rate of the pearl oyster, Pinctada martensii, which cultured at
culture ground in Nagasaki prefecture. Bull. Natl. Pearl Res. Lab. §: 920-947. 1962.

D B BT ER No. 97 (ENIEIRHIIHTRE 81 920947, FHFI3TAE9 )
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K, EHESBRFTRKBEERE, REERPIFGRE, /bl FEEN, RO T Lo0%
b Ui h RE BT BT 5,

x= B O F &
1. HEbE0EE
RIBET O HSFMEIS 2R h > ULERAH L Tn 50T, ARlAZ&
3

BRI ECABNCEBEI RS L5 LT, BEOWHMFER L OCERN MR XL 54
BB ORI DT OAN A7 b O T e b 2 B L€, KFHE 8 &,

B1E B

&'}.
M
»
ot
e
i
=
i

x el )

QO =3 O UT ok QO DD
m

2 &
7 j22)
= [
ji b= J!

= 11 &y W
12 * s

13 o
1k, P 14 /N
15 i iy

i % 16

17 *
% 5 18 i
19 it

.
N

[l i#

p_

=
8

i3

ME NN
T

21 =

22
23
24
25
26
27
28

NS
SH

x5

i

B

ST D e
=

et s 4 45, JRRMEEE 3 &L, TTRRFER 1A, HEB3 A, Ekk2A, WLhElE&ses
%) BIOHMET A (M e $5) 028 2HEMA L U TEE LR,
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K3

S

e

2. HEEOEMRR

REBHE L 2R R IS LB RBCER L, Thbb, ITEHEEBEGE
DT ARMBENO—~EEEL, TlBEHARSAERMTH 2 LERTH 5D
ZIM e BT 5 M A OBRBIRECET2EE LT, HBllo—¥(FTthFnELL T
iR T In o,

BARERChz), BERIY -2 I, ThE & B—Elh odor R+

BT ENEE LoRR, BEOHE IR Rb 0, IEBBEESEKSEE (K45

FEMEyEE %, IEBEBESREREBEE EFERETRNEE) 03 EL0KN 140H0 LD
REHALL, Lal, TEBRZBETCH D TRMBEHCHTT LB A LB 3 2E L

BNAOT, hELo JoCk IEHLZINMED BitvWwe L, BARERZEZE
4.25 + 0.05mm O FHAMERE [55] T30l O2@hcr 3 AL, fEER
THEEBERRESIRTELLZ, TRIEBCOWTL2 £ 2T, WFRL19614E6 FF
ORI ER L, ik, ZRHBSKIOTEEOBNEC L AHINANREFESZ &
RFE, BNEOEHYR IE—CT52nic, SRS S L & ERE O E % 2
CZ k@S TINEL TR Lk,

HRBEME~ORAE, TEBCOWTRANEL 7T Aha ok ZIRAER T, ik
HRE, Jbkd, P, BIUCHERT A TEOREEE Y ET5EMC LD TThYy, S
w7 R hE R ERS THEINGERL TBWT, 7T ATECERFROEBEM ST
Uiz T oW, R crelifiziihokdor 7 AKX L b 8 Atlcait
TENFN OB S A L,

BN SRNTRRELCRERL, 10T 30FEARKEL T, FERBHET L2
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m&b5m O2ERESHITFOrETEN L (KNESWTRKEDOESKZT 2m & 3m
D2BE L), FHEHMEPOEERI TS CHBMS OBEEECETLL, Hikrath
P @ECC, 8, 9, 0O FHK3EEML 2. BB —Rri kel b, 25d
BHEEY TEAEEMRLT, ABohBHE2 N EIRWEI 3 IFEEL TR ok,
TOBICEEN OB L IR TT Dk,

FERIEAMLS 7 H & L, BREBEORAREBRILA Rie, FHEE, bk, i

B, BIUHERILZADHCEZRFNERTCHEOHRREITR Dk,
BONCHKORHOLKE, BHOBESFLECEE0S s LEbh s iER
DNTITRY, T3 bBEEOWTR, WIRNEBRKCLIOTKRIA LR, 7)) —a - -
VER, T)—vZoO3BLHHEL, RBHA R I OENEEMCT O MR R,
IR ORI DNTI2—BE THR Lie, £, BFLonTR, w470t —F—
THEHEZNE (COBAERRTLAFE TR RV TLOREERE Ebh 580 % lE
L) L, @Hs, ETHEENCERLIEYS Y OVEERYER L CHRETRDR,
ks, THEHMTL CHRBHARS ICETHEENCERO2HMEPHEL, 1Y) 0¥
BEYHEHAL TORE IRy, chbiconwt F-BE L2 THK LA,

3. HHEHOREERS
WEEEEICE, T, MRS I HERE2 # b0 (19605 IC ZWEL 7 IiiliCRE
FL, 1961425 H i A RMICIEN AL, HBMA~ORAR, TiHBEs
EESRM AR & AL, TBRBG R T A a2 43 5 ST

BBcEE L TR &, THRID 8 HEIaehd Tiafh H & MM if Uk, 82 1
ABEARME TR ER LT, 1Y )50 AR, EEE S L 2n &SmO 2
WEINTHRET U CHOIORBHMA SEBOBERT2m & 3m & 1Lk). i,

ERRE e EmE L E 3 Eo Higk 2T, b
BT TORMBITIR D
RREONERRE, &, BREL/ ¥2Tibd, %
ERD B TR, B1ERERTH LaRFX
e, ®2EBRIZH RS R TR
BRI ANERC, ehrfhodBiicsy T
Hepi A ORI e Dre e BB RS BN 5
FHOWERY OO PHET EHL, F-HEL

DTHK L, B2 T YA ANEER
TE B -

4. EEED
BRERRE b CEFENYERLUZ, BEHRKE, EEE, BYE, KbBEER X
DkhBETH D, BHEAREINR LUK ER Y RAE, HHEEE, bk, i
HOKEABMALINLOMEL LD, FHEABPRMD 9 A27~300 % X 0’11)]120~25H
D2 A EE Uz, KB, BRESDCREHEREHRCE -, KhEER L oKh
MEOHMEREINL O HIECEL =,
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ok, KPBEFCL Y RkpbRBHE (1) XKD LBh TH 5,

2.3 B
T 5 - (logIp.w.—logls.w.)

e, TiiskE (light path) 1m 24
)@m&,hmmm%%m$f®k%
HO®RETHbv, Isw. G+ 5
KD TH b,

E D, AHUHE X O R b s
BWHEAE @) R > TE#HI N
5o

coC, To, It BEEE X HEI
EORI BT 5 ME (2Tt lo=
100, It BB B O ME O RE O %
mmﬂ?aﬁﬁ%h T B O3

& (m), b RHAHEHTHED B&
b=0.7 2B ELNTWS,

Fie, Kifl, EFREOHME X Om,
2,5 10, &L, A, K

MR Om, 05, 1, 2, 3, .. +1im
Mg & Lice inds, BB¥ER L BK
VS i R s B A B .
ORHRNER RS RIE L HIM. REHEOE.
ML=,

# %

I. EHoME

1. fmron<

HRBHAEOE FEENCIIA G2 ED LeOnB 2%, B4RTH S,

¥4, HENCHEBEAEAY B U TOEBOBMO BRSO L 5 k0T
B, EOMEABRDIC, #2RCOVWTHRETIVE, FHRoEsEDLND (Ek
EE5R)e DED, THERNTRHSILLIOTE, RT74 NERELT, 7 —b - T—
VEROD BN D LT AR DA, O OBAERTHAE LSS LAIRLTH
60 .

ULabdie, REBRIEBXELTCOEE YO EnTHMTE LIS, 0T, 1
B D4 B ML CAERE S N MER R KR P, B Lo TR LOn# 3 &
Th 5
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- 0
60

2m bm-

S o AT 3
53
(=)

WA RUA RRET D —a s T RERO R (LiE

B2k HEkowHBEE (T

P 2m j 5m

= I 3 );'“’—L\' 2 79‘—‘4\' 3 N
5 o RTAN LT -y T4 LTy -y
CARET S L D T 4
1 63(37.7) 90(53.9) 14( 8.4) 167(100) | 92(53.8) 69(40.4) 10( 5.8) 171(100)
2 83(48.3) 81(47.1) 8( 4.6) 172(100) | 82(59.0) 49(35.3) 8( 5.7) 139(100)
R 3 69(39.0) 94(53.1) 14( 7.9) 177(100) 68(45.9) 68(45.9) 12( 8.2) 148(100)
4 80(46.5) S81(47.1) 11( 6.4) 172¢100)  79(48.5) 70(42.9) 14( 8.6) 163(100)
N 5 | 81¢47.1) 79(45.9) 12( 7.0) 172¢100) | 95(52.8) 72(40.0) 13( 7.2) 180(100)
\ 6 | 69(40.4) 87(50.9) 15( 8.7) 171(100) | 88(55.3) 62(39.0) 9( 5.7) 159(100)
% 7 | 73(42.2) 91(52.6) 9( 5.2) 173(100) 1101(54.0) 70(37.4) 16( 8.6) 187(100)
8  74(46.3) 76(47.5) 10( 6.2) 160(100) | 81(50.0) 66(40.7) 15( 9.3) 162(100)
g9 62(36.9) 89(53.0) 17(10.1) 168(100) | 72(40.0) 99(55.0) 9( 5.0) 180(100)
10 | 69(43.7) 75(47.5) 14( 8.8) 158(100) 82(44.1) 92(49.5) 12( 6.4) 186(100)
B 11 |63(39.6) 87(54.7) 9 ( 5.7) 159(100) | 85(49.1) 78(45.1) 10( 5.8) 173(100)
# 12 66(41.3) 85(53.1) 9( 5.6) 160(100) | 80(49.4) 69(42.6) 13( 8.0) 162(100)
" 13 | 52(31.0) 97(57.7) 19(11.3) 168(100) | 79(42.7) 95(51.4) 11( 5.9) 185(100)
’ 14 | 68(42.2) 77(47.8) 16(10.0) 161(100) | 65(43.3) 72(48.0) 13( 8.7) 150(100)
it 15 | 73(41.2) 91(51.4) 13( 7.4) 177(100)  73(43.2) 88(52.1) 8( 4.7) 169(100)
%E f 16 50(30.7) 100(61.3) 13( 8.0) 163(100) = 68(36.8) 108(58.4) 9 (4.8) 185(100)
- |17 59(33.0) 106(59.2) 14( 7.8) 179(100) | 54(30.5) 105(59.3) 18(10.2) 177(100)
18 53(31.7) 102(61.1) 12( 7.2) 167(100) | 63(38.0) 91(54.8) 12( 7.2) 166(100)
B 19 | 56(34.1) 95(57.9) 13( 8.0) 164(100) | 62(37.1) 95(56.9) 10( 6.0) 167(100)
& 20 70(37.6) 106(57.0) 10( 5.4) 186(100) | 72(42.9) 82(48.8) 14( 8.3) 168(100)
B 21 | 48(51.6) 39(41.9) 6( 6.5) 93(100) | 35(38.5) 48(52.7) B8( 8.8) 91(100)

i
N
e
5
Q\Q
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B3E BXIEEOENHEEN (LER

::::H— 2m Sm
“ 7Y — A o VAT
wox B = T2V TR Al ES A AL &

K A B (592(43.40) 679(49.78) 93(6.82)1364(100)686(52.41) 526(40.18) 97(7.41)1309(100)
f: i % 5 260(40.31) 336(52.09) 49(7.60) 645(100)(319(45.51) 336(48.22) 44(6.27) 701(100)

it A [193(38.14) 265(52.37) 48(9.49) 506(100)(217(43.06) 255(50.60) 32(6.34) 504(100)
76 f | 50(30.67) 100(61.35) 13(7.98) 163(100)| 68(36.76) 108(58.38) 9(4.86) 185(100)
= £ |168(32.94) 303(59.41) 39(7.65) 510(100)[179(35.10) 291(57.06) 40(7.84) 510(100)
= i 118(42.29) 145(51.97) 16(5.74) 279(100)107(41.31) 130(50.19) 22(8.50) 259(100)

B (Hnr%

BRI L 2THOWRSMEEERZENDENE S B, 2FE D, KU A4 FROHEBELS
EbREGWERR, ey ) —2 - T— v FRAOHBREOEWERABEET LN E S
DL by, FIFIV ZoTOo0EXOMEbEEMEY, BIERR, BICKEL
(fEED %), TOHERYELDDERDT EL b,

2m B KFHE, EHES, EEOREBREATA PRODBOBEL, T Y —4 - T—
PRI L, BREX, HEEREYEC T ) —a - T—u FEREEL, KT 4 FER
Wigv, BRI ENTINRE L5 TH S,

5Sm B ANEHERRIMOWTFHROBXR I 3R 74 FREELHbNh, EHEDE,
B, BogEXrohien, BEX, REBXRRT A FEILRVWE D TH B,
—Tj, TV =i T FRICDOWTHIAM A Z D & i 23R b s,

Wi, TFHEEC L EBROEMOMELCOWT, HYFHHELEFY 5 7 (1959)
T, BTERENELRDBEET ) —L2RZHOL 08D {kh, KT 4 FEREOEEEN
£ BEHRELTWAY, SEREORBHACOWTARBEREARZLNENED
PRI U S, REHA2IoEceonT, 2m B, Sm BRI OTORDEHE
iET D&, st.l, 6, 7T (PLEWFhd KAEERK), st.13 JhiER) o4 s
HEOENRD BN (GRES %), wIhd dmfEcy ) —4 - T—u FREDR S,
KT A FPRBEWD, BOLTHACOWTREEDOENED by (BRES %), T
b, KESORBHAS CRETHEELCIOTCDELZHD DT ENTE ok,

(2 TwEHconT

BHBHMSOE THRENCHEEOBIORIEA T Eb LeONE 4K, BISRTH S,

FAEL, HESHRBOERCOWTRETIVE, FROZTED bR (BE
5%, ohi, NHEESalROmm: U<, b esl)sEkof3o BB smikeE
NELSPTWB T ERERL TS,

Ib, FMECLKETHEECISETREL T, AEOERXRD bR (B
KE5%), Tibb, ZFEELIOTHEHIKATA PROEVHASL, 7 -4 T—n
FREKOZEWHERETE LRV EXRL TWa,

BEET5ELTY, TRAATULATEARERCZZIEERERIOTRERL, Tho
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LHBHEBERNIVIDOEEZLND,
Fi4E BEHOBHHRMEE (WE
2m ' 5m
VAP TY— b
CRTA N LT Sy RTA R LN =y
w2 % B %{VI A &t % B %{:b 7 4
22 | 72(37.7) 105(55.0) 14( 7.3) 191(100) | 63(34.1) 106(57.3) 16(8.6) 185(100)
& 23 | 68(33.3) 125(61.3) 11(¢ 5.4) 204(100) | 69(34.8) 116(58.6) 13(6.6) 198(100)
24 | 77(43.8) 87(49.4) 12( 6.8) 176(100) | 81(44.5) 97(53.3) 4(2.2) 182(100)
25 | 84(43.1) 95(48.7) 16( 8.2) 195(100) | 65(36.9) 97(55.1) 14(8.0) 176(100)
26 | 74(37.0) 116(58.0) 10( 5.0) 200(100) | 71(34.5) 120(58.3) 15(7.2) 206(100)
3 27 | 70(36.6) 105(55.0) 16( 8.4) 191(100) | 58(33.3) 101(58.0) 15(8.7) 174(100)
| 28 ’89(43.8) 93(45.8) 21(10.4) 203(100) | 56(38.1) 84(57.1) 7(4.8) 147(100)
HFCHR% ) - R

FOR. KUAMEH

2. &KZwontT
Q) IEEeonwT
FRBHN, B TREBCHBROTHERR bV ELERYRbLEONES K, B

6 TH B,

1

2 3 456
EAREE

223234241425 Q2627 4 28—

LT Y — A Ty FREBRO IS (LD

i
2m 5m

7 8 9 101112 1314 15 16 17 18 19 20 21
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BO5E BB o & (IHER
2m 5m
o f@“‘ SEEE % EHERE SEEEE S EE
x (mm) ® (mm) (@
1 4. 88 0. 176 4. 87 0. 173
2 4. 90 0. 176 4. 85 0. 172
3 4. 92 0. 181 4. 88 0. 176
- 4. 85 0. 170 4. 89 0. 179
B s 4. 92 0. 180 4. 87 0. 174
5 4. 89 0. 177 4. 85 0. 173
Co7 4. 84 0. 173 4. 93 0. 182
BN 4. 91 0. 180 4. 97 0. 185
9 5. 00 0. 189 5. 01 0. 193
oo 10 4. 96 0. 186 5. 10 0. 204
EHERE 1 5. 16 0. 208 5. 03 0. 196
|12 5. 08 0. 198 5. 04 0. 196
13 4. 80 0. 167 4. 88 0. 176
it 14 5. 06 0. 196 5. 02 0. 195
15 4. 91 0. 179 4. 89 0. 178
7 w! 16 5. 12 0. 204 5. 08 0. 202
] | 4. 88 0. 175 4. 90 0. 179
I B 18 4. 94 0. 182 4. 94 0. 184
19 4. 04 0. 183 5. 02 0. 197
o 20 4. 86 0. 172 4. 92 0. 179
= B 9y 4. 94 0. 181 4. 90 0. 178
chd b, ABMAHEMOEROE S, Thbb R aEE, FEHERDOE LDV TR

ETIE, TNbIcH

SoERFED LS (fElE

ARCERBOEREE ) OERNRZ LR,

5%) o cauk, TiEHANO2LREGH
LEk D% & O BB IR 05

HTHTLEHEARLTD,

b, BFronTd, He0lEBr v diEKeE LTohRL ot &5, AR
TRIDRERNEHLATH0T, FEBRMAOHEOHRE, AbFKERYRMHE, &
R, dukd, Fik, HE, SWOBXECE LD, WKL O FEEETELRE, F6

¥ BTHOT KR b,

#6k BEIUOHKOSY (IR
T Bl 2m 5m

‘ = TISE R PEER SEHEE EHER
B x (mm) (& (mm) )

* *+ 4. 889 0. 177 4. 889 0. 177
%= 1 U 5. 051 0. 195 5. 045 0. 197
4k P 4, 926 0. 181 4. 929 0. 183
pic) Fiid 5. 117 0. 204 5. 082 0. 202
Ea) 1= 4. 919 0. 180 4, 953 0. 187
= 53 ‘ 4. 900 0. 177 4. 911 0. 179
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mm

o ShIn, BREEEOSLRETE, THERE,

51 THERCHEOERBD LS (BRELS), T
50 bbb, BREHAE LB, BRICLDOTHEEDOR
4 %@E§%Wﬂ@ﬁiﬁéu&%e%bf% b, %7K
v b b TN, VelEE, JGH, B, B, KNBOM
“ wEENE BEAEY —ICRET o ENTEFEL, Thb

DDA R T, L EHABREEED %
pED LT ¥, dkd, HE, Bl ANE, oK

0 s K N G |
BT WEX B FERBER OB

OFHER (T B LA SOENTED BRIV, MELBELCIE

O: hkti, S s, BOENEDLNDE (ERESH). 2 h, LT

K: bR, N: FEiGK, CO2BIAR N, FIHBRSECHEL THEOEE
G: EEREX, I:EBikiREX BTN T DA D 20 bitd.

e, ETHENC Y 2EEoES YR TAE, F

¥, THEEekE L TR, ETEEHEMcEEDOZRBD T (BREL1 %), T,
Wik b BETEEOSEEANRECOWTIHEZOENRD bRy (BRE1%Z). ch
W, EERMLAIC XTI 2m B F Lie M pi&E 45 L a0rkest, & 5T bm 4k
St Ll BTEECIAEEOESIE CERN Y RTI ERERL T,
ks, REBMAESCCETEENCLAEROESEHRLTY, AREOENEDD
N (BRES5%), Tihbb, P EOBERERATHE IEBEERCOWTHED
Hx, MEABEAE LTRSS 2R, TlRaetke UTh, £ullbco

WTHBFHEEK IO TESRED X Ll b, o,
53
(2) N>\ 50
B, BTRENOHKOVEEE, 6 10T .
FEb LD ETE, B8HTH 5, 47
i?“, HBOH S ERIC X 5 EHOE &Y kT h, 44
j/‘y;jgé: VC/{] U@Zub‘uuﬁbﬂ%)(fb T,,‘— 1/)0 Oi 22 23 24 25 26 27 28—
T oWwTd, T e FAgeRBiae &b BEk W8, Mk - T FEEND
DEFOHEIPHHHICER D EWI T ETHD, T PEk O R
QIN;:3:9)
BTE Bk oo R & (LEES
2m 5m
SEHIE A l"]:{ji ; SEHTE 2% P EE
(mm) (2 (mm) (g)
4. 83 0. 166 4. 80 0. 165
4. 77 0. 160 4. 77 0. 164
24 5. 04 0. 191 4. 80 0. 167
0 25 4. 71 0. 156 4. 74 0. 160
26 4. 80 0. 165 4. 75 0. 161
27 4. 75 0. 160 4. 84 0. 171
28 4. 73 0. 163 4. 75 0. 162




930 H I B B H #® WA 37 48

ETVEEHEMCEEOERRES b (BRELS %), MEALETHEEOREEMNGRC
YEEOENBDONS (ERE1%), hi, #BTFRECIOTHEROSSICERN
HLMENEET A EERLTWEDT, FEBMAHCETERC L AEBRYT L
W, st.24 OZLEDENBDH LN (BEEES %), 2m BIRET LHE M F LD D
HBOEENTNTOS HREMD, TOMOBA TR FEOEE B bIEnoRk

(kR 5 %),
BETHEELEBOEFKCOWT, LIy IHEELQEN Y 77 (1959) B 22k3d D
BEBENRIVEREL, BETHEELATOMCHBELRD T 528, EE (1957) i
FTHEELCLIZESTOENEDLTLOHANAEZOLXCTERAD BN W EBNTE, T
©, AEBOFBRCOWTIERBHSE280 5 bR TEEICIZEFOERNBDLNED
T LHE O R CHIRED btk ok, 20T &hbLT, BFEEIEEKHE
54 58ERE L TCHEAREEZ2 3 TIRERESAIOTRERL, BLAHBRBOED A
IDREVOTHEWAEEDNS,

3. HkOBEASETHRALT

HEOMECEESTAHERLOVWT, BEERNLEEOISLELLNLIOD R
L, AROMERE, Hrs ) —a T— v PREHOMEE AT CEHER) 2RO &
LED2EXRALTCIHHAABBMEOEAR T2 EEINOI Ltk b,
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7 60
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L
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i) GRS EHBEOAF Y 4.95~5.20mm OIS, BEFOL VLK
DTWENR, BOLGTHSOZHED Y ) —4 - T— FREKOHBRLRL, KHEO
5m B & LB L TR A EWEANE LR,

i) PR B FREMRBRBRC T SR TW D2, 70 —4 - T—v FRHHI60
% ER NEOHEEERRLTWS,
iv) dtAEXKeEBRE L ToRERECE ST, 3HMBMAMEL ki, st 14

BEMREEEIE L v— 7B L, st.15, st.13 @ 5m Bl ABEO 2m B & REE
AEL, st.13 0 2m B0k 14.80L8BL/kh, 7 ) —a T—u FEDOUEHEL S
R AEEANED BN D,

V) ABEX- - BFRAMBLEYRBETHIN, 2L LTI Y —4A - T—F
FOHBRRPL LE W,
vi) B BEEONNE, HEBRLFECHEY Ly 54, i cliblic s

DTT Y —b - T—V FROHRFLOL EHB Y, st.30 CRAMHIEL L 7 ) — A -
T FROHEENE WL TH S,

PIFEHEOBR I OBEFOENLEXOEBICOWTR~22, ik b Bl
RESEDT L E2DBIKXAEIND LI TH 5B,

B8E HEOEBILY )—4 - I— v FREROHBEY b RICEERGBOER X 5

) ‘ B % 0 | HE K D [7Y—n o
BHX 5 i % | PWE®R | P ER v FROBER
‘ : (mm) (g | (%)
A ‘ g 2.5 KEWE-5)  F@G) | 5.00~5.20 | 0.190~0.210 50~60
iB E #N(2-5) ﬁz&-ﬁg(é-S) KI#(2.5) : 4.95~.5.10 0185~02<-)5 40~55“
/M 2 (2-5) é O
C kA3 ELH5G) EHG) BEG) | 4.80~4.95 0.170~0.185 | 3545
MNEG) HEG) KSBG) HEAE@
D FokF(2) BEH5@2) AR5 Ef©)| 4.80~4.95 | 0.170~0.185 45~55
BEQ MEQ O ERO® KHE
G BENF2-5) i (S)
BB
E K25 M ER5) B R 4.80~4.95  0.170~0.185 55~65
CERE@ M@
wwe, LEEBIEOWT, 7Y —4« T~ VREBOBBERL FHERYRAL TED

FTEEIOFD L 3 it b,

Mieabhb kb, OATREBEHSMEL T YY) —4a - T— 0 FRDOIIERNR A
EWHEAARLTWE Y5 TH D, £, st.24 © 2m BOLEFEEEENOMOHS
K BNTHEHET SR TWE XD THD,
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T. 7avHi4okEE
BB A s 5%E, B, AERICEROVHMEEY RLONE K, B
1RTH 5,
BOFEID, JRAEM S LIRS, ETHENOELZRIETDEXDOBAD D,

HBIE Ta¥ALOlER

SETEE w m moH B &
2 m 5m ‘ 2m 5m 2 m 5m 2m 5m
| ! mm mm | mm mm mm mm g g
.1 17.95 17.55 = 22.26 21.33 8.57 8.52 | 19.42 18.38
J . 2| 16.87 16.88 | 19.37 18.77 8.00 7.76 | 17.25 17.50
. 3 | 18.95 19.03 | 22.33 22.94 8.53 8.34 | 20.11 20.12
& 4| 17.93 18.86 = 21.95 22.24 8.62 8.73 | 19.95 20.84
|5 1884 1874 2134 2115 8.80 8.64 | 19.31 19.25
s .6, 17.51 18.23  21.18 21.57 8.46 8.90 | 18.57 19.19
- |7 | 2039 21.95 @ 24.40 24.75 9.46  9.90 | 22.39 23.50
. 8 | 2040 20.81  23.23 23.04  9.73 0.8 | 24.22 24.10
% 9 | 19.51 18.40  24.09 22.62 10.23 9.56 | 22.35 20.29
HE 010 | 19.43 19.76 = 23.72  23.00 9.41 9.18 | 21.40 20.71
I 11 1 20.10  20.00  25.29 25,27 10.60 10.58 | 25.37 24.48
& 12 20.12 19.63 | 22.36 22.16 . 9.55 8.90 & 22.53 21.70
it 13 | 1955 20.65 | 24.74 26.89  9.96 10.41 | 22.36 25.16
14 | 2003 2105 | 24.02 23.75  10.68 9.67 | 26.44 22.93
¥ 15 | 19.36 19.45 = 24.14 23.74 | 9.36 9.38 . 21.25 21.41
%E 16 2290 24.01 = 28.21 28.47 | 11.97 11.87 | 29.51 30.67
H 17 | 18,57 20.14 = 24.75 26.53 8.64 9.3 | 21.14 24.37
18 19.49 19.18 | 24.32 23.80 9.48 9.13 | 22.33 22.03
) 19 2177 21.91 = 25.64 26.63  10.21 10.62 | 25.48 27.28
E 20 | 18.93 22.04 | 23.56 26.40 8.70 10.08 | 20.58 23.98
- 21 | 20.33 20.86 . 22.55 23.41 9.78 9.22 | 22.82 22.76
| 22 18.03 17.64 | 21.93 22.02 = 8.57 8.05 | 19.86 18.50
Y | 23 | 14.33 16.48 | 18.48 20.59 6.76  7.19 | 15.01 16.38
X |24 | 1957 19.36 | 25.39 23.95 9.04 9.20  23.40 21.78
|25 1675 1673 | 2143 2141 7.82  7.97 | 18.05 18.12
- | 26 17.36 18.35 | 22.21 21.75 8.31 7.8 | 19.55 18.65
5 27 | 16.59 17.98 | 23.07 22.19 8.48 8.77 | 19.38 19.91

8

| 28 ;1724 18.15 23.18 23.53 .34 8.48 © 20.02 20.75

1) HEABRWMS, BTHEEOWIFRCAFEOEMEDLNE (BHRES %), Tk
b, HERBHESAFE UEEOREEY RTOTHARL T, BEEOT A TWE LS
DI, $5LHLH B, T, WEAEE LTOEELL DD TRNE
Sm fE2N Z2m BIXOJITNTWEIDI ThHD, Ibie, REHE LBETHE L OZHELE
FRMREDWTHETIE, AE0ENRBHONRDL (BBEES%), chiMbr ot

RETEEC I IBREOREBREDR S LABKLTWE,

i) #E, BiE BEh LWITNROHEZAIOWT L, HEHMAT Lo THEDEANE
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DHHENHD, ETHEELIOTRAEROERED OGN (BHRES X)), Tihbdb, H

HIE IO THEED I Wk bd bk, B rddd, ¥k, BELKE L TOM
A siE, 2m @ s Sm BCTRACEEORRELZRLTW LA L, LaL, i
LU L ORERRMFECEEOEIGEDLNDLDT (ERES %), RubilckE
THhUHEETEECIOTUHRERCEDE DA OFEAETH T 085 bbb, I, iF
KABALE L TEBRLEES, BREEOT N TWBERREDTSERNEH0E5
MEB DI, BIELYFHRBHS KT A NEHRAE, ETRENORREREY TR T
NHEXBCE LD UERKILOPEEER L U TOURLEOMNHEINE, FR2KTH 5,

FOE BRAFZ Y H1ORER

e Wy om R B B L
Wi X \\\\_Ec 2m 5m Z2m 5m 2m 5m 2m 5m
mm mm mm mm mm mm | g g
* K - 18.60 19.01 22.01 21.97 8.77 8.84 20.15  20.36
e O s 19.79 19.45 23.86 23.26 9.95 9.56 22.91 21.79
1t PN 20.31 20.38 24.30 24.79 10.00 9.82 23.35 23.17
Fio] w 22.90 24.01 28.21 28.47 11.97 11.87 29.61 30.67
ke 1= 19.93  20.41 24.90 25.65 9.45 9.70 22.98 24.56
== I 19.63 21.45 23.06 24.91 9.24 9.65 21.70  23.37
st i 17.12  17.81 22.24 22.21 8.19 8.22 19.33 19.16
B K i &
Y 17 18 1 20 21 22 23 24 2122 23 24 25 26 27 28 20 mn
o 9. _mNp_r_ql__s,x_e__",ﬁv,_?“_‘“-
l \
R . 0 S Y-
=2 *

k4
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il

2. K - B FHET T 5 4 DR
O: KAHE, S HREE, K: Jbix
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EE OEMER OB, Bk, Jh, ERERRK OARE, dEEKX
ChbEE GO TOREEE L TRATIE, RO L EFENCKATES L)
ThHbo

OfEEX @4, BB, HHEEEX @BHEX @ KB, dEEX
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OFER QR HEEK OFIEEE, SREX OANE, JEREX

R EDHAR T, BIEECIIREEDENHDONLILEZ LD, SHE
HREDWTHEA I S RET D & (BRES %), moZraftReis,
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st.7, 17, 20, 23, 27

@i 2m BOREESF CRTWAHE: AL, 5mEOBEM AT Tl 5
st.13, 20, 23
BIE 2m MOREEST AT BHA: st.6, 9, 12, 14, 21, 22, 5m EOREE

N R TWB A st.7, 13, 17, 20

FE 2mEOREENT R TVWAHIA: st.l4, Sm B0 REEN + ST 5l
S st 13, 17, 20

PDEoERERET S L, dm BREMESED LIRS DL, st.2010D0W T 5 #iA;
st 13, 17 334y, st.7, 23 \E23Ar, st.27T 1w EieoTW3, —F, 2m @i
BRIMENS DO, st.14 ©onWT 286, st.6, 9, 12, 21, 22 B XrhFh 1L &
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CENBD BT Winw, 2ok ) wEBHow L oC, BTIABE L IREE~OXE
e OERRSDHCERAHTNEFETESLD,

. %&&LEEOBG
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5 PRI OSSR E A b &R, X RBEEOWRN D A INLHELRE 2
bbb,

BEE CREBORAMR G HR oMK & s ianh, (L2, SeE ko4
YA LD THL ML I N T &792.94.105.128.120) | gy ligk K O HUk O §E47/ 0
MAHLHICT 52, $THHRLEBL TEKOEMNS 2 EBH THEYH A, B
Nr#ERYc c K EBHL CGRET 5,

X B B M

FERCER Uie 7 24 # 14 Pirctada martensii (Dunker) /s SEEL e EDK
IR EIERETH Do MHRERIIC oKL, BREGES, BealtL, #A
SCBIEEL Ton b A TR TR W RIS U CRBRICHE U reo 7 3 R 1R 2D

il ERMUPEILEE @ aragonite & LLERRAS L 7o

BROIRERSN

BSREEMAGOMAC L D HEYEEL, REHEEOBE #ZE 8T 5 IR ERD
xR olsole WTFNOBEAK L R4 OHBEOHEYR CRET LI D EEL TE
Dz, RMAKREZES L WEEE TR 2 RIKS 2 Wik L CE O SE Ll
DENEREHIC Ulc, BIERRL LT v =y 22 by, 148k 10~15°C 0
WEFHEROD ETHllEEY B L inDlk,

7 3w A A B ER ORI RERIE Y Fig. 11 &, Freketofifiicabnsg
MIZE fL O R 2 78 @ aragonite Jo 7% calcite & #E L C TableT —1 R L, 880
aragonite X caleite WCH~THEBEOREMMMIIRALY — 7 2 HTH 8 TEHEEST S
n, BAE~7REKOEBC IS TLXOHBRELL RN S, CORBC— 7 3lia
Yt kb, ZHIEMAD T aragonite 7570 5 HER w35\ T 380~480°C D fiflic
INE TN E — 7 R U T, calcite 2 B7n D HERE KBIRTREC I 5. —F, DK Ehc
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differentiol temperature —

0 500 1000 °C

Increasing temperatyre —-

Fig. 1-1. Differential thermal analysis curves for various cultured pearlg,
aragonite and calcite. A calcite, B: aragonite, C: nacreous layer
pearl, D: prismatic layer pearl, ~ E: periostracal pearl.

BOTRBAE -7 PRSI EEMK, REBHEHELALR 360°C HiIoREH:
ZEkhe s b, 900°CHLITORB Y — 7 gk T 5,

Faust12) (1950) & X 5§54 > aragonite & X calcite 1@ DWTOREMSGITERH D,
HBE D RENIEIC 3 b 850~950°C Itk & % E K — 7 B H X O HER L
TEYH, FBREBRYO aragonite HHHEBKRK A b 450°C Fitk O/ 7B ara-
gonite (O calcite ~DE LA L T 5, —JfF, #FF105.11D (1958, 1961) i kL 3 7 =2

o~
Table I-1. Observation on the thermal curves of the cultured pea}s in P. martensii.

Peak temperature Character Peak temperature Character Area Resistance in
Sample °C of break e of peak mm? the galvano-
endothermic exothermic meter circuit
calcite* 930 sharp 353 850 ohms
. 512 rounded 2
aragonite** 946 sharp 703 ”
nacreous
layer pearl 339 rounded 7
| 446 rounded 20 ”
916 sharp 371
prismatic 570 rounded 957
layer pearl 906 sharp 375 ”
. , 360 rounded 71
per Stracum 629 rounded 500
p 894 sharp 165 ”

* The sample from Maze.
#* The sample from Matsushiro.
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YHAHBRMCERFE DOV TORDOERLLSFEOERBRE Y BB L THD &, HH
E—Z7RERCEITh WS EBYEOBRECERL TED, “OEBERERHLEOLE
TR, HEYWHY LRSS UREIcA bz 360°C HITOWAREBRYE, hEy
HEMELTWD 7 BOMBR SR EL D EE 26N 5B, EicHEEEEORIKC
BEBEERTEOHBEREEAEREUL WA, BREEBEREEEERBIC L Thn
D E L DEBPHEYEATWDELEZ NS, RREFBREHBOES, 900°C Fijk oU
U~ B2l AbNFRELRAL T ZRTIDLH 5,

BEROXBRUBFHRELN

73 A A OXFE KR S RSB O SRR R R R o W TR T A e i X
(147 5 BOR B8 A BT Ueo Hll5E VL Cu, Ka (4 = 1.54184), 30KV, 15mA, Scanning
speed 2°/min., Time constant 4 sec., Slit 1°—1°—0.4° OEHEDD & TR D,
KRB B D e s EFRE S (BU—105, IEEES0KY) %% o Ao,

U
_W_Jl\ Jd\duhww
O TV

=

10 20 30 %0 50 0 70 (20)

Fig.1- 2. X-ray powder data for various cultured pearls, aragonite
and calcite.  A: aragonite, B: calcite, C: nacreous layer pear],
D: prismatic laver pearl, E: periostracal pearl.

T IO H AR L § D aragonite ] X calcite OXEE % i L ¢ Fig. 12
Mlice XEEUBTREVEYHITL2ERY T LT Table T2 iRl 7o B
Maragonite 2 I caleite @ X AREHTE O S S (1B K ORE L 4 < $54 0 aragonite i U
calcite DF M & —FHL TWwbB, 72 H A BIkICIE aragonite fr {8 calcite DA XK
BT RN RIE TR M ORI A b4, TR BB, 575 Hikid aragonite
HBWIL caleite DWFRH—FnbR2Ts ), XBHCRESOEERAD LNV,
Te 2 CRENEYGEET 5B A ALY OFETE 5380 bz s, B2 /i
CEDODERINTHBRERELD, BHRELTWALREZLRE W, HFRERETRE
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Table 1-2. Mineral components of the cultured and natural pearls
in P. martensii.

Mineral component |

Material : aragonite calcite
nacreous layer pearl | +
cultured{prismatic layer pearl i -
perxostracum pearl N -
nacreous layer pearl : +
natural :
prismatic layer pearl . ’ +

%%%wK%HLTW%ﬁﬂMWLf%b mwmwwu®JXm @%héok%ﬁ
Hmw iﬂé w@ﬁ%%ﬁwLuﬁé&/zgﬂéo

E £

HBEOE A O R BER LA O HBEEmEs & S LVER Bcmbin Ty
383, BEROREAKOGHEOE S IREREm AR TS LRREpRckiT s
SRR OMBECHER SR, “hBH L T aragonite [N53)g & calcite gisrE IR
AR R4, B 2B 4 A4 v O & & conchiolin @ 7 3/ I HE R L B S 0 s
MENBNTWD, ZLTERMBERE < O RECH Ubh, EYRICKT 585N
MHEE UCHER MLk & 5, BrEFERLOGXIIY CoOMERXH UARDT, oic
R QRGBT DI & X,

Watabe et al. 119 (1960) ¥ in vive KX in wvitro WEEBR L CTEHELE » HBREL
KDOEMEEERNFTHH o EERLTwD, LTOWEIC L 5 & calcite J7 (¥ aragonite
BB EBRREZOMAERY B L, WK% in viveo CE W TEK2 O conchiolin &
% calcite ¥ % % 0 Crassostrea virginica OVER & OBICEAL, O ek T
X BEFDRB LKD) % LRI FlE LicfER, aragonite #5157 conchiolin
I 4L D % D TlL aragonite 23 %Jcé?ﬂttﬂoﬁté#%wbbto F i in vitro CBWTH
FlR iR 2B T\ 5, Grégoirel® (1961) 1321 O A S H S F BYE OB T B
A EE A ]~ L, Miytilus edulis BTk r O SO EME (aragonite) [ o
& (calcite) I E UV — 205 @ conchislin #7248, (OB I 4 THE
DTWEHEREL T D, 20X 5 IKREBYH DM BT 5 R AKX O S B
DWW CIE organic matrix ZEE SN TW3B A, 7 3 B & BRSNS 5 W ir X
R L oM OBEEZRD, conchiolin AT HEEBR A RET 5 O 5 E BB O 2
0)/ BOMBETHA D FIHERK CHIEL IR0 MRS & WL oBERY
TR 53439, 41.57.63. 950 DEORNLBND R, ORI 5EFEI RS B
RER B, —J, 432 (1961) 7 3% 4 4 FU OBk R R & 0k 2 B
&U%%%KQ%LTPAnFe%m@Lt%”mB A Ekans 6ok
REBRBLEEATE 2B HEI NGRS IFEL, BT EDIBARARD MHTH
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HEHREL TS,
KEEZE AT B B I B T B I 381 % aragonite [ ¢f calcite DA R IZESEAIICIT
HEEOERMEELEET S b D0BERTEY 5 2 T 505, PRI UiEiE

LB THESD,

L3 #
1) EE7 2% 4 A BR 2 IRAER T B OXHREHTIC &2 T~z
2) BT GRS ORI EIK O Z o THIE R & B 27Dz,




o H . FIR - PIERTCI MR D LM AT 92 957
E2R H KO FLEMNMEE

B L B =

B EUIFLBC A1 0 2 G T I O T AR B 3 B SR L LT, S BT & IR
LI I A R b o THA T TR b D TH B, Schmidtds (1923) rxHIL
L 7= Wk B 4 0D BLTR % B RS G oY Bk 4> & 2 B L C Periostracumperl, Calcit-
prismenperl, Aragonitprismenper! X Perlmutterperl 434#H L, Periostracumper! 1]
A OB RIC TN, R TR A R T & 2EHL Tho, Lad
101 2 05 B BE i Harting2 D (1873), Harley20’ (1889), Herdman et al. 25 (1906)
Schmidi8®) (1923) i LoC, FENRETH A0 ENCONWT, HiA, BARTMmO
il ¥ & b TR & TR R R IR Ui S iz,

Schmidt33 OAPUCHEDTT 2 ¥ # 1 TN I N A Bk & E+ 5 L, Ak, #
BB, AREITEE (BRI LOHIE Ao o 0RE S S EEIChT LN D
b B B BERRE R b DRIk, Rk ikotﬂﬁﬁk%oh%af&ﬂk@ﬁ
W BERINDZERM DN T A28, FEESE LA OB AEICEZE 3Nk d
DTCHEL, BB2REDS & TREVOETEITL, it 1 HBRSR W 0P E OB S
LHHBE YA L A BEI R b, LSO TLHMOEEA DL FD R 2k
3ITEIITRIE A D TR L T B 5 LB RAHES 5 WIKRAHEEEFA T
Wh, REREAKRIENPERINZHREBEOBAIC L DT N AR EZE, S RbiEE", "Ik
LBbEE Ha A 05N Twad, L Lk bmBREAND X 5 ICHEEORIF IS
LA L ORMICRBD A DI O, A LbEE LT ARG Eh D
u%@&f%o,%@m@um%qumié4w YD NI F R BT EBR I i
AINTCwBHLUADE S 0 M AR A L2 T HERER I, Lrdthbo
Floo B 3 L R 0 R 7 B & SR R s 2 BT 2 00 B, HTRO R LB S
N ORI Lo CTHEICEOhQBEEHHE I MLT 2 Th B 5, COELEW TR,
FaxHAREA T T a0 H A QKRR BN R O R F s 2~k oth
LHBL, BEREAEE O TABEE R 2 B Uiz,

EBRMHRUTE

B HER Ule MR B, B, WP f*}/l\ﬂt‘&b\%ﬂx
INTWk 7 a2vHA4 P omartensii (Dunker) 7 5 FLAE U 7o &R0 K AR B OV i
BIEEW-TA 7 F 3 U A4 Hyriopsis schlegeli (Martens) # L CIED /KL T
%6ok% T T M A FERE LR C VR T W P IR A T A B OV BB IR 23 B B B JTER
RBEIBEEC DWW T I~ e, b OB 8K THEIgE o e B B it Uiz,
4\m+mmmﬁ Leitz 4 Panphot P @O E 2 M L CEEBRE LS,
methylmethacryl-aluminum 2 B¥ U 7' ) # % % I3 acethyvlcellulose-carbon 2£ vy h
Lo TBFHMMEMEARLER U, —0F, WS ilBmskoB 6 iniE ceg
BAREET 2L, £ O— SR ‘kaifﬁﬁbtm,mqmﬂfﬁﬂbf,
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LTOHED VT ) HRER LUz, KRETER U UK EMEK OB &Y, - OE»ICHl
HEED, TOHO VT ) BEREWL CETHBEEEEI L, $mBER v Y #1E
BUSMITT L DB L TR &L, BERNORB YA & L CREENE IO T
HEL,

methylmethzeryl-aluminum 2 B U 7" 0 A EHIE, 4847 10cc O methylmethacrylate 73
BErcLd, chiei0.03mg OB~y VA vEEAFAE L Ui T, BlLTR
WirHw oo TEEERELN I EEORE C Ll Ea ke B L, COFES
HBOBRERTOoTHBIAREIC1I~2HEs s L, 25~30°C OIERHED P 6 ~12 HEfEH
DTEAEIE, BRERLRARALEMEOEF Y LeLTAF4 F 7720 Lkt
F—7CHEL, #10°5X5mmHg D} & THEEEL B Dk, BEEERHDT
RS S EORE TN, L Cr BEh o, Aol Al 2EFL 2,
COWEMmMA ALY VAT Imm2 OEBERCERIEHDOFT, T2 by THIERE
L, WEL TS Al EEAE A 5 &/ 2 THW - Ck$E L, acethylcellulose~carbon
2B V7Y Ak 5~10mm?2 &yj-D7% acethylcellulose D% BRMH T IR A F v %0k
Tl BEbeowd~105%KHL, Z0EYHY L Txor—7TA54 F 7
2 FIREFEL, EEhT Cr $50Wik Ge TRELX DA% aluminum OYH T
cartbon Z7E#E Lz, Pk & ABRICERERCE I GL o0, ToliziEs 49°C o5
T4y TEYORIFICYDORAT A VI I2REBES LY, BBAFVREPCEL,
cellulose JEDEIT D #HER Lictk, 50°C KR OIEWRB P TRI T « v RIERL, &
L TW5 carbon A A v & o THDOTHEL Lic, HH LABMEZH v# HS-2 &
K HU-10BCH %,
EHROGEEBEREEROFRICEEM A EF 2 ED, B0z xa
— T L OTHEY B lnDlz, £OW, Hilklsd Lave HEIRHZICHN Lic, XERE
SRl 530KV, & 18mA, 22 ) » F LR 0.5mm, stk Mo & % ik Cu,R ¥
W EEE L ol 42mm, BRERE 2 ~ 3R TH Dk,

HHEOBERUEE

BB FZOS OB A IR A IO THELL B D, koo Tuni
ARG A 552,83, 12D ¥ Ly TA B & (WVERAEIHIC X 50, (RN HOEEC
LA, OFEREMCELNOATFECLS, R GOBREEB&EC LS, HOKhd, &
ORHEIEOBREENEEON S, LT 5L, (W~ K L 20 BRE  OBEEKE
o TULE D, Plaid, RKREE D3k d HEB R BEZNEELH L, m&ED
ERESEEROBB Y AANKCEZ bNeh E S H b, KREGCRIERBAK Lo
Tz LIFER B2, “HRAEE D e AKE M EBBERL S EHELEEE
b dbe K NHLBLE Wi THEE

fany

Bk AR & U B O C IR Hs EEAE R A
B ER L BT, BRI LT B RS o 2Tk 25 Ly
MRMEERE RO T b, FRBEUOHBEEXHTHHALERINCHBKOREE
BAEBEV U RBESRVWEE XA L, Lo dlRIOVINE2 A3 % BB A3 g 8k
TH B, BHARLDTHEANWCTEBERMMECRENRD DRV, &R, ©




° B FIH — POBEBUB DA ST -

DETHEC 2 HHHAROBEEMEERREEE %
e BEB L O UBHD A RET s En AT
Ebh b, Ui s ICBEEHIKEDOARIRIEC LS
PDTHOC, BBHEREHREEBRRCK T BH1E )T
BT 5EHEO—LARANR D 5 W RRAI R EZR
HHEURY, BAWCARE—RIEDILEEL, ik
Bl L BT AL LD TR Dk IDTSH
o Bz VX, HEREBREN B ICIFALT WS YL
B, “REIK, “ULb B, “VEBER Sanibh
Fig. 2-1. Pearl shapes produced (Fig. 2-1); zOEDOEKDK T ERDOBEZRIES

by P. martensiz. MEEINBTHD Do HDT, EHREZREEKDEIR
AT BRI, B 1E TR~ TIPS & BEF IS L OMEFR EERICANT,
DS FHIC KA LTSRS %0

1) EpkEER% (Nacreous layer pearl)

2) FEREER (Prismatic layer pearl)

3) HEEEYE (B JEEDE Periostracal pearl)

4) FEEEYE (Hypostracal pearl)

5) #E4IE (H&HEB Compound pearl)

HHEOXRERUHEREIE
B O FRMAENEEESDFNCHE LK LEDL S O, EBRE Mg iEaEmy
ROBREMCELWEEZRL, HRBOER B URIC 1 ES5 VW 2EOERERE
BBLTEEIND, 4, T AXNA RRBEOEIEIEE A T F 2 UV A HERR O EH
AL T, TOYIHICET % ERE 2 BMEE T CTll~CTx% & Table. T—1 04n<
TH5bo Lrl, ZHCORINNERERE D HIRMICIHERT 2F 082V Db h
Y Hbe LD C, thbOHEHKIBAKRDO —HCEBEREEZED, Wb 5 v B’
REEHLETHEARRETFSCRSIDLLABRVWIICELNEZDTH—EbksH
HBEEEE AL TUTEHRT 5. P 3= TSNS X 5 ICBAEDEBERIICEH
LTWAAEREES»LOBEAIC L D TREREHEKUA O REBEBKK /i 5 RIZLEE
DFEFEENHFT, LondEHEHRGRECEENTWIRD, FEHICEN L —BHCE 25,

Table II-1. Shell substances appeared in an early stage of the pearl formation.

l

Kind of material ‘Pe.+Pr.—_{—N. ‘ Pe.+N. ‘ Pr.+N. ‘ Only N.
cultured pearl 13 6 25 19
P, martensii{
natural Pearl 19 5 13 14
nucleated pearl 0 2 ‘ 0 12
H. schlegeli {
non-nucleated pearl 0 | 9 ‘ 0 20

* Pe.: Periostracal substance, Pr.: Prismatic substance, N.: Nacreous substance.
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HEEER I OWTRIBEDOBIERAL, ThbbAEilEiRTh 1T ERIN W & Eik
C3Z 2z b, FEEZIFEER THBEEABHEL TV WL, BEIETW N,

ELVWHEBERREZ I OEET, Y7, YA~ T—RUOATa—hEl0E6% 1,
FEOEALLDDDABNBD, BN EMDRc DEEKCIELERTW S,
COHEEOAREMCEARERBEICASNS X 15 il TOLEBEENED BN S,
Fihobb, WiT, #3%, FOMKREAHENRERBN, —BICEEBRSEM B OTWS,
Mk Dd DO IRD LN, —HRIC L TSR ER L5 03B bNE, A
BRE D FEEES & AEICRR S S 13753, BRI gk EEamca b s &
SIBHCDDRMTHY, FlBADDI\WEEREE CRIEE R OCRELEOBREZ—RI
Efdfiznrnd (Fig. 2—2), Lo LEERE K CEHABCEMN L 2&mriln 5 (Fig.
2--3),

Fig. 2-2. Spiral pattern seen on the natural surface of Pearls of
P. martensii. x 100

Fig. 2-3. Lines running along the grooves formed on a surface of
a pearl. x55
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HBOEFYER=200b & THETS L, RAEROSACREBIZRD Pkt
LTHE#HEEL, ERFR ot mRd (Fig 210, 23), #yHoklizic k4
s, YRR U TR R RSO LT oREIT 5, BMEROB A
FIEAZOEMCERIN R EEBC R WG 90° Areidon o orEls b
%A, FEAR L B R OB E S X o UBBFRIC R o itk R T (Fig. 2—17, 18,
23), WFROEAK DY HEE FFMEOB S Lo TR S H ELERE R O
D LT HFEEEE T LT3 EBbndnb, Felo-—20RETmSEEEE KO
s D BEEHICEEICE W HH & —B L TWwb L b, LB 2Ry
BEREMCTHAN TS5 &, BIROFHERE R EREER ICWIT o0 R0k
Whb Do TEY, BROMERNTERLE 2T b0unMTh o, FICERMH xR
FXRTWELDRCOMEINEL L, LadiEtmEE s i b Mt 22 R4, A
B BT AAS B2 WEOFERED D, COECHD B
HUEBOCEGLEZHONFORELE»D DT W5,

7 a3y A A B E R R L T\ 3 aragonite FERE—MRIC 2 ~ 5 OHERLWLEM
Bk 2 AL (Plate T—1, Plate [X—33), #EMEME L conchiolin 23R ICH % >
TCbo Fh—fRIcf--FEicds T aragonite FEERIZE Wi —E FMICEITERE LT
BD, Bcihsioni@ebns, HASSER—WOE I 0.3~0.60 o#ifitz
LU, FEBHEE L i R i — O A %R L7235 conchiolin i & ZX Hic &
T 5 HEEEH BRI R O IRAT R e F T B 3O X H BT 5 L o nEs
bns (Plate T—2), 7% 44 #AEHE Plate T -3 1k 5 L) ABELEILYT 5,
Tihobb, H5EIOWUEDER» SR DB L CHYEH—ROEZDERS
H—BOAEREIN D, ETEEBICE L TEE O REMERRL, LBk CHAEN
DOFE X 0.4~0.54, THEIIKCE T 0.3~0.4p ZWELIEH, = OFEOHICIXHLR

FIE\ conchiolin BB EN B, 7 I ¥ H A KREBK QMR R WV T F-F¥E D
TR DR 58 Lo TR OREYERORE S LB EEIN S, FIZ,

Plate T—4 KT —5 k€, FTBEHRBOERAALN, ZThIEL T—HROB
HWiEss L.70 OBEBRBEOEEEY 5 50 (Plate I —4), 0% 0.48s OB BRS
BB IRELL Tn5 (Plate [—5), = OEAICIIPIED OBMET L4 B IERY
SR D TERR A A BB, WHESS (1947) o h b OE—BOEE * Bk Kk
CHBOART PVEBEMLHEL T “E—& &AL, B b E—ERPoayEiix
—HMOBEINHICBE L 220048 N, kax oBR—EdoiiEi 2 E] 8 s
WTHEERFNEEORMNPBLC L THEL T 284 BB IS, &) L&
ORBRIEWHEOEMIREDD & CHE LB AR LET LD SERELLTHS
o TOBMNECY L CHEHKBHECEHMOMAI;ET HEADL H 5 (Platel[—6), 1 7
F a0 A4 PDLEEINDHEK D E AR IR R T I H A DE R &4
—FH L TED, a0 arsgonite #ifH% conchiolin 1T L OTHEEINT T A MY
il & conchiolin MEDZHEEMA LA DTS, MK EmMCEL LT, 0
REFIGPE 2 OSHER 2 RT, WS X aragonite’ ORIREES & conchiolin OIE
R BB L o THEEKE T RT, L LENEYERO—HOEIR 72 v
AHBDENRCEN Tk KREL, FRBEHCIOTELIRLRY 0.45~1.8u bz
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b, BRERBOZN LY bEHHFESRSVEHR AR T, 73 v A1 BRI LR XS
F BB B b oM N b B~k L A bR, FeAY—REI DY
MEAEE L CTEEL T 350088 28b 5N 5 (Platell—7), H/KIEIRZ = O3k
2 BRI ) W RBEOBREREORRRA bR, i VB LT 5 HE
FML%T?bm»m%m%ﬁéwﬁ%®ihﬁ%%¢T6(Hmﬂl8% B 9L
WoE BRI 2BEC LD TH e bINDENIEDWTIRIEL TRV, con-
Chlo]ln I ko CH iz aragonite @ 1 EDFERCIE W T, £ O R CHEE /s M@ ‘ZW
B L EHEICEA AR B AE  B 2 B b s (Platell—9), & OJERIME L 300~400A 1)

THRLTED, MBOBEINEL O THTHHEBEHN—EL Thb,

—J7, HAEE R £ % conchiolin ROMMIEE L BB ERECED S
Nich DA HULTEY, Platell—10 cix b b I 5w ERE RO EITinkE Rimic
R & ute conchiolin V3—3E 5 FNCHET Lic BBk BN e B2 Hd b b,
C D DK F X124 300~380A # R LT3, chBHEKFDO aragonite 147X con-
chiolin D EANKEE OXELIE A Pinctada martensii, Mytilus edulis, Quadrula undata, *
Do E % aragonite KRB WTRHD BN AHDT, TNDOHEHRIMOB D THE
T3,

HHERBELRS T 5BRBESOFE LA HBROBRIER IS EETHIBELCOVTREL
HETHT Do CORMICEKEENHICE T 5B L EREEBEOTH > TE
BhRMETHD, PIBOCERBEOFTNT L4500, crCBTHRESHOKA %
B CHBRERTI OB 2 OISR ORB E SFHl~ T 5, Plate V—11, 12, 13%
CUIE7 o # A RIEELE O, B EEE L DBERYR L. B CER IR
% Quadrula undata OEBBHATYHR—MOE S 1.8u P LB Ly, LadbE
B LFOBES I > UK INHBHHE & OREREGRE W TSR R T2
DEHEFHCKRBTE D, EERENBEERECEL UBRIN TWw5 30 (Plate IV—11),
BECELCEFREERRO/NNEEERZ bR, 20 LERBOEROZ BN S D
@ (Plate V—12), #HEIEL CHEX AL FROE L Bbe 5 BEEESER I
BWHEBEBORMOADN D 0 (Plate V—13) K& Plate IV—14 o & b A 4 {
CEHELCETTRYHEBENER I, “vfﬁﬁw“mbtéﬁﬁiﬁbﬁ%mﬁ%@m
BITT5308HAbND, CORKBEHEY LY 2L TELETEIE Plate V—14b
PEBRTHEELHE LR Y BREESSOBTHITE Plate V—14a 158 HER L
H#E LT Table T—2 WR LKk, Tihbb, HRESRCBRESTLL calcite R
aragonite 2bLAROTRD, BEFMNEER FHEHRS > b EBRBEECHKB LA
—TCHRBBEER LI, LALAAS Plate V—12 i bR o/ EEELHEEELEPLN
HE0, HBROBEEBRAZRO LN XV EEENBECB W TERNPRVELSH A L
EzbND, YLD XD CHECE L THEEEEESERIN L2, RFEMEN S8R
WEHELD LEHBETHE D CHML —BREBOBREEOEROLLNS S DRE L,
IRIELTA 7 F 5 VA GHAE CR BRI CHEL CHERKRBAERIN TR
D, BELUTREBANEL TRECERBOER Y250, BEEOREIh TWizd D
R LR8P I ELED b0k, BEAKOEBEACIBEERBOEERIITH
BHENRDDTR, BREROPLC—RICHBRYE 2 S8 T AENEE L ~TEL,
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Table II-2. The interllatice spacings and the intensity calculated
from the electron diffraction patterns obtained by the pris-
matic and the laminary structural matters in Plate 1V-14.

Prismatic structural matter Laminary structural matter
d(d) 1 d(d) I
3.85 W

3.55 ]
3.38 WW

3.20 mw
3.04 S

2.89 m
2.65 w 2.63 m
2.45 ms 2.47 ms

2.33 ww
2.27 m 2.22 mw
2.05 m 2.09 m

1,98 w
1.90 ms 1,90 mw
1.87 m 1.84 m
1.61 w 1.65 WW

1.56 wwW

1.48 wWwW

1.44 ww

FRBRAOS 50N LIELETH B, LarL, COBEAEBRYERRIRZ L CkY, 2%
REBOTER INId Dt LA DhnDk,

2) Bk

HROESELBOHET, —BCEDOELRD DR, 8, URAZOFELWEER
Zb i, BRI  HBEA DV,

T 3% A BRI B D B R B T R RS R E B R & AR 4 < RN
LTED, BERBEXED T3 EMERESEBIERO hO ) U CREHRICH R T
Wh, BHESIEARBEBO LD 2 AEOEENS RS L D (PlateV—15) <%, Plate
V18l b5 L 5 BAEERETIOREEALLNS, COZAEEOREOHER
HEK 15~40u b7 Do FIEOPALBE B O M i I LB R 30u ofE s, BE 4~9u
DNEERB Y, EHEFEIZ 0.6~3.8u DEIEY DR 2BIRKENAbN, BXRED L
N~ CHEn L (Plate V—17), conchiokin & Hii % A U U R R
WHARD LD, BHEEEEO XA CBETREPICE W TURBA K 08389
biticwind, 29 0BRGERKBAKEEZbNS, RO OEZEZ RT/NE

L L7 BB EZRO W < ARt RERD I v, MAEO—20RE )
MABEEORMEBE-HLTn5, BHEGERFCHELEZENS FEr b 53%
IRLTWDH, A LBERLOMcEBREBOES A LELEABN D, RAOHENLE
HEHEIEOZN L3 & A LT Plate V—I18 w& bivd & 5 7 conchiolin DB
B PHE N BEREREIRICREIE U calcite #ERABR2TE D, BWHHoOREC L OTHR
OB ERTHEEONONRD N, BRE=I VDD ETOITHIEIAOD D LBEA
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LERFED BN, BHIERO T LEREE S D
BonEarbABaowEOELE,RS D, LEL
) LicEoEENKR L Fig. 24 ibhd
IO nEaRMoBREbNS, ik Schmidt 84
(1931) 23486 Lz X 5 s & FEREFE 2 &
nTxH, YUHATLES DT iz iz ROk
Wi nEbnicbotEL BN B, & R
B IR ICORE D b Do TR R

-

Fig.2-4. Prisms in a vertical thin slice
of a natural prismatic layer pearl
of P. martensii. Each prism is of
calcite. %80

RE b FHERRSLT LS ERNRESS DTy
oW, AR RSB Lici & LTEE
LT\ 5o BRFERIERR O gl hs b F2TH & T 8 aEikt R
LTHELY, BRTEEADEEITHAAL L 5
RiECH LWEREORER LS55 (Figs. 2—11, Fig. 2-5. Topography of conchiolin

16) in a natural prismatic layer pearl
o N o . decalcified with 0.3 M solution of
4, HHEHEBKCRT S conchiolin @ 537kfE ethylenediaminetetra-acetic  acid
B DD, RRBEEEER: % pH7. 5~ 8.0, disodium salt at pH 7.5-8.0 (P,
0.3Miifrd EDTA WHICTIUK Licts, Rillge ~— martensi). <9 |

LT 0.5u QU RIEDTHE LB % Fig. 2—5 id, & DEH 5 conchiolin i
R OC/NMERIC A4 U TRt EE 2 7R3 L R, calcite i i &2 TRk EE
EHIRT

3) WEBEHIK

FBaR WL BEBOOEKT, K22EATWAKRESNL, LETHLHWEmE
29 %, fmAImERR .

M EEERGNT LD ERS R L D TABRI N BB ER bR oTn5 &
WIRS S, EEMRECHEMAMREORETEI0b b5, EEYHOBEROIDD H
BRREAKOER P EREDCHEELTW53dDdH D, KEAIKL calcite KX ara-
gonite D & b & bhiz, calcite 13f) 50~130u OEZE % OkEkf L L THAEL T
b (Fig. 2—6), Hr& L CERmW LR D 0.5~4.50 & & L TERE P IILE
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Fig. 2-6. Spherulite of CaCOj crystals in organic substances formed at an
early stage of pearl formation in P. martensii (under crossed nicols).
% 50

LTWw% (Plate VI—19), @ Ask#EE L Plate VI—20 0 Z & $EWEIRHE D £k
b7 b, FDRMICEI N %2 S DIHHEIREE 2 BD b b o Wi e R ERIE 2R
TS EBRERTHS E0DRBI008E 0, FIEFEREX=TI VDb & THFHRERIT
ELRL, AV VICERL, RO T alREBRREEE B L Tw 3, %BH
RN BHERERET 2RSS, Tohcla BRI 2RI mwE>0a L Tk, HEEE
DEE I OCTHARINEHRBEAVNOERGE LELOND. ZOAEME R~ |
FV ) YHONSBRER A S S, BRI L CHIE & R atkniin s,

4) fEEELE

ZHHEBNREZ D oA RERRELE T, BARGALREINLEHKCOZBED LR
Sizd, FEIHEBE CRARILERN KLV, RED D ORI —MICEIEL TW b, HHE
B DT I ERE L ARk aragonite T#H %25, EEFHEERBELEEERCED L
Tnde Tixbb, HEERO TR L TER 2~4p @ aragonite /NEAVEUR IC L
FLTWB, LU/ RT 2 BRIGESEEEER L) DR 20 A B CH L, —
WSO CTEBRIEBBRRICE W TEILDERDOF.LAMb Y, AR ETCRENE
hodie U TlRAHR O MHER S 2 7R d . ER&/NEREP TR TE Y, HFHL /D
HORERMb b, —DODEKEMSHBEHMMNA LRSI EINT, FBALEELBELT
EEMNRER LD TN D, BR=I VDD & TIHROPLICH L CTHFFHELEERL, [
B D—2 DIRE AR/ IMEDE e —E L T %o BT 2 7E2 CTET- s i T
T5EHREEDZ NS bbb, HEHMEEC I OTED bR LEREERARA bR
7\ (Plate VI—21), £ < OBEBAEEROPLICHENER I TE Y, hLz@Eokt R
B TERLL B/NERTE L (Fig. 2—7), 24000205 3N ) Frcrk i
JINEE O BE T A3 B U CIERDIR B 2338 B, BEEBELER & A KRB AT HETH o
OB BAME T CHEL D DEFCH L WA TEHCRIITE 2, ThbOREANRE
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FFHIHES T/ NMEDFAHREC T 2 R E 4 AR O 2 h & —BL Tw %,

Fig. 2-7. A thin slice of the hypostracal pearl of P. martensii. Microcrystals
in small prisms elongated radially from the center of the pearl are formed
in aragonite. x430

5) MEHEEk

PL_E o PUD D A 1 A R RS K O RE K TR S o E s, Ain b
OP AL IORAKTH D, HArAdbIokEOEEE M RIELTWS, Hasb
IHHERRBEACRNT 2546, RA—EANCRRORZEMY 5D TERIN B4
BRbIBe FED L T HMBHKEFR, HHKBUADE LEELLD D@D ER W,

HROWERERE

BB L T 28RO 2~ 5 B AKORESM 2 AT 5 Lekyc
b, T CEBOKPEREYHABOFN & LK Lk,

FaxHA4ABEEKBEEROPLEESEENRICS W, BERELD ~EIRER KT
X g A L CESNAk Laue EE% Plate VI—22 iR, Zof st Fire BT S 238 H
NTWBR, FREHED FFTEFERZR L, Ll COAM ST 507 REREO
BHERLOTELL B, A7 Fa v AMEKRDIFI LA LI L Thinnifs (Fig. 2
—24) X AL LeBa kA kO L Pl i BT A A b s (Plate VI—23),
Ficbhb, il LW iR o Al s 5 20 0 R Ak is 3 5 TRl o K4 S
AN S 2B CGREMCEEHE LB W THA L TBOIEW—20 M E & LTH b
nan, Sl ihdeon TR ARELRChb I, HRAKED X 5 /K
frfEREE L R W TRER E TR WTCHFRC K S 238 b b, Lasdh Plate VI—22 4 VI
—23L LI THABE IO Th,» 5 L5, BEREOEHIE L WESLEWT, £5T
VB0 LD B EDBRLWIURICIEHL Tw5, COHFHZAZHEKED T & g
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THRELIDOTHBICTHRLESTHS 511D, Bl R WER T S0
LEAEAbBN, HZETEHAbNLL S RERORIICETBENnd 5 EE X b b, Plate
VI—23Ic B b T 5 BRI bR O AR5+ 5 &, 5.7A < aragonite @ ¢ i
DEIC—ETD. Lo THHOHEKEZHERKL CT\h% aragonite OMIERETD
(001) W ZEHEmMICETFTLENSKEL, RRICEZBLTWBHENDAD, SV
B, HEROHEIRE R L T\ 5 aragonite OEFERIEL D ¢ id BBk ETICIGIFE
BHICLTRELTWA2215, fEROCEEEIZEK® Fils b RmICH DT ¢ a3 id Lk
B ZRTe B bOBITBRIE T 5 EMRARHERAZ IR L TW B Dk, SR T 1 v a
RERA LicledThH b, IRCHBKOFERICEREIC Xigx A L&D Debye Biciiix
BRI WIUR DR 238 % (Plate VI—24), & QRS OMIRDIEEE, 73 ¥
HAHBRBEKBEL O IV EEET, 77ERHF oD X > hEADErNIIERCED L
TED, I/ A T-TRBECENTHRENRER—RICB D, cDDOFEFEE, B
DiEEEINEFDOEBERCE W TER BT 5 UL
TR0 S FEEPIE U THWAEREZBERLTW5D, Wihic
Bk, EPRAHEL T\w5% aragonite 13 HIC/KE /o2
BNTHERMOEAEAERL, —EHfMfEHEEYd O TWE L
EXbNb, 4, 7TaAXHADHEE, =R, SREKCATF
a3 U A4 OWERICOWT, REICETRER&x/EY 2/ X
a—71% (Fig. 2—8) @& L T b MO E (L % F#H~ TiE ik
: HE AR Fig. 2—9 1R Lico X#gET &% EMAT5 X
Fig.2-8. The directions Sic, BEOHEIRTD b5 b & L ry i U i fic i
image given by Pinctada LCkh, HiEodh s EH%TRISEORE X b Jeine b ili%
péacl I CREBRESIL T 5o —F, SEKIRT I % 44 R
AT Favi4xBbd, FLEKOKATHEDTERIC b b THEDTHICH 2 TR
LTI b ORAIMAREI R b b, Tibb, Fig2—10b & c & TRik&rIk
WICRL D2, WIndiErnoT bl AR 2RZR b, A TF a0 74D

c D ) E

Fig.2-9. Schema illustrating the orientation of aragonite micro-crystals on the
pearl surface of P. martensii. 'The longer straight line of each cross shows
the orthorhombic & axis of micro-crystals.

AR OERDEFCAR SN S, HHROBICE G S $KEDOHOEN BEHRLTD
OB AR BN B,
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LB BHEBEEOY R 2/ED, TomCERIK Xigx A L TEbR BT
b, BEEHEKL T 5 caleite R3320 ¢ @iz HAMCRERLTHWAEELRL TW
5% (Plate VI—25), RS QI BB L Toikh Oflhrid b L Ebhs L, HUH
REFIOHEDHBEELZDNS, COEKOERMICERIC X Adt$ % & Plate VI—
261 B BN D L5 i ASE B U e BARETE 23S B e,

—), BREBHEHEOREC XGrEBEICAHNTS &, PRORMERBAEL THLNS
HaLno—%LdigDl Debye BERTH A LHH 2 (Plate MI—27) F7abb, —
RICEREERERCE TR, SRS AEHEBCEREB R ER T, GBI PCEEL T
HEORE T & HEBAFRLIRETEE L TWB EE X DbN 5,

REAENABEDER

HEOEARN L BEEFAHECOW TR LB~ cin Th 525, HEEOKE#KEY
EFT 5k E@4 OHBKEOBEIC OV THMICEET 2ENEE L, LIETL » KA
B PE RS O B O\ T, Schmidt8s. 84) (1923, 1931), Rubbel?? (1911), X v.
Hessling101) (1857) £ Lo THEIN TV B2, BECRZ IX HARA X F 2 7 44
A BEE M I D KR M BT TR O B FAIIE & R~ e d Dk, ZOK~
CEWT, bEEKOHEEYHESS LTWHe+ Ty, FEREEKYHETS Lk
WTEL ODHEKOEENEMZERTIEOEER KR, TH5H I LIKfEok 250 D
REROCEBHEBEEFEADR, RENRATE LBEEL D OREOLDEKE X EL T T
LT 5,

Fig. 2—10 7 ¥ i1 KRELKEEK. E
%6.0mm, JH#% 4.3mm, HEOLRH L, EH
. BFRORLER_DKsEL TH D,
BEx=arDd &TERFROBLCE LT
FHEEERT POBICIZEB OO NS
HEHErndh, chrxBssoTBRCEEED
Elr&bh b, KiatoFEBRYE hIcEEIT
HIRTENEGERBEL T 5, TO%ERE
BOEERAKEI 2B THbL A2, BEb
CHKBICETT 2o bBdbN %, HHE Fig. 2-10. A thin slice of a natural
B% 24 7 LFUD,'ﬁ-ﬁ:jCﬂjfi}’Lﬁiﬁ CHRE LT nacreous layer p‘earl of P. martensii

under crossed nicols. X 7
fehs, RRTHEML, %o R dEimsiE Ul
WHRFEBADOABYDONEL L S COREMACORERLILLN, RHAKENT
EWCHKBEAHAEL Twb, HEEMCR LN 2 HRERE, HHEIAFHRICE W TH

CLIHIAELTHS,

Fig, 2—11 7% 54 RRBHEEK, E® 5.8mm, & 5.1mm, JLROICEWHE
o HEOPLPICRERLFBEONENE UM EIELEL, ThilA T
EDALNDEBEOBRKE BN 3B LERIT 2R TAERIOTEEBEADbN S, T
nErhi e U CTREHRIEEERBRE L T %, BB LCRIG MO ER
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HigErna b, CORLNEBEPLHETCHE TS 52, EHICES L2 TEED -
ThHRCHTEAECE 5 BERBSC I OTEIML TWb, BRX=a21rDd DTt
FEENERL, EYEOEERIC X DR ED LD/ Y 2BIT 5, mBBEREERK 8k

DIRBEOBFEHNREALN D,

Fig.2-11. A thin slice of a natural pri- Fig.2-12. A thin slice of a natural hypostracal

smatic layer pearl of P.martensii.
Periostracal substance is formed in
the center. X 7

Fig. 2—12 7 oY i1 RREEES. B&%

pearl of P. martensii under crossed nicols,
having four points of the pearl formation.
x 27

1.6mm, %54%0.9mm, YRIIC.& < R

o 2ENEEAEHENLLRDT WD, K1 i FHEHRICERE L, K2
CHLWEEDRLAMNb D, %BEA 3, 4 @HIPLAERINTELL, FHRER KX
1, 2, 3 0 bR EWCEE L TERINTWAEL, 4 31 &k03 X BEKRCEW TR

P, BREORERCHKKRLTELIBLLT
Wi, BER=INVDDH & TEIZED LK L
THFHEBA DN, #imE ORI L oTx
hzhodubies UTEeEiEzd %,
Fig. 213 7ov 4 KREAELE, BER
5.4mm DIRIFERTE, HEiRin< EEE, B
LR R & R ORIB L & DR HE L &
NTWB 23, BE—HHcE v ios—J ofEgss
HEEAmLEL AW INTWB, B diT
BEBrGY, To%kEM 1, 2, 3 cEHEM
DINFERIR T 2R IR O H Y D IR A3 %
b, KH 41\ TS 2R3 4548
IR OBERYE OER 2 2 5, REKHX
BB EAME D R OIER B bt T
oo BR=T/NVD % & THEIELES I 90° fEHiE
CiEER A ET 5,

HHiE R T BEROPLICH L TREFHERAHTELVWERS Y, dLhl1olER3 &

Fig.2-13. A thin slice of a natural com-
pound pearl of P. martensis under
crossed nicols. The pearl consists
of an alternation of prismatic and
periostracal substances. x 7
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Fig. 2—14 7 3% 74 RIRAKEEY, E%5.4mm, G&% 2.7mm, BEHLRB D,
H RO ey 91~460p OREFE % L fz K/
DOHENXEA B D, & OIENIRE BN 7 ik
HEEE R A BN D, s b ZHA THEHEENE
REN, LOBERIAEA YT, HEBERE
KO3 H—KkX hiDTn5B,

Fig. 2—15 7 v 4 KREE 2Lk, ER
5.5mm, %G#%4.5mm, FEmoO 34 FEERE LR

REFT 50, TOMEFLBEET S, HEE Fig. 2-14. A thin slice of a natural
B & BEREAFE B Ie—E DS % 5 b 7 a3 nacreous layer pearl with many ex-

tinction blocks in the central region
(under crossed nicols). X 7

bRIICIEERIN T B, HEO LR EIRIC
LD, ORI 2 e E kT & B
HEOFZEC IO THKOEKRABEBEIN, KA1, 2, 3, 4217, 27, 3/, 4 xEH
R I NI BRICHIET 20 BERERSED O THEKEE I BERELYEL O LT
PR3 B I 235 BB A%, WIHIIC b SN 7 RS [ R IR D 23 BBE IC ok & P 22 (k3
ZbNigv, RO LCEIEUNOREGRA DR, LA ERE TOEIRX
BEEFPEKED 2 H8E2RL Twb, RETTCHERERRL, #HgsoRERC X 2T
HEBRA B BRI S TERO LD E Y Z[EiET %,

Fig.2-15. A thin slice of a natural compound Fig.2-16. A thin slice ‘of a natural com-
pearl of P.martensii under crossed nicols. pound pearl of P. martensii under crossed
The pearl consists of prismatic and nacre- nicols. In the process of the pearl
ous substances, their alternation being un- formation, one prismatic layer pearl
able to recognize. X 7.3 contacts with another nacreous layer

one. 'Thereafter they combine each
other developing as one pearl. x 7.3

Fig. 2—16 7% J4 RREAEDE, HEHES5.3mm, 14 BEXEKLERS . HEHE
ROBEE AR —EDZERCRABIERIN T3 55, BEEREROTLARLSH
HEBEK EBHEBEESAREE DO THALCLEOREMKICRE L AT Fig. 2—15
LRicD, MpbEdERYELRE Ly, MEROEMEICIIEBBONRENETTETHE
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Y LFxEaoiE M%fmfﬁwamﬁﬁbfué MK REEICE 5 & Tl L
AL EL T35, +0RIEEOEME CORKEERMAL T2, COF
ﬁkm@hﬁfof%h;hmuu R RS Lf%@&éABhéoMM S DIREE,
TNENDHKEL D HEL T 5 EE O WMEEED R IR A EELh e b, w§@
ML s EREC R L TR TH B, ¥kl mm@AuioﬂwnmuHM
MERINTHWB, ﬁ“—jw@%&fmum®ﬁ&mm%h%MQWMKﬂbfFrm
L, EeobliEc X oTtrnEro o B2 EET 55, kOB AT &
OB DOMIEKD Pt & x5 HIEDEAL D BB %2 Z 1 T MR D E R R T

Fig. 2—17 7 2% # 4 % EKEE K, EE 6.8mm DOREL, RSB E Y I, §
MWK%W“UiﬁA&MﬁdxﬁﬁEK+*“%IFXéth%UW”HKH%FU&*tHx
=avDd & TCHEEESFO0E & VCE]J‘EE@J? Hibh, s xR oz
mxﬁmW@m<—m%m%W%&bB&Wlﬂomu%m\MM%DM?éoMme
=ZOoDENmAbR Y, HHECH HEABOWELMERES DTN T 5,

Fig.2-17. A thin slice of a cultured nacreous Fig.2-18. A thin slice of a nacreous layer
layer pearl of P. martensii under crossed pearl cultured in H. schlegeli under
nicols. The central part is a inserted crossed nicols. X 4.3

pearl nucleus. x 5§

Fig. 2218 {1 7 F 37 41 HKHEEk, BEE 8.6
mm OHE HRH5 DT IA S, WAKCEE
HRKBOER AR bND, BR=arDd & THL
ﬁEQDFTEbVi Fig. 2—17Tc A U, HBBREZHORE
MRHEBNDBHR, 4L 5 DEEENbRS, —
N~ U e RS i B B A (RED),
KB W T e FLICio THERB2E R I e
7o TH Do

Fig. 2—19 7 2% # 1 FHEEEEN. BE&R . o

oy . N B Fig.2-19. A prismatic layer pearl

7.0mm DHE, EROECLEWFH LM, BAKCHE produced in the pearl oyster.
BB AR R S e LB P B R B k. KA I x 5.3
IRISEBICHEEILOTE D, 2K & L THIREESL ThB, Zxdubh e LTRLH
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ODI?EJ’.'«‘!}H%’I%J&&?EU%E%E’C' EERZEBE LALLM ERT. EX=o/rDd & THEHLER
B ollizic & b a0, EliEh[ & FEHACHEEREIBET 5.

Rgz 20 7 oY HAEIEEAEYE, E%8.2mm, 1% 6.7mm, ERFO4EI A5
Rt EoBHEEAZEHR L W5, HRERRBEBCI O TRE D, ERAIMICHEL
TR BRSSP OSBRSS CEBEBICANLL, KBECLOELRBERERE YR8
THEAD T B, [ D R THEEEESDORENHEEO TN NTEL  HWEA
bhbo FRBHEAMEL W ABEECE2R Y EHMLTHW2023BDbN 5, B
=arDd ETOTEMERERDOPLRIEODID LR LS IKHRE 5,

Fig.2-20. A compound pearl with prismatic Fig.2-21. A cultured nacreous layer pearl
and nacreous substances cultured in P. with a projection under crossed nicols.
martensii (under crossed nicols). X 5 Such pearl is usually named ‘toki-

dama’. x5

Fig. 2—21 7 2% 41 #EKEEDE 2EES >R EHEEENKCEEERI N

T, HEEROIHI %«A%ﬁ%%®ﬁ%&m SEIRCEE IR, ToFlEss
TR EEIT 2 R TERBOOBREEEREZR L, ToMICHEREBEOEK A DR
b0 T DHELRIE DIEE L R B 23 ﬁmw LX) Bin b, HREOHBKEEICKWT,
[ D —2 DPRE) 1) 13 £ O E I IgE
FEETH Do PR Y Pk 235
ELTW3,

Fig. 2—22 7 2% # 4 ZIEHEIKEH,
AR 2 (8% EHIE RO duiaie b 2 iE
AR, DWPOLE % XD bICHH
Uclinsdg L, 2 %A CHEKENE
RN sZE 2 bD, KA ICIZEHE
RO TERUEOE"RADN, HKEE
ATETHHEBEOERNZDN, LTOKE
Fig.2-22. A thin slice of “renketu-dama’ ERICZL L T b o F D% HE:E D —i

;Lilclsll:.ed >inSP. martensi: under crossed KA B % 45 A A TN & e R TR

I, oWy THESENEEKE & B

EOHEZHEU TV %,
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Fig. 223 7% /44 REHEKBEEK,
WARICEHEZERKEIERINTE D, K
DEMEEICHEC S W TR 1, 2, 3, 4,
5 ofiEDHENEN, RECHEEZED. &
17, 27, 37, 47, 5 @EiBECERLRR
BT AECHEHBKONAER Fig.2—1,bD X’
Bk E B TNTNDFECE 1 Kb
TN DH 5 Wk H 5o HICER
DERBEHBRR T VERE AL, REYMHIC
BATHAEBIMAITZOTH D, BEHEDST
ATEHEAR DRIV KRY ¥ ZEBEOH _
DIEHERE S D, BEKEEEBL T3, Fig.‘2—23. A cultured nacreous layer pearl
R . with five grooves on its surface, named
ER=2TVDd & TENERDOFELD Flic “hachimaki-dama’’, under crossed nicols.
L CHFHEEER T, A seed pearl is appended to the cultured

one in the prozess of the pearl forma-
tion. X 5

Fig. 2—24 4 7 F 3 v jiA MKEL, ER
7.8mm, EHEX4.6mm OKREH, RP S 5T
IATH, BERIEKOPLAYMm TR 25
D, LA BOEENE A BHEZERD v
THEDOEHIE DR S B FLB 4RI
RO CE Y, HIRIE O NI HEH B E D &
BNBEDDH B MIERDFOLRER 1 TR
SN cBHEERECER L, EilmoRERE

Fig.2-24. A non-nucle-ated pearl cul- X bR, FHEEHATERIN T D, Rk
tured by H. schlegeli under crossed . 1l N i .
nicols, having two grooves running HIERH 2 CEH L TW B85, SOl TlaEh
parallel each other. x 5.3 MHhEEE LD TE Y, BZFRIET SR

2 fES—DODRENERIN D, A3 1Y

5 —ODHETHEDFEWENSLRDOTW5B, FIZEDHKER _ODERD P LIS LT
U NEGmICERL Tk b, HEENBICERES S 55, BEORERFDM B
DRBEREELLLE YV BECLCDERIMELDIDEELZDND, ERX=0VvDH LT
INFNOHLTARELRTFEHE TR T ¥ LFCHEERERR IR RO fL IR
JELTETTWS,

Fig. 2—25 7 2%} 4 #IEHBKEER . H%6.8mm, YRDOKSW—F D&, 7
A EBEOTHEREEBOERAA LN, BREKBLEE/L Wb, HEKEIELL THb
LD BRHEBICEKBE DB RO ENBIBEFICEL, Torilbic L TEEgE
2D THRICARPELREEDBIELTWD (FEPREWHOB). OEEREY
L CVw 5 iERORERMA V., COFKENERICHE N LT IEHEXRLTED,
£ DF4E Fig.2—1, ¢ AbND L5 C—EFHA~ETLT—BEONREXET 52,
AHEAIIE Fig.2—1,d wabnd k) kifilEdRd.
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Fig. 2-25. Another type of “hachimaki- Fig.2-26. . A thin slice of “kokuhan’’ pearl
dama’’ produced by P. martensii (under of P. martensii under crossed nicols. x 4
crossed nicols). X 5.3

Fig. 2—26 7 a¥% /7 1 RIEHK. EE9.4mm, %% 8.3mm, HRIZEL RV, W
CNET HHHESRIICRS EBL Th b, MAKICE L THEIEBSEEEK IR T
BIRFICE/LL T b, ZMLEBRICRAESCHEBYOERRZ bR, REBCZO—L
BREMCHbN T TR Z LT BRYTCTFHEEE RTINS REEOEERZ bR
Bo

Fig. 227 {7 F 2 v A4 EBEEHK. B&4.2mm, HX3.9mm, HROKE WG
e, BB L LBREREREELbRTWw 5, HEOHERIEHCHH, Bk
DHEL T Vo BEEREERO b IcfiiE W
HIBOOHRYRS Y, ThiCHEmL T
RO Dk L 2 b oK I h T
WDo BEEESNRS B CEYE I —
L, HEREBERE Zbhin vy,
M EREREO T & BEKRY 5 %,
HDOFEESE Tl XETE L i
T E T E U 2 #s R Trt aragonite ¢
b calcite TH7ARWH VY Y LDIBEAL
#3C¢d % Calcium peroxide 23 H X h
Te D TEHMICTA 72, bl THE
Fig. 2-27. A sectional strcture of “ktu-daa’ T . O 1ﬁ1)lﬁTfZ<%%‘7‘£“1*jT:(ﬁﬁjﬁ%ﬂ?To

of H. .schlegeli. Its laminary structure is simi- SRS D B 13 ORISR B FLER &

lar to that of the nacre, but the X-ray dif- WX B0, SRR R B,

fraction pattern is indicated that its mineral
constituent is of calcium peroxide. x 1400

3
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z =3

B OERBE YT 5 e » L EEOEENFH~ b, Réaumur?® (1717) K
7% v. Hessling100 (1858) 1 X o CEFKIZEF 0 HEh-¢, S0, BN R O3
MRS B TH A ERIEM L. £0% Schmidtss. 84 (1923, 1931) BHEHKOD
ECHBERORBRZEEL, ftio—o0RE ke BEPRICE W ORIJER D s
PHEMCE BRI &L TRy, AW TEE N o8 Mytilus @ Jy i BERE R
BB B W TIRIEE OB~ L Tn b EHE L T b, BEEESD 11 kED Laue
HEG Y ) s E G CEE TR Y, me%fékﬁ«ho“%w&“m(wm
1960) B TFEAMEBIC L DT 7 2% 7 A &ME LR R, Fheos R o
— 7RI D EBOREERS YT, BEREEBRE BB aragonite #Hs 5
O bEING c ORI i E 4T 5 T ERERE» LB ERE L. 20Xi
Bk AR T 2808 B OB AN R BERNRE ST I N5, HERORBELE
BORERPHE & HREER AN, AHOBRICET 5 8L 01l 41.56) H3%= ThH N T
W5,

SEIOBBENDLNA LI T a X H A4 BMARCREEYBR R TORERZHEESL
PORBHEREEINDD, 17 F a2 v A HRCREKBEROZBL LNz, EOBEM
ﬁﬁ&o(%ﬁﬁﬁﬁ%®%$%&ﬁ&%mﬁ<,W%®%%%M&cmmmml®%ﬁ

BB i Dl UELEEIR OB RES 7R, conchiolin R B E L7 BAAT $L 4738 B
@k@ﬁﬂ@EmKiOfitéaﬂHK ﬂmﬁ%@%tot%ﬁf%§¢ﬁﬁﬁfw
5% DT DD BILB, conchiolin OFEGEIREBEEBEDO TN E—LTEY, Fh
mwﬁé%ﬁ%&&mamékﬁmm%%Of%o,%ﬂ%%m%&véamwmw“mB
BRI LT\ B, aragonite VIYGHNTR 1 100CH 5405, EROGUL X b HEBEER I
Bl e Fmie—E4 2 RAEOIRE i XEFESH, D Xii (= c#) WH%T5, ©
DENLEMTHE LU RHBERCE OO RBLEEEEED c OB XA TH 5 &
Fig. 2—28 @I &7t b, Tihbb, HHEOBEBEE2ME L T\W5 aragonite DELH

Fig.2-28. Diagrams showing the relation between the orthorhombic
¢ axis (arrows) and pearl shapes.

BEBOLN LR, BT 5BOBEBE L HE E OBAmCH U TUSIFERIIC c #ha
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T THERLTCWR EE LD E, LD CRIIEICRITS ¢ 8 O H A b Ezk
A BRSO BEBROEAEBEYFDIEE I CREENTETH S, —F, HEkoAFr
Db 7L bEID D BB HED T BHEH ba b, BicE#E109.11D (1960,
1961) BEAEHBROMBEBERCBEER X 0 AVEBER OB OFE R bR
2 EENS 5 WEENCIE T2 ETL T b, & OBRIIICHE X EEIELE B
D EBOEMICRKEIm ) WHMELWHETRAZ 32 TWaEEL LR, Tib
b, R CRISEDORI b SR, > CHES LERMROIL R b Dbt
HBMEEINL D b MERE O 2 A L, SRR CRBROECHR O b DR 5,
C®ﬁmmﬁﬁﬁi&%ﬁ®@§ﬁéb,i%ﬁ%mhﬁébﬂkﬂﬂﬂ% B2 i)
fFE R T 5 LB KD, B |- ME O E [ a i n 7t 5 BT 23
BLTWARIEDOWTRE 3% fﬁmiﬂmﬁﬁé’-éhéf&é 5o Pllal~fz T & <
BRI DEMMEE R D DT, Laue A QIR DERC BT 50 & HEE
KB T AN BB TAEC L OC, EHROEEE DO aragonite ik 2 O
BHBOZTN TS EEU L 52K I RIEDEEIB T RS OEN KT
I EAELUCERY, HHBEOEMEWIERESFHICHNCo) OREYRES L, RHAS
WHEB L7 Lave S OWBERT EEL LR S, BEBER D ABREHRE L HK con-
chiolin BE-CH Z N L AR OIMED DT caleite DIiPk#ER 5 conchiolin o [ &
HHICER UERBEELRTR, WheLrEEBRALNS L5 MEEREERED b
N BHEEHRO calcite AR LD ¢ MR TEE EOBHECIZIEET L TREL T
Wb, BREEBEKZCHBEERO TN E B3 EREMICEE AL L X4 50
8T, %% » Debye TmAIR LD L, BIERERL 2HEOEI I T Laue
%ﬁ%%bk%fééo@ﬁmﬁﬁwﬁéﬁﬂ?édﬁm®am@mw G OHEEN
HO—22VNEQECETL Tk ), HREE MU U EEREL RS, Dok’
KBRS IR @wﬁwbﬁbBTﬂ%#M&bfb6mﬁﬁf®ﬁﬁﬁmﬁw%Kmﬂ
LTHELTWw S, BIcHK B TR ET ICRE K AT RE K LT aragonite @
cER TN bR R ARSI L ZEBHERE O b 2R b0k, FHFED (1961) 1k
WA HBOREXHNT, ZEONEFNMHEDZEL conchiolin & §EfE & & D8
B iEe0ETETHDOTHOT, HMEHESCE - TRAENRZR L, ThTh
DEOBREHRCHEM» D5 L E5ELZ MWLM LR, COEZREECKEWTDH
HFTRED, Lo LEHORERE S ARBEBOMSERE0 M Bc OB Tk
TESMERS AR TS, BEAESTBE L CRET AL, TAXYHA TRELOEHIT
EOKFERE T & @2 OB KEH A OMER & 23—F L Thin,

ERES S B\T, BHBERED BRI b b i RO LI U 804 R
DRLARC L BAHREHRE 0 b0 T b, HRZ=3 00 b 2T TFHE KL,
BEOEMERT, 20D DIl £ D EH?Z%VC& DT FIRERE B 2 bk hs,
Schmidt83 (1923) W L > CEEREIER G2 bt Tibh, HREROAERTHE
BLEFIRBEESOBIC Lo CEah, F ok O RN & S O ZER An A TR A
HHFELED, BOTELHELERIFELEM L. SEHOBE T, BHRILONER
U S BT 5 03B ORI 0 EL b s FIREE Lo ¢, ERohLx @D
FRFRER=a D3 & TREOHHTEL-FFHEER T, LrLEEREBERRE2D
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R BT B S ORGSR S O L B B R O E R IR 5 B R A
ExAHEbE, BRRBELXITIONBEHNTH S, Tihbb, MEERCE W TERE
14 RO NER L ORTF 2RO b AL, FKCRERSRUCEKEG S
O—EHRKD BN, FHAYEL CHKEEMOBERZ RTINS, Y EDX > CHKEH
FaERERERNT~&CcH D05, HEHEN, AR ASMcEA L -7 72
ARV IIER R &2 BENE I AEREHFES T R —EE L DN B TFH
YR R TIREEA IR LIE LIEARE L T < 5 (Abolins-Krogis!’ 1658, Wadal104. 111) 1958~
1961)

BB O BB, T indb b, B, B MO KB O R A BRI o5
A EE R REAT B 7o, AAETE R R O S W EE O Rk & 5 B & HEE L CDLET
LhEL OB I OTHLUSN TS, Moebius56) (1858) 1B Bk DAL L% Hi5
LT, BHRplohEckswTALERERNLYBEL, REE, BREERCHEEBRBREIRER
RIS T AAERES YR TABCERI N, —~EOWSIESEL T Bkt
NICHHETHHBEPLORR 2 EEAERIND EBAL 2, LA UHEKOAERICIIA

BEEI NIz, CarltV (1910) REFREOW-—FE O _LE ML 30 3 B E %2 W+ 558
F#E B DT EE 2z, Rubble™ (1911) BEIRE LR L T 5 BIEE F MR E
HIREE X D DIEFICHWELYHE L Tnb, Lok Kawakamis? (1952) K ¢f Ojima et
al.63 (1953) HIKE X o Fflarbicn, BEBEHWTS FEOBFREL, B
WEOLNRECELZHE L T b, HICHEEST (1956) J ot Tuji?s (1961) 12 2H
HBHmE W E 3L lo 0T 5 HHE ERMI Y LR i~ BEXEY T3
BHSRE AR THRREREO T cB L TR ), BEEOTRIEE L 2
B gRthiic 25082 < OfkOMERSH L TR), FBREOLNOESIZ—
ELAEWREFICEWELZRE L Tnbe 224 LTHEROKBE(L R CERRE LMD
FREEHEICDWTD T R E ORI B, Carlll #3082 7o X 5 ICEHERES bR R BRI
DdETREDOREEBME X GHINICH 5 \WIR SR ERE U n bR T 5]
TR L T BFMEIEHE L 2D T E R, Lo Uied s ER MO EEZE(L & il
RO L EW LK CRE ORI oW THMLT LIS RBKREL Thin WD it
b, HEMROEREA L b5 WO EIREMIC oW TR L RATH %,
Kawakami¢® i Lo CEBERIT BB HE L ECREE, BREX L CEEEQJEF T
FERAND OB TH D Llk~bh Tk, hESETY ) LiclBEE/ L BE
AR { IR R b E L BE L Tw b, BEBEL L v E L THHES FRRE
fELR T WHEDDRDTHD ELTnD, —F, FHHLOT (1959) 3 FE R K& OB/
OBEEBN D, EoHAL 1B NICHERER LB L TR ABREXEL

HiChic D THRBZLDET 5 RIAKRDOHCHY L, %D RERBHFBEEKICE LT
FHHENTWEHEERL TS, LA dBBEMNE Uk s LT Kawakamith Aifgd
Uiz & D AP CRRE D L Rb WL, AERBENLAMRPCBET R, &
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AT EREREBCH 5, —EERBRYERT 2 ARO 5B FRAR Ze T
BE, TOBRBBENA®THHERIIERECS A v, & OFRITEBL F MR ER |-
BT & 07 AR DSR2 IS L TR RIERICEEL TW AR L EKL T, &
A TF a v A BRTRERBCRS W TIEBEARB LA L ADRE W EOH
FEhb, HEERCET 2 REEFRHBRERCHAE R~ R b D X5 o ik
Bipl, BLABEN 2RRLULAEROME, BEALBEN L OMTHRRS ORRE,
BUBEER X2 URBE/Z ST 5L B2 bhs (ME1071959, Tujii?51960)
B, HEA99 (1961) 1o Xk Bk R/ W de 1 B B o0 Az BER 18 53 B 2K F2 R4 H D 2 B
BEOBHCEE TS L OBER LEOE 2 A RBENEEHT230TH 5,

HIRE R R L T B B — B DL & %, conchiolin & @ REBRIREBRLE |
ERBOESE B E S WEROE A Lo TEET5, LEOMMEEN LI oA TIREE
PAFHBEADOEC L DO TR DT AL, ERFHEERICE LRI NANREENS S
EEZBNS, T LAGKBMREFOEN YO ERCTHERICOWTREIETHT
HELTC, ZTTRERBHTCA LR BIRBSEOE/IEIET S,

1) BAEEmEiR O X 53587 5 Bk,

2) %ﬁ?aﬁuﬁ%%W®rgw&ﬂmﬁ LEB L H,

3 HA-RBEAEHEROBERRICEXORR S HIREE U T 5 EE,

4) %n%nm»kmMﬁ%ﬁmmB&6$~%®&oﬁ@EﬁbBkéﬂ%oEMW

IR D 3 HEERREBTE B,

a) MEHEROMEENREMIEAN TS 22, BUFRKOEINERZZNEh
OHE-—KDERE,

b) HRBEAEROBEIRE—TH 50, BROMBEFNEMCE O TnEET
BENIZROBKDOEE,

C) WHERHBAEROES b, MEROKRENRADEINTNELIB—~hOEER,

IRCHAKRDEBERICOWTERL Th B, Cahnl0(1949) » % L i & D KEBKICITE
2 DBEEFHZLND, BREOALBER I 2 REW DV TR (1950) KRuEks s
(1957,1959) k. ko CHEI N Tk b, Matsui et al.51(1952) & EIEREEAK DS &
BE ST TR U TWwWbo EBH50 (1959) BRBEHER L X OHEBKE FRICOWTHEL
Twb, AEIOBEM R LY LOMEEOBE»DHEHKOAEEORENE X oRAKET
HEARBRASEL Thb,

1) HBSEROSWEED “&&UEE%%E@%EK&%&B%%O%%t&@
ObLTERBLULEBYCEL TH2EREOSWEREOEL, BIUAKBHCE
M REEIERIN L ot 545 (Figs. 21&1&1&2Q2L2Z
26)

2) BEHREMIIEE O RS R EEBOERC L A BEREROR S X 5EE
%m;é%%ou% LEREEEOWC L 5 EKEMEOE L RN~ X

9% (Figs. 2—11, 12, 18, 22, 24), B IO EMMEBTE L L CHREG L OB

@KiDﬁ%&%@ﬁ%@%&ﬂ%b<ﬁtbhé%ﬁk,%5ﬁ%@m%ofﬁ
EREI2bNAER (Figs. 2—23, 24, 25),

3) BEHERARCKITIEHREEOGLAOWMCE Lo TETEER, BAK

S
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fHHEO#E (Fig. 2—22), 7 v B oiE (Fig. 2—23) 3 X CHEEEO DL O
hn (Figs. 2—10, 12, 16, 24) % L o TAEF 5L,

4) EHERPLOOBK L BER,, KRR CBEEREROIER TG L s 298D
R CEREFOBA DI Lo ChF 547k (Figs. 2—10, 14, 15, 16, 24),

E ¥

1) HBROEARLEEEORME, MAEHG, RBE R CREIRELEHRN, ¢
DO b BB RS2 B Lk,

2) HUOEANLBERSITNIESY T HRERBOThE2EETH 5L, B
RS S DNEIRIE R D thbiesd U TR b b U SR B s 2o T s Bie T 5,
et UBEBERHERE B b TEM R REE R T,

3) HHEEMEL oY NN Rm A R L5 EL TR Y, ik
DEERBICI T aragonite SR D b BR U c $iA AR O T LR, BOAKFR
CEEAREFAIIIEW TR L Bl EL o Twb e EL bR,

4) HEORKREMSTABROLTN & LBRETA &, HES EEMRE L OKTF R
DIEMR Y C—EDBTIR L FaEREoTWs&E2BRD,

5) BBEGEEREEROMCHAE Y LELEEEINS S, BREFPAAERES TS
FAAEDFUHBEELES LB, BERREALEBRY TTOMBERIIFF LI W,

6) HIFERGBRICELOBRBEYAROEELET D,

D 4 7F a0 H 4 BRCRBEENE E CTRIEEE S HEUL W3 REBERKNA DI
bl 5k b 00 b 5,
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E3E HBEOEWMIITOWNT

F U H =

HEOE BRI 3A BN G LR CHR T ERS LR MEE L, 0O RO 50
HEEEPTIL B A LS b M B R 52 5. P EBATHOWEECHES 7t
B, 732 A TUREERES LR O SIS R R I B R B e B 1 B B AE Fr O IR
FEHERKEB LT <, TOBS MBI RAREN WL EFVIEELEEL Th b,
U LA B Bk o EBIRER A B BIK O E LI Lo CE LA L, SR
EWCEBBCIR LT b BRERBBICSIT 2 EEXRM OGSt E OCEEREDE
TERERINCERORBR OBIRE Ly B L, SO RHCEEE®L TL %,

Ui LB BORIRIC B 6 5 S 0 L R R oW CORiR RS <P, F4
1o X Bl ffFE 103, 104, 106, 107) (1057~1661) & Watabell3. 1170 (1950, 1954) oig
xR LT TH b, COBTREAKOEY LR LBRL, EPEKD TORBREDR
B M~ CTHEEE B O-— 2 BT 52 HES & T 5,

HEREHOBICH I ZABMRVLERR

19564E 7 A9 1, MB8H1AKUREI A 4 AEATR % Lt rh 160 fEikicow
THHS EEFoEL, BAKY L DKL THOREOLEY R O S{e oW CEE

Days after operation

Month of operation 1 5 10 15 20 25 30

| etch ——s conchiolin ——s mineral matters
deposits : : — ——r
aggregation of scatter Hml’mndgewypeﬁ step-type

July crystal
4 irregular patterns ———————» regulor patterns we———>
Stoge'.m‘ pearl-sot | 1 I I -
formation
conchiolin — = mineral matters
e - RISHS —nacre:
A aggregation of scotter Imﬂdge'type& step-typ
ugust tal ;
crysta irregular patterns ————> regulor potterns — e 5
stage of pearl-soc 1 i -0 e
formation
conchiolin ineral matters
deposits i etch ey - T
Z oena B
aggregation of .
Septemb crystal scatter m ridge-type m step-type
eptember
irregular potterns regulor patterns —————
stage of peorl-sac
formation 1 i I —w

{

Four stages are cited from Machii’s report (1957).

Fig. 3-1. Deposits and mineralization of the cultured pearl in an early stage
of the pearl formation of P. martensii (1956).
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BHERCETHHASELXER L TH~N k. FRAEZERREELESKE T hbh
BERWLAFLET I Y /A OEFERNICERE 6mm O 4K L EZH Lo TREAL
T, KEFH2m CE&EMERCANTDE Lt TNEPTLTCR—EBREHFDOD LT
RTIT 4 VEERBEAL, d5HRBEB RN EYHEL, 10 irv~ ) v EEE CHEE
L, 2857 4 vy fi#{E> T Ehrlich’s Haematoxylin-Eosin Ztffy & Mallory @E;ﬁgé@
L TEHE L. RBRAFMIC L 28KEHO pH OZEHHFH~57%oic, 19584 8 A
SERVCHEIALBCEAFR RV, ERAK®CGEA Y ZhZhimE S [Eik3 >
LoHF, #H72AEM pH A= —%FEHLTHAETDO pH 2HE L. K DKiR
1325.0 ~30.7°C O TH Ok,

AT OILEY, St CHBR R R ER B £ RN O AT B il ~, Fig.
3—1 ki Lo 7,8, 9 Hail U THHKEDOEREE & b ORBRE LD FEL B
575, CTORHCENTRANDECENTEEKEDHHE L. —RINICE 5 LB A%
2L 8 AEEET D LRV DTN A& L BRIRILEY R A b (Fig. 3—2),
WARNCHEEB I CHEKEYE & FE AT REAR ML E A conchiolin i I #fF L TR
LTWwb, N THHKBEEKLH =D
TW% aragonite f5EKLIL MALD %
BrEbY, 0BFIHZCTIGEALER
TOHD THHE O FEHELAADBR,
BB & BERAR @ sz inbh
(Fig.3—4 K ¢~ Plate X —33), ara-
gonite #f 5 kLD EA IR D AR 72 D
DR T2 TR ST, BERT
FOFHR OB ERT L i b, F
W25 B 2 iRET 5 L RfCKE L T
CWAHBEHERIGEA LR, HEKE
Fig.3-2. Figure showing the deposition of shell F o aragonite #ESLDES, KE, F
b n S e ST I Ok 2 150 R LR

, DENEFPUL T B,

FMiaEH B O U U &
IhTesnwat el b (Plate IX—
31), HrrFLWEMBLRT, T
5 Lo Eaic i Mo pH 23
BRELTws&E2bRS (Fig. 3—
5)o FTixbb, BAFMIC LD TRA
D pH v I8 Jic b~ g it <
%3, T ORHICE % iAo pH 1
KA T MM TW D, Lieat
. DOTCFRe L s pH OE PR ESE |
Fig. 3-3. Figure showing rosette-shaped prismatic b DD R BT e Wif

bstances 23 days afte erati in August. L - i
s>1<1 ;gmc ays after operation in Augu S OMERROBE LT & kit 8
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DEMEBRCHEL TS THD ),
EEH LGB A O pH 0ZE2 05
B oW T ik fl~Toooks, K
68 (1959) DATFMIC & b7 5 3%
HOE(L L KR T 5 LBl S B I
MaRbhb, 8L 9 Akt
BAKE O pH O Hash il © 2 1 FEE
BNV D B LT X 5%
LEZbN5,
;&A?W%Kﬂﬂﬁj%%:&w
BRI BRI % & B HIEOK
Fig. 3-4. Mineral lamina formation of the nacreous AFiirRC i BcrFmEl A
layer 21 days after operation in September. X 280 DI @ BIRTE AR s B JE e
% (Fig. 3—3 J ¢fPlate IX —32) 0
A LELEZRS2, LFLIKLAHECERIND EXELRWL, KEMOEEK X
DTH, FHEOABRKELISOTHLEZORBEERREHLTWE L5 ThHb, 2HD

Operation
l G August Sepember

~
LS

E .
] RV
2 VWi °
S IR
2 v
H i o
z ¥ —e—s
= o~
v e
2 /
= /
65 /
{
é
5 15 20 25 1 5 10 15
Days

Fig. 3-5. The variation of the pH value of the body fluid of P. martensii
after nucleus insertion operation (1958). .

HBENEAHCEEREINE & “LAR” b, FELWHICEAEES 5 WREEDE
Heis, BRESBRCE Y THERYEREL DA X 2T 525, ThbRFEEHIEC
BT EHBEOUEBMENZUERTEEDREIC L OTHREIND LEXLLN, HEBHEE
DOEHDORECENTHEMRFE T2 R T, METIIEBLL L) CARMEOHREE LD
BAME I DWW TR D T A3, BBEED & 5 IEii U TRV AR O H25 %,
HEE DL aragonite #55 kD conchiolin € & B2 \WEHF ~DEELBZCE E 5,
BB EBCHEENTsE b, HTHIREL R EWIKEEL TR E T,
PR CHREREEREOMBEIRDEAC I OTHIEIND X 5 iIcicb, aragonite DFE
BRI E R MUY X ) HERNICE S L CA—REENEZEZHIT L TEAL TS,
2 DFERRICAETER, =E&E, BEREE, 7 vEaREREBFED bR, LEL
HIEREBIAbNS, EOREIRVEDIEL T, EEORE L D b2 ) FFERHL S %
b,



9 A R —— EIRTERBR O 2 R0 i I % 983

HERFEHBRICE T IEREINOZERTF

HEEOBEERE R L T\ 5 aragonite 5 b HHBEKEOFNERU L 5 1ICF 0 b il
&R AT 70 d 5 I HBEHRAE L S A LS SRE L T 5 H b, FHIIA
TR W CHEHEE FEMCELA~DBERELEL TWBDTRAWAEHERLR. B
LU LM —E DR MA S B biE, *OMEHMNOXRRTFEMh. £ L TEE
WIEBORTE O I EICHREI N B HIE DWW T~ 55, AR EREEY M5 FrEEc
Hb. U FEOHMERE LIRS e OBGE R LNCT Bic®, AEREA*#2~
3mm?2 Ric] Dz A1 A~ 7 T A CHATHID 7 2% # 4 BB P IciA Uiz, Fiik2, 4,
6, 10, 15 R 200 HICH 72K HEZEL TR L, FERMROMESR &5 6
B, e BTFAIRI9594E 6, 7 KX 8 A, 19614¢ 8 F K o819624F 7 A it 5 [Alk & 7o o
o

Filitz 2 BECHREL TH5 &4 7 AMBCEZHOEEMBRBALTE D, HiCKE
FoERcEHoEsdx2 5L, MENCYEDORS, LArLBHERCRIGE A ENTE
MR Z R 2 b i, ERMIROATZEE Lic < vwas, U U vE S PIERHMERT 44 e
ZAHTRCLHEMEAEFOLDY LHATHWLDORED BN D, BIEMIEOANEERLO
HHIRPHEZEA TV 530 LLRBPRYEX S ERVWE—Tnd DL _BHOBELRD
%o Fig.3 —6 1XFilit% 4 H HOBER CHRMITE T oMM H c FL L Mo Ts

R‘ MR V] , v S '!‘ ‘.‘
Fig. 3-6. Movement and elongation of the epithelial cells along the

fibrous axis of the muscular tissue in a grafted mantle 4 days after
mantle transplantation in July (P. martensii) X 387.

b, PR O A E iR o TR TR IC (R O e BRI 3R b, filRR—EmEic
BT oD b FThl, EWEERYHOTEHL TWb, & OHHEMEL
o EEOEENRADN, COMBERECEITEDSWEERGE S WEINTED,
ER=arDd &t THMBRERITEZRTIDIE 5, R TEMELEE Y, 2L0EA
calcite DEKE A conchiolin @iﬁﬁ&ﬁﬁfﬁ i >TLELIEEBbNS, LA conchiolin @
B S LRI HE L FHIEiE—H L Tnb, @ L Tw A5 a1
KL TW5 calcite DOfERIEPLCE—#ESFIER Z M BSOS 2R3 4, A
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Fig. 3-7. The relation between the elongation of the epithelium and the deposition of shell
substances 19 days after mantle transplantation. Small and large granular substances appear
to be the spherulite of shell minerals grown on the surface of a coverslip. The fibrous axis
of the deposits found between the epithelium and glass coincides with the direction of the
elongation of the epithelial cells of a graft in the process of pearl-sac formation. Arrows:
the direction of the elongation and the movement of the epithelium and the fibrous axis of
the deposits, E: epithelial cell, M: mineral matter (phase contrast microscope). X 80

A B [ELR conchiolin D i lih & Xz DEIIC B TR EZEDEE W, i/ bk
FA9MEORBMERTREZ L PR E OB —ELRBEREEDHE WL, LY
B O & HALE & conchiolin DL & DRIICRBEEZENZON DL, Tbb, HEKESICHKEL
fe MR ELRWLEAET, HARCIOTAEIChIDEXELTWS, LE
Pwix Fig. 3—T WA BN B X 5 RBR LB LI BERIR O ER A b, T o i il
FRHEOIEA D L O THANICEEZINTWB L Itk b, T OERRESERY 3O
¥'H, %4y conchiolin, @ RIS EAGEHE L TL 503, S EREOVNS inh & LTH
bh, BFEIREV, FRAXKBCRKE A5 LRAKCERITZRT L LD, Y
HOBHL TWAHELHBFCHETIENTREL RS, ) LTRHELTEREMERS
{ DIF4 calcite TLWELHERBCEELTWBEA, chbd calcite 2ABEREEE LTO
HEF NG R R T URIIC aragonite DfEFAEEL TL 5%23% <, Lo3d aragonite
FERZESMCETLTHEL TWb, EWEIENCHEHT5IcdheoT, LR
COMNBEWHELEA I AHCHCEELLTWEE D EERSEOBERICHEFDTLED
L, FREVEORRLEARIIOBEARRAROKESICERL THLTY, +4K%E
Bodb s CRMERMACHAED THYRAESBEEL, BEL THUBREL TS5 LE
WICEELTEC, TCHH> FEMBEORESILCIELRV. dbDA, HLOMER
B ERMROBERCHESRTELI/NI v, SPEOEEME & FRMEE O ED
X5 cBRRESE WA, FRMEOMOE conchiolin o fikih & ORI X EZH
EEbND, REHRBNCHEEL CW A RCHECEHEINIETH 5, Thbd
et U Cl SR IR S L C—F  conchiolin kel & MERIC R 2 5o 4, H A
— 772 HBLAEBEBCEAL, HIAMCKRBAKEZYBRER LD TE, BdD
Wit EDTA KIEKWC TS 5 &3k OMEICH DT conchiolin 233 0, FDEHIC
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B R O & —3 L Tkt 5 BEHREHER S 2 D8 5, L2 L aragonite
R OB Icd B conchiolin EIXC @ Xk 5 iRk &2 I3, 55 HM
i B MRS R R T, C OHEE D HABRKCEROIEMLIC S o2 TEYHE R ORALICX
conchiolin OEEKR FEAEAFECHEABRL TV AHELXFRLTWE3DEELRS,

45Ca DEH (C K B HwLHEDERR

BEPR KR ORI OB R RIS % ADic 45Ca 2R L €, EXO#Htick T3
45Ca DB E X EH L7z, 1961457 A AN AR LEANR L SEET 2 v 4
4 %A L CEREEREIES EE TI9614E11 ] K 07196245 5 e EB% % & i Dk, 3me
@ 45CaCly € 10cc D¥F/KEM%, BREEY —& THML &%, 1{##&k 45Ca0.15me @
LA S 2 TS EN Ui, %S MR CREMALLEREL TI0% v < Y
VIEEECEEL, BAERSEI VERYRY L, EERSR 2 CEE L 2% 5~84
DRI T4 YHIR"RED,y AT T4 vk, 2 M) v THECE>THEHECELA— T
VAT TIHMR (Z LY v 7H) IV HLARAFBEZR ) DOHERB TREbLEL 2o
—F, BERERCIFRECIOTHAFIEZR Y OB EEL T, i —HrE R 2 AR
EAFECEI D, BHL T 5°C UTORBERCELRNH25~308HHH Lic, Big
%IER&L toluidin blue Ffab BT oV RBILico HERRZO E I EMERNEXHEAL
THREE Lo RBEBRDDKIER17.6~18.4°C THok,

55303 CHRER CEFERNIC SO 45Ca ik bh, BEHEE FRAZKCD S bbh
Bo 1~2fRET 5 & HBE FRMICEEZ KO 45Ca pBlbh, Mo &R
CHEHTTnD, ENBEREROCABMEG D cH bbb EERANER RN
BEELIGEAEEDL D It 45Ca RHEKEmMICHIC 303K ICH BN DA, 2~ 4 K
EBTELEKOAERLCADND, 45Ca B—HCREZET, PANCEHICES L
TR 5Binis 5 (Fig. 3—8, A), BHENEEIRCFEEL T 51 RO BIES
LT, BROAVWHTRE—CEELTWBTE, T0X ) AhicHeEEL CEE

Fig. 3-8. Photographs of radioautograph preparations of the cultured pearl
(A) grown and a coverslip (B) inserted into between mantle and valve
of P. martensii in the presence of 45Ca. x 80, x 800
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LT B8 Enbd, ABENEREEICH A~ 72 2BA L THPIC 45Ca DEE L
TR AMBEXHEL TABE, WAy avy —BHYEOEENRED DN, ¥ con-
chiolin 27F U { RS R /R$ & 2 5T, 45Ca 11 conchiolin HiminoThske b H A
EHELTW20%#» 5 (Fig 3-8D B) , = Ok conchiolin o7 i) IC k& o FE
B A& b 543, conchiolin tidd 45Ca OEFN E AL oW B b,
CHB ORI organic matrix —FEEREE R UCHBESHEE— X Ca OEFERIRMNC
BHICHS L CWAERIERL T B EEXLBN D, BN NENHIC Ca oW
DELVHERbLR S,

REMCHETIBRENEBROTRARUBESMEOEICE BB SEKER

BUPRGE L RCHIIE D 53 b B e 0 22 ALk B AIIE o0 08 & B U -CHRAE A A9 6 00 v 4 e 2
SEMIEILR A B L RIMHIC, TORBREBRME O & B L CAEENEER S 5, M
T R O EEE DB TR & D 7 5 BRSSO R B & BB R BRI 3
TAREBEROEAES MREOBRP E D D BB FRMROZLOMEE CkEIL
Bb. LELDWEECENLZVWINORTF L E S TAELURE LTD, M2 idsmgE
FAWMLTWD FREMEORERENL TS, SO TRESIERICEERS F D

SHERE B < BIRA TR i 2 b DAB 502 EBRTHELEANEL LTGRO ZoDE
fﬁﬁ%i\:’l 713:‘97::0

H5 L BAEROKEIC T 5 AURIEOR I L, JURLER~ Rt BRICK T 55
AR DB ER T HETHNE Lis, Thbb, ABBELBELD OoRBEREY A
KGR AT T 4 Vi E & D AEFRNICEANTHR L, TOHRSERSEYEEL,
FERINAEEORELR B I Di, EEBITINBET SR U9 AR IEET a v H 4 2
AL Tkcinok. B, HEEACKORIHEESHMOEEHER T, PnCEM
BRARND & BIES & OIS MM OB A KT T5, FN%S BH A RERERELY
BEHLRL, B0 TCRERENERINTWS, BCEREHOEEMBABEKSE L
BEOMriabhb. ABBBECHRTZHEEE MR CURE o TERBY
T AL iwih, Fili%300 25845 L BREKONOBNEEZLEALE 2T
oo CORERBEANCS 5V RBLHEICHE D THREMOCBEEYELY LELESWL
Tnd, WAMCEEBEREbN S BECRABIO L ORMEOWE B ICERINT
WhEkicBErbhb, COBHREI A—T T 2RCIRATHBYPCBBLLZEBCS LIZL

WEBZEINDG, —F, AERRCHRTIHEBEIFHE LA LEEL T —RcEoD
B bR (Fig.3—9) 72w L& < OfiRilEz & A KR O LM b ieoTH

h, REPHERBOERYA23, ZOEEEBUHOER B EAEALNS, Blkah
THEPSHCH TN TH Dl TR LEREE L nis R CRIEEIR k4 5 Bk
BRI E N BB L OB EE D I, NOB»HEBEBETH DO L
BEAR IR IC 2R T B LR BT S e RIS Z OB sk 2 LR U, BB AR D
FHRHIBC R~ TERTTH DR,

K52 A EREOREBIC X 5 5 Wi O R R O BB BGRIR I, BRSO 2 30

VBT D0 5B LHNE Lk, COERBTRAERRE, BEROBEE I D
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Fig.3-9. Photomicrograph showing the
secreting substances and the epithe-
lium of pearl-sac which was derived
from the grafted mantle edge of P.
martensii 19 days after operation in
September. E: epithelium of pearl-
sac. O: organic substance, W:
wandering cells. X 253

TN REARGPCBEE L, ThZThoHkSEIGERYHE L T, RELEYA~1,
FENTIBLES A 3HFEET I VY HAZFERA LR RDOk,. FilE7THHIEEZL TA
D LM R ORI 280 EEMRSG EE D HEREEL R LTWS, &GS
R EERRZEE 2 bhicwa, BEAIoSMERcREZHEE bR S, K5 D
Bz DAV b B HR I VIR B o il oD AR AR K 0%z MR A B UaA A CARETE O RIS ICFe%E L T
Wh AL, WER FRHIRESR D BEEOBERL TWb, G & BIEC hk T 3 Bk
B ERRENEL, BONCENWEC AL H D, BEHICHKT D T RERAREY S T
FIROHIEAN SO TWBEAIIHH, BEDDIDIHELNB, WFRDOEBEAED FE»S
DR IR R I Dleo BB E LTREL L MR FEMRZIZAE » & a3
BARIBEMUARL, WTFROBAK —RICEDFG WAL SROTED, S
BEEEASDZRD LBl 4 v v TR Qe E 2 HBY % 2R REZDOND LD
R ole, 35HEKEBT S A WRERTCHKT 2 HEKE FFREIBEOES WA S 7

Fig.3-10. Secreting substances and the pearl-sac derived from the mantle
edge grafted in the adductor muscle of P. martensii. X 33
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b, TAYVYTCREORREILRT 2 HRYEOMEN S b ies, BERRCHHKE
DIERES BRI (Fig. 3—10), il Mias A yHEMICA VAL TE Y, RO L
20 b 2 R0 U E M A T ICHETRE L T ieo BIEE D T IR BEIC R 7 — B O Al i
DB RO T B AT S 1Tl 5 BLER LD th e & 5 HTEMII O S50 2 B A C et
D RIR B ZOOH BE A BRI S 1, ST DB 25T N T IC SRR s
KRS hCnied o (Fig. 3—11) &, =4y TR §ed H ML A CEELKED

Fig.3-11. Changes of shell substances formed and the pearl-sac originated from pallial
part of the mantle of P. martensii. M: adductor muscle, N: nacreous layer,
O: periostracal layer, P: prismatic layer. X 60

REODLADLNDZ DD ENEDOLN D, HEKE ORI U CURIFEE S A HED
BrabhsHEdH 5 (Fig.3—11), HBEOAMREEREKC XoToL bhefBiR
DA THAME L O EEA LTV 58, —HICHRMEREIELTW5E2dH 5,
chies U T ik 48R REr—BoMiEnbich, =4V Y THRIGES
EBHIENIEED R EH b, TR CEIREE» S 7 b EER B Y o
RAARBIRD . WFNOEAI D EERS FRZHRE & A R & BB DIk
FRIeabnsd X3 A HALBERI RV, Fi%600 HOBERESRFCEBEHEL T
A25&, NAEBEFBCHRT 2RREABERBZIERL TS, 55bORFEHOPLHD
EEBEEESERINTH 330 H 0k, LHLEEEOERINTWSEDDRERLR
BNV, BIKOLTNBEEEZYERLTED, b5 b DIREASHCHEREREDOIEKIR
bhtee —F, BHOETNBRTHEBEEL SO THWSA, MK NMEsA D
RATETCWBEIANDY, TLEEBEBRCHOMENADNAEHDH 5,

7 2% H 4 OFRFEMBEICE T, HERTOARNRDF RO X X 5 EikiE—k
%, organic matrix J ONEEEEE AU REE — AR IR R O BAB T b BRI R T
Wb EEZBNS, Thbb, HBEEICERICE W TGS O FRHRESEES 5
WIRERSHE E CIER LSS WS HED ML T 543, HBREE T 5 F THREENIICS
32 LRELR V. BEH»DDLTNBERESERICSH /20T UK UEREE R CHEE
E%~ﬁ%wﬁ%?%m%i,—&K%%&%TE%%%%ML%%%%%%M%L,%
D% KK L EIIRIE CTHEIRIC BT 5 A KOPIBELZFEH L T, EBEHEO%
NRHEKOEGEOHCEEBOER SR A DN A0, BEEOEKOS % 3 0R40ED
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L, BhbRBEEBOERRR LN, CNLEOBEFEILT T1H A DAEGBIRE i
WrED b & TP Lo 3 HBREY 2 W 5 Biex o0, EiRECE Thlfkosn
R ORI R R b T HEAROR L T 5k, BEERUCHERO FRMIRRREHRRRED
BETHIRPEDEND LD CAERHCHBEEE S 72D X FARD gL 0 < REL
TWAHEPD, FIIERBE L OUMBEISELSMEL w530 LELbND,
ANERBETOSWERBED I X BRI, AR 2 BT » THERE < #iF
ENTWAHEN LS, Lo LKA B S MBI A O k3 5 BIR R
IO TR Pl EEE AL conchiolin It DR RENH b B30, AR & v
5 RHFEMSR OB RS EEOBREEINMECEEL T35 LE 26N 5, TOB AR
B OBEENREN - RICEHR B TERE D &\ 5 K

e ko THEATS
NA5CTHESDH. L LAEOERBIRE R, BEHEOHRUNAEREOBRIA LN
0Tz,

REMBEERC K DHEEER

7avx A4 BB EWT, calcite 2 5b7g ABHBRAERB I L 2T, aragonite 225
I EHBRAEBER R X2 TERINE, &5 LA ERORIERK & % Rk
REL OHREBHICIE W TERON, SXEK U TIER Thih g0 BEREIHEE
PIRTH, LT ULDEPENRELLOTWE ERESV, Pl s ARk T, BWE
WABS T 5 A ERRE Y, B CPEReEYS T 5B IRERE R R T cald-
tostracum b7 D, M4 HROBBENEEIN, FRBOBEEZIMEREROTHD
DB IR T calcite 5785, Lo b T OAEROSUBEEORKEIC X 2/ HkERT
DY A TCORBEBHEOES, BIMHINRTWS, HEWENIE BAERO X
X BRI @ 5 B 0BRSS RFIME L O T oD W T
BRZEWLDOMRH 52, WTFNOMEINEDC LV BE LR CFOL AR E W,
TR LIEOAEBEORBIC X 5 HEENBHOAEROKIBIC X 2 EkER $ Ok
BEROHDOWMEBCRE N TROWHICHEEINDE T, T OB CBE L 2 B @
FTAHWTPFHERE L TP 2XY H{ P. martensit, 7 % Ostrea gigas LUk 4 4 ¥
Chlamys nobilis % L CTRBEBHY B ok, EBRT7 I¥ 4 4 oWy *
T A A XDABREEZBE L, Tihbb, clciteiFr b o d e 4 £ FOHNE
R E 7 2y A4 OEFERCHBE L %, BYTRBTRERELW I, 1080
R Y TCEEL, BHERRKEDT T T 2 v % >C Ehrlich’s Haematoxylin-
Eosin Zvfa% LTHREE L 7co — T, ERERLZ T30l oN BV 2 a0 <
2HDINA T 2 FICHATT 2% 4 4 OEISE TICBHE LT R O i h Bt %
FTMEEEL BT IV H 4B CHBCHYS T 2AEES SORBMBEEL2EC v,
BEE L, ERUEEEBLMEEKme C19614£6 5, 7T FERTFTAO 3ERT /oD
oo

6 J] 2ER D AR R TR R S BB ERIE S B ICE b, ¥ R 3
Hbhice SHEBRBTLZZARRTAXYHA, AR A 4¥eroffo—fic
BEGrRD bR, PR OMMER S~ @U@ bhd X 5 Kieok. WD
RO EFERNICFEA LB OMBEA T A bk, FMT7THHCIRWTFh O X
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HIAD B HEEET T ALHEPBEDOTWSE EEbNABERT, A A X Tl Fig.3—
Licabd X5 it EOkERH T AMICERD beds, §E4h8 calcite s aragonite

Fig.3-12. Mineral deposits produced by the
mantle piece of Chlamys nobilis trans-
planted in the adductor muscle of Pinctada
martensii 7 days after operation (under
crossed nicols). The graft is placed be-
tween two pieces of coverslip, its size
being about 2 X 3mm. X 360

F1g 3-13. Figure showing the mantle piece of C.
nobil:s grafted in the gonad of P. martensii 7 days
after transplantation. No living epithelial cell
of the graft is recognized. X 62

PERHETE oDk, HMEATHER OERAALZDHEL, o FIHCEE
Mg Lo TEL NS MK OMEMEL R TEWESERE N, TONHICRLODE
TEHIREAIA D A A TR DR ES ES IR D Tic, IRBEEEE DIERILERD
(Fig. 3—13), ﬁ%@£Wﬁ$f@%%ﬁ®@§@%bbh&mot#,ﬁw%tﬁbh
Dk R B 7. MR TR ORERKENED bR, RO —HCE T &
A bz, MO FMICEEFEMRIC X 5 EAHEOENERI L TWw 2 0 EHREZRED
WL, MBEHECIRIN TV S LELNABYRT, 7IXHA CRERDO EEEHFT
THHERELTUREALETRLTEY, dHHEEKTRIWIERD, UHEZRKHRT S
AL A A F TR, MELLHOTHZ EEREABIRENTHS LEbsBBADR,
71 % T BRI O MHER DM RBD bR DA & e FEMBERTE s 2k, #
MERCEHEZELTRD L, 7IXY A4 %RV CTEEKEOERREADONT, LEBEHT
WeTEMMIECER O P& N DR GHET DDA TH D, 26HH AL A RO &
* ¥ DL GE» DA E BRW CRELECEN IR, HBERER TS o THER
PETORREETHDOlco ThICHLT7 I¥Y A A CREVEOLENIEE DT, 7
ACFERrRc koA birlA 6 ADBAE LHUL Thiet, TR OAEFIAM
CENRZ BNz, Tibb, TATHAFER LS A EEE29R B L T LEMIEDOAE
GhmERLRz, #lxE Fig.3—14 3 A3 bOAEBN TH 5. FRMIBEHEEL 2B
@U&T—Eﬁ71ﬁiM%%hot&mbﬂéh TS O EMBEEAERE O L& R
TR TERDBRVER LAA bR~ Dk, LA LEFHILABLND & 5 ICHEE O Hi#iE -
K%éi&ﬂﬁméﬁbfko,%@ﬁ72@&@@ﬁﬁ#$@%bﬁﬂﬁ%E#W&B
., toluidin blue #7EAF% & Fig.3—15 ® X 5 @ u L, HEhHHREA S 7 a<y
— Bt Rt T OFE TR A FE FE O E v ER A & BB, Lﬂbf%ﬁ@
HEFRCE & A& X2 D ORI (0 DB B» TN I, a7 \WFEi% DS
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Fig.3-14. Secreting granules and the epithelial cells of the mantle piece of
Ostrea gigas sandwiched between two pieces of coverslip grafted in the
adductor muscle of Pinctada martensii 29 days after transplantation.
X 313

DbNb, 7IAXHA TRIEYLERZIeD T 5,

TaAXHA, B F RO 4 4 ¥RoHEFH I AnisomiarialC [§$ 5% 53, £ F N, Pteriidae,
Ostreidae J O° Pectinidae Wo3hiis . RIERBAEE Ric b, HE»D OB OBREK
LOBHENTEAECEE2 ORELTFEINS, 4RIOHBEZE»D, —HEHCiER O R4
fans IR LR ERe 2L, ERWHOARE b L Cd, FBOEHEHcOR

Fig.3-15. The preparation used in Fig. 3-14 treated with 5% aqueous solution of
toluidin blue. The granules are positive in the metachromasia reaction. X 313

BHBECRBER ABEEGN TREZE D ICHBL L CoEarRiny, EELLR
ETRERARAR & ORI b O M FE e T BIRES % e d, RO THEAKORINE
ZFBERbI DI, ERAEERNICEA LBER O EEMEEA 5 2 KA <
BB AN ENR LD b — BRI RL BT OTW B, ERIIIZAEODERIYY
DOHAZFWATE hoken’, HBROBHEFENIHELOCABRBKS & AEBEAROXBKR O
RIC L DU BRI DD FE—HTH D, 4BEBHBRHEEOREYBS ko TCL
DEEORREEZR S,
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ExoOREEKE

R EEA FIICIEIC A CTH 57 IX HA X HEA L THEEOBA TR 3
TebiE, REBOOHBE FRIEESRFRECS -~ THEHEBYER T 5, SBEE2E
T~ X D CH B~ B X OB E I conchiolin [HENRHEIEE L
PFHEEA LD, SRS O aragonite &R A M AR R b0 THES LM
RikbEgEx b O Tnd, CORBBEMERFBAZOR ) WERINDE 2D, HKDOK
HEREROHO BRI E R T T, HRYEOBEFIIREN OB IEECY LEHITE T 2 553
A0S BIHB OB R R ESE 2 AT 5 DR EETH DA, T TR
HRE L TORMRNMELY 720 T EREOKENE L BREROBHELR~, HHEoH
HEOUYEERY LT 52 HME Lice

HEHEOEIE 4 conchiolin D F/NE A MEAIk D aragonite K FFLOLE Thh
¥ho Lo EsBC conchiolin XL TV 5D Tik7x{, Ca X conchiolin 53¥
LA UREFRI S B & ED 2 B %A, conchiolin 43F O 7o B 7 B I 7 % %5
ASIRETETESETHAHRELA TRV, HEEABAKEE L Th 2B x o FRE
BERFEINTE D, BEORENSICHEERER AW S TR 2 Xourafe s
hEa o THETS (Fig. 2—2), UL O EMNMCSME R EEROSYHIE
% conchiolin EAERINTHICELE L TWa, HAELGEREREROEYEBNHE
DEEE LT (Plate [X—33), ToimhbRBLAFIEBRL, H5WIE/NE 7R
ERAEE LRRLARE D, BETHHBIRE VI conchiolin A THE L (—
B OBASE RS I N D, b OFARRR KT N AR 7R EC R & d 2 T
HLTE Tk (Plate T—1, X—36), conchiolin [EO#MHEN & 0 —E D RFEH
BHER-KLTWE I CELNRSL, dbDA, HWiES LT conchiolin ERERE
TR HHBAWK D conchiolink OHHEEA KB OGFERORER &L HBEW—F L mx

HEBEZREL L T\ aragonite #Eigkd HBOZTh EFABIcL O (001) j§%EECE
FLTHBLTED, TORRRERBIC > THES B VWtiELRT, —kivcE>
THEZATIOR R FZE L (00D, (110) KR (010) Hazd2Twaa, LEL
W (010) Hix/m< dorssb (Plate T—1), (001) fEiid conchiolin ODBERAH LD B
D, EEEORER OS2 R TR EELHILOA LGNS b DOMREH B, (110) & X (010)
HOE B0l THE L TV ARBICRERY R T4, REOEI N RIS &RRA
BT IR T, RO B BAE LR T/A AR (110) Kov (010) mriihE & L OlE
LTWhWbh, 350-REEMHORENSHIDEELLNS (Plate X—33), D H
LR IEREDC HE A 25D, T ABOKERLELTEAR LS, BERK
HOBESRECHEBOBLT TRAEFE, BERUVEAREDRBI TS, CCOs 1hE
BO—FL VI EELSEE/KE T8 A2b10)/] HE) iRkt sz 1~
BuBETHTES L TR L TR ), BROERMMCHEL CWaRR BEVHT
DOEICHITA L BT S, BB DRV 4~6 FRUI0H T4 ~12/)
CREEY L3~ 6y BEOKEWETER LAXD, BEYVELHICBEL THEL
T{ % (Plate X—36), Mgk BFEREA DL, ERNCHEA REERHE Q~48) T
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VLB DRI D s, thE B TR DTL b, MY &E I AES 5 WAATalE
L7z 0.54 ITFO/NS IsiE R BRI S 5B 0OMCH, MUOBBRERICILEREL TL
B, EBEFRSEE (LA Ta~1A) tHEEREASRET 8 < BaIER
Th, —f, WBEPLTORBEACDEY (3 ATE~4H) BB 2450,
RRTREREROBRENZD NS (Plate X—38), Tiuicw UCESH (6 ~8 )
WRILERE,E D 20 bbb FEaEmA LELEABbND (Plate X-—35), f#
2 DFERDOBRRITEZIIV (1961) 27 ¥ H 1 B %JE @ aragonite f5 2 CHE L 72 &

BT VEMBEAERICL L ABR, FOEAICE W TG, ErEek BB
ENRAEbN B, —MRICHHRKRERHBEBHEGBEACEE L TV AKIEd b b, B
BOETRENMET LT A B it fl, fhn R OEBEERLBrAALR, EAREKE
WU iR & BB HINL, 5 cReh REMREA LR LD, HROFE,
KEE, REACESGRIHOEBEN I & b ) BEOHELFRIZE/ —CaCOs O
B, A#Y, B0 pH— 2RZEB L (Wb EELBND, £ U THEREDD & THES
Tl D CREBMPER S NS, 7 EEED aragonite #iR I EBEKEO LhIckh
~THEDEHEEY &SP — MR g b2 T b,

AR &<, HBBORERRAEHER, ThbbABERN conchiolin & L37
B ZBET5HFCLO>THRET S, chbEMEEsEHRET BN L Cnd L bk
BrEL, BEROREFBOREREL L2 TEL2 OEBEBEEY RT. EEROEHICHD
hh&EBEHTARERBO TR LR, T, BOM, BEECRHENLR D DRERE
N3, FOBRTOBRECTHRELLTEY, TRNFNOLEHBHEOBTHEITLE S,
T T—FHEH TN EEIEER T, —BRUCE S TEERERBOMBER S &1L
MR F g c (Fig. 2—2), \&omih—Fm<, Adkro>—Ek3F2E<k
h, TORDETRETERE RS, HHBEORERAADPLBICA T2 aragonite ff
BOZ 2RI o THEI NG LR, BEROBEEMICEEL T % aragonite
HMERENEMEET L HER IO THHBREIN B EE 2 BN, BAIKPEREE LV
DA LN DMl X EER, $ES—ZoFMELFXTHENE LS (Fig. 2—-3),
BERENEEAETHCECRET S & B hammer mark &N 5Pl OBEB L
EANDN, ELOBGIIERAEKOS ZEONHAHEEL THALN, BET LIRS
HEWIFEHELAY, 240, $230EBITT 5. FBEMren RdERIATE 52,
NRENFNLOBEREORINELLIBEELWI KBNS, &) LEBEERED
HEKUBTREEIID (196]) NHAEKE CHELL X D fEiho CaCOs; OREE
WEE L THEIND, B CaCO3 OB R LHEOKEORE, BEAOEE L L
—EOBER IO TWE, bbb, CaCOz OEBEOHENORIICIIEEOHEREOMK
v,&ﬁ®%wk%&@%&bf&§bfb5ﬁ,%%%@&&w%%ﬂ@%@mm<,
B¥ioLinn RER@EERRL, Mo DB cRERALENIR, REODRWE
TeiEoEE L ClHlbh s (Table M—2), BEtd i & Bix % sld /il knEA LW
T, TNRBEELUAZRERREZONEVWETH S,

BB L Co s BAEEROE I BN —CRETAFLOWTH LD
ORI, BRESCEEL T ) —~¥ 7y Z7HRSS ROHEBESCEIRS O RISy
WIEENSS W Lo THEINTWE, COMEEX b T2 4 7 Fa v i1 RET
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TIXHAOEBEBCETAEMNEYHROEI LHERREOEFZ LT CA3 L, B
EDHBH L EERERALNEDT, A 5 Fa VA4 D TEHEL CA b, B
BEAE L RE L O 5 B0 1.0 ~ 4.0 OBEAW L LEY SO 2 R L
T OESIRE D FITEBROCBEREEREALR, T (001) [EHDHLEAEETH S
(Plate I—28), = 5 L7ciaakcir Fig. 3—160 I ki bhd X 5 elg—hBEES kT,
Chies LTI NELBRE L TWAEETCREY DBROAERE2ED Ly
<, (001 HECHERMMDOEL WE» L2 TE D (Plate WI—29), FEREOHKE &
BEMPEE L TRBIDTWE3DEELZLNE, ) LS KEBRLEL, B
HE LR OEIRE T Plate I—7), & CFaxHA AT FaviA
HEETOKREHRER, HEREYER—KOEIARE L CLHRNNE hOLEDE T L
RELBVORY LT, BET-HOEINKREFS hdbLhkokesihEzihd, Th
LORERN S, BASHMEROEI O — bk CELIRBEERSE ERE OSSR o B
YTotEHTH LY, LLAKRMICKITS CaCOz & conchiolin HT & OWEEIIH
RMEOYBILFEIEMC I OTHREINBE EEZOND, LSO THMEEAEEL T
BEN—FE ORI H 2B NS — R EICREL, £) ThRyUKRIEI @Ry
Wig DT B5DTH A5, BRHOBH I OTHEHEROEI CEFEERD D, TOXE
WEESREF EOTL b,

RHRJ[LEOSBEHORLLBERNE
ﬁ%&f&®ﬁw%ﬁ@ kﬂﬂﬁ @%W%K% 6% &ﬁﬁmm%’é&%ZB

ﬁm&ﬁmﬂ%@¥mié%®a Hﬁﬁ&@%mwkhkﬁ &Hkﬂ??*bﬁ EN
DENH Y, Lo CaCOs OitERICE %A UMD RS 5 W RRAT s

Fordkbl, HBRORBKCEELE L, BoNROROEELS LT, cnCk L Tal

BB T 5B OE LR S HIR S R TR U CE R U B R RS & g
M BAEAYELEG» L, #BlEmkosBE ez XER RS b, MK
B EOSEBRAER SEC X ) BEROBS R OBIRICESY RiEt, FlERE
MriEl. b eELLNS,

BME FRABC IO FERARE LS DK, BEHEmMCA LI ABEAINEORE
Mg e, 25BOERNREDH, —HE LT T AT HARERCOWTHEEL TR S,
Fig. 2—1b A bN 3 L 5 Itk B OBOBPIRETHEL Tnb 3~ 44 OFE?D
Y, OB ERL THRERECRMLOELLADN IV WETVLROMNDOR
Mo CEY, o CEoNEE R TEBIE LT L CES (Fig. 2-3), —7,
Fig.2—1lc & b A L) kAR OEORSORE T 25 L, MOBHBRLEIAE kR
B OSEITRE R R O LT, Plafe VI—30 © X 57 0.84 LI FO/NE Ik DM
RO EELBRDOTED, &HAMOES & REREERL, HEOBOIIEELE
EOINERERODTWALEZLONS, Tihbb, FEOERERERFREN X
RERBH L ECELZEBSIC, %@%%%f%&ﬁwzankaﬁuxéw %@W%
DB AR O HERLE PR O I X 2 BRI 10— , B
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WCHEE LR OB ARMIEO A% S EHCE T 3 ERMNRRENE LR S, thicxL
THEZBOENEEFMRE OB I EA TR, FEREE FF BROMAN IR 3G E o
FEIEDOTHebINBROMEMENERDEIC & dis 5 ok RkED £
ZTDOERZRDEDEEZIOND, &5 LicEmMICK T 54ERKIEDZE X)) B
BO—KROEI D, BERECIEZEL L 5, Al Fig.3—16cabhs k54
TFa U HABEEEOBERICE T, HAMRENOEKBIERE & By @ik —
KMOEXOBFHEERHNTER D, G KT HEHkER A KU B BOEIREH IO
71T 18004, T ERERR L TV 3 BAT S8 — M D FEDE I X 1.84 TH 5 DIcK
LT, BHMIDOHMT 630, #i—KOFEHDEX X 0.644 THD, LichDCTHLH
MICTERE E N2 SE R DB N 1000 K of 990 #r & 7s b, HIEBBRELXEET 5 &
INENDOIWPAEB N T—ROUGHERIERCE L LBERGEALER L ThOEE
bNdo, b L—MOIEYHERDOEBICE T 52 E UF & INET Bk b, HkS FE
DI HI T 3 UATEE) D 2 X B REE O MR I S ERE O A & DO AH#E A conchiolin 4}
F& CaCOs Df5&E (001) ~DEMH R RENCELZ bebL, R—FFENOHEKLS
Xk B HEAHEEN—ORERZ XML, HEMNCEAFBCEELTWRLEELDbNRS,
LTAEN T AXNA DESERS BIEH TR, Bisd EXOHEEKBLS % HEKL Tnw5H
M EROEIRLELERIUTSH D, FRBEROTWABATI FyF s v A4 HK
D & 5 R—REN T KO EIERAERINTHW D LRE LNV, TOFENLD

Fig.3-16. A thin slice of the non-nucleated pearl of H. schlegeli under crossed nicols.
Photographs I and II are mineral laminae formed between the abnormal lamellae
A and B on the lines I and II, respectively. x 5.3, x 930

HAMBANO%EE GLER) OER, WBEOMHRDOZEK E H785 conchiolin 43T &

CaCO3 DFEHE~DWETIDFEWC & B 7R 5 SN — KO HAIR RN OREX K X %38
AL, QHEAECERI N A HENROHDOEIC X550 onE 2 b b,
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BRI, HEN R E e LRI AREN DS 5 2 L3 T OEKE DK
ﬁﬁ*85 90, 0L EER DTGNS, HEEKDOHEEST, 4o pHI1Y, CaCO; ik
= DA{L88), LM EY K O o 143 DAL B X Y T
?6 mm AT & U CRII A B E BRI OE /b & d 0 5 HOEEIG
M@fKi DT, IR A LT BRBIK O MR i B R O e s A 5 B
OEBEHOEC L 53 0T, HAFELBRTERRBECH 5—FOMERALBN S,
5 LB AEYE OB S 5 WIIER I i E B O/ sk E FE ot
7o B WAR BN bl BT, ZOMM L LTIk Bt RIE A %L,m
HOBESRTBRICEREL T 3, Pl RBELHEE KT TY 2v 44 BB EHELK
HHEMOENNEATE LD D E Tablell—1 D& 7w b, T DEHD aragonite D
FEERRE A CEGBEENFENCE L <4 4BL BN ECEEY 52, ThFEFROZR
BHEORINE G T EELZDN D, T 5 Ui Eik ks CE B o e o 38
ByBbhicdbOwd LT, FH1100 (1961 nEMEALE X MBILE L Z200, 7
WaFk e BRI I IR 3 28R & LEBOERIN L DR HE L T 5 (Plate
X—36), HUHEE ORI IS BN IEBER AL, FallihncE Ok
O ER I IBEHENChOTERENS LE 2B (Plate X—35), Z D7
VR ORER CAEHEDOBINAZ 77, LardERo (00D moRENA 7 F a7 #
A DOFRE—HEVHEHREOZ LN S Hk L HU LY, MiE & dEREEOE-EED
bETRBELDFENLD, EHELBERAE~REI OHYEROBE IR OTWb EE 2

~~~~~ B111, 1130 3%

B

Table 111-1. Seasonal changes of crystal growth and aggregation
on the nacre of P. martensi: (1958-1959).

‘ 0 | Form and size | Etch and ! Value of
Month Pattern | of crystal (u) | dissolution G45(7.5%%0
VII X Spiral, symmetry, step number; roundeddhexagon:

10 - 50, step distance; 16-50 u, ‘OTF%USWA 0 + 50.0--86.3
density of spiral; upper 16/5mm?2, | :
X-XI1 Spiral, symmetry, step number; :hexagon :
5 - 25, step distance; 20 - 70 u, 4,0—6.,0 80.7—
density of spiral; 5-15/5mm2. ; 134 .5
1-111 Irregular, asymmetry or indistinct, }irrevular
step number; 5-8, step distance; bunderO 5 | ERS 26.5—57 4
20 - 100 u, density of spiral; 1 - | :
10/5 mm?.
Iv-v Irregular, spiral, symmetry or ‘f)c;ulflocile;idhexagon !
asymmetry, step number; 2-15, |
step distance; 30-100 g, density 0.5-4.0 + . 65.0-90.5
of spiral; 1-12/5mm?2,

bR d, chies U CAIHELE MRS R oRE 2N & & (Plate X—37, 38), L
HLUREROEN, BERCE LR IEFRBONE, KON OEEE T & 55RO %
GLENZRSCE AL, FIE LV PECABABH CRERACE . A ¥ F a0 H1H
KW Fig. 3—16 X b3 & 5 RN EREELAZ b, B 1.2 0
WRSEENR A SR, COBBRBEREZO L FREE2HBEL T 28MHEROBEI TR
THERREEL DTN,
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JER A e kO BRSO E ey, BRI S BV kR @f@%@whitm&
ETEREEORY, BREERSOEEEOENS S, COFBEMEDD & THEKR

WR RN TN E N O AR WTESNE ENTWE 0D ,ﬁ%@k%%@ﬁm%
RO ERELUDL L EIRCRENCHEY LR EOHEERNEG L b, A ¥ Fa VAT
RHERT5HOREK I TAEI NS EERENEROEW "5 T3AT67, KiRKok
B5 B TRERR”, RTERBEOL SV “HE” OWFhh—00OHBENKRES LS
b, TNLRRFINCHTEE FROSMETHICHEREAYE L T3 eE2bND, F
E, HEREYBELTARLE “3F3ATH” & LB T Plate I—28 i b s
IO HBERARWLLRDOS A OREN FHmEL, TOMEIES 0.45~0.64 DA
O¥RE LB ELEDLR, "OfR” ¥ L EHE TR Plate I—29 ©abh 3 X 57
(001) H OB LI, FOBEEER 1.0 ~1.8¢ 0HTAE—REI DRIR
OENTEEZRT . LodED S & DO X AR &\ & &) — R &
ELMEMN D D 7Y H A OAKERTIREBMCHE L (W aREOomERECS
@@@W%#%9,*%mK%%@#%ﬂEk01<éoBW%7H#bE$HH§1
S E R CERE Lo EOESR &, iz
3&%%MLTT%EM*2KmLtO_ﬂkié&72¥ﬁ4ﬂ% @R1$@4 b
T HADENRD L S CHEAEDEREO—KOBES &L UAEGEA L, BAuRMBRD
DEHTFEROBEE I Lo TEZh, ﬁ&é%“&@&@ﬁ%%%tﬁb&%kBﬂ%o
FhT7IAIXHABYDA 20 —R0RERRBBRCIDODTELZY, {120 —-20HEED
BWREBTRESHIVEWIHEHIND B & FHEI N T 5 A8 118, 123 M~ﬁ%f
FA—&fFodTEELEZES S = — +thﬁwﬂﬂa@%®%m&§%ﬁé%kh
LChREERBETADNI N, PIZIEIBSIEI bR HE HEF CHEEBSMEKT T3
T 2% H A TR LB O WTA 20— e v v A—F0DEF 2 L C Table
M—3 KR L, COELSHABICEEERERRL, 1 2o —BEOMRE & LR
DRI IE O DT,

B L LEERT 5, BHEAMCE B X HoEiEg Bn 4% & AKAH D
R BN b, f%KH&¢5§f®EK%m&§m FIbe g ek iE g (Plate IX—
) 7 EMRBT p1® W ELB AT D LR, SR OE O EA B

W
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Table III-2. Relations among the color, the thickness of nacreous
layer and an elemental mineral lamella in P. martensii pearls
cultured from ]uly in 1957 to November in 1958.

- Color | Thickness of a | Thickness of an elemental | Number of mineral

’ nacreous layer (u) | mineral lamella (u) lamellae in the nacre
Pink 730 0.43 1698

” 380 0.35 1085
Silver 310 0.45 689

” 510 0.50 1020
Cream pink 860 0.44 1955
Cream 430 0.50 860
Gold 230 0.56 411

Blue pink 590 ’ 0.40 ( 1475
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Table III-3. Comparison of the thickness of the nacreous layer
of yellowish and silver-pinkish pearls produced by P. martensii
in the same time, 1958-1959.

Yellowish pearl  (mm) Silver-pinkish pearl (mm)
0.27 0.24
0.26 0.12
0.29 0.47
0.36 0.25
0.33 0.39
0.32 0.44
0.33 0.30
0.39 0.30
0.27 0.23
0.20 0.24
0.36 0.33
0.23 0.38
0.38 0.39
0.36 0.35
0.28 0.29
0.28 0.38
0“?9 0.34

\ 0.28

\\ 0.36

\ 0.32

% =031 \ % =0.30

THRIIEL D, LOMAKBRIC X 3RS EF OGS R CBREOL/LT X 58K
[Ex118) R UBHEORRT R ERREINTWEN, EERBI O ERTRLEE
DOHBBROKETHSRE T CHEBR AL AT SRS 545, HkS LEO M h#EoZE/(L
POk DOELHIL R B hDlc, Uas L 19564 B B A i K N 19624E B B I
THEMEL T BB REE (Fig, 2-26) 234 Ureds, B EES FF oS5t
WA B DFER—HRER—C Lo TE L b D vz b, P Lo Eiks]
B O R B D RS O 43U TE ) O B B R g 3 BB R ko fEAIR-F O o &I
IoThhbahdbsEbns, chws U CHEHBRIERGIPCSG 5 REB R LE
HEBOEROEMALARDESCRESFE TS (TableVI—1 2 &M, 4, 195859 f
1 HEBEANTFR A B WBEI BRI ULELRON, BREOAN LR 5HE L
HEOL:L 5 HEESHL, 20 1FMesT s BERCREEO LY EEE Y E
HWLCTRBE, EXLTEREFN0.30mm 78 0.52mm ¢, BHEONERIEKE
AT LT ETH DR,

- =

RIS D EBR OB LM+ 51, HCEBY R VEERE N5
HEE (BRI RT 5 BIEE OABIETORIB X 550 B EE O Bk, Q&80
YRR C B AR ERESE 5, L Lns bEkOEREECHE T 5 xRt
SERICHAF PN BRI R O BIBE R BFE Le b OME L, BT E D TA{L2673D Kk
SR AR 120 LR BN R ERNER B TH 52, COMBEY T 5 e tan
BRMBEELN WL, AEBORENC X 55 OB DWW T OB IEY
WIS, W0 E s FREIROEE OB DWW TS < OFE4+1. 57 63,951 /3
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b TORIBRIC LB SWMERE OB IR 0% L RE OBEFIHEDED 2
MESRH 52, LI OMBECET LR AT ERAEL L, FROMKELE
el binv, —F, EHOHH B OEZ LI OVW TR 2 Q&Y TRl S i i
5g2, 15, 40 2 T 5, KB EZRICE W TH YRR K organic matrix H3FET-
BEMEER T Do TR fﬁ%miﬁlﬂi%‘§m,Ha®Wm%%%ébuﬁﬁ%@
‘%@ﬂémﬁibf WEERER ORI & OZEET, (mm&&%&, (LY B &
organic matrix, @L%Jx& organic matrix DA OA B, MO )OSR O
@&%%W%%mbfuéo%ﬁn“O%DmMAM%H&@ﬁﬁ&&%m LT Lo
I S, BB O B AR 7ok 1k organic matrix & §R#%E fh & @ epitaxial growth
CE5H0T, HRORAZRAEROMEFMIC L2 THENICS 5 WIEHHEN KRS
NThBENWS EL R BN L, He T v viRUREERHOEA LKA TS, Watabe
et al. 1200 (1961) % Crassostrea > calcitostracum DXEIC 3 T HIBFI LR & R
WEE O 2% A, Watabe et =1, 119) (1960), Grégoirel?’ (1961) Jk (X2 111 (1961)
ko Ty & organic matrix & OGN R U b Nic, /2432 (1961) i
I HBEEEE L ERBORERE YR L, BNIOEROE I n—EElh T {#
e LT, BRPIFREAELLE CaCOz TR BED T AELHKEDES & AE con-
chiolin ~DfFEND BEHETHSH 5 & HHL T b, hES58 (1961) 1~ OEER TH
TE LT HREE L B ORI AT 2 il Pic RS2 0, alftosc s UEcdT
CERDOBIRBENEHI R T3 EE Xk,
TaAYAADEEERCE W THELLERECRAEROBA 258005600 Rok
ABBEFARABOARELCHRT el T5 &, SR THERE OMICHGHEORES
BRI, MEOAERCOREIC L 5SRO RRERIEEL €, AEMRcdk
THHBE FREEEEY, ABBRERCESICHZT AN REKRE L MMM T 5. —h
Anisomiaria WJET 52 Family O BARA5HFPL A A XOANAERI 2D ET7 Y
HAOHEEMEBET e, BRFIBERE b CHEBE L Codariitzn, —BEC
AN OBAN TETHBME Y S L TY, %ﬁf%@hﬁ&%@i&wmﬁﬂ§n
TLE Do B O LEMREEE%ERE OB &0 g ilicin > TR B &R
L, AEBBECRPNTEREX N TS, BRI cBHE LFERc FEoBE
FEFaEZECTwE b0 EE L BN, FF45Wa iz organic matrix O 4 EF
WEZEBRE LTS THA 5, e dizoTiRe O % $O7 organic matrix
& ARG S L A% epitaxial growth UC, BOACEREEKE FMIC aragonite D5
OB clE TN INBAE LS EODLRRDARBRAREL THW30EELLN
éOC®;5m%ﬁE% ﬁ&tbﬁ%@immmﬂ%&Eﬁ&Bm5m,ﬂ%@énb

T%%%%%Hﬁ,%@ﬁ@%%&UﬁEH%<7%/%N&EK&Bﬂ5@§&WﬂL
TWbo L LT Ostrea gigas <2 Anomia lischker @ calcite ZFCEIZ U mi& Tk
% calcite &S EESCH LTREHRCEFI L TH D, HEODOED 2R TEANE
LTwb b0l (FERRE), thboBEE»DL, WEASYOLEYMLEBRNC
BIAREREISHBOELBEC T v v ENREERLYEATLIELC I > THHEZ L
HrEZXD, BERULBER R OECHBFEN 2 ETRIESGYE RN D AKX
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FWMEB B CIDOTH Db EBEEYEROEIREDOED D L KHROMBELFHIE
FEREL, %%ﬁ%@%,kﬁg,&E&U\ﬁﬁﬁm%%ifé b 5T HBE
LR oS bR RIEL, ;iiﬂff\w%bﬂ/ﬁjc%ﬂé ERE D, FRGUEE D
Mda'&mm01ﬁﬁ$mﬂ%ﬁMK fTiehif 5 Tk o @ ERIh, 25 L
%@%?WE*KJOTﬁﬁmﬁBbﬁ&%mm£%§hét%i%hé%,Mb@éﬁ
B & SR & O /N BT D ZZAOE B & SR O B & D 1L R O — BB L
D R & T, BHET S B conchiolin OHIE Th 5 HEMHE ST & CaCOz DE;H
@ (001) [ tf conchiolin 43 F ~DUWHE 1) DRIC—5E DR FHE 2 ET HHIC L oTHE

T BIDEEZLNDL, LD CHEMEOREI RS Y, LB H D LEE
] — R M R — M%K%bf%%%@i@&%#ﬁﬁofbﬂ@,A%AL&@ﬁM(H
W3 % B U R OB LR BB 2 b U O IR R R OB 2 S b L U
P g cE £ 5D,

NEBDME S 2R B0 EES » WEMENCEREL Twb EE 2 bk
LA, HPREAREEL CW A EEHBIE B 5 —EF~DIEA D b O TnE EE L
b, TOFEMEEBER EERREA AR SERERC R RS < MIRA RO
P (Bl A R ORIREED b 2 HBRAEeEa s ofog ) &0t ko TEEL,
FRICHDTELRDIOLELLND, &5 Ul HEESS FERHEB O D Bk s
800(1962) 2 fEM L7z & 5 7x LRAVHICS 5 microvilli RETEL R —EXH ) DR
WD e i d A L, BEPicsm& i conchiolin FIEOHBHE S 5 W ixH
M L L TIRE L T A0 conchiolin MM /eiiifiha 4 oA d b bd &
E X binbd, BKLIHEIEE D conchiolin #EMWICHIED & % O FAICEHCHTE
ST HEN b D (EHERRE), bT sl Ih organic matrix I HMAM A 52 5 HT &
mAHEELBND,

HIFE O & 5 AERO R X % 4 WSRO Bkl 2ol & B E R E L 0
DOWH BN, FAXHA TEEROBECIEE R BRE T caleite &, BRMEN DA
% EERJE Ty aragonite WCin 4%, EEHH T calcite 25 5 MR LFHRTH 9,
aragonite 2B BEALFERTH D 2 ESAL V. LoD ERERVB BT 25K
BRI AT AHEE, COANERIN calcite OERTEHBORELE—HINTH
By, FEFErR AEEEL Schmidt8d’ (1923) DR Thion b & 5 s S HREMREH D &
2% DT, calcite 7By Celcitprismen, aragonite 7: & 7oLl Aragonitprismen &
NG, EEOBERNY CREBERYIIIE B\ T calcite DAERTERA2D L AT,
ZLOBGHBLLUREBLTCE IR, ARG IO TCEADAEXRT. LvL,
CNBERHORRICIET S EXRELT, TRBAYLEICHRED TEREND &b
RB7\, calcite 2B/ 5BORMERL BRLA7 IVYHA L AFR L A AXCHEAEDH
TARERBALTC, TOEMICEEL T AREEYADE, BOoBErEL>TWwTh,
HoBHL ) b LAEBMGIHEFHICEEL, ETRE < OEE calcite OBREAHH T
EFC, HFOLTNERX TN LN EREHCE L DT WD, ¥ 2 AK LV organic matrix A3
T FEAET B0, BEERCEWCEEBL 2 H -0l 2 RITEEBYHENE TR
INDHDTHIRVe THLEEENDAROBYTORESCHECRT B IEL, 4§73
EHE A BHE» W%WKWF;<ﬂ&3h%kaBkmott%i%&@V%U&U
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REABYENGEET B & calcite DARICIFEREIFHS—RHCLELEEDRS L
xbiBn, BALRYHOBEGREEDTL A HAREID ShTnd, EE AT
1v, A%, #7255 4 4 v EB#lgh e ANncBGelEBiErThFhoz
DI, 4 OREBREEE C R L LMD D MICIEDER % 38D T
WAHD, EOMEHHes (1961 Lo THERLEHNIC R RO TV HHEAREINR TS
#Ehh, ABRUHONBERBEOECLTORTERSOR L) LALBBHELRLT
—BERENE LR & OkChhdbbd, HEEE FRSBEFHEECSWTLAERT
ORI & 5 E 2 L Cw 3 RRB KR O organic matrix & CaCO3 OWET)
BRI kB0, LEMBOAREROE XL 2,1 XEEBUBMERO R b &>
TARIETH A5, R OBEEA O RS LR O X 5 B R Ak o B Ed
DEMENECSOBEL T 5N S 5, —F, LEHIROKSIREMHSO
KEILEENTWE D EDLNR S,
HBEOEFRETHRERNBC ST 2R EBROBRERBOEROE HE ORI D
EBIoThinh 0EXEL, LOROHEKBOEIEFC I D> CTHIZEL DT %,
P 2 MBI ERE O EE VO 2 BRYEH L D b F L CBVHEIERL Ty
LA, ERBECETAEREBOREREOER T IYHA LA TF a0 H A TERLDT
W5, TibbEIE RELLIL (1950) BN,AE LTS XD W BESmHENRO B &l
LARRAR L, HABBNTOHEYEROEBREB IoTwa0rd L, %5 Crilark
BAICE G5 —OEGEN O 00D MoRERIC Lo TR, Bk EE D HUEEN
IR I N B EROBIIZE—FR LT b, ZOMEOERELEE -, =5 LAREEED
T A BT A B S DO CTRAKRIC 12T, RELPEINS, CORNMDHE
Ric X AEHOEIREOENLL I AHARBORRER LN T 2 EE 8+ 5, &
HEHOE TS VEELVCENORRERMITH AL LHBEE FEOSILEICEEL
HEBICESBI Ok, BAERIBC ST RCEREOERBCES Y 175
L, 3 KOKERIERINZ N LELES %, SEORBREDBENS, 2
BCTHT BB EOEN OO CHHEE OO BB O R A HE 4 5
TEhH, Tibb

1) HARBEGEVHEROZNZR OEMEIC A2 E T T 285 5 5 HEK.

2) EHEEDOBERROBEESERE LT % B,
BHbHo ERHOFHL T3 ib dBORL TESHEL 22 L, KEMa®
EREHREOREOINCEMLELH DT,

3) HEEAKROBEEINEL, Lo dBERAVHEKED TONOHRHOELVE

o

DTS

HEEO# BB LR AN HR#O TN L4 LB U Tdh v, conchiolin & 474k 0
epitaxial growth XD T2 :EZbN5, H4OUMEROBREREYMED F N &
E<CHEULTEY, BEOYBEENEECIRIN TV S, £ L TEOELSREICIE,
BIBUREER RO 7 2 v AR EEG A BA T 5HA T TH D, REMEHRO TR &8
RABIRHEI Y OB ERBC Lo TEY 3R, #BiLeH o LT
S Nie organic matrix NEEARABREHH U TCWDLEZ DN EAISH D, BB F
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BERAEBROEN R U X 5l 5 GIRREL G Clel, IENRFEL O THEST
e dEEL TV EELBN D

SEPEEIE S ETo HB R UCEEOGKLBE oW T e, (s kT
TR MR TR Lo TSRS < DPIFEE I L > CHiEs. 9. 26731, 33, 34, 58, 93,
RZDXRTWEDT, T TRENLLDR,

-2 #

1) HEOHMLEBORSRYEET b, ABEBOBHEK L 7D EHE O,
AEROREIC X 5B OFRME, HRWEOMMEBERZ I CHBRES LT,

2) HEHELECR—ZVROISAY2NH D, O Bl LEAROBI L
HMEFEET 230 EEZ LN D &5 /)50 ))#¢ organic matrix 1A HIHY 7 B IE)
REELD D,

3 HEEOIYLcd 72T conchiolin & §LiHE & 12 epitaxial growth % 1L Tw5 &

FExbd, TORREL LU CTHKOKBEMECA LN D TEREREZET 5o
4) EA7ZOEBEREIEEHARAO TR EENL TR Y, TOESRBRBEREERD

72 Y EMBREEGOEAR IO THERAEETH %o o B &Y O EHE e Y E G
CEDTENEINBLATEL S,

5) ABWHEOH L VBRI S LSO BB G KGOS ERT Lo TERS
N, AL ORZRER X BRI D B 0 E—{Lik BiEh o organic
matrix & CaCOz DO#EHE® (00D) HPb 5 Wit conchiolin E~DKE TOF#BEFZC L 5
PDEEZLNG,

6) Mot EBOoFN S EANCS S F—-BBcl s B 2bM 5,
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HEBEBEOERE R CRBIKESCE{LrB T 5,

9) R Eth bk L BEBREFT 5 & — R HBRWE O & Ol & KR
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HEOBTT, MURBORER~OIMATOEATT L2 ETHA, DWW THBDOEEED
BT BRIRE AT T DB CHEL, HEAROFHIE oW TEw L,

EBMHERUCAE
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EARWEYERLL CESEE OREYHE~N e, B b eBEREKORmME B
DR TORBERLLOXDONHOFTH 555, &ﬁ@ﬁﬂ%m(mmm>®&@gm
~OFHEA P~ Do, FTFHREBERNOBYHEV ) dcl>TEEL, o
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RERUCHEDEZE~, ARERTHLOR IR L LERE Uiz, FHK BT 5 EH
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OEFHMEOHRBY B ok, —F, Y kﬁ‘}&htzuﬁnﬁmfr% DU R A LT
HEE ﬁ&kﬁ& FTH & BUEE R R~ o0 BT D A AE B O LR I8 D FE LR B3 D ZE (v R
RIS T REIESC, EREREORR~OWEERE Ui, DI EOBIBHEH LR
E%M@m®_&<fﬁéo

D SUEEOKEREONE
HE O BORIFEABIRCRE  DWENH B LD TAR IO CRER DR
T DYEIREE VL D C OSSO RV # BIIR BRI Lo CEB Lice —F, HBHEE
BEE DV 5752 LRI IR & 0 A& UV IRY, £ Ol DIk 3L W EEE
iR E (GM-280) 2R L€, HAEEHOEHE 4 DA Lo ClEE B Dk,

2) HBotEoOME

sk RC-T ME B FEHIES» {EH ; PIRAEOT? (1954) fr OV 11807 (1957)
DOFEETE, HENREIE SR~ 7 Ay 7 A80 background # v 7z,
fris, & I-WTﬁW&a@f%’é“’VCTL lfC)ﬁ’M&HHH % 7.0mm?2 K of 5.5mm?2 i L Ok
Wy RS A3 AT

3 HEHoFEEOHHEEED

BLZRB Tl eI E L, KO HMIEH L Leitz i Panphot O T b4 2 6
ML THEEL, ZHACHEOHMESEI VY A2 EM U CET BB > TEEL
Too ToBILERED 2 H5 W2 B 70 2 2 /F 0 U ERBEMEBIC L o TEIER L 72,

EHEEE & EBR

AT & CIREE L & 5 I HER O & O Ml {n‘wi M DA 7o v-—Harhd, (85
DARFEARE R M IARIC X BN ER, KO GBEINEEEG Y b ok, ik

Blten (Fig. 4 — Do 4, b oMY Lo BRI EBEAN T D & (DT

1 2 3

Fig. 4-1. Diagram showing the relation between reflection and superficial
structure of a pearl. a: step distance, d: step height, §: the angle of
diffraction.

IERS Mg ek 2 A U, () CREREHC &2 ORI E < tH, thixL T
BIBEERRE Y A T 5 M TR, BEROoBSE d, BEVGOMEY a, iz 0L
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T 5 & BRI OB E A
A = d + dcosf — asinf)

b, —~HEOERNBFOREERHLE TWDEEZBN, JHKEED BN ZEE DR
BOMOWEBENAIRTEEZ OGNS, COGHIERNRUEBCHEETLERORE, BR X
DB RE I E A DR St 8L CTaRER AT ATHEA S,
Table V—1 @& 7 2 # 1 FHATEO R FEM ML&%®WLKJofMﬁLth_
BERIEOWTI ek Th D, MV IERIERET 5B E AR EEL b5
WITHREZ R L TE D, Al Mﬁmmkéfémioftﬁmmﬁbﬁi F& i 30)
ﬁﬁﬁﬂﬁ<&é@#m®bﬂ o FIBEE S A Ao D2 D ,ﬁﬁwmﬁotﬁ
HTHBRWIEREOH 5 3 0)(/i7‘£/3>0717§> FEif % L conchiolin DETR B L ie—1
R TERVOERE A DT % (Plate X—37), 27 v THROEZ C ORI O
THAHELE, BT A7 » THBERAY —TRWR D, HREGI TG E 8% K
LTWB EREbRIZ v 4, BELCEOHOERE CZ 1y FOfiEs, AL
T 7250 % 30T B0 D0 THLBELTA S, EY T 1y FOEEL C»

//

Fig. 4-2. Effects of growth pyramids upon incident rays.

bFEme vk Fig. 2—2 wa bhd & 5T # 4 Jidsibh, R bARE U T 5
:@IE&%%%7Hﬁ®ﬁbﬂé&wmﬁhbfkiZ/b@m%ﬁC%Hé,?mm
IOTHELEREATTOXORI L ELZLRS (Fig. 4—2), FBKEYT v
FRERCUZEE LD DD, SCOBERE b S (Fig. 4-2), Licio Tk
J;}Ei Ty FOEHEK LD, BMBHEMEC S ERIBEREREL b tE2Z BN,
—JF, EEEMEEOMILETH B E ORBOKREE, B, E KB R ORI M Y
@fﬂ%#mﬁmmw<ﬁwam o Tt Table V —1 b b5 &3 fHaD
BESARELMESLWLUEERRL, &EEmchabin, B BriilET 54
m@ﬁﬁmtb%@ﬂ@vmmmki? DR LT, B X o THRBEOM N 2E L
, ERRNEIET, MO HNIIENE b5 D THIRBIZE L e Al 2R L Tn
60L@; Kﬁmbf&ékﬁm%*@Z@W}®®&#K@wﬁ,?ﬁ&&ﬁi@@
FRBEGRLTWD EEZLN, WEEEWHEFEL TS, T/ Table IV—1 THREL
B & O HEE LR RA LN, Tihbb, v 7 ROBEBRILR KOS DAZ
Q) VAUA—ROEBEERED B DAL, 4o — RO EH R D B
FDREN(RDOIDY, T—AOEKRIEFIEDE WL DNREN DI, F L TEEHE
EHRRD= ?@wﬁ%waﬁm?ét@'ﬁMmN~1K&WLtMH%@%%KM«ﬁ
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Luster

high | 23

3

Pattern* ;
i p p+s s i]-18u -36u white pink yellow blue |
[ : ) : .

medium; 18 5 7

low 3

*  p: parallel,

1

1

2

*% j: irregular,

Color P };af:rr’;*
silver 6 1
pink 15 4 3
yellow |13 3 2
blue 8 1 2
low grade§ 21
* p: parallel,

2

*k i irregular,

Table IV-1.

! Step distance ! Color |

12 14 14 4 8
11 19 6 8 11 3
1 6 1 3
s: spiral, 1i: .
r: regular.

irregular.

Table IV-2. Relations between color

Relations between luster and superficial structure of Pinctada pearl.

Crystal | ~ . . | |
Lrystal Size () | ;¢ | Isolated ‘Thlckness of pear] (mm)
form** 12-3.4 3.5-4.4 4.5-3‘ Etch pit !deposition; -0.4 -0.6 -0.8 0.8-
i : | |

2 1 7 14 4 8 8 3
1 26 2 8 1

6
2 5. 2 2 3

and superficial structure of Pinctada pearl.

! Step distance ' Luster
i -18u -36u high medium low
3 4 6 1
9 13 14 8
8 10 4 11 3
2 9 8 3
2 3 2 3
s: spiral, 1i: irregular.
r: regular

formee | Sl 1) | an e flated | Thickness of el (o)
16| 1 1 5] 1 11 2 3
19 1 6 12 ‘ 2 1 ‘ 3 5 5 4
6. 2 8 6 5 3 2 3 10 2
18 2 5 3 Lo 5 4
14 1 4 1 1 2 2 1
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Wy Table V—2 0L Th b, HHORRBCERCHEE L T 7o B, &
m@k%§ AR, WEBRES 2 L L O REESHSHL, EHcRBECER
MEFBLEZ BN EBE YA T ARAMEEEET L IBY L OMEEREDE LV,
TR OB TS BRE, BYHE, VBERCZERENELD L HABOY L 3N
ANBROTRERLDZHHIOERICEEDLOEREL B, Table V—1 2 b XEBKOABE
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Hin\ve Lici Do CHRmMEEOE/MTEBRORRE, BIRE, Nl L O RERSEER
L, HROOPCRBEEREFAET, XAk CHLIICEHL Ths L3 b s,
LA LEEBROEEA, 2% v By 7 OFBRLTRVERERE bRV, Vv A —RODEEE
PO RE OB AR R T D, Th b OEMOREBELRECOLRO BT
ﬁéa%xbhém Table IV—2 7 55 L 5 W EHER OB S L ORTFLRkDHE,
¥ eI BERBEREORRYE LR cEE T LB X bR oL, HE RD
BN o0l O REHERE LD ARTREBCELELTWDEDTHED Jo

P FeB e iois R Ao S s BB E RO T OMOBERIMEI b
DTHHMDL, BEEEMADOHERESYH < oD BE R CEERR T O Mk % SRR
B L Thico £ DR, WH & DHMKELREREOL R WENNEERSEL T 5R
R B bN 2B F I CHObREA R <, #RO ISIEES F LV &5 0 I B aiEE
X O TCRBBERSREIRC/ D, BAIRBE SRR L 2EE e b 0T E TR
HZ2ADE3EEL I HRENEN D, COHEETERERNLERERL CUEbMK
EORRE LR —HL TV, L LEHE S GRS ETORIDECRE L2530
bk, Tihebb, ARENKEL L B LﬁJViKQJLﬁﬁE’ZVCJ:Ofﬁ‘fJX%HONAV Fepati)
KRB ORI LT, HEEL D BBFm TRASAEZZLL T A LOF AR
B flihotc, CRRE MBS EREEEO X 5 REEs» Tk (d—1) 87T
R LD AR —EDMMEELE CEC RO TERNRET A4, HEOL DI
BRI T D IS [ A B e Lo T L?OT%%%” R T b s BEN
Eb#&%éﬁ% BIWDTHS 5o 4, FLEEE M s i3 % BB B S e &
B EDBE R OWT LU BRLTRS, B TR IR < R b H O
S AIRTESOERE AT v THIEN 10 ~ 204 OHEHEBERE LB iTEER T LT
WHDIEK L, A7y THEE 204 D EOBEPRELMBEE R THACR Ty TRIE

mbkbﬂﬁ#b&émfm&bgébb% Ly, $5VWIEREBTASOLBRSE

Lz dsDize :

PIED &5 W2 RAMNICEET 5 © L1 X0 THBRO L IRILEE O fiiE m&&
KEEL TWwa T o, 4, @ﬂlf/f\@ﬁ:(} A YRR TERL, LR
FH DOWAR & & H MWKﬂ&é@fﬁﬁb w%@m#mwﬁﬁmgufmﬁgaxﬁ

OREIR & DR RIE & BB L, 'II%C“(R@’% WMAEHICHE TS Ex R AT, ¥
Rx 7 o2 v 7 4 HB RO ARER T, B EENH AN M TN I, Fl
ROBEN Db D &5, EBRORIREREREWT, 855 5Nl e Lo
T D HBHCZT 5B URELDOTL b, TREREROBEEDO VWAL b LT,
MV EETHMENEZHS B2, BREOMNMNE L A5 ERNERERCELI S &
I LIS, A—EOoEHBEBECE TR EDOEELEEL TWAEEO MM 524
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DR EE T 02 TR B ENRh D, Lk, Table IV -—3 25—
EMEROIREALDRB W RIETHRABERCLHLEL SR BREY T Ly FIC
DWTERTE L, Thbb, BRET Ly F2AKEL, LedBidintd 3o CHE

Table IV-3. Relations between value of luster and texture of pearl
layer surface.

Value of luster SSpirzl patitrern* ; ‘ '_4§tep d_i;z)ance (fﬁo Isolated deposition
100 4, < 3 B 2
100 — 70 9, 2 4 ‘ 3 2 1 -
70 — 50 % 12z 3 1 4 2 4
<40 4 13 1 4

* s: symmetry, a: asymmetry, ir: irregular, 1i: indistinct

U, ¥&EOANILELHEHEOMM DD BRER CREHBOBBENR  HRE
Lfﬂm%uiéﬁbiméo2%%%%%?%m3&&§5537%abf%%b,m
IHEEH D ORBMENT 2L, WELT Ly FOEREMEML TEF A 7HENS D
b, ERBECT Ly FRERL TV 5 v 7 OEE KT 7o i iR EE A3 )
CEOTREYHIMERL ) Ko T, REZREET Yy FAKEIFELTWTY,
ERMBOMNILES D THRRBEREDL L TL 5. T ORI SEII b T
ﬁﬁﬁfﬁwm&otb,miméﬁéﬁﬁb%MLf<ét%ﬁ%mm~%%mx%,
MEABEDVFLECHAEL LB LD, BHOMBSEMER L CEREER b,
&%&@ﬁT%WKﬁékmoUrK&)R%@@m IGIF T B, Table IV —3 2 5
27y THRBARRCEZLABERL TV I R 252, LR L MR 0E
FEATHIRD, LFLL ERNERDO BORELX RL T 302 B THEL. Lol
Table J[— 2 ﬁlfoﬁ'ﬁ?}ji" RO Ty TR ?WW’]VC&%LT% b, AT w THERS
4;}_141\/ “BEE, 04 DIF T 50n DT OB X b S50u P E O WEHED B A8
RENREDDI, TOBRYEBUICHET TS LR, cRbOERF—F —~DRT
HEBRARL S eBhbn3n, HLCOSEEREYTARbE, CofEloxs » 7HIET
AHLBREDCLEIXRDRYELABE VIBOEELENRLE S L L0 &8N 5, ICER
DFFEOMIR L RE & 2 BRI L TA %, BAEZRICE W OERED 100 %0+
HRTHEREETMCE ORI 2EENS bbb, — 2RO R{FHELRL4
~8u OREHAFVOKENER L L HINBERERZ S O RALKELTw 540
T&HDH (Plate X —36), it Plate X—37 A b5 X 5 EHE L b EVvy conchiolin iR
%%m%x%of~&ﬁﬂﬁm5k5%@fﬁaoquw~m%&m?klm&4ﬂ@
HE, AOAWASAES 5 WIHEORKE bR Y, —RCEMEEZRL Tnwb (Plate X
~4®obb@5“%&9%”mﬁﬁgwam%Mmeﬁb = DFHOFE R OHER
I " D DEMAIED BB, —Dik Plate X—38Ic i biusd X 578 0.5 D F O &
THAHAEBOBELPECHOTHREL, TO0RDFENNEEREEILbN, FERolk
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RIS IER Y & b DB W L AEEA B S, itk Plate X —34 KA b5 L5
CHEREL TWa L BN 5 EERHED BT, BEORR S RMER U CIRES R
e v, FRE LRI R AR OTESAED SN A DD T, b A A MR
Er e RE AR DEL VLD TH b,

BB BT 5 EEB O REEFGNCELLE/MAL, EEHECI>TERIN
THHCEEFEIFLBOVTEH L. b LAKOERENERBEDRLEFIND K
BivE, LA R & o TR SEHeTE, BTo BoYRETEYLER
IBLBDEFETES, 4, Table M—2 WA LB %2150 MgO ¥k it
LER L TH, %ﬂ%h%ﬁM§&TM%Wmﬂm@ﬁMKié Sk A B~ Table [V—4 1o

Table IV-4. The luster of the natural and polished surface of the nacres,
P. martensic shell, collected in different seasons. FEach sample was
polished with MgO powder for one minute.

I The value of the luster of natural | The value of the luster of
Month - surface. ; polished surface.
I ! Gys (7.5%) % : Gys (7.5%) %
VII - X 65.4 100 .4
X - X1 131 214.3
I- 101 401 1 116.7
v - v | 778 l 141.6

ALt FHEBMBIC X0 THEEORRERE LN T 5 &35, LLAAD,

THEK L5 REOBMBEERNC I O THE UL B, EPHEFORRE LT
L3S LA RE vy, CRODOREMVEMEC IO THEL TAD L, PHBIL
HREFRENMGOBERE IS RS EDBICHEL TR AREINTEBREND S
ool ey (Fig. 2-3), ¥FQFREI LB SCETH b, O LI
L BN E OB EE L e i B O o i 2370 < 7o b, BLBRJE & 23 F 4
bl stk dEE2bN5, Lad K 4~10 FEICEE LR B ELER X
DTIOHFE~R2HBRELLEBE L HELWERHD ORAWK b b, RRE

DETCRERZNET O], ARBEROCREOXEN T AEHEMUA DS I TEAE
THLEREETHETHA D, Mok, 1~3 HoRBHRZ 1 SO CRESKTEER
TET, BELAMENELEOTWEND, FIEREXENT S L VR E R
ORENCHB L THRICEINY RTTHA 5, PlLEoz L&l RT L Fig. 4302

Surface Surfoce
T
& ) &
© = -4
P [+]
vertical section vertical section
A LD (T2

A B

Fig.4-3. Comparison of natural and polished surfaces of a pearl.
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LTnd, MBI HSEEREOAKIECERR S T 5BEIHEROKNT, EERT
BEACIOTEIRINTWE EEbNb,

AT FavAAYKERRT X HAHGL D 3E2RHBEFETHY, LREEEHEED
BB N A DN B, 4, FILH AM4EO MY BHERE I — FPEHERAL T
SELTARD LFRHKOHE N “3 T340, CRICEDEENNbDR “&hl b3 &7,
TREEMAD T B NEKROMEN “5 TR EE” RUOBRERR “LA” KRBT %,
IRBEIE EHAEERORE L OMEY Table IV— 5 1K L. ZhOYRELA

Table IV-5. Relationships among superficial structure, color and luster
of Hyriopsis pearl.

Color St(;p patterq* Isiorlartedr Vcrgrsfal**rirrr ) 7VIJust;er
] i f a “ high medium low
 salmon pink 138 | 11 2 | 13 o
rose purple ‘ 4 3 1 4
orchid pale = 15 3 5 13 i 16 2

white 4 5 1 8 9

* d: distinct, 1i: indistinct

#* f: few, a: abundant

TS av A4 AREEROMAET, COER L0 TCT IV H A HBKLREBETER V.
------ BRI EDT “5TIAT RO “bortsbI &7 #2945 MK T LiB&IRD

BRI B RS S B D, T EREE L Co B 7 OBIRES RV, “5> s>
BDOHEKEE L DBEEEEERZONEN, MVHEL TWEHmAE < LELIE
SRR I 7 D CIRBRE R BT L B BTOERES E D BeKichi DT
F ST BOE U C SRR DRI e D R 7B 7Y A/ HEETAR bR
o, ArF 2 A AHABEESTLHRIRBOBRWLOTR, TOEBHICHKEL TS
BRI L BT LD 3 ~ Ty DR & &% s (Plate I—28), i
DL ODERCIIEF NI WERENBRE L TWEh, 5 WIS ETHOK ISR
THREASABEECH S (Plate WI—29), D LD X3 A 7 Fa v HAEBRKRNTH, I
Ri&&EmEEEOBRERT7 I Y A TEA DR LEROERZED bW, FIEDN
REEABEDFTNICEBLTELLE G, COMEONRROEENMICEERL TWw50n%
W5k, A7 F a7 i ABRERBEN CRREORADHS EREDOH I %Y D
Rb, ETHRETONLRERME L Tk, MgOBR T 1 SRARECHE L ORREZ
L, FRFE LTI THREL Tak, X0, HREMCRRE DD T68.6%,
FAE DI T18.4%, T, HREBOER FHOEEBECLEELTWS, MEER TR
BiE £390.6%,, #%E23.3% L, Mk > CERE R LT 5, Table N—4 T
FBEEONRELRT 7 I Y A4 HRERKBOERBE L T L, Wiho Sk
BleR T BRER TROLRBICHIGL THEMU L cBEx Rt b OEmIKIFEL
B XoT—HTrEdr»rbbyd, RiREOBMMCEELWENET S, Thbb,
YR D LW 130 BB INEA R L T7 a¥ H 4 AZROREEOERE R R TEHT
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LR B W T IR OB E R L 283, SEIROBE GRS EK 130 2 ORItk
BRI B WT T IYHA OREOL DR~ THVRETH S, CORETHKE
OFRABHBELEOBYOZ LT, BIRBEDEBRTLIDDEELLN, 7IYXYHLT
BHIAR L~ LT\ b, CCTHRRENDEZDLEA T T a7 H A OEEDO DO
Mo dDE~T, FOWHEEECEWTELWERS S LELBRA, —Jf, Table IV
—5mb AT F a v H A4 BETREMHIERE L EOMBEY 30T ok, HifiHEE
BN B B0 L 5K 2 505, FORHEHH OREMHMEEAD AW Ehb, A
FF g A HSOEOOBBRENECE bW O LELND, KEAEHAAY
ETAMBREMBELEELTRD, 7ax A4 HBOAF Y Ev T 8V v i—-DFER
DR LBOHRFOBUTHEDEEZLNZIIK, A7 F a3V HAHBEDFT AL 3
FE RSN SR T ORIk ENBETHEA 5,

B oE B E & BR

FRMEE BB OIRE, B, ERELOCEHERSEY AL TRD, Hkopndk
GBS ZEBWTERCEHL T 505, MO BRIEEREE J%@%%mzabfm
FLTWAHT EMEB BRIz, L LAFYEY Y, vARA—FRORT 4 MR E IR
OREEZRL T2 Eob, ThbOFEOBMIETHEINTOERELET SRTIC
EDTnBEELBND, HRREFEHBEC L OTRELIMLEN T 225, HHEKTH
SRR L D ISR S B EAE ECHAE LS ER LS T T o9R T
PLETT S ORRELEEG LT 5EELON, B TZav A MK L, 7 F a U H A
HEEOWHREDERC IR ERERH DB LD EEZ BN D, BICHKEDHEEDRL—H
B QWA R B T & B8 L U8 conchiolin [EOE X &L EBR PR T HEN,
B DN E— LR & OB LR, BRERORELY U MR W THL,

Thickness of an elemental mineral lamella
built up the nocre of the pearls (a)—

0.4 0.5 Q0.6 0.7 0.8 0.9 1.0 1.3

peol

Fig. 4-4. The relation between luster and thickness of elemental mineral
lamina of the cultured pearls.

Fig. 4—4 7 3% HARCA 7 F a2 7574 BHOERBICH TG HER-OES
NEL,ﬁmkkme%ILto73?ﬁ4H%T~L@td@%ﬁ?é%®ﬁ im
VI OFIEE A RR L T 5 B SR O— W DJE & 51 0.35 ~ 0.454 2R L THD,
VIREAER R AL ONT—HROEINEL, KEBEOEFTH530THH0.5~0.64 %
Tote L URREOEWEBRICOEE ORI P EENHC 0T DO, 17 T 3
U A A B TR EONRRERATH L0 Th MAHENR K OFE S 0.45~0.604
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T, RENEL Ao THESYHKOBE ENREL ) 1.8 KETLHDHH
%o itﬂ%m%%bt“%ﬁ&@ﬁéﬁmm Lie s o TG Ens4E U T %
(Plate T—~7), 4 Wﬁ@tm&&ﬁmﬁ<@mmwa@wﬁémhbfhw”wmﬁé
mMméz$ﬁﬂﬁmvﬂ%&@bfm5m&mmbf&é EORREERFTH4 7
F s v A4 EROFRRBHE SR, & LOREP AT 7:7&77 AEIED F & B
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Fig. 4-5. Spectrophotometric reflectance and laminary structure of cultured pearls and Quadrula
shell. a: white pearl of H. schlegeli (No. 27) and pearl nucleus of Q. undata (No. 26), b:
silver pearls, c: pink pearls, d: cream pearls, e: gold pearls, f: green pearls, g: cream pink
pearls, h: blue pearls, i: blue pink pearls. The samples used in b - 1 are cultured by P, mar-
tensii. F1: nacreous layer, |iiili: prismatic layer, [J: organic substances.
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Table IV-6. Data on laminary structure, chromaticity coordinates (x, y) and
tristimulus falue (Y) of Pinctada pearls.

P i i

i i D ; ¥ i
Sample | v | Laminary distance Shell substances* form-

Color

; X . [ d on the surface of
NO. ! Y | nner outer Zpearl nucleus :
1 58.618 0.3151 0.3259 . 0.45p 0.351 — pink
2 72,135 (0.3149 0.3255 ”
3 53.484 0.3168 0.3264 @ 0.45 0.37 p ”
4 62,901 0.3129 0.3247 0.45 0.43 p ”
5 77.918 0.3154 0.3289 0.43 0.43 — ”
6 68.218 0.3160. 0.3291 0.50 0.43 p ”
7 80.468 0.3152 0.3547 0.50 0.38 — .
8 71.401 0.3160 0.3536 0.50 0.40 e o
9 64.218 0.3170 0.3314 0.50 0.43 - ”
10 69.451 0.3174 0.3298 0.50 0.50 p ”
11 63.285 0.3187 0.3322 0.50 0.43 p 7
12 75.902 0.3117 0.3261 0.50 0.38 p ”
13 57.751 0.3084 0.3219 0.50 0.43 p ”
14 77.735 0.3138 0.3211 0.45 0.40 — ”
15 56.234 0.3138 0.3205 0.45 0.43 Pp,0 ”
16 63.418 0.3101 0.3205 0.50 0.5 i p ”
17 71.601 0.3194 0.3352 0.40 0.40 e ”
18 53.918 0.3219 0.3315 0.45 0.45 P %
19 64.168 0.3238 0.3358 0.50 0.38 P ”
20 75.685 0.3198 0.3320 0.50 0.50 S — silver
21 65.501 0.3165 0.3268 0.45 0.45 P v
22 65.901 0.3193 0.3328 0.50 0.50 - P
23 69.518 0.3134 0.3246 0.45 0.43 — ”
24 61.835 0.3119 0.3657 0.58 0.50 P, O 4
25 65.318 0.3077 0.3156 0.50 0.50 p, © ”
26 64.204 0.3072 0.3175 2.00 1.80 — white
27 64.138 0.3017 0.3114 1.80 1.00 — ”
28 74.318 0.3212 0.3403 0.50 0.38 — cream pink
29 75.368 0.3200 0.3507 0.50 0.43 p ”
3 64.851 0.3246 0.3360 0.45 0.40 p ”
31 66.151 0.3320 0.3517 0.50 0.38 p cream
32 72.285 0.3331 0.3492 0.50 0.40 P ”
33 62.351 0.3399 0.3533 0.50 0.40 p ”
34 66.651 0.3326 0.3458 0.50 0.40 | o ”
35 61.735 0.3417 0.3523 0.58 0.50 | — : %
36 65.618 0.3455 0.3590 0.47 0.568 | p gold
37 59.601 0.3524 0.3707 0.45 0.50 ' [ ”
38 61.101 0.3600 0.3780 0.50 0.62 | L= ”
39 58.751 0.3281 0.3478 0.58 0.58 p, 0 green
40 48.668 0.3245 0.3470 0.50 0.40 P u
41 53.468 0.3588 0.3810 0.50 0.50 ‘p ”
42 © 51.768 0.3164 0.3395 0.50 0.43 p ”
43 - 56.168 0.3134 0.3337 0.58 0.50 P, © ”
44 ; 67.368 0.3167 0.3334 0.40 0.35 P — blue pink
45 55.334 0.3439 0.2789 0.40 0.38 — e
46 64.771 0.3152 0.3262 0.43 0.40 ‘P, 0 o
47 50.868 0.3150 0.3328 0.40 0.38 p, o ”
48 69.218 0.3036 0.3288 0.45 0.43 p, 0 P
49 48.068 0.3113 0.3270 0.50 0.43 o blue
50 60.735 0.3091 0.3240 0.50 0.50 p, 0 ”
51 44.734 0.3086 0.3208 0.47 0.38 ) o
52 58.118 0.3099 0.3153 0.47 0.45 p, o 7
53 54.484 0.3021 0.3192 0.50 0.50 p, 0 p
54 45.234 0.3008 0.3149 0.50 0.40 o ! ”
55 45.951 0.2985 0.3187 0.45 0.38 p, o o ”
56 49.384 0.2929 0.3127 o ”
57 50.568 0.2989 0.3063 0.40 P
58 46.818 0.3080 0.3193 0.55 0.50 P
59 . 58.951 0.3183 0.3311 . 0.50 0.43 p
60 . 68.951 0.3273 0.3407 |, 0.50 0.50 P

* p: prismatic substance, o: organic substance
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Fig.4-6. C I E color diagram of cultured pearls. The spectral locus of 109, colorimetric
purity is shown for comparison. [: white - silver groupx, II: pink group (3, III:
yellow group (cream-gold A), IV: green A (vellow group), V: cream pink © (vellow
group), VI: blue group @, VIII: blue pink | (blue group).
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L ThBE, BREARIEARLNAMEEI, I, VEOIEREELWLIZE AL LD
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Fig.4-7, Color and shell substances of the pearl. Each point in Fig. 4-6 is
replaced with a passing deposit formed in an early stage of pearl forma-
tion. X : only nacreous layer, (O: prismatic layer, A: organic substance,
A : organic and prismatic substances.
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Table IV-7., Comparison of the thickness of the nacreous layer and the
saturation of the color in the yellowish pearls of P. martensii.

Saturation Thickness of the nacreous layer (mm)

27
.26
.29

L o T
SN WNHOWO®R~ID U R W
COCOOOCLOODOOOOCOOOoOC
]
~3

WAk biviens, MMERENCHRBEAKOERErERDL LY ) —LEY IR TN
~Ev iR EORAEOMtAE T b, CIE AFXhT Pg S AKERT S HE %R T,

HEedh TREOHBMHENCEHEE D CEE T2058CEBOTRHOKRD LML D
BUEOBEL D HELA Dk, ERBHAOCBREEDRZC IO TR 2EBERE

\ Y.

1

a

|

S 1

s i 2
i

Fig. 4-8. Laminar reflection of a pearl.  d: thickness of an elemental
lamina, u: refractive index of aragonite, §: the angle of refraction.

B DB OBEICOWTHEL T4 5%, BREBOMBI T ERTHENE—LE X
@ aragonite X U' conchiolin © 2 RUHEMAEE L L EEHR & Ziee 5 BIREES
FFo 4, Fig. 4—80C &<, 1 ¥ HEUHYEROMITE, d v HiyERoE S,
PREOAEA, 0 XEITALTRESREOAS LD

2dpcosh = nhy e (4-2)
(32720 n=1, 2, 3, )
ST B HE A ofBi@mbbh
2ducosh ::_ﬁgﬂé%1> Qg weeeenee e (4-3)
(Fz72L n=1, 2, 3,0 )

CHHBTHEE 2 OBREDLNL, COFERBEEBLA—BONEBTEERL T
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LPEALEER T, HEERAOARLEBIICALN S THE L UTKD D2HINAEET

HbHo 4—2) NCHBRE T TELNCERETICH 2 HEEORNIENOE X

FRALT—ROTHBYRCTHRERLKD, thX ) RINEHRCET 3 EBRDO KK
RHELTCXOTrie TRELRKS, (4-—2) X0 s U CHEMEMHEKD
BEX2HEWmNCkD, MHEOKHK B inDfc, & & T aragonite & GIIIEHEITRITIK
TH D MITREFSW G M CRi 55, HEEAHBIL T2  aragonite DEPFERIXE D
(001) WHEHEERIC AT L TEREL TWHOT, BifiitHicdzoC Nx=1.530 %
EHTH ONEDEATHDEELLNE (Fig. 49 2 < THANC D W THH A~ T2 F

001
X 1 Nx=1.530
\LZV;‘; W Ny=1.681
o10 Y } Nz=1.685

Fig. 4-9. Optical property of aragonite (cited from Winchell 1942),

# Table W— 8 R Lk, 7Y A EEKOOECHEE 45 ECO TEREIRE 2%
LEIMDEET, B EADEREVILRERY L3R5 Y s D EB AR TEERE 1

Table IV-8. Relations between laminary distance and iridescence of
Pinctada pearl.

| W avelength of] !
nggfple‘ Color | dyang)| wa () L i B RO
' | ‘ pearl (muy) !
7 | Pink 380 1160 ‘ 560 2 | 112 370
12 " 380 1160 530 2 1060 350
17 P 400 1220 580 2 1160 380
25 | Silver 500 1530 500 3 1500 490
28  Cream Pink | 380 1160 550 2 1100 360
30 p 400 1220 600 2 1200 390
31 | Cream 380 1160 580 2 1160 380
30 | Green 580 1770 560 3 1680 = 550
43 p 500 . 1530 530 3 1590 | 520
44 | Blue Pink 350 1070 540 2 1080 | 350
5| p 380 | 1160 540 2| 1080 350
47 p 380 1160 550 2 | 1100 360

* d-, the thl(.kness of an elemental mineral lamella determmed under a opuca] mic~

roscope.

dy: the thickness of an clemental mineral lamella calculated from the spectrum by
using the equation (4-2).

n: the order of the spectrum shown in the sixth column.

wy: the wavelength of the first order spectrum calculated from the equation (4-2)
by using the value of dy and g (=Nx in Fig. 4-9).

wy: the wavelength of the first order spectrum determind by the spectrophoto~
metric reflectance of each pearl.



1020 Mo B OB W R HaFn 37 41

HOWEIFRABCEOTE2ROBEC I OTHAKCR 2, BVLREOEYY 704 b
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LCHbR, BEFHOBRWELASBLEELBNS, LALERLLY LR~ E L,
EPRAT LRGN A & Lol far b0 B+, BHEAUGOENRDZDR

i

Re:d

SERMETE 5 MBI 550 THH R & Ul < T2 8+ 5 %
b, HERQILAOHEMELNL RS, ‘

B O E S BRI AT B RN T, SO T 0 B OB & LTI
SR O X OELR O BRGSO ENSE L BB, D, 4 BT Tt B
TR TR OSBRI R O B RIS X 0 HEE XN B BHLE O O RIR KB, Fob

R ZHE~TH D,

a) JUBRMEMBRHLA LN O & R E W

HERE XML T 5 BASYEROIE ST, ChEER T2 AoBBIC > TH Ly
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DTHBDEDABND . 4, H—IeBIEES bR 2 ZHEBRICAS Licmenin
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2d/stcosl = nly = @2"%1) Ao weerrrreriraeiiis (4—4)
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BOEDIALHELEIBOBERMED THIITL, X7 PUhEEO—E2 35 iE



® A FIH —— FLBRTERRHERE O Ao Py w4 1021

HELesdTEDL . Tibb, MAUEREOESS AL B A tiE L THEYARE S
LEROFENILB 0T, BEARIEI AR ERb. B, FavYHA, 417
F = ﬁ)v AR FTHATED R BHEEAER O TREROEKADE S0\ TH
Ok (380 ~700mu) Wikt 2 T2 EE 4% L Table V—9 DT &< Th b,

Table IV-9. The wavelength (mu) and the order of the diffraction which seems
to be given by the different thickness of an eclemental mineral lamella of
the nacreous layers.

;‘\\\\ Order of spectrum| L ;
T ‘ 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Material R

P. martensiz d*= 600 | 612 459

H. schlegeli d41800 688 612 551 501 459 424 393
Q undata d= 2000 680 612 556 510 470 437 408 382

* Thlckness of an elcmcntal mmeral Iamella used in thlS investigation (m,u)

FDERHH TR 7 2 v M BB RAN LSS R ROBEIOBEAFERE 2T LT
EFBTHRAS XA 4RO DTH B, 17 F 5774 HEKEABX, 9% 10X,
1%, 12, 13, 4 Do D T2 U, b7ﬁ4f@9mutwﬁ&®$%%EKMM£
0T, EVWDREBKEBCHLILTL 5. TRODHEND, 2o ThhlhEnE

BERT T X H A LT B FRE L0 TET BBV, oMo 2Bk
TR DERIC X B st b FTHEEE 55 B o '

b) BT S IR AR AN OE X RE N AL EE L Th 54,

FaAXHARKEA T F a7 44 kO BB EE Y BcHE LELLBETtH b
5 UL AR e AT B BROE IR R0 L e B & R, Hé&ﬁwm@%
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Fig. 4-10. Effect of the disorder of laminary structures upon reflection
curve, A: the disorder of the thickness of adjacent mineral laminae,
B: the disorder of the small localized laminae groups with regular
elemental mineral lamella.
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Fig.4-11. Color and thickness of an elemental lamina of the pearl. Each point in Fig. 4-6 is
replaced with the thickness of an elemental lamina of the pearls. The inner and outer marks
show the thickness of a lamina in the nacre near pearl nucleus and surface, respectively.
(:0.35-043 u, /0045 - 0.55 u, 1 upper 0.56 u.
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Fig. 4-12. Figure showing the locus of the thickness of an elemental lamina of
pearls in CIE color diagram.
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Fig.4-15. Effect of organic substances upon the color of silver
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Fig.4-16. Effect of prismatic and organic substances upon the color
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Fig.6-2. Guanine crystals of the herring on the surface of an artificial pearl. A: crystals in
a thin membrane covered the surface, B: aggregation of crystals in pearl essence placed
under the thin membrane. x 310
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Abstract

The author studied on the mechanism of pearl formation by biological and physical
techniques from the biomineralogical viewpoint as have already been reported in his
preceding paper entitled “‘Crystal growth of molluscan shells”.

Pearls are a complex system consisting of the alternate accumulation of mineral and

organic substances as in the case of calcareous shells of molluscs. Carbonate minerals
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in nacural and cultured pearls of Pinctada martensii (Dunker) show aragonite type in the
nacre and calcite type in the prismatic substance. Consequently, mineral constituent of
pearls depends on shell substances occurred in the processes of pearl formation. For
example, pearls with only a nacreous layer are composed of fully aragonite. Same mineral
constituent was seen in the natural and cultured pearls. But, in the present investigation,
calcium peroxide was detected in the pearls, which was called “kotsu-dama’, created in
Hyriopsis schlegeli (v. Martens) with X-ray analysis. The author yet has no papers on
calcium peroxide in molluscan mineralized tissues, so a detailed report will be given els-
where.

Schmidt (1923) observed the crystalline element in various pearls collected from
Mytilus edulis and Meleagrina margartifera under crossed nicols and stated that thin slices
of the pearls were the analogous appearance to spherulite of minerals in a polarized light
but the structure and the mechanism of their formation were very different between each
other. Wada (1961) has pointed out that the tension and elongation of the shell-forming
tissue govern directly or indirectly orientation of inorganic crystals during the minerali-
zation of molluscan shells, and the definite current would be occurred in the mother
fluid surrounding a shell surface by such pcwers. The natural and cultured pearls of
P. martensii and H. schlegeli are divided into following four kinds in their architecture:
(1) The nacreous layer pearls showing the concentrical laminary structure of mineral
Jaminae and conchiolin membrane piled up alternately around the center of a pearl. As
the crystalline texture of the nacre of these shells shows, the nacre of the pearls have the
double fibrous structure of aragonite microcrystals, their orthorhombic b and ¢ axes being
nearly parallel to the dominant directions of growth which are horizontal and vertical to
the pearl surface respectively. 'The orientation of their b and ¢ axes is indicated schemati-
cally in Figs. 2-9 and -28. Accordingly, under conoscope, thin slices parallel to a pearl
surface give the directions image of biaxial crystals (Fig. 2-8), and the extignction as a
spherulite is revealed in vertical thin slices cut through the center of a pearl under crossed
nicols (Fig. 2-10). (2) The prismatic layer pearls, each prism of which elongating
radially towards the surface of a pearl from its center, and polygonal prismatic structures
being more dominant than laminary ones in a vertical section under optical micro-
scope. The ¢ axis of calcite microcrystals in the pearls arranges nearly parallel to a
morphorogical long axis of prisms. The architecture of prismatic layer of the pearl does
not differ from that of the shell except radial aggregation of prisms found in a pearl. (3)
Periostracal pearl of P. martensii has, for the most part, not only organic substances but
also some mineral matters which are deposited at random. Organic substances con-
structing the pearls do not always coincide with the periostracum of the shell, but very
often contain many dead wandering cells. Of course, the periostracal layer secreted
from pearl-sac epithelium shows roughly laminar structures. (4) The hypostracal
pearl is produced by the characteristic pearl-sac happened within an adductor muscle,

and is mostly composed of the nacre and the hypostracum alternately piled up. The
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hypostracal layer in pearls shows the prismatic structure just like the prismatic layer of
ones (Fig. 2-7), but its mineral is of aragonite. Moreover, thin slice of the layer showed
a brilliant appearance under optical microscope, and its laminary structure is rather indis-
tinct under an electron microscope in comparison with other pearls (Plate VI-21). The
author had no pearl with a hypostracal layer produced by any pearl-sac derived from a
mantle piece which was grafted in the gonad of P. martensii, and could not find a pearl
with only a prismatic layer of H. schlegeli given in this work.

Homoplastic and heteroplastic transplantations were done to elucidate following
three points: (1) The relations of mineralization of pearls between grafts from various
areas of a mantle and different parts of a soft body into which these grafts were inserted.
(2) The effects of the movement of epithelial cells in a graft upon the definite arrange-
ment of shell substances in the pearl and shell formation. (3) Polymorphism of calcium
carbonate in the processes of mineralization of molluscan shells and pearls. Homo-
plastic transplantation was carried out with P. martensii. A mantle piece grafted in the
gonad or the adductor muscle was developed into pearl-sac in 10 days after operation in
summer (water temperature; 25-28°C), and deposits also scattered on pearl nucleus by that
time. Although deposits were varied with the features of the epithelium of a pearl-sac
during pearl formation, the differentiation of secreting function and feature of most pearl-
sac epithelium seems to be already decided by the graft irrespective of the grafted parts.
For example, pearl-sac epithelium originated from a piece of the mantle edge is dominant
to produce periostracal substance at an early stage of pearl formation and thereafter pris-
matic layer. Moreover, pearl-sac epithelium derived from a piece of the middle part
and cavity of the mantle secrets nacreous substances, though the other shell substances
are formed at an early stage (Plate IV-14). Histological difference between the gonad
and the adductor muscle probably has no effect upon polymorphism of calcium carbonate
in molluscan shells and pearls, but seems to have some effects on the architecture of pearls.
In heteroplastic transplantation, P. martensii was employed as the host, and Clamys
nobilis (Reeve) and Ostrea gigas Thunberg, having shell valves consisting of only calcite,
were chosen as the donor. All species belong to the order Anisomiaria. The manner
and pace of the movement of the epithelial cells in the mantle pieces cut off from the
latter two species were similar to those observed in the homoplastic transplantation for
several days after the operation, but the graft began to be absorbed before long and com-
pletely disappeared until two months after the operation. Deposits contained mineral
matter appeared between coverslip and graft during the process of the spread of epi-
thelial cells (Figs. 3-12 and -14), though the mineral could not be determined in this
experiment.

For the observation on relations between deposits and living epithelial cells, a mantle
piece was sandwiched between two pieces of coverslip, about 2 X 3mm in size, and was
inserted into the adductor muscle of another pearl oyster. Epithelial cells in a graft began

to wander along the fiber axis of muscular cells and spread in an unknown definite direc-
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tion few days after the transplantation (Figs. 3-6 and -7). Positive organic substance in
metachromasia reaction was revealed about 4 days after the operation and small sphelurite
of calcium carbonate came to grow here and there. The sphelurite grew up larger, very
often increasing in size larger than epithelial cells existed there, although the single crystal
was of course very small. 'The arrangement of deposits appeared never to occur at random
{Figs. 3-7 and -8b). That is, it seems that the fixation of calcium and the orientation
of mineral crystals were governed directly or indirectly by the elongation of epithelial
cells, the morecular structure of organic matrix and the presence of mucopolysaccharide,
as had been assumed in molluscan shells (Wada, 1961). The author could actually ob-
serve bead-like fibrous structure of conchiolin in a definite direction on the (001) plane of
aragonite crystals (Plate I11-10). It had already been described that the orientation of
the crystallographical axes of microcrystals in pearls was related closely with the growth
directions of the nacre. These results suggest that the tension or the elongation of the
epithelium in a definite direction is present in a pearl-sac as in a mantle.

The growth and aggregation of mineral crystals in pearls were not, as a rule, different
from those in shells, but were remarkably varied according to the seasonal changes in the
physiological activity of an animal. Besides, the secreting activity of a pearl-sac is affected
by the abnormal conditions of environments and animals, showing considerable individual
variations. Mineral crystals on a pearl surface are eroded sometimes. The superficial
and laminary structures of pearls are decided by the shape, particle size and aggregation
of crystals, and are concerned in the reflection of a light. Although many workers have
reported that the frequency of yellowish pearls is varied with the culture depth and the
culture farms, and that the thickness of yellowish pearls increases larger than that of other
colored pearls in a same culture period, the occurrence of the yellow pigment in pearls
seems to have no correlation with the speed of calcium metabolism. In P. martensii,
the thickness of an elemental mineral lamina in pearls does not correlate with the speed
of calcium carbonate deposition, whereas the thicker is the elemental mineral one in pearls,
the more increases the speed of calcium carbonate deposition in H. schlegeli. The growth
rate of a prismatic layer in Pinctada pearls is about two times of that of a nacreous one.

Raman (1935) examined the iridesc%:t shells and discussed the iridescence exhibited
by the light reflected between mineral lamellae and on the surface of them. The relations
between the color and the thickness of an elemental mineral lamina in Pinctada pearls
were reported by Omori (1948), Uchida et al. (1947) and other workers. According to
Watabe’s (1955) and Wada’s (1961) reports, the luster of pearls was close with their super-
ficial structure. The present observations were also indicated that the luster of pearls
was mainly attributed to the superficial texture of the nacre and to the laminary structure
in the subsurface of pearls. The granular structure and the disorder of mineral laminae
occurred during the accumulation of the lamina seem to give the nacres the translucency
exhibited by pearls and sometimes reveal the characteristic iridescence out of the layer.

The optical effects exhibited by the nacre are somewhat different from the colored
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reflections by films, and the reflection curves of pearls tend to be level in spectrophoto-
metric reflectance. The color of such pearls may probably be explained by the diffusion
and the reflection of light between mineral laminae, and is related closely with their
luster. While colorings of yellow and blue pearls of P. martensii are respectively due
to the yellow pigment occurred in the nacre and the other shell substances, prismatic
and periostracal substances, formed during pearl formation (refer to Figs. 4-7 and -11).
The iridescence and the body-color of pearls exhibited by the structural elements of the
nacre move about in the locus as shown in Fig. 4-12, and the colors of pearls which are
attributed to the yellow pigment and the other shell substances deviate from this locus

and spread over in the area which is lined obliquely (Fig. 4-12).
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Explanation of Plates

All figures of the superficial and laminary structures of the pearls and the shell are electron

micrographs except Plate X1-39, 40 and 41.

1.

Non s

co

10.

Idiomorphic shape of aragonite with (001), (110) and (010) faces grown on the surface of
the cultured pearl of P. matensii. x 3800

A thicker mineral lamina formed in the nacre of Pinctada pearl is shown by an arrow. p:
prismatic substance. x 2000

Accumulation of two nacres with different laminary structure seen in the section of Pinctada
pearl, An arrow shows the boundary of the layers. x12000

Thick mineral laminae grown in the inner part of a natural pearl of P. martensiz. <3100
Thinner mineral laminae in the outer part of the same pearl as in Plate I-4. x 3100

Etch pits occurred on mineral laminae of Pinctada pearl treated with 0.1% HCL x 12000
Fracture surface of white pearl of Hyriopsis pearl showing thicker laminae in comparison
with usual laminae. x 12000

Fracture surface of “kotsu-dama’’ of H. schlegeli having coarse faces. x 12000

Laminar structure in an elemental mineral laminae of Hyriops's pearl. The flat faces agree
with the (001) plane of aragonite. Conchiolin is revealed the fine granular appearance
between mineral laminae. x 15000

Bead-like fibrous structure of conchiolin with a definite orientation formed on the (001)
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12.
13.
14.

15
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19.
20.
21.
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24

25.
27.

28.
29.
30.

31.
32.
33.

34.
35.

36.
37.

38.

39.
40.
41.
42.

43,
44,

plane of aragonite. X 15000
Nacreous layer directly deposited on the surface of inserted nucleus. X 4800
Prismatic substance formed between nucleus and nacre. x 9000
Thick organic substance lying between nucleus and nacre. X 6000
Homogeneous, prism-like and laminar structures formed successively on nucleus. a:
electron diffraction pattern of the layer with laminary structure, b: electron diffraction pattern
of prismatic substance. X 4000
and 16. Superficial structures of prismatic layer pearls cultured in P. matensii. X 2000
and 18. Laminary structures of cultured and natural prismatic layer pearls of P. martensii,
respectively.  x 3200, x 2000
Calcium carbonate crystals grown on a periostracal pearl of P. martensii. x 2400
Conchiolin membrane piled up on the surface of a periostracal pearl. X 2000
Fibrous texture appeared on fracture surface of a hypostracal pearl of P. martensiz. X 4100
and 23. Laue photographs given by incident X-ray normal to the vertical thin slice of the
nacres of Pinctada spherical pearl (22) and Hyriopsis elliptical pearl (23).
and 26. X-ray diffraction patterns obtained by incident X-ray normal to the surfaces of
Pinctada nacreous layer (24) and prismatic layer (26) pearls.
Laue photograph of the vertical thin slice of Piuctada prismatic layer pearl.
Debye-Scherrer ring given by incident X-ray vertical to the surface of Pinctada periostracal
pearl.
Aragonite crystals grown on the surface of Hyriopsis pearl with a good luster. X 3800
Superficial structure of Hyriopsis pearl with a bad luster. x 3800
Fine crystals grown in a groove formed on the surface of Pinctada pearl, “hachimaki-dama’’.
X 4300
Etch pits occurred on a surface of an inserted pearl nucleus 7 days after operation. x 2900
Prismatic substance grown at an early stage of pearl formation of P. martensii. X 2400
Round form of aragonite crystal on the nacreous layer formed at an early stage of pearl for-
mation. X 2400
Dissolved surface of the nacreous layer in a weak oyster shell, P. martensiz. x 2500
Crystal forms of aragonite on the nacreous surface (Prnctada shell) with a bad luster in
summer, X 5800
Crystal forms of aragonite on the nacreous surface with a good luster in winter. X 5300
Thick conchiolin membrane covering a nacreous surface with a bad luster. This membrane
gives the nacreous layer a good luster. X 13000
The nacreous surface consisting of aggregations of small crystals shows a bad luster.
X 3600
Photo of the damage of the pearl surface picked up by a pearl collecting machine. x 88
Crack occurred on a pearl surface in the process of chemical treatment. X 88
Damage of surface and subsurface of a pearl in the process of chemical treatment. x 88
Damage of conchiolin between crystals and laminae in a solution of hydrogen peroxide,
x 2700
Erosion of pearl substances in the process of chemical treatment. X 5400
Surface of a treated pearl leveled off with acetic acid. x 2700
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Plate 1
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Plate II
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Plate III
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Plate VII
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Plate VIII
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