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1. 
IUAtion. 
tenable 

PEARL CULTURE IN JAPAN 

by 
Dr A. R. Ca.hn 

SUMMARY 

Since ancient times, men of many countries hAve evolved theories on pearl for­
However. Japanese SCientists. principally Mise and Nishikawa, produced tne only 

theor,y that has been used commercia~ly tor the culture of spherical pearls. 

2. Nishikawa's experiments prior to 1909 resulted in the m~thod used tnroughout 
Japan today in the commercial prodUction of spherical pearls. Hie method ie to cut into 
the body tiuue 01' the oyster and in~ert therein a lining of 11 ving ma.ntle tissue from 
another oyster and. an inorg'mic nuclqufl cut. from clam shell. If the graft 18 luccessful. 
nacre produced by the introduced graft tilsue covers the nucleus. and a pearl is formed. 
Only the mantle tilsue can produce nacre, the material of which the pearl is composed. 

3. Although almost any bivalved mollusk Cfln produce a pearl of sorts. tha Japanese 
pe~rl oyster. Pinctade marten.il, is by far the most important species for culture oper­
ot1 0ns in Japan. Further south. the species next in importance are Pinctadn ma.xima and 
Pinct.!\da margari tifera. ---

4. The spat of the pearl oYlter 1s the brood stock on which the pearl culture in­
dustr,y depends. Adult oysterl are permitted to spawn in wire cages. and the spat are 
collected and reared in other especially designed cages. When about three years old and. 
nearing maximum size Hnd vitality. the oysters Are brought to the laborator,y for the nu­
cleus insertion OperAtion. ~fter a brief convalescent period, during which the injured 
animell and those which fail to survive the opera tio n are removed from the baskets, the 
oysterl are returned to the sea in cages suspended f rom r afts. Except for periodic clean­
ing, the oysters remain undi.turbed for a tnree-year period, atter which they are returned 
to the laborator,y, and the pearls are recovered. 

5. The entire product of the culture pearl indultr,y now is sold to occupation per­
sonnel or exported to the United States. By-products of tne indu8try are seed pearls used 
in making cheap jewelry. pearl and shell medicines, and fertilizer and chicken feed ground 
from the oyster 8hells. 

6. Before World War II. about 350 pe~rl fprms were in active production. mostly near 
Ago-wan. In tne peak year, 1938, Japan produced 10,883,512 culture pearls valued at 
11,376.325.00. At that time. 306 culture lea8e8 coverei an underwater area of 13,351.2 
acres. During World War II. the Japanese Government reduced pearl culture to a minimum as 
an industry none8sential to tne war effort. The pearl indu8try bas not yet recovered. 

Thia report · was prepared by Dr A.R. Oahn, aqUAtic biologi8t, Fisheries Divisi on. Note. 
made by Lt 001 J.A. Tubb. Australian Army, while a8signed to Fisheries Division, have been 
incorporated. The drawings are the work of Seburo Satouchi and Katsuyukl Kita. technical 
consultant., Fi8heries Diviaion. So many Japanese peerl culturiste and pearl scienti8tl 
cooperated in lupplying information that individual ftcknowledgment 1s imp08sible. Per­
.onal mention 1a made in the text where feasible. The writer i. indebted to Mr T. Ino 
for translating and briefing many Japanese public~tlon8. 
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About 105 farms were producing in 1948 but on a gr~atly reduced scale because of lack of 
fund i, materials, and brood stock. The Mikimoto farM is the only large-seale producer a~ 
present, and even thls practically self-sufflcient or~niz.tion is operating on an almost 
skeleton basis. The Mikimoto farm is in Mie Pr~fftcture, the center of the pearl culture 
industry. During 1926-46, 63 .8 percent of all culture pearls were produced in this pre­
fecture. 

7. Experiments in fre.h-Y&ter pearl culture. u.ing the clam ijyriop.i •• chlegeli , 
han been oonducted for about 20 yean at Biwa-ko. Shiga Prefeoture . krly experiment. 
failed to produce markotable pearle, but slnce 1945, improftments in technique. ban re­
sulted in the production of nonnucleated pearle of fine color and lWiter but of irrecuJ.ar 
ahape. Nu.cleated epherical pearle can be produced, but their tlmall .h. px-.clwle. co~ 
tition wlth marine culture pearl •• 

lli'l'110 DO C'l' I ON 

Until World War II, Japan va. internationally f&lDO\UI for proda.oUon of .uch lUX1U7 
item. a. snk and pearh. '!'he name of M1ldlloto va. known in ."1'7 land a. that ~ the 
'inventor" ot a new 00llllDerc1nl pearl, a gem .0 loft~ that it i.-diatelY oaptured \he 
eye of the world. yet produced 1n such quantiti .. that its Ilarket "f1llu.e _s tar beloy 
tbat of the natural pearl ot the Orient. The appearance ot thh commerclall.7 produ.c.d 
pearl lneTl tabl;y set otf an argument a. to whether it vas a Ina tural" or an 'artific1al l 

pearl. The argument reaul ted in the eetablhbment of a new cntego17 to 1dentity the new 
product. which became known a. the "culture' pearl. 

Nothing about the culture pearl 18 artificlal except the origin of the stimulua which 
seta ln actlon the mechani8m of nacre depositlon by the oyeter. A natural pearl relult. 
when eome lrri tant in the form of an orgAn~. c or inorganlc particle enters the oy.ter b1 
chance and comee to reet in a epot trom which it cannot be forced or wa.hed out. 'l'h1. 
particle becomes the nucleue which the oyster envelop. in nacre .ecreted ln response to 
the ini tanto and the pearl 18 formed. '!'he culture pearl 11 tOl'lled in the same lIIUUler. 
except the. t the lrri tating nucleus 11 placed in the oyster deliberatelY b;y man lnstead of 
reaching that location by chance. In either event the end produc t by the oyster i. iden­
tiCAl. The artificlal pearl. however. 18 entirely different . It 1. usually a glas . bead . 
sometimes hollow and filled with wax, painted on the outeids with a paste made of fiab 
scalee. Such a product bas had no contact with an oy.ter, 1.1 not a pearl. IUld has no ~­
tinity with a pearl except ln euper!lci~l resemblance. Only an oyster can make a pearl; 
.0 far, no man hal succeeded in doing '0. WbA t man bas tnlcceeded in dOing is to discoftr 
a method at intMducing the .timulating irri tant where and when wanted. and tlms forcing 
the oy.ters to produce pearl. in tar greater abundance, under controlled condition., than 
under the condition. of chance provided by nature. Thu. the Japanese baTe do_sticated. 
the oyster, and the places where pearls are produced are rIghtly called 'pearl farms" . 

World War II bad a profound effect on the production of culture pearls ln Japan. an 
effect which will be felt throughout the world for IDBD1 years to c')me. Because the pearl 
wae a luxury item, its production during the war years wa. controlled by the go..-ernment 
and reduced to almost nothing compared wi th prewar YBflrs. Those pearle al1'tMldy on band or 
produced during the var years were used a. barter And exchAnge 1tem. in occupled torelsn 
terrItOries. expeCially ln China and Manchuria. The wartlme restrlctions forced moat of 
the small producers out ot buelnAss. and when hostilities ceased only 105 pearl tarms out 
ot prewar total ot 350 etl1l survived on a reduced ba.ls. Material shortages, especially 
of wi re for rearlng cages. together with the lack of capi tnl, baTe prevented the 8111811-
scale operntors from resuming operatione. A shortage of brood etock alao exiats, and it 
will be 80me years before pearl production can be resumed on a normal basis. 

Thi8 report discusses the history And the economic aspects ot culture pearl produc­
tion as practiced by the Japanese. The report also describes tho blology and culture of 
the oysters which produce the pearls. as the Japanese have concerned themeelves not onlY 
with producing pearle but with all the aseociated problems of oyster tarming. 
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HISTORY OF PEABL CULTURE 

1. General 

Since time immemorial man bas been attracted by the beauty ot pearls and probabl¥ 
trom hi. first acquaintance with them baa wondered how p.arls ere tormed. Inquisitive and 
imaginative mind. tried to explain pearl formation within the scope ot limited hori[ons, 
and many theories were evolTed. 

In the J'irst Century AD man tho~ht that .... hen the weRther WEl8 finE:< the shallnah 
came to the surface and opened it. 811ell, whereupon a drop ot dew fell into the shell and 
became a pearl. If the .un .... a. warm, the dew was purified and the reen1 Uog pearl \oft\8 ot 
good quality; under adTerse .... eather conditlon8, the penrl vas poor. The scientiete ot 
ancient Rome beliSTed the pearl to be the tear ot the .he11, or the crystallized tear of 
an angel. The ancient Greek .cientists believed that the pearl va8 caused by lightning 
entering the sea. Columbus tho\l&ht that dew on the mangrove dropped into the see. and be­
came a pearl. 

In 1554 Rowde1et said the pearl ¥fl' the gall. tone of the oyster, An.elmus ds 
Boot in 1600 noticed the resemblance between the pearl and the shell and theori zed that 
.urplus shell Mfluid", deTeloped but not di.charged by the .be11fish, formed a pearl. 
Bedi 1n 1671 claimed that a grain of &and got into the .hell and formed a pearl. Hi. sug­
ge.tion was succeeded in 1673 by Sandiu.' theory that pearl. represent undischarged egg. 
of the mollusk. Benurr.u, a Fr('nch scie.ntht, stRted in 1717 that the flurplus fluid de­
.cribed b7 de Boot was the result of the "ruptured organ8" that built the shell. 

In 1825 Sir Edward Hume cut a pearl in halt And tound a particle at 1u.trous egg­
like material. He concluded that A pearl vas formed vhen an egg of the mollusk died and 
.... a. not discharged. Ton Bear in 1830 di.covered t he egg ot a parasite as the core ot 8 

pearl, and later many observers ~eported that parasites , parasite eggs, and other organiC 
nuclei formed the cores of pearls. At the same t ime, ~ther observers discovered grein. of 
.and in the pearls, illustreting the theory advancfld so Clsny yeRra before b;r Bedi. The 
follOwers ot the tvo theories waged the battle ot the ,pearl nucleus for many years before 
it va. •• ettled finally tha t both theories were correct: either a gr"in ot 8l\nd or a parti­
cle of organiC matter might become the nucleus around vhiet. the pearl is tormed. 

Louis Boutane in 1904 announced, that if a parasite gets into the shell, settle. 
in an indentation in the mantle, and there dies, that portion of the mantle separates 
from the main portion and becomes a pearl. At last, an ob.eTTar was getting Tery clo.e to 
the truth. 

In 1907, T. Nishikawa announced the r88Ults of his experIments on pearl formation. 
He reported that a pearl is tormed when the lIving. pearl-Iecreting cell. of the mAntle 
get into the bo~ ot the 07eter und~r the .tImu1u8 of a ·foreign bod;y and, by cell diT1-
lion. form a peRrl sac which covers the nucleus with nacrfl to form the pearl. In 1 9 1 ~ 
Alverd8s confIrmed N1enikawa'. ~/Ork by expp. rillente ot hh own. 

Although many fantastic theories on peerl formation existed in 8ar17 times. fev 
experiments to produce pearls vere attempted. ~he production of culture pearl. apparently 
originated in China about the 13th Century AD. when crude semispherica1 pa nrle ~er~ pro­
duced by introducing a toreign 8Ub.tance between the mantln and the shell. lor several 
centuries the Chinese ba?e been inlertlng tiny images of Buddha undnr tne mnntl e of th~ 

fresh water mussel Cristaria plicata, which depo8it. a thin coeting of nacre on the image •• 
Such pearl-co?ered images st111 are produced in Chinn and sold to devout Buddhists. 

The Swedhh naturalist, Carl ~n Linne, reported in 1761 that he had completed 
successful experiments in pearl culture. Be wrote, " ••• in the CO'.l r9C of f ive yea rs 1 Am 

able to produce in a~ mother-ot-pear1 shell the size of one's hand, a pearl a. l~rge s. 
the .eed of the common vetch-. He kept his process secret while t~' ing to sell It to tl~ 
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Swedish Gover~~ent. When this attempt failsd. he .old his process to a German named 
Bogge, The correspondence relll t1ng to the method .... os made public in 1869. L1nn.' e method 
wae to drill c hole in the e~ell from thp outs1de end to 1neert through it a 8il~r .... 1re 
w1th a emaIl particleof11mestoneattachedtothetip.!h1epart1cl.va. detached be­
tween the mantle and tte shell and left there. live yerr. later a .em1epherieal peerl 
would be found in its plRce. Linne .teted that the .hellfi.h i. able to clo.e the hole in 
1ts ehell. After which 1t coPts the .tone wlth peerl mAterial, Hovs~r. eome obeerTers 
claimed this eemlspher1cal product vas a vater bli.ter. not a penrl. 

~e Chineee technique va. employed .ucce.sfully In 1859 by Kelaart, u.ing the 
Ceylon pee.rl oyster Pinctada 1'Ulgar1e. .1t Tah1 ti eul ture experilllents u.ln« the local 
pearl oy.ter were made in 1844, RDd at ~r10u. t1me. attempt. were made in the Red S8e. 
the Mediterranean See, the Gulf of CA11fornle, end el.swhere to increase pearl production, 
elther by d1rect &ction on the a,yeter or by cultivat1ng the oy.ters and protect1n« the~ 
from predJol tor o . 

Severel theoriee which attempt to explAin the phenomenon ot peerl f ormation w1th­
in the t1ssue of the mollusk. have been advanced, but only the theor.y of the pearl .nc 
fOrmRtlon thus far has satisfied experimental teete. On th1e the0t7 the Japanese eul.­
turlets ba.ed their .ucce.sful experimente In the commerieal culture of pearl •• 11 

2. Pearl Culture 10 Japan 

Several Japaneee research .cienti.t., emong thea K. Ml~kurl, K. K1eh1noye, C. 
Sasald, and the brothers r. and M. fujita. bad been 1nterested in the academlc aspect. of 
pearl productlon for many years, but not unt1l toe late l890'~ .... a. Any attempt mRde to 
produce culture pearle commercially. 

The early hietor.y of the culture pearl in Japan already i •• 0 beclouded by con­
flicts of p~r80na11t1e8 and so confused by petty jealousles thet reecb1ng conclusions a. 
to the exact or1gin of tne spher1cal cuI ture peerl 1& Mff1eul t. Al though the Dl!me of 
Mlklmoto hae come to be almo.t synonymous w1th culture pearle, other names, alre~dy al­
most loet, Ahould be recognized as of parRmount 1mportance 1n the early hlstot7 of pearl 
culture. In writ1ng th1e rE'port every effort hal been made to trAce the facta and to re­
cord this e~ rly h1story. Much of the Information summarized below vas obtained from Dr 
Y. Matsul, director of the Nippon Institute for Scient1flc Research on Pearls (Nlppon 
ShinJu Kenkyu Sho). 

Tatsuhei Mile: Tateuhe1 Mise wae born 16 March 1880 at Watakano. Mi8 Prefecture. 
and dled 3 Aueust 1924. A carpenter by profes8ior., he became lntf!rested In pearls .... hen hie 
stepfather returned from an oYlter inspect10n trlp to Au.tralla. Although he had bad no 
.cientific trniuing. he began vorlcing on an ldea that occurred tIJ him and produced hi, 
first spherical pearls at hi. home on Wat8mno-.hima ln Matoya-wan. Y 

Avallabl'e In!01':llation points to the conclu8ion tMt he wa. the flrst pereon to 
develop a spherical culture pearl. The exact date can not be eatabl1ehed. but it vat be­
fore 1904, 8S in that ye~ he showed h1s cultured ~her1cal pearl to Dr Kish1noye. a leader 
1'l1ll0:".g Japanese 1IlRrine scientists. This peRrI WAS developed in Pinctada mart ens 11 by t\ 

UtBUS-gra!t around a tiny lead nucleus. 

Mbe applied for a patent on hla spherical eulture peArl method 13 May 1907, but 
the Japane,e Patent Office refuted to grant hlm a patent (eee Appendlx .1). On 1 March 
1907, he bad applled for a patent on the needle ueed ln hls method: tbis applieation ~e 
granted 27 April 1907 at Patent No 12590. apparently tbe fir.t patent 1ellUed relative to 
actual ephl".!'lcal pearl culture. In thil patent 11 found the firet mention of the deUber­
ate introduction into the oyster of mantle epithelium in order to produce a peArl. Rere 
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Mll e s~te8 that his needle 11 used to inlert 8 nucleus "together w1th pieces ot epitheli­
um trom the mantle ••••••• into the connectiTe tissue and laaTe it inlide the body of the 
0Ylter" (Bee Appendix H). It is clenr. therefore. toot for lo;oe time Mise Md had a clear 
understanding ot the three basic requirem~nts tor the production of spheri~l pearll: (a) 
a epherical nucleus (b) introduced into the connective tiseue ot an oyeter (c) along with 
plecee of mantle epithelium. 

MiBe neftr pubUlhed the reeulh ot h1a work, but on hil death he left a letter. 
written in Febl"U8r,y 1923, glT1ng details of the ItO~J. Cons1dernble confusion ot datee 
and lOme mistakes ot fact appear in thil letter, and Dr Matsui. who now hal the document, 
il attempting to determine its reliability for hiltorical purp08es. 

Tokichi li1shikawa: Told.ehi Nhhilcawa wal born 17 March 1874 at Osaka and dhd 
at the early age of 35 on 22 June 1909, leaT1~ a Bon. Shinld.chi N1ahikawa, who inherited 
his father'l in~ntions. 

Graduated trom the College of Science. Tokyo UniTersity, in 1897 with a major in 
zoology, Tokichi Nishikawa became a technologht in the Japanese Bureau of Fisheries. Be 
wal lent to Aust~lia, where be investigated marine products with speCial attention to the 
oyster fish1ng groundl. On h1s return to Japan he reR1gned from the Bureau in 1905 to de­
vote h1s time to research on pearls. 

Nishikawa,1t 8eems c~rtain. WRS the f1rst pereon to produce a spher1cal culture 
pearl by sc1ent1f1c methods, w1th the f1n1shed product re~lt1ng from planned experimente. 
Agn1n the exact date of production of this first pearl is loet, but it must bave been 
atter hie res1gnation trom the Bureau of Fisheriee, as the work was done at the Marina 
Biolog1cal Laboratory of Tokyo Un1vereity at Misaki, Xanagawa Pretecture. Inalmuch aa he 
died 1n 1909, the time lim1te are rather well fixed. Dr Iij1ma. a noted sCientiet. e~ 
hib1ted Nishikawa'e spher1cal culture pearle to the mmperor at the graduation exercisel at 
'l'okyo Un1Tersiw on 10 July 1909. le .. than three wep.ke atter llahikawa's death. 

Nish1kawa married Miyeko M1k1moto, eldest daught er of XOkichi Mik1moto, but he 
and his tather-1n-l.&1w were not on friendly terms. On hi. death, his r 1ghts reverted to 
hil son Shinldohi and to his two able aeeietants , t he J'uji~ brothers, Taauyo and Hasal0. 
Theee brothers completed Nishikawa's studiel and. l ong after N1sh1kawa's death. obtained 
the patent known a8 "the Nishikawa patent". ThiB method used tiny silver and gold nuclei. 

N1sh1kawa ~pp11ed for a patent on hie method of producing spherical pearls on 
23 October 1907, five monthe after Miee'e app11cat10n. Though M1se'. app11cat10n wei 
ruled ae an -infringement" on N1shikawa'e method (see Append1x A), Nishikawa. on 2 Sep.­
tember 1908. siened an agreement with Mise and the latter'e patron, Toraichi r o Yokoyama, 
which made the use of the Miu and Niehikawa methode common proper ty among t hem. Tb1a 
wae done, Rpparently, becau8e Mise's application of 13 ~y 1907 (which wal rejected) and 
N1sh1kawa's app11cation ot 23 October 1907 (not grnnted until 20 June 1916) covered al­
most exaotly the same method. TboU&h Mile obtained a patent on hie in8trument, N1ahi­
kawnle heirs got the patent on the pearl culture method iteeli-but not until after 10-
kich1 Miklmoto had entered the p1cture. The agreecent e1gned in 1908 would 8eem to be a 
recognition by Nishikawa of the pr10rity of Mise'e d1scoverl and helpe to establish Mile 
al the first person to produce a spherical culture pearl. ~ 

Hishikawa published briet notes on hie pearl inve8tigation8 from time to t1me in 
the Japanese Journal of Zoology but never published a detailed 1IWlIIll8!'y of his work. Hie 
notel tinally were collected and compiled bl Tam1j1 Kawamura and were published in book 
form in 1914 under the title ·Pearl", the authorsh1p being credited to N1shikawa (Nishi­
kawa 1914). 

~ 101" deta1l8 of t .De M1ee-Nhhikawa cOlllplex, eee Appendix A. 
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Ioi:iehi Mii:1l11Oto obtained hie t1rst pearl culture patent, 2670, in 1896 on hie 
me thod ot" producing tile eemilpherical or bUster pearl. Thi. patent was the firot is.u.ed 
in Japan on pearl culture. In time this patent was interpreted to include any inlertion 
ot • nucleus into the pearl oys t er trom the exterior, thus apparently protectIng Hik1moto 
trolD infringement by anyone int roduc i ng a nucleue of any kind by any meUlod, even thoui~h 
at the time he hAd not the Ilightelt idea ot ho~ t o produce a spherical pearl. Thil 
patent granted in 1896 wal nullified. in 1912. The first Hik1moto patent dealing vith the 
met hod of producing spherical culture peRrle by depos i tion of nacre from graft mantle 
t il~e wal No ~409, granted 1 May 1916. Al l previous Hi kimoto pearl patent. dealt either 
~ ith the product1on of bli.ter pearle or vi th phales of pearl cul tun other than the pro­
duction ot spherical pearls. 

T. Nishikava and I. Nikimoto: Mikimoto applied Tor a patent on his own method of 
Ipheri cal pearl culture on 16 October 1914, and his applicatIon vas granted 1 May 1916 al 
Patent No 29409. Although Nishikawa applied for h1s patent 24 October 1907, leven learl 
before Mikimoto applied for his patent, Ni shikava'e r equest apparently lay dormant in the 
Pa tent Office for nine yeArs and wae finally granted 8S Patent No 29629, 20 June 1916, 
leven ~eeks atter the patent was granted to Mlk1moto. 

The actual inventor of the Mlkilloto method , according to Dr Mateu1. va. Otokichi 
Kuwabara, formerly a dentist, later an employee and cloee friend of M1kimoto. Kuwabara i. 
now 82 years old and is too feeble to recall thle early history. He 1e said to baTe ori­
ginated many devices and inventIons while working for Hikimoto. The "Mikimoto method" wa. 
the so-called "all-lapped ~.tem" by which a nucleus was wrapped and tied with a fine silk 
thread in a tissue lac made from the n~nt1e of an 0Ylt er, prior to its insertion within 
thE' body , where it was atta.ched "by preseing". However, the Use of this graft mantle 
tisaue was also the key to the Nishikawa me thod, which is the insertion of bits of living 
:nant1 !~ tiesue into the body ot' th.:! or.tar a s the lining of a poc l(et to receive the intro­
duced nucleus. It is the Nishikawa (or Mise ) me tho~ which is ueed exclusivelY in produc­
ing spherical culture pearls today, not the Miki moto mpthod, which proved too delicate and 
difficult, and which yielded no better ~sult s t han the much simpler Nishikawa technique. 

Through the ef:orts of re1ativee a nd friends of t he late Tokichi Nishikawa, a 
reconciliation was effected between the son, Shinkichi Nishlknwa, who, with the FuJita 
crothers, controlled the patented Nishikawa method, and his grandfather. K. Mlkimoto. 
Permiesion to use the Nishikawa method a t Mi kimoto'e pearl farm was arranged between them. 
From 1921-24, Mas~o FujIta vae in charge of t he Mikimoto tarm 8S technical superintendent. 

3. Pearl Culture 1n South Pacific Areae 

In the ~ Islands and among t he Mandated Isl ande further s outh, the Japanese, 
before World War II, experim~ted witA pearl ~lture , using t he much larger native forml 
of pearl OYlters, PinctadB margsrititera and ~. maxima . 

B¥ukyu Islands : The ~ 1a1and cooin is 8 s~mic1rcu1ar group oj' lmndreds of 
amall islands reaching from lyusbu, the l ou them ieland ot Japan Proper, southwest toward 
~~rmol&. The pearl culture actiVities i n t hi s ~~in, which center~d in the Taeyama-re~to 
Islands, parti~~ar1y on Iehigoka-ahima , apparently were initiated by Mikimoto in 1912. 
The local form of the Japanese pearl oys t er 8koya-ga i ( P1nct~da martensii), and the 
black-lipped p6l!.rl oyater (.f. mnrgari tifers) or kurocho-gai we :'e Used here w: t h con8i :1er­
able succes.. The b13c~11pped oyster produced pea rle of la rge s i2e and fair quality, and 
th~ akoya-gai produced many-colored pearls. The ~~ form of ~. martens!! is thlck­
;od1ed. 1/1 th a thin, papery shell. The nacreous laye r of t he shell ie Tnrieci in color, 
e n~ penrls pr~Quc ed by this oyster a r e r a rely white . The most common colors pr01uced ere 
bl~ck. go11, yellov, ~nd silver. 

Boetoeng: Dr M. Fujita began a seriee of experiments on the artificial production 
of pearla in 1921 at Boetoeng, the southeastern extre~tty ot Cel ebes. He ueed the golden 
peArl oyster (Pinct.,\da maxi!!lli Jameson), 'locally called shiroCJ.'1o-ge l. These experImen t s 
resulted, in 1928, in the nroduc tlon of cuI tllTe pearla, good i n co lor and lUster. The 
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enterprise was financed by tc..e M1teul-i.sh1 Co and fine.:!.ly was 1ncorpornted os the So-.ltb 
Seas Pearl Co, Ltd tNanyo Sh1&lju XX). ~hf' stock uRed" at tll11! station ""c8 collectrc by 
pearlir-t lue;gers from the gr~nt pse.rl oyett:r gro·.mdl' of tr..El Arc.furn Sea between [e .... GuinElfl 
end Auetralia. espec1ally around Aroe Ie1~r.d (Figure 1). 

Palat;.: The eucceas acni Et ved in tile cul ture of pearle in the Japanese penrl ore­
tel' prompted Mik1moto to extc'nd hie field of invoet1ge tion. and he este blishf>d an e':perl­
J!:entnl stat10n at Palau in 1920. :Beginning hie experln:ent6 vi th the black-lipped pea rl 
oye tE'r (Pine tada marger1 titHa), t.r..e kurccho-gE.i, .... hich W8e reRdlly RVRil!1ble at Paleu, 
he le.ter extended his work: to inc1udfl tbe yellow-lipped penrl oyst'lr (E. I!lf.XilDil) or ehirc.­
cho-gr. i~ importing 11 ve ahirocho-gRi from the ArRiurl' Sea. In 19 ~ and 1936 Mi kho tc. 
euccessIUlly tronsported r. martensU, the JllplUlese pct'rl oyster. to Palau. The experi­
~ent~ were fairly euccessful, rulQ Fo~ e excellent pe~rlA of fl~e luster ~~Q color were 
produced. 

Two other companies beeen operations at Pala~. th~ South Seas Pearl Co in 1936 
and the Horlguchl Pearl Trading Co (Horiguchl Sh1nju ~oek1 KK) in 1937. A prlvatrl i~d1-
vi·iual. Mr Seald., alsO established a small farm at Palau in 1937. The ~ctiv1tles of theSE! 
farml continued until 1941, when the outbreak of World Wer II rut an end to Rll «uch work. 

The Pelau pearl enterprises wer~ not highly successful commerCially, apparently 
because of unfavoreble enviroru::entHl cor.dl tiona, and the projects no .... are regtlrded Ele 
failures. 

4. Development of Pearl Farme 

Pearl culture 'c/fiS prHcticed in 15 prefectures in Japan and in Okinawa durine tbe 
late prewar year8. In 1935, the last prewar year for \.hich detailed data are aVt:ilable, 
257 pearl farms ~otaling 13,509 acres were under laRes for pearl culture PllrF0ses. As of 
1 September 1948. 160 peArl farms with a leased acreage of 10,540 were in some stege of 
operation in nine prefectures (Table 1). All excep t the farm in Shiga Preff.cture were 
also actiTe i .11 the prewar perioc1. Prefectures engaged in pearl culture in 1935 but now 
inacti ve [~l'e I IahikaWfl, eight farms: and Kagosh111&. Xumamoto, Fukuoka, Yamaguchi, Aichl, 
Saga, and ShizuorJ" Qne eech. The pr~sent field of pearl culturp. thus i8 reduced con­
a1derab1y compared wi th the prewar era. 

The number of active pearl farms and their cultured acreage duri~ 1926-48 are 
given in Table 2. Presentation of an anr.ual b reakdown for thh period. similar to that in 
Table 1 il impossible because statilt1cs as gat~red and compiled by the Japane.e Govern­
ment are not consistent. Some reports deal 1n tlferms~, in "farmers", 'leases", or Mlease 
holder." ; there being no COmmon denominator, the reports are not comparable. A "lease" 
represents a water aree. rented without COlt from the gOTernment exeluaively for pee.rl cul­
ture by a "lease holder", who may hold a number of leAeel which may be active or dormant 
10 far &s produciDC pearle or pearl oysters ie concerced. JUthermore, e leaee holder m&1 
lubdlvlde hil leaee among ~ number ot individuals. ellch acting independently, and each 
tbu,a becoming a "farmerM• 

During World Wer II, tbe pearl indultry declined rapidly (Table 2) ae war effort. 
increaled. Not until after hOltilitiel eeaaed did the industry .lowly begin to regain 
.ome of ite 10lt ground. Iii reCOTery he.1 been retarded because of Ihor~ge. of ~ crit­
ical materials and becaule of the depletion ~f the oy.ter etock, which the indu.try need. 
in tremendous numbers. Tbul ma~ of the .maller operetorA have not been able to re­
eetabl1eh themeel vel, and all but the larger o rgan iza tiona baTe had to begin again wi th 
pl'8ctically nothing. Moat of the fal'lll8 were .till in the early stagee of their redeTelop­
ment at the end of 1948. 

The di.tributlon of the pearl farme In Operation Wl Japan in 1948 iI .hown in 
Figure 2. Mia Prefecture •• alW81', i. the center of the culture penrl industry. It. 
five mllJor b81' (llgure 3~ afford anchorage tor 3,002 culture raft. on lea.ed areaa total­
Inc 5,788 acrel. !go-wG.n 11 by far the mOl t importen t and 11 the heart of the preeen t 
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pearl culture industry. The b~8 of Xagamiura , Metoya , and A€o are the centers of tLt' 
SUlJlmer culture activities. In the winter the waters of Gt:Ikaeho and Nie baye average 3"C 
warmer thAn those of Kile,amiura. MatoY8, And Ago; before the minimum temperflture is r6ached 
in theee 8UlDIIler e.nehoragea, the culture raI'ts are towfld to Gt:Ikaaho and Nie bay. for winter 
anchorage and protection against excE'sai ve cold. The l'elllain1.ng pearl culture areoa of Mie 
Prefecture (Table 1) are relatively small and are insignifIcant at thie time. 

Mlkimoto Pearl laral Becaue. of hie tremendoue ~ceeee in the culture of pearle, 
the Bame of Mik1l1oto h known to all who lmow anything 01' pearle. , Al though be can not bv 
credited with baving produced tbe firet epherical culture pearl nor with originating the 
method. he bae uled 10 lucceutull,J to produce them, hie cont:r1 button to ths culture ot the 
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peaTl oyeter and his grant busin~se acumen bave made him the father of the induetry. To­
day, nearly 92 years old, he ls still an active and powerful figure ln the lnduRtry. Hls 
farm represente toe s~lected resulte of 55 years of systema tic investigation and embodies 
the story of pearl culture. Unless otherwise lnCicnt~d, the techni cal sections of thl. 
report are baeed on operations at the Miklmoto farm. 

Kokicnl Mlkimoto \oIas born 26 JanWlry 1868 at Toba, Mie Prefecture, the eldeet of 
11 children. He epent his youth on the ahores of Ago-\o/On, & 'bay long ffim ous for the pro­
ductiou of the Japanese pearl oyster, Pinctada martensi1. Becauae of overfiabine and the 
lack of conserw.tion meaoures, the output of these shellfisb had decreased steadily yeor 
by year almost to tbe polnt of extinction, whl1e the world demand for pearls conetently 
lncreneed. Familiar with the Japanese methode of ehel1fieb and flan f a rming, Mlk1moto de­
clded to apply the 8ame prlnciplee to the cultlvation of the pearl oyeter. 

In 1890 be BOugbt information from Professor Kakichi Mlzukuri of Tokyo Univerelty, 
tben the foremost marine zoologlst ln Japan, regarding ec1entlfl0 techniques of artificlal­
ly stimulatlng oysters to produce pearls. Professor Mlzuknri gave him a reEume of tbe IUb­
ject and encouraged him to put his ideas into etfect. 

Mikimoto he.d eetab111bed bie firat pearl ferm at ShimenoUl'fl. ln Ago-wan ln 1889, 
and his first experimental station on a small lsland off Toba ln September 1890. lor 
8ev~ral years he groped blindly in tbe fleld of oyster culture, t~ing to find tne answer 
to the rlddle of pearl formation. In JanU&r7 1893, the akaahio or red tide wiped out hi. 
oyster crop at Shimenoura and he \oIithdrcw to Toba. Here on 11 July 1893 be obtained hi. 
first succau, a semiapherical blister pearl. In January 1896 be obtained a patent on 
his method ot producing bli8tor pearle. 

In 1905 the red tide again practically destroyed hi8 crop, killing about 800,000 
oysters under cultivation in bamboo baskets. Examination of this lot showed five spher­
ical pear18, all located near the adductor mu8cle . Up to this time Mikimoto had been in-
4ert1ng granules of mother-of-pearl between tbe mant le and the ahe ll, producing b11ster 
pearls. The pearl-MUscle relationsh1p of the f i ve pear18 gave him the final clue as to 
ho\ol spherical pearls could be produced: inser ting the granule w1thln the tissue of the 
oyster. In the meanti~e both Mise and Nishikawa had diAcovered the secret. 

Tb increase his supply of oysters, Mik1moto undertook extenaiye experiments on 
spat colleot1ng ana. rearing. He invented and patented ma~ device8 which eventually be­
came the ba8is of pearl oyster culture. 

In October 1893, Mikimoto establisbad his second pearl farm on a small, unin­
habited lIland in Ago-ltM which was kno ... n as Tatom-ahima or "land of III&n1 virtues ll

• It 
was on thls island that m08t of tne work on pearl culture was accoaplished, and it re­
mained the headquarter. of Mik1moto until the completion of hl. present (third) pearl 
farm in 1919 (rigure 3). 

The appea~nee of the culture pearl on the \oIorld market started a dlspute a. to 
whetl~r it was a "real" or an "artificial" pearl. HowevGr, studies by such scientists a. 
Listor in England and :Soutane in Franc'!l convinced tho public tMt the "culture" pMrl 'ti8. 

no differont from the "natural" pe&rl except in the origin of the initial irritant. 

THE PEARL OYS'lEaS 

1. Speci0s and D1strib~tion 

Al though ma~ bi Tal TOd mollusks oan produce a pearl of sorh under st1l11ll.u. ot 
an lrrl tan t and und.er su1 table physical or enTlrolll:l.n tal condi tions, the production of 
pear1w cf quality i8 confined to a r elatively small group of species. An outline of the 
distribution of tne more importRnt pearl-pr?ducing specie. of the Paciflc area 10 enown 
in Table A,page 18. 

17 



TABLE A. - DISTRIBUTI ON OF MORE IMPORTANT PEARL-PRODUCING MOLLUSKS. PACIFIC ARF..A 

Species 

Pincts.d11 martens1i (Dunker) 

PlnctAM marg!!rltlfera (l1nr: ~ ) 

Plnc tada marnri tHem zanzlbarenslB 
(Jame son) 

Pinctada marenrltl!~ra Il@zatllUlU~a 
(Har.l "y) 

Pinctllda mar~rlt1.f~ra erzthr ensll 
(Jameson) 

Plnctada mar~rltl!era 12er l1ca (Jamellon) 

Pinctada margarl titera cumizu:l (ReAve) 

Pinctada lIlIU ima JameBon 

Pterla macro12tera (Lamarck) 

Atrlna ja120nlca (Rel"ve) 

Ostrea ~ Thunberg 

Unl0 (Margarltana) marearitlfera (Linne) aJ 

Crilltarla plicata (Clellsin) 

Trid.aona ~ (Linn.,) 

Haliot1e d.&anteB Gmelin ~ 

~ round in fresh water 
~ A gastropod, not a biTalT8 
SOURCE: Ogushl (1938) 

DIltribution 

Japan (I8e, KU. Tosa, Hizen, Mie) 

Japan (Kit, Tosa), ~ lalands. ronola. 
South Seal in general 

Madagallcar, Seychellell IlIlandl 

Bay of California, Panama Bay 

Red Sea 

PeNian Gulf 

Ealtern PolynellR, Soclety IlIlands (Tah1tI) 
Ha .... a11an Islandl 

~ukyu 1slan11 ( rare at AmamI-0shima), Ne .... 
Guinea, Celebes. Arefura Sea 

~~u Island ll (nor th to AmamI-Oshilllll), 
FormollR, South Seas in general 

Japan 

JApan 

Japan (Hokkaldo, no rtr.em Honshu) , SlIkhAl i n , 
Siberia. Canada, ~land. Europe 

Japan (Hokkftido. HonBhu) • r.hina 

~ukyu IIIRnds, Jormos3, Bonln IlIlands, 
South Sflal in general. Indian CORStll 

Japan . Korea. ~ Ielands 

The Japanese pearl oyster Plnctada martenllii tFlgure 4) ill by far the most im­
portant species 1n the culture pearl industry. Unles8 otherwise IItated, all data in this 
report are based Upon l. martensii. The only other species thAt will be d1scussed 1n thi. 
report are the black-lipped psnrl oyster, PinctadB margaritlfera. (FIgur~ 5) and its sub­
species and the golden-11pped pearl oyster, Pinctnga maxima. ATBilable data concerning 
these ~ecies haTe been incorporated when pertinent to contrallt vith the discussIon of ~. 
martenll1i. The geograpbical dilltr1bution of thelle three pea rl-producing speciell 1s shown 
1n figure 1. 

2. Diagnostic Characteristios 

Pinctada martensli. the smallellt of thelle three important pearl-producing mol­
lusk., ~roduces by far the finest. though not the largest, pearls. f. margarltifera and ~. 
maxima, giant spec1es of the genull. produce pearlll of great size but somewhat inferior 
qua11ty. because of the relatiTe coarseness of their nacre. Distinguishing characteristic. 
of the three 8pecies are summarized in Table B,page 19. 

18 



Scale 
2.5cm 

f---------il 
1.0 in 

, 

'l- \ 
-'\ , ,,~­

'/ 

( . 
J I. J. ) 

\ 

I ) 

'; 
, 

\ 

-' 

rigure 4. - Japane.e Pearl 0J.ter, P1nctada marten.li 

TABU B. - COMPARISOB OJ' THUE MOST IMPORTAlft' PmABL-BEAlUNG SPECIllS 07 P'NC~A 

Characteristic martens1i margar1 tifera 

She 
lully me. ture 4 ' .ncheD 7 il\ches 
Average 3 inches 6 inches 

Shell 
Convexity Con vexed Slightly convexed 
Outer shell color Yellow-gray Greenish-brown 
Outer shell atripes About 7 purplish- 10-18 radial ro~a 

brown of whi te spote 
Nacre Greeniah-ail ver Steely 
Na ere, shell margin Yello~-ora~e Dark metallic green 
Hinge line Medium length Snort 

(.hell higher 
than lo~) 

Weight '60-100 shelh 
kB.n1l 

per 15 sheIla per kan 

!l See glo8sary for conversion factor8 for unit. of mea.urement 
SOURCE: Dr Tokubei Kuroda 

maxima 

12 inches 
8 inches 

J'lat t eI\ed 
Pale 1ello~-brown 
Traces only 

Silver-white 
Golden 
Medium 

9-10 shells per ken 
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lIIOLOGY 01 THE PmAllL OYSTER 

1. AnatOKr( 

A knowledge of the anato~ ot the pearl oYltcr 11 neceaear,y to an under.tanding 
of the deTelopment of the pearl. 

The bodJ of the Pinetada marten.ii 11 covered b~ a two-valved Ihell. Early 1n 
the normal 11fe ot the 1ndlTidual, the lower valVA becomea permanently flxed to aome lolid 
objeot. The movable upper valve 11 hinged to the lower and il controlled by a palr of 
Itrong mulelea, the anterlor and pOlterlor adduct~ra, which pull the upper valve to the 
lower and thne oloae the ahell. Although the oYlter builda the .hell and la attached to 
it, thl1 ahell may b. coneidered the houae in whlch the oyster liTee, rather than an ana­
tomical part of the anlmal. 

The anato~ of the anlmal ltaelf (Jlgure 6) conalata of three generol reglonal 
the foot, the mantle, and the viaeeral maaa. In the pearl oYlter, the muacular foot 

ANATOMY OF JAPANESE PEARL OYSTER 
PINCTADA MARTENSII 

Esophagus Stomach Hinge 

Mouth Gonad 

Labial Palp Liver 

Nucleus NO.2 Heart 

Foot Intestine 

Byssus Retractor Muscle 

Retractor Mantle 

Gonad Adducto r Muscle 

Nucleus No. 1 Anus 

Shell Base of Gill 

Gill 

Y1gure 6 21 



fWlction. as an organ of locolllotion only dur ill& the o r l), Ita 88 of it. Ute p r io r to fix­
a t ion and is not uled therea!'lcr. The l118otlc , a Ih~t.h of lnt.egum n t co . ri n t il .11c r­
II I I118l1e, hange down l1ke a curtaln on each ai de of the body be t.ween it and t.he Ihsll, a 
only does thls I!18 nt. le lecret~ t.he eholl , bu t 1tl e~g I ~r~ lIIod lf1.d locally lnto inhalent 
a nd exhAlent slphonl' , and ite dor1 'nl ti ve l, lhe gUll , p r o rm ntel fUnet l on l at re 1-
rRtlon, nutrition , and l~cubetlon . The mn ntle , becaulr of lt 1111 o rte nee ln t ho <1e.elo 
~ent of peRrls, wll1 be d18cuesed ln de Ai l l ate r, 

The 1II0uth is at tl:.1J ant.erlor end of tho a11m ntl'I')' ClI nal l n t he Ti.eera l II and 
leado into 8 short esophague which , 'n turn , pllopel directly l nto a th i - va 1 d l o ch 
lined with ~rd cuticle for rlnding food . 'rom the pOl t r lor end of t h Itoma ch a rela­
tlnly "hart S-ehaped inteetln ptt. .. ee to tl anul. ThII rt'p l d Yi bra 10n of cll1a on the 
gllle trlngB vater and r.U.nute pllrtlcleo of fo06. into he !!'An t le caTi y U.rcru.gh U:.e In-
balent 11 phon. The food ill pllleed to thE- 1\ utt., and t te r 1e e ell d f ro t he ca vity 
through toe e,.halent sl phon. Whll A tl:.e wFter 11 ln the c8.1t) . the co l o r l" I blood ,. 
aerAted ln the gillo. 

The heart 1. s dOTlAl orglill conll ting of a .1n le dian .on rl c • and tvo 
1'1 auriclel. An anterlor an~ a po.tarior lo r ta carry t.he bl ood a f roc t e h rt. 
nervo~s system conslst. of a pair of cf-ntrel gpngl1a \ihlch con . t itute a prultt." b r 
wit~ a nerTS cord and lierle len IS orb~nl. 

later­
If 

l n , 

The lexel are ueU811y It'porete , al in tt.a edibl OY l t r. S xual d lmo rphl lllI 11 
very poorly indicated, IIIBklll& lt difficult to dl t i lI h l u el ex te rnally . The lex orpnl 
aro the o.ary and the teetel, nnd the lex produc ~ 1 & 1 d to out l ide by l e x duc I. 
Fertilt7stion ls er.ternnl. 

2. Life iiiltory of Plnct.6dB I118rten l l1 

To rear any orgen18m lucceelfully t he l l fe hl l tory of t t organi I hould b e 
~cwn a8 thoroughly al pOP lible. JapAne.e I cl en t l l te kn ow 11ttlo of t he llf e hll~ Ty of 
the JApanese peerl oYlter PlnctadB morten l 1t a t thl 1 tl e , bu t t he ojlte r t ec hnolo ilt 
Are concentratL~ more and 1II0re on thl1 subjec t. 

Study of the early Hfe hiltory of t bl, peo r l orlt r l n nature iI d1.tf l cul t ow1ng 
t o the mlnute lize of the orgenllml . 70r t e ll r~a lon Dr S. Iobaya l hi of the A om1ya 
Pearl CuJ. ture Ferm on Ago-",an hao attempt ~d to raile t he 18~1 Ita el in the labortltory 
following art1flc1al fertllization . !hi. a l lo 11 dlff icult 81 the nat~ enTiro nmen t il 
hard. to dupl1cnte . Ho-wever, Dr Kobaya shl hal .ucceeded ln ",!ling a tew laM'll. of 1 . 
mart~n!'u. to the spat etage ln hi s l aborato ry and ha l obta lned informotion vhlch he hal 
made ~T8ilcble for this report . 

In nature the pea rl oyete r beglns to ~awn vhen the yate r r eaches a temperature 
of 25 C and a pH (hydrogen ian concen tration ) of about 7. 8. The lpawning normal ly occurl 
in late June or early July and uwnally 11 comple ted by e a rly August. In the laborator.y 
Dr Kobayashi found that the op timum cond lti onl tor the ar t l ficl a l tertlll zatlon ot t.h e 
e~e vere a temperature of 28° C and a pH of 8.6. He val unable to obta in tertll1za tion 
under lower (less alkaline) pH condltlone. After h~ ob tained. his tlA1 ll~ larTSe, he 
fed. them on MOnAl, a microlcople foo d organllm eallly reieed ln the laboratory. Hi. re­
lul te on iar-.a6 culture a r e lummarlzed ln !able 0, pB«e 23. 

StUdies mad. b)' Mr M. !~u.ehi, of the Japan InlUtute for Sc i en tifi c Research 
on Pearle at Kashiko-Jima. carry the developmental his tory of the oy s t er through to t he 
ful ly adult animal. Table D, page 23 , 8UK1111&rhes hil .tudiel on the rate of growth ot 
Plnctada martensil . The grovt,h ra te 1e shovo allo in 1igure 7. 

Dr Kobayaah1 tound that the growth of the pearl oy lter 11 not uniform throt1&bout 
the year. Grovth is rapid f r oll ~ to about !ToT81IIber. but froll lioTellber to ~ the growth 
e i ther Is .eT7 slow or eea ae l en tirely. Durlo« tnis wint er period the .tomachs of natlTe 
oysters are daTold of tood. Dr Iob8j'aahl concludes that ~ lII11 rtene11 undergoes a perlod 
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T.ULE C. - LARVAL DEVELOPMENT OF PINC'l!ADA MAll'l'ENSII 

Til1le Mter Size 
Developmental Stage lertilizl!I tlona (mm) aJ 

Untert111zed egg 0.048 :z: 0.048 
2 cell atage 40 mlnutes 0.041 x 0.063 
4-8 cell .tags 1 hour lTD 
8-12 cell ltage 1 hour. ~5 m1nutes ND 
Blaltula 3 hour. lID 
Bel1nning ot rotatl on ND 0.043 x 0.046 
a.ltrula 4 houri, 8 mlnute. 0.060 x 0.057 
Troohophore larYa 4 houri, 29 II1nutee 0.048 x ND 
V.Uger lar'ttl 36 hour. 0,050 x 0.066 
Stralght-hlng' larn 2 dql 0.063 x 0.080 
Stralght-hlnge lam 5~a 0.070 :z: 0.160 
Umbo .tage 10 daYl 0.189 x 0.217 
Late umbo ltage 15 day. 0.237 :z: 0.243 
IUlly grown lann 20 day. 0.269 x 0.304 
Spat (attRcnment) 26 day. 0.391 x 0.443 

!I See glossary for conversion factors of metric un1ts of measurement 
lTD: No data availa ble 
SOURCE: Dr Kobayashi, Atomiya Pearl Culture Farm 

~ D.- POST-LARVAL GROWTH OF PIiCTADA MARTENSII 

Age Length Age 
(DIm) 

1 month 6.(\ 3 year. 
2 month. 9.0 4 yeare 
3 month. 17.0 5 years 
6 months 31.0 6 years 
1 year 46.0 7 yeare 
2 years 59.0 B yeare 

SOURCE: M. Yamagouch1, Japan Institute for Scientlfic Research on 
Pearls 

Length 
(mm) 

70.0 
78.0 
81.0 
82.0 
82.6 
83.0 

of hibernati on when the temperature of the water reaches or falls below 13°C. Table E, 
page 24. givee the mean temperatures of the surface and bottom of Ago-wan neRr the Ate­
mlya PBarl Farm durlng a two-year period. 

As t he development of the pearl is a result of the physiological activity of the 
host oyster, the imposition of a period of hibernation into the annual physiological cycle 
has a definite bearing on the growth and rate of growth of the pearl itself. 

3. Early Development of P1nctada maxima 

At the Palau Tropical Biological Station. S. Wada (1942) experimented on Pinctada 
~. imported from Auetralian wate rs for culture research. After considerable experi­
mentation, Wada finally ~ucceeded in producing ripe egr,s and apermatozoan under artificial 
conditiona. 

The mature egg of thie epecies is 59 microns in diRmeter. The exuded epermatozoa 
h8a a head measuring 5.5 x 4. 3 microns. and a tail 55 microns long. Fifteen minute s after 
the entrance of the hBad of the .perm into the egg. tLe first polar body is protruded. 
irom thie point on, Table F. page 24, .ummarizes Wada'a observations on the early indi­
vi dual history of~. lIIR:xima. 
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TABLE E. -

P riod 

1946 
Au« :>9.3 
S~ 23. 5 
Oct ?'2 .6 
No'Y 15. 6 
Dec 1? . 0 

1947 
Jan 8.4 
Jeb 8.2 
Mll r 10 . 7 
Apr H. 3 
Ma,y 17.5 
Jun 20.4 
Jul. ao.~ 
A1l& 27 . 9 
SE. 23.7 
Oct 18 . 9 
NOT 14. 
Dec 10 . 0 

1948 
Jan 8. 4 
Teb 10. " 
Har 10 . 4 
Apr 14 . 6 

S 'hC'z: :lr S. KeD • El l ni 

TABLE r - DlVELOrKENT cr Tm: 

El81- l ee Time 
After Fert i l i zation 

15 mi nute l 
25 minute ! 
40 minutee 

43 minute o 
1 hour 
1 1/2- 3 hour e 
? 1/2- 3 Loure 
3 1/2-4 houre 
5 1/2 houre 
7 1/ 2 eours 
18 1/2-19 hours 

28 houre 

30-22 hours 
7 ~s 

9 day s 

2- 3 weeks 

'Ita t r 
TelrT'e rr tur 

i n Cen ti grl\~e 

28 
28 
29 

30 
30 

26-30 
77- 30 
'?7 - 1 
28-30 
28-30 
2 6-30 

25-30. 

25-30 
25-3~ 

24- 32 

ND 

AJf 

28 . 6 
22.4 
23. 
18.8 
1 . 0 II.1be H OD b 1nl 

10.3 
9 . ;> 

11 . 2 
13.9 
17.1 

.6 
26. 
2 . _ 

"0 . 1 
15 . 6 
10 . 7 

. 7 
10 . 5 
15 , 0 

OLD-~IPPO PE.ABL OTS 

Pr otru ei o 

J'onrati on of 
c l e 'nl 

" -cell s~e 

4-c 11 I tE.~ e 
8-c 11 • 
Mo rula I e 
Bl a stula ; rotn ion ~in e 
Start of ga ltrula i on 
Ap ical flagell ft d Tel0 iO& 

04 . 

• It 0 lit 

Soel l ne" rly CCTsra body; 10 nOli a 0-. ed 
veli~er ai %e : 77 u L ,65 u Kg , 62 B 

Rudiments of hi e t s I r tf lire : 8 u L. 
55 }1 EI«. 68 u H 

Apica l fl agella lesl rominent 
Umbo begIn. to deT lop; 8i%e: 90 u L. 55 u ag, 

75 u R 
Umbo pro<ects slightly OT r hicge 11ne; 51%8 : 95 

u L. 55 u 8&, 8 u B 
Beady for attac:hllen i; "'Pat". Ihe: D.=> me 

!l L, Ihell length: 8&, length of hinge I1ne: B. l nell he ight; u micron (one m1cron 
equal. 1/ 1, 000 millimeter). 

liD : lio data avellable 
SOURC!:: S. Wads (1942) 
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It'igure 7 

Sex reversal" whe re1n a temale changee to male or a male to temale, 1a known to 
occur among the oyatera aa a group. Information on th11 phenomenon 1n the pearl oy.ter 
hal been obtained by B. Wads and S. Wade. (1939). 

They made the1r tirat obaenationa at the Mhald Marine B1ological Station in 
1936-37, uaing ~. marteD811. Thi. exploratory 1nTeetlgat1on y1elded result. as shown in 
Table G on page ?6. 

25 



TABLE G, - SEX REVERSA L IN PINCTADA MARTENSII 

Group 1: Malel Group 2: remalee 
Number Number Number Num ber Number Number 

Da t e of of of of 111- of ot ot 1m-
ObservAti on Malel remal es mature. Females Males matul'es 

1936 64 0 0 '10 0 0 
May 1937 21 22 11 19 5 16 

SOURCE: R. Wada And S. Wada (1939 ) 

The Wadas made another explo l'8 t ory eet of observationl in AU81l1t 1937, using 8 

leriel of p. maxima, the Austr8 11an white pearl oyster transplanted to Palau. A serie. of 
oysterl about 17-20 centimeters long were sorted a ccord1ng to sex, returned to the sea, 
and re - examined in June 193B. The sex of tnese oys t ers Wfi S found to be unstatle, some 
males haTing changed to females, l ome f e&ale s to ma les • 

. ~'1 tn the tact of sex reversal f or the speciE s eetablished., observa tions were re­
peated 1n 1938-39 , and indiViduale were marked wi th a lea d tag tnrough the shell, making 
pOlllble the oertain identificatio!l of Bach i nd.i vt 'l.ual. 'l".:le oyst~rs were all females at 
the time the observations began. An exami nAtion of sex was made periodically thereatter, 
with r esul t s indi cated in Table H. 

TABLE H. - s:u REVERSAL I N PINCTADA MAXIMA 

Number Nwnb"" r Number 
De. te of ot ot of 1m- Totlll 

Obse rva t ion Females Males mature I Number !l 
Jun 1~38 136 0 0 135 
Jut 1 ~38 117 4 8 129 
Sap 1938 114 8 2 124 
Apr 1~39 31 88 2 121 

rij Total number not constant o\~ ing to death from va r i ous causes 
SOURCE: R. Wada and S. '.vada (1939 ) 

Perci3nt 
of Sex 
Change 

0 
3 
6 

73 

Nei ther the cause nor the f ull lignificance of thi. tendency t, reverse .ex i. 
clearly understood at thi. ti me , but the Japanese aSSUMe thnt the height of sex reveraal 
coincides w1 th the spawning season. 

HISTOLOGY AND FUNCTION OF THE MANTLE 

1. The Man t le 

As with all biT81ved mollUsks, t he shell of the pearl oyster 1s formed by the 
mantl o (Figure 6). The ~ntle enwrap s the Tiscoral mass of t he oyster and builds the 
lhall which 1e the externAl latel'8l wall of the mantle carl ty. The right and left lobes 
of the mantle are continuous with each other along t he mid-doraal line, from which point 
they hang like curtains on either side of the oyster" body. 

Histologically, the mantle is a connective tissue membrane protected 00 the out­
side by a single l ayer of epi t helial cells. That portion of the ep1thelium which i, in 
coot~ct with the inner surface of the shell va lves is called the outer epithelium and se­
cre 'e. the lubs tances from which t he cnlo&reoul ahell i s built. In the area ot the mantle 
caVity, the free inner .urface of the mantle i , lined with an i nner epit hel ium ~hich is 
cil1ated and which performs no ahell ot' Ill\cl'6- . ecr e tlng function •• 
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2. Obaracterietics of t he Outer ~i thelium 

The cells of the outer epithelium secrete, vith equal facili~, finely crY8tal­
line calcium carbonate (Oa003) in the torm ot ar8€onite crystals, better known as nacre 
or mother-of pearl, and hexagonRl calcite cr,ystals which form the prismatic layer of the 
lhell. They allO lecrete the orgonic substance conchiolin (032E4eN2011), with which the 
calcareou8 cryetala are cemented, and mucous, BS the occaaion warrants. The factors which 
cause the biochemical reaction determining the 8tructure and chara,cter of the secretion 
are not fully unders tood, but it ha s been establi8hed that the deposit ion of the pri8matic 
layer becomes very marked when the animal i8 8ubjected to strong sunlight. Conversely. 
the outer epithelium actively eecrete. n~cre when the animal i8 kept in partial or total 
derme.l. 

A eeriel of experiment8 to determine the reaction of pearl-forming mollusks held 
at Tarying depths and under various colored lighta vas begun Just before World War II. 
Although not completed, theee experiments indicated that Pinctada martensl1 under Tary11l& 
light conditi ons, becomes most active in the deposition of nacre when subjected for a 
relatively long period to intensely blue light. Xxamination of the nacre deposited during 
these t4ts\s indicat4td a hlgh lUllter and an excellent coloration. The purpose of these 
experiments vas to dstermine, if possible, why lIome regene!'ft\ed pearl-'Iac tieeues depos­
ited, without apparent cause, alternate layerl of aragonite and calcite crystals on an 
enclosed nucleus, thus reducing the luster and hence the commercial value of the pearll. 

Another experiment, designed to reTeal the characteristics of the outer epitheli­
um when 8ubJ ected to various etimuli. was conducted ab~ut the aeme time. In thie experi­
ment an openill& about 0.5 x 0.25 centilletere wal made in a YalTe of E. IllArtene ll by a fine 
carborundum hone, the layers of the mantle first being removed carefully with forcep8 to 
avoid injury to the cella of the outer epithelium, Almost immediately a thick mucous wal 
extruded from the mantle area thus exposed to the l1ght. In one or two days a fine film 
of conchiolin had been deposited across the opening, thus s~alir~ t he puncture against the 
entrance of vater. The oyster then depOsited ca lci te and aragonite crystals in that order, 
to a thickness equalling that of the shell in the a rea in which the opening was made. In 
8 repeated experiment in which the oYlter was held i n dRrkness, no calcite crystals were 
depOsited across the opening. Thull the result8 of the experiment support the theory that 
light is an important factor ir. determining the phye1ological acth'ttl of the outer epi­
thel ial cell i of the mantle. 

3. Structure of the Shell 

The &hell ... creted ~y the out er epithelium of the mantle , is composed of "mother­
of-pearl", prismatic (rough, horny) l~ere, and an organic cementing substance known as 
conchiolin. A section of the shell shows a thin prismatic layer superimpos ed up on con­
chiolin on the outer Burface of the shell and a relatively thick layer of moth er-of-pearl 
lining the inner surface. 

Motller-of-pearl 1& p8flrl-whi te ln color and has a finel.f lamellar etructure com­
pOled of aragonite crystals embedded in an extremely fine framework of conchiolin. The 
priamatic lbyer, .,bleb 'ftIri,es from dark brown to dark ~d, is composed of hexagonal co­
lumnar calcite crystals compactly embedded in t he framework of conchiolin. The conchiolin 
is the outermost surface coating of t he entire shell, but it is usually eroded in all ex­
cept il!llla ture lnd.l rtduale, includi!'lf; epa t. In addi tl on conchiolin 1& the organic sub stanco 
from which the framework of both mother-of-pearl and the prismatiC layers are built, and 
it i8 the cementing 8Ubstanc~ which binds the calcareous crystals in both the shell and 
the pearl. If 8 piece of shell 18 immersed in an acid solu t ion, the calcareous crystals 
are dissolved by the aCid, leaVing only the orgAnic conchiol1n framewo rk. If the dark­
colored priematic layer i. treated in an acid bath, the solution become s reddish-pink from 
the suspended pigments which originate in the calcite crystals of t he prismatic layer. 
This pigment causes the color. of the prillllEltic layen. The quantitative deposition of 
p igmentud cnlcite crystRls in alternate layers with aragonite ery8tals on a pearl nuclAul 
may a180 be a factor which determines the color of a pearl. 
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Mother-of-~aerl is a fine. extremely den se s tructure , but the prismatic l8¥er il 
co~eratively br1ttie. rbil difference in Itruc~UrRl s trength il due entirely to the quan­
tlti~s of conchiolin constituting tne framewo r k of t he re l pecti.e Itructurel; the mother­
of-pearl is more caicareoul than the priso'tic layer. The qual ity of the pearl, vhen natu­
rally grown in the mantle parench¥ma or in t he conn8ctlve ti ssue of the v1sceral mall, il 
atf~ct6d directly by the quantItative ratio of the calcHreoul matte r and conchiolln. A 
suitable ratio betveen calcareou" matter and c vnchiolin is needed to produce excellent 
color an1 1ulter. 

Iridescence is caused by the interference of r3ya of light refl ec ted frvm the 
micrclcopic corrugations of the lurface. 

4. Nacre Secrotion Rnd Water Tempertitur~ 

To determine the relation between vater t emperatura and t he nacre-secr~tlng a ~­

tiv1tiel or Pinctada martensi!, H. Oda Inserted a nucleus 6.9 mill i meters in diameter l ~ to 

each of a nuober of oystera. At regular monthly interv~ls throughout one year, a number 
of nacre-coated nuclei were removed and weighed to daterminB the accretl~n of nBcre. Table 
I shovs the oalculated nMra dsposited. in r~lat!on to monthly 'f'ariRt1onl 1n water t eO}l era­
tur~. 100 percent being +.he total nacre IAcrated during twelve montha . 

TA.B!3 I. - RUATION :BETWE:.:N NACRE SECNETION AND WATER TEMPERATURE 

Mean Water 
Tempe rR t 1ll'E'I Nacre-3ecret i !ll; 

Month Centigrade Act! v1 ty (percent) 

Jan l3.~ 1.2 
Jeb 13.5 0.0 
Mar 14.0 0.0 
Apr 15.5 1.2 
Hey 18.7 4. 4 
Jun ?2 .~ 8. 9 
Jul 27 .0 13.3 
Aug 27.5 17.0 
Sap 28.0 20.0 
Oct 23 .0 20.0 
Nov 18.3 10. 3 
Dec 14.5 -k1 

TOTAL 100.0 

SOURCE; H. Oda 

Table I shows that the mean maximum vater tempsrature (2aoC) va. reached in Sep­
tember and the mean minimum temperature l13.20C) vas racvrded i n J anua ry. The maxilllW!l 
nacre eecretion wea in September-October. ~nd nac~ sp.cretion ceased in FebruaT7 and March. 
Thus the oyster1s maximum and minimum ~.cre aecret10n activ1ties eviden t ly are one or two 
month!! lRter than tne corresponding var1.~tions in the t l:llllperature 0 1 the environn:ent. 
Nacre e~cretion apparently ceaaed when the vater temperature fel l below 140 C, indicsting a 
definite relationship between secretion and water temperature. From these and other datB 
OdR concludes that a "physiological delay" in n'l cr9-secreting pr ocesses f Cl1lows changes in 
water temperature. 

In places where the water temperature does no t fall bel o't tUe crl tical. minimum for 
nacrG depoaition, such as in Shimoda, Shi zuoka Prefecture , nacre i l p r oduced eTery month of 
the year. Whether this lack of a dormant period bas any effect on the qUAlity of t~ re­
sulting pearl is not yet known. 

28 
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5. Origin of Pearll 

Pearls are the reeult of reactionl to irritantl, and all modern theori el on the 
procels by which naturnl pearls are formed emphasize the importance of the outer epitheli­
al cells in pearl formation. Boutane's bypothelis suggests that a lmall piece of foreign 
ma tter becomes lodged on the outer epithelium and is slowly cOTered by epithelial cell •• 
Later prelsure forces the foraign matter into the parenchyma ti.SU8 where a (pearl) aac il 
buit t around the foreign DIll tter and where the aac and foreign matter .eparate trom the out­
er epithelium. Rubbel 'l theory i6 limilar, except tbat he postulatel partial fracture ot 
t he outer epithelium cells. Mr Oda, the chief research biologilt for Mik1moto, maintain. 
that t he mOlt l1kely procell il the complete fracture of the outer epithelium and the entr.r 
into t~e parencnyma of the fore1gn matter, together with a few epithelial cell.. The •• 
celli, through pro11feration, regenerate and form a I8C w1thin tha parenc~ and inde­
pendent of the epithel1uc. Occal1onally a pearl _y be formed wi tbout a nucleul, but ju.t 
what irr1tR~t 1nit1ates pearl formation in that inltance i. not known. 

6. Formation of the Pearl Sac 

The epi thelial l~er of the mantle of I. ~rtenll1 11 compoled of rounded cell. 
wh1ch are f1 tted together loosely as the outermolt l~er 01' the mantle. So loose 11 thi . 
alsemblage that the celli tnere1n degenerate when subjected to external st1muli . Experi­
ments have shown that this outer l~er disIntegrates quickly 1f levered from the under­
lying tillus of the mantle, wrapped around a nucleus, and then introduced 1nto the con­
nective t1ssue of another 1nd1vidual. Th1. ep1thelial layer, therefore, evidently il un­
able to produce pearl. On the other luInd, it has been lhewn that the numeroul knob-ahaped 
unicellular glandl beneath this outer epi thul1al layer, in Pinctada martensii at lealt, 
produce the eubetance of which the pearl 1s composed, an~ a pearl lac is formed ae a re­
"ult of a seriee of change. wh1ch take place i n the epithelial layer of the mant le. 

Reference to Figure 8 will help clarify the sequence of epithelial changes in 
pearl lac formation. Under nOl'UlBl condi tiOD! the mantle h Hned with rounded epi thelie,l 
celli (J.>. When erposed to Bny eust1'li:vd. r timulus, !mcn as a gre.1n of annd, the ee rounded 
cellE degenorl'.te end slough off (B), Rnd are replaced by elongated epithelial. cell s (C), 
until only these elongRted cella line the mantle (D). The el ongated cells are very elaltic 
and wll1 invaginate in responle to conte.ct wi th a forei gn body. When lt1mulated, tMse 
celli in'98ginate, pinching off a pearl I8C around the now-enveloped source of irritfltion 
(I). After this, thp. rounded epithelIal cell. again appear and begin to replace the de­
generatiD€ elongated cells (r), .. he unicellular glancs appear, ~d the original condition 
{A) is again established. 

If a small piece of mantle taken from one individual il inaerted tnto the connec­
tive tissues adJacent to the vi.cera of another oyster, the inner epithelium degenerate. 
and disappears. The outer epithelium, however, cnD produce new celle and will cont inue to 
develop and to eecrete calcareous matprial when transplanted under favorable conditione 
into the body of another oyster. Thi s characteristic of the outer epithelium i8 of para­
mount si~-nlficance in the formati on of either natural or cultured pearle. 

When a amall piece of living IIlfllltle ths~, together wi th eome eolid foreign aub­
Itfnce, ie insp.rted into the visceral connective ti8BUe of another pearl oyster, a esplule 
of conneotive tisBUe develops around the solid matter froe the introduced mantle tislue 
within a fev daya, ~s de scribed above. Aa tlu8 capsule is forming, the calcium-aecreting 
epIthelium ot the inserted mantle tiBsue begins to reproduce through eell diviSion and with-
1n a week or two lines the connective tissue ceplule. Finally, the regenerated epithelium 
completely encloles the foreign matter, "hue de.alop1ng 8 pearl aac. Under favor?ble con­
ditione, the penrl sac begIns to .ecrete and to depolit calcareous matter around the foreign 
mater18l within it as soon a8 cell d1vieion beginl. Thus a culture pearl i& initiated when 
8 ~811 piece of living ~tle t1ssue is placed adJacent to a fOrP.Ign body in a lelected 
portion of tn. body of the hOlt oyater. AI the coati~ of nacre deposited on thil nucleua 
growl thiCKer, the pearl I&C itlslf growl lRrger through cell d1vision. 
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When the pearl .sc il completed, the extremitifll of the columnar cell. ot the re­
generated outer epitbeUum reat. Upon tbe lI\lrlace of the toreign body. fheretore the re­
lation between the pearl aac epithelium and the introduced nucleull ls ell.ent1&lly ldentical 
biologically with the relation between the out~r epithellR ot the mantle and the ahell 
~l~. lunctionally, the dlfferenoe 11 thAt " the pearl aac lIecrete. naore entirely within 
the connectlve tissue of the body, but the formatlon of the .hell and tbe formation ot 
pearl II are the aame phenomena. Thil i. the ballic principle of pearl culture. The cell. 
of the .ubepldermal ti •• ue of the mantle, not th~ nucleua, produce the pearl. Buelei whlch 
Inter the body ot the oYllter without carrying with them particlei of the l1T1ag epitheUua 
will nei\her be enveloped with nacre nor be mad. into peorll. 

7. Other Method. of Pearl 7ormaUon 

AlthOugh the liiahUcawa method of introducing grat't tiuue and nuclsul 111 the only 
one thul tar ulled .uc~ellllfully for commercial culture pearl productlon, Japan.le Iclen\illtl 
and pe~rl culturistll are exploriag other pOIs1billtiel. The trend of such 1n~stigationl 
il indlcated by the followlag Japanele patentl: 

No 119,547, i.sued 12 March 1937 to K. Mikimoto. Thil patent covera method by 
which a piece of mantll epithelium inlltead of inorganic material i. lntroduced all a nueleul. 

No 115,667, illsued 8 May 1935 to K. Mikimoto. Colored platel and transparent 001-
ored glaelea are placed at the top and bottom of balketll containing operated oYlterl to 
induce better color in tbe devoloping pearlll. Thill procedure il baled on \he theory that 
light waves influence color. 

No 115,642, ilsued 8 May 1936 to K. Mikimoto. Pu}Terized Ihel l, carbonat. of lime, 
fuller', "eartb, or anb1droull silicic acid il mixed with lea water to torm a thin mu4 to 
which llving mantle epithellum il added. This mixture il inlerted 1n the oy.ter to produce 
pearle without nuclei. 

No 115,643, ieaued 8 May 1936 to K. Miki~oto. Thi. patent cover ll a method of 
producing peRrle by ultraviolet ray. or electric . parke. 

No 66,97'.' , 1eaued 21 December 1925 to M. Fujita. Operated oystera a re 11 ned up 
in a wire basket in sea water &nd given an electric ahock to stimulate p eRrl formati on by 
increasing nacre ~3cretion. 

DETELOPMEN'l' OF 1'D PEAlU. 

1. Growth 

The growth 0:1:" the pearl Itartl immediately atter the graft tissue .. tablhhel it­
lelf and begins to proli!erate by cell dlT101on. The graft not only grow. but begin. to 
leerete nacre around the foreign body w1tn which it is in contact. Thil depolition of 
nacre may be either relatively faIt or elow, depending on environmental conditions. Along 
the northern limits 0:1:" the re.nge of the pearl oYlters, represented in the Pacific araa by 
the diltribution of PinctadB martenl11 in Japan (Figure 1), the rate ot nacre prodUction 
1. ?ery Ilow, and 1n the warmer louth Pacific waterl around Palau and Boetoeng in the 
Celebes, the rate of depolitlon 11 much talter, 

water. 
't8riea 
falter 
11 the 

The rate of nacre depolit10n is in direct relation to tne temperature of the 
AI water temperature variee with the leaso~, the rate of nacre deposition allo 

lealonal1y. The warmer the water. the ~ore rapidly the nacre il lacreted and the 
the pearl growl. The convarse il equally true: the cooler the water, the Ilower 
nacre depOSition, until at a temperature of about l40C tha lecration ot nacre il 
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inhi "b Ued.. Be10v thl.1 t emperatura the pear!. oea l a to gr ow , rellll1 1 ni n~ dorma.'1 t un 11 t llfl 
tempernture of t he water r !. lell above the crl tlcttl minimum requi r ed for nac re product; '''I . 
'!'hie dorme.nt perlo d h cbaracter1etic ot tho de'\"'e10pIIJIT. t of t hA near1 1n P1nct f.tia I118 rtenl1l 
thro~hout Japan except nee r Shimoda, Shituoltn Prefectur e , Ber" the iIIl!'1 h ll.t:!I we.ter t e::rpeI'­
sture i l JUl t above the critical 11:n1t, and nacre 1 11 l ac r e t ed t hr :lu., h?ut th~ ye(l r, 

The J apane le be11eTo that a def1nite r p. 1Atlonlhip exi a t l oetwpo 
depo litlon and the qua11 ty of the re l ul ti ng pearl . They al teTe t ha t el ow 
ac companl~d by a re l t i ng pariod l uring whi ch nQ ~cr 1e depo Al t ed , produc 
peer111 ln Pinetada martene1! than doel t be f nl t er year- r ound gr owth. 

Table 3 lbo" l the rAte ot growth of t he p8hrl within ?1nc'ad 
with the lIi le ot the DUcleul, the 8mo~ t n! nRcre dern lt t ed on I t, and. 

t h rn t o of 01 ' CTO 

nacr e I c r tl on , 
I bel t r -q:,nl1t.y 

nacreoul l ayer to the radiu l 01 the nucleus. Thele data lho~ t het t he pea rl' e Ta te of 
growth i l ve r¥ I low lndeed. l or example , on a 3 . 06-mll1~~t o r nucleue , the nac~ depo et ­
tion 1 ~ only 0.318 mi 111me te r l n two yeo r e. I n contrelt t o thi l. f ra entery datD ob taln~j 
from Mr Y. Hort of the Kokusa! Pearl COmpB~J at Sh1coda I how that at P8l~u bo th P1nc t~d8 
margaritifera and ~. ~lma depoo1t nacre a t the rAto o f about 3. 3 mil tlmeter e a yoar. The 
diame ter ot the pearl a t the end of one year 1. 6.6 mtl l i~et erl enter t nan tha t of the 
lntroduced nucleue. All inf ormation on the 11 t e of pea r le produced by p . maxtC8 at Palnu 
11 given in TAble 4. No comparable data are aTallabl e !or E. margar1t1tera=--

The Japanele belie ve t ha t Pi nctada ~rteR. 1 1 p~duco . p08 rl . of a fa r h1gher qual­
i ty t han either of the other t wo epeei el, tbo~b not comparAble in 11: e , The poerle fr om 
f . marten.i! are claimed to be warmer (more ni nkish) i n color, harder, and of better lu. te r 
becau.~ ot a tiner- grained .urface . The Japanel~ attribute tbe l ~ eupe r1 0r qUAl1tle. to the 
sl ower rate of grovth and periodie depol ili on of the nacre , 

2. Characteristici 

Shapet 
aroun~ vhieb it 
will tend to be 
Ihaped.. 

The ultimate lhape of a pearl il detsrmloe1 \ 0 gene ra l ~ the nuel eul 
i e tormed. It t he Qentral tore i~n body i . spherl cal, the rewultlnc pearl 
~herioal; it' it 11 i r regular, t he pea r l w111 be baroque, or 1rregular~ 

In Dature, tbe fore i gn partio1 e yhleh aceidentall y b lOO~ftl ~he QUalIU. Y 'oft 01 
any lhape, 10 thl re.ultinc pearl. arc exoee4in«ll Ynrlei in to~. Be~au •• the introdueed 
nuehlll in tne culture p .. rl 11 roun1. t he r.l\.Lltill~ }'Iurl . are roW\d. . BoweY'tr, u.n.v t.:'\1~. 
mA1 happ.n t4 the pearl in the threl or four yeftr l of 1tl .~'ocn rine ~e~lo ,~nt WhiCA .ffect 
the fi nal product. The ~al'l .till My tend to be rOlUld but !DO¥ hAl" 'o ltl" ilhel, protu'o.J'o­
anee., or otner detormitle l whioh break thA ~etr,y of i tl fo~. Suoh defo~lti'l =ay bl 
due to f aulty t.chniquo in operetln, or to the lneer tt on ot t he 1\1l0le\.LI in tbe ... ·ro~ plece 
ln t he body . About 10 percent ot the oultur~ pearl. ann b~ cl~ll i t l .~ al belD« of Ixeftp­
tlonal qualit1. The percent in DAtural pearl. il much lover. 

It tvo or mOre nuclei are lntroduc .. d ~o cl ol" toge t~r, tne naOM norot(Jd around 
each eTentually may make oontact, re lultlng in Slameee t wi n p~, rl", tr1~l.tl, or ~ri~uI 
other oombined torma. 10 data are am11" b18 t o i ndicat l wbetn,l r the poll tlon ot the pearl 
ln the boiy ot t he olet er hili eny bearintt on t h~ ultll11flte lhape. If a eUlhpher1ca1 pearl 
11 deli~d, a nucleue flattened to the ex ten t neC91lar,y to giTa the deeired tinal abApe il 
inl9rte4 between tbe mantle and the . hel l , t he fl attened lurraae t~vard tne Ihell. If the 
oy.ter doel not .uoce&d ln expelling thi l fore i gn obJnc~ , ne crft is eecrat.d aro~~~ it, et­
tachl~ it to the ehell. Thi e l inal produc t ie t hf' bUlter pearl. 

Vari oua ahapel of pearle hl«rn from P1nctads martensU I\re shown il\ P'lgure 9. 
The range ot variation 01 to~ 11 practlcally lnfinite. 

Color and Lueter: The culture pea r l occur. eommonly 1n the fo11o .... irlG color.: 
li lver, blue, green, pink, rainbow, nr~, y el lo~ (or goldGn) , and ~lAck. ~Ie namel 
wou1~ 1gem to indica te deflnlte eo1orl, bu t tile eolor vAri Att onl. e'A:c p.p t. black and ye 11011, 
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a re 10 minute and subtle that they can be diltinguilhed only by experienoed personl. The 
s light and lntangible d1fferencee become apparent ln malS alSemblagel of pMI'll. The 1el­
low or golden pearll are quite dlltlnct, al are the Io-called black peaI'll which in reali­
ty are dark. rich blue-gr~ or guDIIIetal . 

Al tho~h lIIBllY theorie l about t be bade caule of tbe color and lUlter of the pearl 
have been formulated, the problell 11 not underltood t'Ully by the Japan .. e. The color Tar­
iel according to the reflection and refractlon of light re.yl on the cryl talline Itructure 
of the pearl. btlt the caUiel of the Itructural ftriati on. are not known. Only in the yel­
low pearl has the presence of a pigment been demonltrated. at lealt in some ca.el. Thil 
pigment, which il localized in the organic l~ers, hal not yet been ilolated or analyzed . 
The color of the black pearl apparently is due to the pre.ence of organlc matter between 
the pearl l~ers, but the ldentlty of this material likew1.e i s not yet known. Some evi­
dence lndicatel that tbese dark colorl may be relR t ed to the black l ecre t ion of the celli 
of the mantle ~e. Thele dark peaI'll can be conftl'ted arUfic1ally lnto pink: pearll by 
injectlng ~rogen peroxide under preSlure lnto the pigmented l~er. 

Nr Umekawa of the Mlkilloto Be.earch LaboratoJ7 ~I compar.d. pearl. of -.arioul 
colorl. measuring the compollng 181ers and the ~lstances l eparating them a s t hey appear 
on tbe IUrtace of the pearl, as well al the Ihe of the component granulel. His resul tl 
Ihow that the grainl are fiDBlt 1n pMrl. of a green11h color, wlth yellow and pink rnnk­
ing next. The coarse It grains are found in the l11ftr pearl.. Green pearll haTe the IIOlt 
Iur!ace lines (1.575 per 1I1ll1 .. ter), And silTer pearls the feve l t (1.270 per milllmeter ) . 
The proportions of calcite and aragonite crystall also are known to vnry conl iderably : lei. 
aragonite OCcurl 1n pink than in yellow pearls, and the letter haTe 1I0re calcite cryltall 
in thelr structural compoaition. !he component l,..,ers ot· the yellow pearl a r e wavy in out­
line, while those of the pink are regular. Ordinarily, tne plnk pearl i l considered the 
mOlt valuable, but if actual Itructural quality alone is considered, the green pearl would 
be conlldered super10r, becaule of the greater Imoothnel. of ltl surface owing t o the close­
nesl of the component l~erl. 

Dr T. Koaaki of the ~oto Unlftrs1ty Ph;re1CI Department balieTSI tnat col or in 
peaI'll dependl upon sOlie metal porphyrin ln their compoai tion. Plnk pe.arls, f or example, 
contaln lead porph;rrln. Dr Matsui, chlef of the Nippon Instltute for Scien'1fle Re sea rch 
on Pearls, eoncur. 1n the porphyrin the0r.1. and hls org~nlzatlon ls now lnvestlgatlng lt 
further. Thes. In'''81tigators aleo thlnk that black and brow pearla ~ be t hf' re sult of 
contact of the nucleus with the liver or the intestine. 

Nr OtllUk:l of the Atomlya Pearl Co haa oblerftd that the pearl o;Ylters ~ be 81'- . 

ranged in four groupe-red, whl te, yellow, and black--accordlIl4: to the color at the con­
chiolln on the outslde of tbe ahell. The coloratlon of the con~olin ls belleved t o have 
a deflnite relatlonship to tbe color of the internal nacre of the lbell. As thA same man­
tle cells produce the nacre of both the shell and the pearl, be belleves lt 10glcal to ex­
pect whlte ahells to produce whlte pearls, yellow ehells yellow pearll, and 80 on. If this 
were true, then, accordlng to Mr Otwukl, It would seem equally 10glcal to a t tempt, by artl­
flclal breeding methods, to establlah .tralns of oYlters haTing the color s desired in the 
pearls. Tbe reddish oysterl, which pre~bly produce the pink pearl s. comprlse les8 than 
one percent Of the pearl oyster population. I t , by artiflclal fertlllza ti on or selectlve 
breedlng, the DUmber or IUch oysters could be lncrealed. the productlon of t he greatly de­
aired plnk: pearl might be augmented. Further work 1e nece88ary to subltantlate ,he ftlidl­
ty of the theory. 

Study of posl!ible relat.ionship between water depth and color of pfla r l s is uill 
in its infancy. Kobayashi and I sowa believe that shallow wate r t ends to pr oduce yellow 
pearls, and deep water, pink pea rls. 

The relatlonahip bebeen t be posltion 01' the pearl In the body and the reaulting 
color a llo atll1 ls being ltud1ed. Indlcatlonl are that plnk pearla are moat commonly 
I"oWld 1n the connective tilsue elole t o the gonnds. However, minute deViationl in the 
pos ltioL of the nucleus result i n pea I'll of dlfferent colore. 



It Beems likely that the color ot the pearl ~B a defin1te phyBical basin rathP.r 
than a chemical one. end that color is not accidentel. 

The luster--the aheen or gloSB of the 8urfacfl--1B due to the fact that the Burff.ce 
of the pearl h corapoeed of the ends of crystallized fiberB. The I'f!!1'rac tion of light on 
this microscopiCblly uneven surface appBre~tly ,pro~uc@£ both luster an~ color. The l~eter 
1. due to interference of reflected light bet~een a very th1n tranapcrent organic layer 
and the crystalline grains beneath it. Good luster aho may depe~.:!. upon the amount of 
aragoni te present. Pearle which haw a dead. dull. lack-1.u£ter surfa ce' are known Ell! "con­
chiolin" pearl. because of tlle overabundance 01' conehiol1n end the rela ti va scarcity of 
aragonite in their compo.it10n. 

Dr Xel1ehi Omori of the Inet1tutt> ot Mineralogy. Petrology. and Economic Geology, 
Tohoku Uni versi ty, has determined the compod tlon of pearle in what appear. to be tl:.fI most 
accurat. analy.ie thus far made by the Japanese. 

TABLE J. - CHJi:MICAL ANALYSIS OF WHI'l!E AND SILVER PEABLS 
(percent) 

Al.~3 
+ 

Pearl Cac03 MgC03 Ca3(P04)2 S10z le~3 H~- ~ 

White 83.71 7. 22 0.~5 0.54 0.54 0.89 
Sil-.er 80.82 2.16 0.16 0.56 Trace 1.26 

!I Water evaporated from the penrl at a temperature below 1100C 
~ Water e~porated from the pearl at a temperature above 1100C 

Org Mat 
+ 

H20+ ~ 

6.11 
13.44 

Total 

99.36 
98.39 

S1ze: The ultimate .ize of the pearl depende upon (a) the size of tOe introduced 
nucleull, (b) the duration ot the growth per10d, and (c ) t he T1tal1 ty and age of the oyetcr. 
The be.t pearl growth occurs in oYlters between the ageB of tbree and .even yearn. lor 
thil rea.on, three-year old oy.ter8 are le1 ected for operetion, and the pearls are removed 
trom tbe oyster atter an incubation period of from three tc four yeer.. Atter tne oyster 
hal attained an age of .... en years. Us "'1tal1t;y spparently decl't'S,ses, and the quality of 
the penrl i. lowered as poorer nacre is dep08ited on its surface. 'rhus the best pearll 
are produced within a three- or four-year period, de.pite the fact that depOSition of nncre 
OTer the foreign bo~ continues as long as it remains in the oyster. Therefore the ulti­
mate aize of the pearl produced in the culture pearl ind~try il determined primarily by 
the dze of the nucleua introduced. not by thE! lengtb of time the pearl 11 permi tted to 
4 .... elop. The diameter of the anrage pearl increases about 0.3 millimeter esch year. 

The largest paf.'.rl of good qua 11 ty tws far produced by culture me thode 1n Pinctada 
martensl1 i. 10.6 millimeters in diameter, according to inl'ol'lllstlon obtained at the M1kl­
moto 7arm. This pearl WRB formed over fl,n 1ntrortucad nucle'u.. 9.0 millimeters in dinme~E<r. 
o ..... r a period of four years. Other Inrge pee,rla .... h1ch ha ... e been producod include: 

TABLE K. - LARGE CUL'lVRE Pl!:ARLS 

SbBll 
'-thor Specie. 

hova l. marhnal1 
howa 1'. margari tlf era 
Borigueh1 l. marg!!ri Ufera 
Horiguebl ~. martenel1 

NO: No data available 
SOURCE: Mlklmoto Pearl !'arm 

Diameter Weight She 
(mm) (grams) 

10.606 1.£176 
12.726 lJD 
18.180 3.750 
16.150 2.550 

of Nucleus 
(l1li) Remarke 

9.09 3 ;years 
6.06 Celebee 
6.06 3 years 
9.09 4 years 
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3. Artifici~l Staining 

"Pink" pearls, of a delicate color not obtainable from oysters with any degree of 
uniformity, are in demand in the publ ic market. TO meet this demand, which can not be 
filled in any other way, pearls are sometimes artificially colored. 

The first step in the process is bleaching of the pearls in a solution of k\1drogen 
peroxide for several hours. They then are immersed in an eosine solution from 1 to 24 
houre, after which they are de-Oiled. The longer the pearls remain In the staining solu­
tion the deeper Is their resulting color. ~ither of two stains Is commonly used: (a) a 
Tegeta ble 011 plus eosine, or (b) ethyl (or metnyl) alcohol plus alcohol-eoluble eOl1ne. 

A fine luster reportedly re.ults from either of these staining methods. 10 color 
other than pink is being produced artific ially, and thll color in a Tery limited quantity. 

PEARL OYSTER CUL 1'I.TB.E 

1. Collection and Acclimatization of Nati.e Oysters 

The naturally grown pearl oyste r, or1 gi nAIly almoet the ~ole source of ~pply for 
peerl culture, has been replaced to a large extent by oystere raisen trom ~ltured spat. 
Powever, the naturally grown oYlterl still are collected. 

In the early autumn an intensive effort is mde to gather the naturally grown 
oys t ere from the many Bl!I8ll bay .. and inle ta along t.he coast of Ago-wan. Thi3 operation, 
which had been discontinued during the leter wnr years. was relumed in September 1946. 
During August of that year arrangemente were completed for a large-aeale on6laught on the 
bsde of the natural ly grown oysters, and on 8-9 Sep tember about 945.000 oy~ters were col­
lected. The success of the project depended on the full cooperation of large Tillages 
through the local fishing a9sociations, and tJr.e orgnnization and implementation of the pro­
gram reflected the community spirit of the many peoplA concerned. 

More tb8.n 300 small lIl.Wlches and fishing skUfs participated in the oyster collec­
tion, each boat carrying four or five pe rsons, two or three of whom were divers. About 
1.000 divers and more than 300 ten~ere wcre employed in gathering the oysters. At the shore 
basel, e.bout 100 persons sorted and .... eighed t he o;,rst ers, kept records, and loaded the tal­
lied shells into barges. 

The diTing equipment and methode used in these operntions are simple. The di~rB. 
al~ost all of whom are .... omen (Fronti spiece), are clothed in simple. long-sleeTed, white 
cotton dresses which cover them from throat to knees. Their hend~ are covered with white 
cotton Kerchiefe, and t.l:.elr faces are protected by wide di Tlng tmr.ke which cover all except 
the mou t..c. and chin (Figure 10). 

When diving in vater less thBn fiTe metere deep, each diver is proTided with a 
email hand net about ~ centillleters in diaDleter .... it h a b~ of three-centimeter-Dleeh cot­
ton netting about 50 oentimeters deep. A large wooden bucket, about 60 centimeters in di­
Rmeter and 60 centimeters deep is attached to the di ~rl ~ waist by a stout I!~r-o.. The oye­
ters gathered from the bottom are brought to the .a.rfl\co In the hand net and transferred 
to the floating bucket which Is emptied periodically Into the tender boats. lach dive, 
depending on the skill and experience of the diver, lasts about 25 to 4D seconds, and the 
catch 11 from 1 to 10 shelll for each diTe. 

Ln water of five to ~ight ~a"ers, the divers dispense .... ith the bucket and operate 
dlrectly from tne side or the tender boet. A stout rope, supporting a heavy stone. concl~te 
block, or lron weignt, paese~ over a single pulley mounted on a simple davlt on th~ gunwale 
o! the tender boat a 11 ttle aft of &midships. When submerging, the diver takee a deep 
breath and grasps the rope close to the weight. '1lle tender releases the rope and clears 
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Figure 10. - }!ask Used by Pearl D! vers 

it from the pulley 30 that the weight and diver Bink qu1ckly to t he bo t t om. A I troQ& co t­
ton lUel1ne fastened to the diver'" walet 1e naid out with t he welgnt rope . At a e1gll8l 
from tne diver • . the tender panee the 111e11ne over t he pulley a nd hAule the diver tc the 
eurfe.ce. On rea ching the side of tht> tender boat. tne d1 Ter emp.tiee he r hand. net into tne 
boat and reete for about t~o minutes ~h1le tne ~e1gn t 1e railed to the eurtace by the 
tender. 

'l.'he lIIRin vert1cal distr1bution at tne pearl oys t e r ran~e t r oll 1 to 10 meters. 
Ln water exceeding eight meters in J.1?"~~il. the divee l as t 20 t o 25 l econds . All deep dIv­
tng 11 done a t 10 .... tide, and a. the tide rises the ,ii Tero move tn to l hallo\i6r water. 

Commencine at about 0700 noure oach d iver vor k . two pe r iods of 2 1/2 houra each, 
every day. At the close of each divin~ perlo1 the col lec t ed oye te r s a r e taken to t~e 
ehore bale. At 80rting tables at the baee, the t ·.~o-.t~ !lr-cld oy e,"e r e are 1dentified by 
their sl ~ e and l eparnted from the thrl!e- to four- year-old i ndI vi1ulll e , and uneatialactory 
shelle ar~ dil! ,~arded.. The cat l·h then is \t9ighed, !Uld e a ch d i TO r 11 credited wi ~h the ac­
tual weIght dellvereQ. ThA oystere are lold at s p redete rmi ned price . In 1946 thie price 
waa ~60.00 per kan; about 100 oy8t~ rs weigh one kane The two-jfY,r-uld oyeters are pur­
cbas'!ld by the !iahln~ a.eocist1on, to be DO\fIl 1n 8mllo\l vate r. The diTOr recP.1Ted ¥30. 00 
per kiln. and the remainder of the money ie used by the fisbi ng a •• ociation to OOTer the 
operH~i~ cost. of the project ~nd to provic e ben efit. for t he vil l age a a a whole. 

Three- a nd four - YAaT-c ld oyst e rs which were coll ected by the diver. are taken to 
thA "fArms " and are ~iltr1buted over modero te ly r oueh bo ttom in .hallo~ yater. IAlrlng the 
tlWIl!llor t.hese area . haTe been c leaned of al l oy .ts n ..mi l a di n r. "'Bre gather1.n& the preT1 -
~u. crop for cultw-e operRti ')nl. The ne,{ oyster s r ea:ain un te turbed until April or Jo! 
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of thA fo llowl~ year, woen di TOre begin collectil'l« the ahelHi ah to be ~ken to the labo­
rato r,r for the nucleus insertion operation. 

2. Spat Collection and Rearing 

Although the native oysters Itill are colleoted, the never ~ethod of cul ture by 
collectlng the spat bal allumed greater importence . 'l'bh chan«e occurred about 1924 al 
the reaul t of e:rperimente by Mik1moto. 

The practice of gathering OYlter Ipat and culturing the YO\1l\& 0Yl ters 'Was 'Wide­
Ipr8ad throughout Japan and the general princ!plel i nvolved 'Were more or l ell cl early un­
derstooi by 1885, V,hen Mr K. Mik1moto began hil firlt expe rimentl. Tna me th?il had been 
deviled for the edible oyetarl, and little attention bad been giTOn to the pO l sibi li~ of 
using limiler methode in colleoting Ipat of the natl~ pearl oy ~t e r . 1he early expe riment l 
in spat collecting conlilted sl~pl1 of wubmerglng Itonel or pieces of bamboo and valti ng 
for the spat to settle. Thele aubltrata then vere raised and romoTed to I heltered area l 
wnere they could be observed mor e ealily by the farm~r. The expanlion of t he culture pearl 
indult~· led to a marked ahort~e of naturally ~rown oYlterl and intenlified elfortl to 
develop an efficient ~e of spat collector. 

Experiments demons t1'6 t ed tha t tile treFl-ew1mming lpa t of tbe pearl oYlter den lopl 
!l marked negative phototrop iam j Ult before settling. Thh dhcOT9l'y led to the inTention 
of a totally new ~pe of SPBt co l lector. Thil deTice, patented i n 1924 (No 60312) by 
Mildmoto, cons1ate of a 1IlII811 cage, 84 :x 54 x 20 centimeters , f on::ed by COTerilll; a hea'97 
'Wire trame 'With a two-centi~e ter wire ~sh (ligur~ 11). The cage is . u. p ende~ verti cally 
and carriee seTOn horizontal shelvel of wire mesh. A large door covert the front of the 
CBgFl. 

The cBge, which 111 made of galTl1nlzed wire, 1e di J'!P ed into hot coal tar to prevent 
corrosion, then dipped in a thin eand-=ement mixture. When dry, this cament f or.ns a rough 
coating about two-five millimeterl thick ov~r all parts of t~ cage and proTidel an excel­
lent ba&e upon which the larvae or the oy.tar can lettle. Black-painted boards ere fa s­
tened to the Sides and bott.,.1l of the cage. formlng a df\ r kened area highly attractive to the 
light-ovoidin~ spat. TheBe .pat-collectin~ cages are auspen1ed at a depth of six me t er. 
frolQ large f r ame rafta 'Which are anchored in areas where experience hal shown that the bel t 
".et" ot lpat may be expected. 

The rafts are c~nltructBd of an opa~ !ramewo~k of poles or bamboo of about 10 cen­
timeters butt diameter (Figura 12). Each raft mealU~e about 11x by fiTe meters. wi~h t he 
10ng1 tudinal and transverse poles laeMd together ftt about one-meter interTale. Each frame 
11 supported by five to nina 5O-gRllon drums or barrel s. The r aft s er e anchored in series 
of 5 to 10, 1~ahed together end to end. About 50 spat-c?llocti~ cages are aUl pended from 
each raft. 

The JaJ:AIleee pearl oYlter spawns trom July to September, and t he epat-collec ting 
cages are eet out early in July. They remain in place until late NOTemb er, by vhich time 
the young oysters are about 1.5 centime t er. l ong. The catch pe r cage ft.ri81 from 1 , 000 t o 
160,000, but the uwal range 11 from 7 , 000 to 10 ,000. At the 1io'f'8IDber in8Jlect1on t he yount; 
0Yltere are removed from the spat-collecting ea&e. and are traneterred to rearing cages. 

!be rearing cages relemble the collecting cages except that the,. are diTided into 
four to dx compartment. ud lack the diagonal lubdi Tidon.. !hq are conred vi th a one­
centimeter wire meah or with cotton ne tting 11' the wire meah 18 not aft11able. Within the.e 
rearing cagee the young 0Ylters are well protected agsinst their natural enemiel. and the 
l urvi val rate 1& high. Thale cage. a re e ither dis t r1buted over the .ea bottom in lbeltered 
area. or IUlIpended again from ratt . , and they remain undhturbed untU the follOwing June 
or July . The oysters, then about one year old and 8ftraglng 2.4 oentimeter. in dia:neter, 
are s own in water three-five meter. deep OTer a fairly rough bottom. Here they remain un­
dilturbed tor about two years. 
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During June, ,Tuly. and AU&UI~ at tho th1rd year, tll8 o}atere are collected b;r 
women dlvere nnd brou~ht to the cleantng b~rgea. Th~el! large, ponGoon-1Lke atr~cturc8 are 
fully decked rafte providlng a platfurm about 10 x 6 metArl, vith a limple aloplng root, 
The bargeu are towed to t~ collectl~ areal by motor launch, The collectei Ihalla are 
brought to th~ barg~ anl aorted and cl~ned by a team ot workerl, malnly g1rl a (F1gur~ l~), 
n1atorted and 011 shelle Bre ~tacarded, and underaized anelll are returned to the growlng 
bedl tor another y"~r. Adhering aeayeed. anellonea, and other encruatlng org~n1 ama are 
acraped tron the selected ahella Yith a blunt knite, T~ cleaned ahella then are plaoed 
1n culture cage. an~ dlstributed 1n Ihnllo~ yater by raft au~enllon for an acclimRtlzatlon 
peri01 of not lesa than 10 dRya, Thil perlod allOYI the oYlter to recover from the I hock 
ot collectlng and cleaning and to become phyliolo~colly adJUlted to the ahal lOY wet r con­
d1 tiona, 

To alleTiate material ahortftg~a ln yearl toll~ving the atart at World War II Kr 
Ra:zo Kaku.J.a of KataciA . Mie Prefecture, in 1947 perfocted a a1mplUied ratt method for ae 
ln collectlng apat at the pearl oyater, Thia elf1c1ent bnd loerpanaiTe method la a boon 
to th~ amall-~cQle tarmor who haa neltner tne matorlal nor funda tor mora elaborate appa­
ratua, Nr Kalcuda'a inTention conalate of a ba!llboo r&!t fralla 14 mahra 100& and 1.50 
meter! vlde (Flguro l4A). from whlch la aUlpended a aerle. at 40 atroy ropal, one cent1-
meter ln dla.ceter and 2.75 metera long. On aaoh rope art Itrune trom 20 to 30 cU lcardad 
abalona. ofater, or turbo ahell a, !Oe laO&th ot tbe rope 1n compariaon vith the Yidth ot 
the raft permlta the oollector ahalla to bang at a depth ot about ona mater. Wlth tAe raft 
anchored 1n a w,Uable place. th1a method haa praTed hlghly etticient aa a collactor ot 
~wlli" spat. The ~t are colleoted in June and Julf. and in No~ber tba fOUD« a~lla are 
remoTed to baskets tor r9aring, An anrage of 20 to 50 ~at per collector ahell va. re­
ported, and a total at' 20 rafta produced more than 5Q(),OOO apat in 1947. 

A aecond apat oolleoting method nov being tried by Mr IakudB uaea old fllh net t 
ot wov~n palm rope suspended from a raft (flgure 14B). Thl1 r;pat collector allo la proving 
highly IJUCCBufUl. I t is oneap and timely. aa, unllke the more elaborate collectors, it 
does not require wire. which ia Icarce. 

3. Preparatlon tor Operntion 

Before the daily commerclal operatl on. on the oy.ter. tor nucleua in.ertlon are 
begun, 'QUII1eroua host o;'atera must be prepered for the techniclana who inaert the nuclel. 
The inaertion of a bamboo plU& bet'tfeen the open Talvea ot the molluek (Flgure 15) 11 etand­
ard practlce among all operAtora. but thp method at induclng the ofater to partially open 
its vRlvea Taries with the dl!fe rent I tatlona. The methoda uaed ~ be diT1ded lnto three 
systema: 

Stagnant Water Method: The oyate~ are placed ln a ahallo~ metal tray ~ith the 
dorsal portlon (hinge) of the ehell downward. They then ar~ oovered ~ith aea vater, and 
in a mlnute or ~o the valves begin to gape. The opening !orcepe then a.re inaertad be­
t'tfeen the val vee, v!l1ch are gently torc"d apart to perml t the lnaertion ot· the beT~lled 
end of the bamboo we~ or key (Fib\lre 15) .... hieh 1a 6.5 x 1.0 x 0.6 centimeter.. BeCA use 
ot the ~eed at whlch the oyaterl conlume the aTal1able oxygen, the water is changed occa­
~10na1ly. but the oYftera often Rre weR~ened seriously becRuse of a lRck of oxygen; conse­
quently t.lle mortality rate of oysters prapared by thla method 18 higher than tor other 
methoda, 

Bunning Water Method.: In prinCiple. thla lIIetho<! 18 the aame H6 the preced ing pro­
cess, but here the treys and the oontained oyetera are supplied constantly with running eea 
water while the oysters are awaitlng the inaertion of the kef. 

Dry Method: The larger commercial opera tore bring their host oyeters to tee sta­
tion wharf in baskets a"bout 24 houre before the nucleue inaerUon and han& the baekeh in 
the Ilea from nearby raite. One-nalf hour before the technlclans begln thelr work, laborers 
dump the oystere on the ~harf. Shortll thereafter about 35 percelll t begln to gape, Theae 
ftrE! selH ted for immedir te opera t10n, and tne bamboo wedge ia inserted. Oyeters ... ·hlch do 
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not open within a opecified time are returnee to t he wvte r f or another four hours, after 
which they again aro removed to the whf'rf and tested. Those promptly openi~ their Talvee 
are pegged iffimediately. Experience bbs indicated thnt only the healthy, ~OBt Tigorou. 
individools ".111 oT,en their valvee in the eir. The four-hour reoting period in the sell 
enablel weakened oysters to regein sufficip.nt strength to wltLstand the nucleus insertion 
operation. 

The speculum (Figure l6E) is inserted gently into the anterio-Tentral region and 
suffici ent pressure is appUed to o1'en thp valves abo",t one centimeter. The wedge-ahaped 
key then i8 rlaced between the valveB at the pOlterio-ventral region at an angle of about 
45 degrees to the hinge liLe. The oyeter then is rea~' for the insertion of the nucleus. 

Pinctada martensii will remain agape in the air for one or two hours before clo.­
ine na~~lly. Under no circumstancAB should thA oyster remain keyed for more than two 
hours before the operation 1s pertormec . The animAl becomes fatIgued from a prolonged 
forced opening and 1s then uneble to witnstand thA shock of operation. Experienced operR­
tor s r a rely key t heir oyster!'. for rr. ore tr.R:1 2() minutes before the nucleus is inserted. 
Th1e requires cloeR coordination bet'oleen the k:eyern and the technicians. 

Experienced technicians mc.intnin that careless handling while opening the oystsrs 
f or keyi~ materially contributes to the general wcn kening of the animal duri~ the nucieul 
insertion and consequently to n high mor.talit~ rnte of or.ernted oysters. Fracturing the 
shell or breaki~ off the shell'~ edges during keying definitely is ha~l. The oYlter 
babi t\ll\ lly wi thdra'tols the edges of the mantle lobe to the innermost limi ts of any such frac­
t ure or damage and rebuilds that section before extending the mantle to the snell periphery 
lor normal Hcti vi tiee. Damage to the shell U:'f'lrefore raeul t.I 1n suspension of normal de­
velopment .... hile repairs ere being lIll'.de and reduces the normal. vitality of the oyster. !hil 
affect . the quality of the pearl enc and the penrl wHUn the t1asue ot the animal's body. 

4. Laboratory EqUipment 

While t he keyers ar8 uegging the oysters on the wharf 1n the early morning, the 
tecbni c11lnB are arranging their eqUipment in the laboratory for the nucleus insertion op­
erat ion. Each technician worKS at a small individual desk before a large vindow, and each 
fiBS her own complete set 01 instruments. Almost all tne technicians are girls or women. 

A complete set of s~ecial inltrumentp, varyi~ in minor respects with different 
organiz at10ns anct individuals, hAs been devised for the inlert10n of the nucleus. All 
instrume~lt p. usect by the techniciene at the Mlkimoto Farm are IIl/lde there and represent the 
ac c lLlllllat~ experi en("e of many YAnrs and many tecnnic1Bns. Instruments used on thl. farm 
a re : 
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a. Equipment for Preparation of Tissue Grl:.fte 

I pair straight surgical sciuore for cuttiJ1i: the I118ntle strip 
1 thin scalpel. five inches long, suitable for medical dissection. 

for tr~m1ng and cutting the mantle strip 
2 soft-grained wooden discs tcrare myrtle, magnolia) about two 

centimeters thick and eigot centimeters in diameter, on which 
t he graft tissue ie trimmed and cut 

I pnir finE' forceps 1It1 th finely ground points 
1 w01 to porcelain Tessel about 20 x 15 x 3 centimeters 
1 benKer sea 'oIater 
Supply of good-quality, fine mURlin 

b. EqUipment for Nucleus Insertion 

I bench of suitable height, about 20 x 30 inches, fitted vitb 
draweI's for inetruments, nuclei, etc 



1 desk oyeter-clamp, designed to nold tne wedged oyeter in pOlition 
durint: the operation, giving tne operator free use of both hands 

2 porcelain vep-sele 20 x 15 x ? centlmeters 
1 be~ker 8ea water 
1 .... ooden plllo .... for resting ojlerating ed&ell of InetrumElnt 
1 piece of cotton cloth for wiplne: instruments 
1 8hallow wooden tray to receive opernted oY8tprs 
1 slllB11 wooden trKY for wedgee removed after operation 
Sponges 
Seriell 01' shallow cups holding V8r1oue-sized nuclei 

c. SpeciAl Ine truDien tr 

S(;slpe1s: Hollow-groWld. curved-tipped lIurgical ecnlr'3ls " nd flat-ground. 
curved or semlcirculllr scalpel of two m1l1imet lO rs diF.meter, offset from the Une ofaxifl 
of t ho shaft to enable ma klng of convex-clrcular incisions. 

Forcep8: rin~-polnted. atraignt forceps .... ith one-milllmete r tip 

SDatula: Lignt splltula lFi~ure 1E-D) o:f IItainless etc'el or nonferrous metEll, 
about 15 centimetere long, .... ith a blnde 2.5 x O.b centimet(trs. used to smootn the mantle 
folde away from the site of the incillion 

Retractor : A slender metal rod fitted with Il recurved hook at each end (Fig­
ure 16C). ueed to hold the foot of th~ oyster in place during the operation . 

Lifters: line, probe-llke instrumente with epeclally designed tips of vnrl­
oue types and diametere at the ma.xiu:u.m thicknel!!8. The line of axis ot' the tip is set at 
en angle to the axi8 of the s08ft, ~ magnitude governed by the positlon in the connec­
tl VI! tl81ue in which the nudeu8 ill to be placed. These instruments JIIIly be claSSified a8 
tollowl: 

ll) Flat enn torpeno-shaped probes. u sed to separnte the tissue into 8 chan­
nel for the receptlon of the graft thaue and the nucieul wl thout doing furtller damnge 
after the inchion hal been made wi th the very sherp scalpel i 

(2) Flat or rOWld graft 11fters (llgure 16A), wlth IIpurred tip, used to plck 
out the tilaue from the wooden block and to place the ~iecee in the channel of inc1lion in 
the connective tissuei 

l3) Nucleus 11ftere (Figure l6B), 8emiephericAl cups with the 8arne di~meter 
al tne nucieul to be lifted, one lifter for eBch e1ze nucleul. Nuclel art" of atandard 
eizee. The nucleus 11ttern lelect the nucleu8 and PBSS It to t he de s ired positlon into 
the probed cnannel or Incieed tis8ue. The cupped tip 18 moistened and touched to the dry . 
nuclf,ul whlch immediately adheres to the tip, )It'lrlUi tUng easy trrJlsportation and delicate 
handling wi thin the oyster. 

The epec1ally d eeigncd brnlJ! clamp (Flgut"o l6G) whlch hold.!.' the oyster firmly 
In position In.thout cruslUne t he delicate !!hell during the progreu of the operatlon con­
date of a hend plate aga lnlt which a spring clamp pla te cloles. The front edge s of theae 
two platel form short. slightly curved lugs .... hlch tend to follow the curve of the oyster 
ehell !lnd prllvent lat,>ral movement. The head-plate 1e mOWltod on an adjustable t1ltlng 
nead, and the whole apparatus 1s supportei on a telesc~pic column. This column, 1.5 centl­
meters in diameter, 11 inlorted in A he8v~ wooJen block bale 16.5 x 11 x 5 centimeterA. 
When the oyster is placed ln thill clRmp, which 1. adjusted to exactly the right poeition, 
it il ready to be ope~ted on. 

5. Preparat1.on of Gnlft TillUB 

AI the preparation and inll'Jrtiim ()f the graft tie.ue governo the production of 
the pearl, grafting must be done wl th the 8/lme extreme care and prIJc1810n that would 
8ccompany a delicate eurgical OI,l'ration. 

47 



The graft ti.sue 1. prepared from the frllled mantle edge of a llT1ng oy.ter. 
The oy.ter is Opened carefully with a &harp knlfe. the blade ot which i8 in.erted between 
the velvee, Rnd the adductor mU8cle 1. cut from its attachment to one ahell. Care ls taken 
not to injllre the mantle Unue in any way. All extraneous matter 18 scraped out, ue1ng 
the blunt edge of thft scalpel. A .trip about sev~n centimeters long and 3/4 centimeters 
wide is cut from the edge of the mantle. Thi. strip of living ti.sue ls smoothed out care­
fully on a wet graft trimming block (Fi~~re 161), and the adhering slime or mucoua is wiped 
off with a viscose sponge. 

The thickened outer edge of the mantle, wlth all ~rk and discolored areas, is 
cut a~ 'tii th the snarp scalpel. '!he remainIng tissue 1e trimmed to form a long. narrow 
(t~o-tn~ee millimeters) strip. whicn is then cut transversely into ti~ square.. The slze 
of these squares 1. determined by the .ize of nucleus to be used, each graft being suf­
ficiently large to COTer one third of the introduced nucleua. Tae whole block, with tne 
cut graft t1.sue adbering to it, i. dipped in a beaker of clean sea water. Under moderste 
temperatures, 17-220 C, the ~!t t1uue wl 1 live for about two nollr8 11" kept wet 'tiith .ee 
'tifi ter. 

Tva methOde by vhlch the graft tissue may be prepRred are: 

(a) The graft tissue is cut from the UuDer mantle layer. A thin cutting block 
is placed agAinst the body of the oyster and the- ~tle layer smoothed gently on it. The 
nacre-producing cells arc thu. upilermost. The first scalpel cut ee:oaratea the Qantle strip 
from the body of the oyster. Sl1lD8 18 remoftd gently from the strip with the wet apol'l€e fi8 

thP. strip lies on the block. It then is lifted 'tilth fine forceps and reftrBed to lie with 
the nacre-prod.ucing celli adjacent to the block. The strip 18 figain wiped and trim:ned, and 
the graft pieces cut. 

(b) In the _thaI! more cOilllllOnly used, tbe graft U .. ue 18 cut from the lO'<ler 
mantle layer. The mantle Itrip ls cut in place, that 1., the scalpel edge cuts through 
the mantle tlssue agaln.' the shell ot the mollusk, or a scil.or. is used. The Itrip then 
11 drawn by tine foreepl onto tn, wet cutt1ng block, '<lith the nacr9-~roducing cells adja­
cent to the block. The Itrip i. wiped to remove the mucous, th~n l1tted and re.arsed so 
that the nacre-producing cella are uppermollt on the block, again 'tilped olean, find trlm:::ed. 

Emphall18 mat be placed on the tact that, to produce the best pearls, the nacre­
proiucing mantlA cellI (raprolented in the cut Itrip by the little square. thus prepared) 
muat be in contact wIth the nucleu • . in the body of the oyster. AI theBe cells are locatei 
only on the outer surface of the IIIItlltle, the posit10n of thele cella on the cutting block 
lIust be defin1tely knO'Wn. Grefh prepared by the tiMlt method) therefore, are :pleced after 
the nucieul bas been in.erted i~ the body of the oyster, ~nd are placed on top of the nu­
cleu.. Grafta prepared by the lecond method are inserted before thA nucleus is in.erted 
ana l1e under the nucleus. 

To produce the best pearle, both graft tissue and nucleus /DUst be in.erted adja­
cent to tisBue on wnich thP. graft will "take". ~refts inserted into the more highly Ipe­
cie11zed t1asue or organ. usually degenerate, 9nd action of the body tluids erodes the 
nucleua. 

6. PreparatIon of the Nucleus 

Although a pearl of sorta may be form~d around almost eny small object al e nucle­
Ul t reeellrch and experIence hAve -oMved that a calcareous nucleus poslaaae s marked advan­
tages oftr all other kind.e. Layer' of nacre bind most sathfactorily wi th a calcareous 
lubstance; the nacre i, les' likely to fracture when the pearls are drilled for stringing: 
the mat erial 10 eas1ly prepAred in the de,ired Ipherical form. In addition, suitable limey 
.ubs ~cea ~re relat1vely cheap to produce, and the specific gravity of the material 18 
nearly identical with that ot the deposited nacre. 
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A. nuclei range in diamet~r to a maximum of ~ore than six mil:imetera, the first 
requirement for their production i. a heavy, solid shell. Mo.t nuclei are prepared from 
the .!lells of fresh-vater mollusk.. Unfort'.1..'lI1telj' for the industry, Japan produces no bi­
"fIllTS wi th a abell thick sno'1gh to produce n"..lclei ot tho:' larger diameters in quantI tie. 
lufflci.mt to supply the de:llflnd. Searcr. for the desIred material led to tl:.e United. States 
~here 8dm1rable abell material finally vas found in enornous quantities in toe AmblemA, 
9,uadrulll, Pleurob~ma, and Megnlonais llpecies from the lHuisalppi R1 Ter and i te major 
tributar!ol. All haTe masBlve ahella and were found to yleld a high proportion of ~tll­
f8ct .,J"Y nuclei similar in hardneaa and II pecific gran ty to the Inmerimpoeed nacre. MIld­
~oto p~rchaled these shella ~ the dozen carload Iota for ahipment to hiB farm in Japan 
wher~ he manu!act~red hia own nuclei. 

In preparing the nucl~i, the ahell. are cut into amall ~~bes of the required gen­
eral alze, tnen placed between two sheet. of iron. The upper sheet i8 revolved, and the 
reBulting grinding ot the cubeB, between tbe plates and agaiest one another, chip8 off the 
edgel and produces rOUgh spheres. Theae ro~h block. are placed in cotton bag8 and sub­
Jected to a further grinding treatment which brin~s the surfaces to a fairly high polish. 
Sometimes a final polish is achte?ed by the use 01 fine talc or jeweler's rouge placed in 
the bag wi th the n'lClei. However, a high poliah is not esaential. 

Although the general aize of the finiahe 'i product is dete rmined by the a12:e of 
the original cube, some 1'tlriation occura, and tiniahed nuclei are graded according to di­
Ametera. The nuclei for~. martensii are prepared in S11.e8 from 1.2 to 6.6 millimeters in 
diBmeter, each aize being 0.3 millimeter larger tr~n the preceding. For speci al purposea 
larlIer nu.clei ~ be prepared. The indiTidual Tariation vi thin the grades h le81 than 
0.05 millimeter. 70r uae in ~. margaritifere, nuclei with a diameter of 6.3 to 6.6 ml1 11-
~eter. are used; in~. mAx1ma ·nuclei rang~ from 6.~ to 13.2 millimetera. 

When World War 11 atarted, the culture pearl indultrl had a sufficient quantit,y 
of thete nucleus ahells to laat f~r aome time. In 1948, however. this Bupply was almolt 
exhAuated, and .earch for subatitute nucleua materihl i l i n progreas again, thiB time 
largely in the field of plalltica. Reaulta, howeTer, are definitely dlsappointing, and the 
be.t-known nuclear material remaine the thick-~helled bi1'81Tp.s ot the MiB.i.sippi VRllel. 

7. Inaertion of tbe Nucleul 

WMn the partly open. ~egged. oyster has been placed in the desk clamp wi th the 
right T91Te uppermoat, and the thsue grafts haTe been prepared, t.he operator amoo ths bac\(: 
the mantle folds with the ayatula, exposing the foot ar,d the main body mass. The rotrRc~or 
hook ia uaed to hold the foot down and extend it alightly to prevent museular actIon. An 
incision is made into the epithelium of the foot with the flat nrobe (Figure 6), and a 
slender cUannel is opened into the main maaa of the tia8ue. 

A piece of allft tlaaue is paaaed down the CM nnel to the 51 te selected for the 
bed of the nucleus. The nucleus then is picked up in the moiat ened cup of the nucleue­
lifter and ia inser ted into the oyater to lie immediately above the introduced graft tiaa~. 
The foot mass is smoothed gently with the back of the probe to close the channel, the mu­
coua helping to keep it closed. The foot 1a releaaed trom the ~tre.ctor, and the plug re­
moved from between the TalTel. The oyater closea immediately and iB returned to a holilng 
tray, and enother oyater ia aelected for treatment. 

If insertion of a second nucleus ill desired (Fi~re 6), the wooden plug is left in 
poeltion and tbe oy.ter turned OTer in the clRmp with the left TRlv~ upp er.no~t. The man tle 
fold a~ain is smoothed back, expoaing the viscernl maliS, and the !~ot 1a immobilized by the 
retractor. The epithelium COTering the Viacera ia pierced by the to~edo-ahaped probe, the 
graft tis.ue introduced, and the nucleu8 inserted into the r,cnad. In this aecond operation, 
extreme care IIIWIt be taken to avoid perforating or injurin~ the vi tal organs. 

Hil;bly akilled technician. can lnaer~ a third nuc l eua while the o]ster 1a in the 
.econd poaition 1n ~~ clamp, but tbe third operation requires auch extreme delicacy of 
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technique that moet technicians do not attempt it. Well-trained technicians can ~mplete 
the nucleus insertion operation on 26 to 40 oyetere an hour. 

Ne~ girls require at least one year of apprenticeship to acquire .uffic1ent ekill 
to und~rtbke the nucleus ineertion operation. During that period they practice by ineert­
lng glees beads into the variOU8 operRtionAl arebe, cutting and preparing graft tia.uee, 
and becoming generally expert in the operatione involved. Some of the peRrl farml no~ are 
beginning to trl'in boys and yoUIl& men in the techniques becauae so IIIB.IlY of the girl. get 
married and give up the ... 'Ork. 

8. Convalescence 

The Operated oystera Bre pleced in freshly tarred culture cagee ~hich conliet of 
heavy wire frAmee 68 x 60 x 30 centlmeters, covered Yith 2.5-centimeter meeh wire netting. 
One aide of the cage is hinged to form a door. Each cage 11 di Tided into four compartll8nh 
end holde 50 to 60 oyeters. After the cages receiv~ their quotal of newly operated oyeters, 
they are euspended horizontally from large groupa of rafte anchored in eheltered vater near 
the laboratory. The cagee. submerged to a depth of two to three metera, remain undisturbed 
lor four to eix weeks after the nucleus operation. Lur!ng this convalelcence period, the 
oYlt ~re recover from the operational shock and repair wl~tever inJuriee they baTe luetained. 

At the end of thie period the cages are lifted and the oyetere inepected. All 
dead shells are removed, and the cages are traIl8ferred to pe rmanent culture rafte by bargee 
or by motor bOAt towe. 

9. Subsequent Culture 

The cages are suspended from the permanent culture rafte at e dep th of two to 
three meters. Each raft aupporta 60 cage. containing a total of 3,000 to 3,600 0Ylter •• 
Except for periodio cleaning they remain undisturbed for three or four yearl. 

At least three timee each year, in April, July, ~nd September, the cagee are 
lifted and all encrusting marine growthl are ecraped from the 0Ylters. Under normal con­
d1tione, about 40 ~I are occupied each yeAr 1n the cleaning proceeee8. At the a&l1e t1D1 
all dead ehallB are removed, and a few liT1ng oystera are opened to determine the rate of 
growth of thA pearle. The cleaned oyeterR Rre placed 1n freehly tarred cages, and the u.ed 
eagee are returned to the shore baee for renovat1ng, cle~ning, and eventual retarr1ng. 

In some Itatione, expec1ally those which do not have enormoul quant1ties of cul­
ture oy.ters under their control, the oysters are cleaned five to eight times a year. 

Normal harvesting operat10ne begin in October and continue until the middle of 
January, although operatore who ~ecialize in the production of pearll of high lu.ter gen­
erally do not begin their harveating until a.fter 20 December. Thes. operatorl believe that 
the oYlter deposits only a thin, translucent layer of nacre OTer the thicker, more colorful 
layers at the start of cold weather. Thie tranalucent layer. depoaited during the lalt 
month before the harvest, may add materially to the quality of the pearl. Thil theory be­
COmes all the more intereet1ng in view of the recent finding of Dr IDbayashi in regard to • 
hibernation period 1n the yearly cycle of the pearl oyster al alrendy diecuI.ed (Table I). 

The materials requ1red for the culture of 1,500,000 oysters are: 

'UllLE L. - EQUIPMENT REQUIRED FOR '!'HE CULTURE OJ' 1,500,000 OYSTERS 

Item H-amber 

Cages, 50 oyltere per cage 30,000 csg81 
Bafh, 60 cage I per raft 500 raft. 
POlss, 17 poles per raft 

(Cont' d) 
8.500 poles 
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'fABLE L. - I~UIPM!:NT RE~UIm.:D J'OR THE CULroRE 0' 

Item 

Barrell, 6 barrell per raft 
Wire rope, 2/3 coil per 10 raftl 
Bo 6 wire rope, 1/2 coil per 10 raftl 
50 8 wire, 2 coil I per 10 rRftl 
1" Iteel Itrapping for repairl to barrel. 
1 1/4" Iteel Itrapping for repaire t~ barrell 
No 10 wire tor banging cagel, flontl and repairs 
No 12 wire for raft conltruction 
Heavy fuel 011 
Light fUl'Il uil 
K.rosene 
Machine 011 
GaSOline 
Moblloil 
Coal tar 
Cement 

~ One COil equals 200 meters 
B.J One drum equals 50 gRUons 
SOURCE: Mikimoto Pearl Farm 

l,bOO,OOO 

iNE!UES ANI: ADVE.RSE CO:LIDITIONS 

1. Damage BY the Ilements 

O!~TERS (Cont'd) 

lumber 

3,000 barrele 
36 coill 1.J 
20 coill 

100 coill 
240 yards 
120 yards 
146 coill 

50 coill 
680 d1"Ull1 2J 
200 drume 

18 druml 
25 drums 
20 drum I 
15 druml 

428 druml 
150 bags 

The elementa-temperature, wind, and reinfeU--",hich can cauee damage to the pes.rl 
oYlter of course can not be controlled directly, but mea sure ~ to minimize the damage some­
times are possible. Although normally protected from sudden temperature changes by the 
fringe of the warm Kuroshio or Black Current, the W?lterl of Ago-wn end other pellrl culture 
bays occalionally are influenced by cold eddy currentl originating from the deep southern 
extremity of the cold KAmchatka Current. Th~ sheltered vater. of theee bay. allo are SUI­
ceptlble to air temperature Changel, and a prolonged cold period may leriou.ly deprl'lsi the 
luriace vater temperature. AI the Japanese PfI"rl oYlter 111 particularly eu.ceptible to 
coli, Bny marked divergence from a norm may proTe serioul. The critical tempera ture for 
Pinctada marten!1i 1. lloe, and low vater temperatural bave cau.ed .erioue 10Rles of cul­
ture .tock. Such a 10.. occurred in the winter of 1926 in Ago-~ where hundreds of tbou­
aand. of culture 0Ylter. wer~ killed when the temperature ot the water dropped to gOO. The 
only poe.ible deten.e again.t such condltionl 1. to tow the raft to warmer bays, and thi_ 
frequen tly 1. done. 

lluc~tlon. in suriace and eubsurface anllnlty allo may caule serious 10le to 
culture .tock.. Although mOlt of the culture area. are outside the influence of large 
ri veri and eltuario" periodl of excep tionally heav,y rainfall ~ l'fIduee the sa 11.1\ 1 ty be­
low the oy.ter'_ limit ot tolernnoe. If a heavy downpour followl a prolonged vet Ipel l, 
the luriace run-oft i_ extreme. When thi s occur I , the speCific gran ty of the lea we. ter, 
nomally around 1.027, 11 reduced to such an extent that the oy.ter. are killed. Ogul hi 
(1938) reter. to one such lnltance yhen the apecific gravity of the lea vater at one meter 
depth va. reduced to 1.011, between one and tyO meter. the water was almost fresh, and b~­
lo~ t~o meters the apeciflc graT1ty again va. normal. All culture Itock in the zone of 
prbctlcally tre&h water va. killed. The only eolutlon to thl. problem il to tow the mfts 
out of the influence of the reduced salinity. 

High wind. normally pl~ only a minor role in the deltruction of oYlters becauae 
of the protection afforded tba raft. by the many inden ta tiona ot the &horeline. Ho~eTer, 
the typhoon. which Itrike Japan may tear avay raft. and buoY'I, and the cul ture ~. otten 
are dropped to the bottom. In IUch In.~nces, diTCr. retrieTe the cage. and content. if 
pos.ible. 
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2. Bioiogieal Enemie. 

The peArl oy.ter nov ie protected from! ts bIological enelnies (other anIC1ile or 
plante) by confinIng the culture oyste r stocK in resring cages wrdch elther bar thA attack 
of the ene~ or make poe.lb1e the remotel , by perlodic ~leantn~., of the at~ck1ng organ­
ism. which collect and grow on the cagea. The moet dama&lng si nele factor which causes 
deatruction to the pearl oyater 11 the red tlde, the akRshio of the JapRnese. Informst,10n 
on this phenomenon appears later in this chRptar. 

Among the fleb, the com:non eel (Anguilla lnponlca) 11 knO'oiIl to feed on 1. marten­
Ill, and many pearl nuclei haTe been reco~red from thelr digeatlye tracts. Eela may 
attack the oy.ters when they Rre open, eapecially when fatIgued after the aucleue operatioo. 
The black porgy (~ milerocepbalua) and the globefleb (Sphaeroide. ~.) alao fe pd on 
young oysters, especIally thoae less thAn three montha old. The octopu. (Octopus vulgorla) 
ls known to consume more than a dOlen pearl oyatara a night in .ummer. Very 8P.rious octo­
pus depredations were reported for Gokasho-'",an in the aUJ:lmer of 1913 (Oguehi 1938). The 
cu.l ture cage haa proTed an effective barrier I'lgainat All these anilDlll predator •• 

4mong the barnacles, four speciel Injure the oysters by attaching at or near the 
hinge, thua interfering wi tn the opening of the shell , hindor1.n& the growth, and caualng 
death. Theae speclea are: Balanus amphitrita ~, ~. amphitritR alblco.tatus, ~. ~­
"onua, and~. tintinnabulum. Seversl epeciea of oyaters, BUch a e Ostrea ~, togeth~r 
wi th auch Ipongel as llli1zomu.lgula japonica, cau.e damage in much t he eNDe manner a8 the 
barnaclel. Seaweed. (Codlum mamillolum, Q. puguiliformil, £. mucronatum, ~. contractum. 
and.9. cyllndrlcum) do conSiderable dRme.ge by Interfering wi th gro·.·th ei ther by dirAct 
attEtl,hmAnt to the ebell or by feetoonlng the cngel . there.by obstr.lctill.g the pau~ ot in­
eoming food. Periodic cleaning of the shelll i, the only practiCAl nefenle agein.t ene­
mi.1 whlch enter th~ ORgea. 

3. Bed Tide 

Al t 110 U€;h red tide haa been known eince tha loth Century, not until 1858 dld an 
Inveltigation of red tide in the cpa.t",l watere around Bombey .bo ... · the basic ('.AUe(l to be 
plankton orgnniama. In 1899 Niahikaya inTeetigated an occurrence of red tide in Toba-wan, 
Mie Prefecture, and found the orgAnism pre.ent to be Gonyaulax polygram, wllich apparen tly 
caused no damage to other marine 11fe. Cocurodium was found to be the balic orgFniam in 
a Yokohama red tide in 1909, and G:nnnocl1um in GokAeho-wM, Hie prefecture, in 1922. No 
epecial damage was reported In either Instanc~. However, In an occurrencp. of red tide in 
Ago-wan in 1917, when Gymnodium wae found, extensiTe damage waa done to fish and shellfish. 
In l~29, when Gymnodium Wtla present, only elight damage WBe done in Ago-wa'l, but in 1934, 
with tb.'lt organism agaln preeent, both fleh Rnd oyatere Wflre severely daall\ced. The Japa­
nese can Oller no explanAtIon ot· this VAriation 1n damnge. Wnetiler til£' variatIon is dUEl 

to dilferences in abuncance of the organisms, Ae would seem very posAib)e, CAn nol be 
stated definitely, becp-use no counts of or~;-Jfilsms pE'! r unit volum~ of ..... flter have bean re­
ported. Ironicelly, the or~nIem most dAmaging to the oyster crop il nAmed Gymnoa ium 
mlkimotoi. This ia one of the dlnoflRgellfltpl wllleh oceur in sufHclEm t T1U/'lber~ t o color 
the water re~, nence the nAme red tide. 

The pr8dominant orgRnllml occurring in the red tidea of Japan are aa !o~lowe: 

Dlnoflagellata: Gymnodlum, Gonyaulax, Per1dinlum, Ceratlum. and Prorocentrum 

D1.tomaeea: Chaetocerae 

Cert.aLu faeh concAr.nlng the pbye10al condl tiona which produc~ red tide were 
learned by the l.fie Prefectural J'lIheri ea Experiment Sta tion (1948) thr()Ugh Aq ll/< t i c and 
meteorological ob.erTBtlone. ~en the red tide occurred in winter, the water ahow~d epe­
~lt1c graT1t1.ea higher thRn normal for the ualon . In earl,y cutumn. red tide appRren\ly 
occurred under hlg~r than normal atmospheric tempp.raturee, ana in winter occurrence I the 
atlllOlpheric temper;.turAS were 10"'er ar.e tbE'! r " infr.ll leSt! thEln nCln.lll. 
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Record. kept b7 the Ml. Prefectural Fleheriel ixperiment Statlon 'from 1899 to 1938 
reveal that tbe aka"hl0 ba. occurred eTery month in the year except April and July (Table 
5). September lea(. with nine occurrence. ot red tide. and Auguat 1 •• econd with .1x oc­
currencel. The three mo.t virulent red tide. occurred in 1911. 1922. and 1934. Whether 
this almost cyclic occurrence has any significance is not cleBr at this time. 

Tbe mOlt recent red tide occurred 18 Aug-19 Oct 1948 in ~ ot the 8maller bq. 
of Ago-wr.n. Four out ot the tlTe area8 in which the tide stllrhd in August 8Ul'tered a re­
current epidemic (Table M). The one exception. the Fuseda area. experienced the aecond 
longest epidemic of the year. In every area, the organilm Chaetoceras dominated the onset 
of the tide. and, Gymnodium dominated the later .~llge8. GonYaulax was not found in this 
particular occurrence of the red tide. 

TABLE M.- LOCATION AND ~Ct.JRRENCt OF RED TIDE. !l AGO-WAN. 1948 

Locality On8st 

Katot!.a 18 Aug 
29 Aug ~ 

Wagu 25 Aug 
;>,0 Sep ~ 

Tach 1 ge.n 26 Aug 
14 Oct 

Shi:.:unei 31 Aug 
14 Oct ~ 

Fuaeda 3: Aug 
Mazald 8 Sap 
X08~iga 9 Sep 
i'o.na leo ahi 9 Sep 
Hamash1:na 12 Sep 
Ukata 24 Sep 

~ Domina ted by organisms Chaetocera8 and Gymnodium. 
PJ Recurrence 
::;OURCE: Dr S. Koba;re.ehi 

Conclu8ion 

26 Aug 
15 Oct 
11 Sap 
2 Oct 

16 Sep 
16 Oct 
14 Sap 
15 Oct 
5 Oct 
2 Oct 

11 Sep 
20 Ssp 
19 Oct 
5 Oct 

In addition to the dlrect damage done by the orgnni.m. of the red tide. indirect 
damage 18 cause~ by the reduction ot light penetration into the wate~~8 this affects plant 
and animal metaboliarn. The number of organisms per unlt Tolums affect. the color inten8ity 
and trr-l.nspl'.rency of the WRter. The water trar..sparency at different times of the ~ was 
measured at Sek.mrs-wan on 22 September 1948 by the Secchi diec method (Table N). In this 
meRBureme4t, a 12-1ncn vhlte norcelain d1sc i8 lovered 810wly in the water to detprm1ne the 
pOir.t at .... hich the dlBC beco:nes invisible. 

TABLE N,- WATER TRANSPARENCY DURING RED TIDE. S:UOU:aA-'iAN, 1948 !.I 

Time 
1
0730 0 830 0930 1030 1130 1230 1330 1430 1530 

Trnn.parency ~ 4.3 3.R 3.0 1.8 1.4 2.3 2.0 ?. " 

~ Deter.nined 2? Sep tember 1948 by use of a 12-inch Secchl di.c 
BJ Deptt in meterR at vhich Secchi disc became invisible 
SOURCE : S. Kobayashi 

3.7 

1630 1730 

2.5 4.0 

1830 
--

3.5 

The number of organisms per cubic centi~eter at dilferent depths was measurei at 
two-h~ur int~rV818 on 1 October 1948 aB sho .... n in Table O. page 54. 
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TABU o. - NUMllER OF :lYMNODI UM PER CUBI C CENTl~TER OF WATER, AGO-',iAN, 1948 gJ 

Depth 
(met re) 

Tt IIIe 0 0.5 1.0 1.5 2.0 3 • .0 1./) 5. 0 6./) 

0800 40 40 200 80 960 280 160 360 120 
1000 40 40 120 1,040 10,000 840 1,200 240 320 
1200 5,750 6,750 6,750 750 2.500 1. 760 2,500 300 100 
1400 80 40 3.680 2,640 1 .120 1.040 1,120 680 200 
1600 240 2,320 2,640 440 680 240 40 120 40 
1800 40 1.440 4.560 640 760 640 1,120 640 1,000 

AI Tested 1 October 1948 
~ Depth (in metera) at which l2-t~ch Secchl di 8c becRme invisible 
SOURCI: S. lobays8hi 

TrlloP -
7./) 8.0 parency !!; 

40 160 3.0 
400 160 2.1. 
300 750 1.4 
600 320 1.8 

80 160 3.2 
400 280 3.1 

'I'he distribution ot the plankton organ1a1ll.l in t he water h tar from uniform ei ther 
horizontally or Terti cal 17. Table 6 aummari zes meaeureme ~te of the number ot dlnoflag~l­
lates per cubic centimeter of water at hel!-~ter interval . from the .urtace to the bot to~ 
at 11 different stations neRr the Sekoura laborat ory. 

The d.amage done by thh 1948 red tide cannot be eV8luated yet. but eVidence by 
aampling indicates that it has been considerable. 

The red tide ie fatal to fish. molluske. cruatace~~., and any other form of 
aquatic an1ma.l 11fe which breathes by gll la or in .... hich respimtion 18 controlled by pores 
or s~ll body openings, as in the aponges. Although t he actual met~od by which t heae 
micro-orgenieme cauae death i. not ~ntirely cleAr , Oguehi (1939) suggests that death may 
be due to one or more of the follo .... ing cau.e., 

(a) Suffocation caueed by excea.ive oxygen con.umption by the dino!lagel16tes. 
Theae tiny orgeniame multiply to enormou. n~ber. , end their oxygen consumption must be 
conSiderable. 

(b) Sotfocation cauaed by clogging ot t he gill. by great mas.ee of the orgeni.me. 
IndiTidual orgeni.m. stick to the gill. and die. More and more Accumulate ~d die. thu. 
clogging the gIll filament. and preventing the proper aeration of the blood therein. 

(c) Poisoning by toxic substancee secreted by the lIving organisms. This tLeo~' 
is ba.ed upon the work of Kominami, who injected red- tide water into mice and varIous fiah. 
The mice died in 12-24 hour~, while other mice , injected .... ith red-tide water which he.d been 
thoroughly boiled. abowed no reaction. or the six species of fiab injected, all died in 
from 6 to 47 hours. 

(d) Po1eoning by toxic eubstBnce. relea.ed by the decompos1 tion of the dend 
bOiies of the ~riada of organism •• 

Whether death results from a single one ot th~ above eituBtion. or from a combi­
nation of two or more bRe yet to be det~ rm1ned. The clogging of the gills ~leory (b) might 
explain the Tar1ation ot damage done by different red tidee involving the same organiGme, 
the damage depending Upon the abundence and concentmtion of the plankton in the water. 

Vhen the red tide appeared in Mi e Prefecture in 1934. Ogush1 (1938) report. ths t 
attempts .... ere made to poleon the dinoflagellAtes. When the !ir&t sign ot the reddish color 
appeared in the water, a motor launch fitted ~lth a large boom acrose the atern, woe sent 
out. From this boom cotton bags contnining cry_talllne copper BUltate or bleaching powder 
were suspended in the .... ater. and ae the launch moved along, tlJ1a material dissolved Rnd 
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di ll ipatei in the vater. Mr Oda of tho Mik1mot~ farm tried this method with good results. 
Ogushi reports that, according to Dr C. K. McClung, the aame method was used b,y American 
oyster culturiats. Furtner study and experimentation are neceeaary to determine the e!fec­
tiveneao of the method. A far eafer method ia to t.ow the rafts with the culture oyatera 
aboard out of the infested area by power launchea. This is the usual method practiced. 

'lm: PEAP.L 

1. Recovery and Grading 

The operated oysters r~main in the cRges from three to six years, the time depend­
ing on the size !!nd quality of the p6j"lrle desired. At the end ot the deSignated period, 
which a~~r~ges 3 1/2 years, the cages are lifted and tIle oysters removed and brought to 
toe laboratory. 

A aki11ed 1aborator,y worker opens the she11G and removes the mature culture 
pearle and any natural cearls which may have developed. Another worker carefully washes 
the pear1_ , to r~move all a1ime and dirt, then dries them by rubbing with a eoft cloth. 
During drying, the pearls rest on Mother sOlt cloth. The operation 1& rotary and done by 
hand to avoid acratching the pearle. A third worker receive6 the cleaned pearla in quan­
titiea and hand grades them according to form, removing all pearl. in any way deformed. 

The next etp.p is a careful grading as to .ize. Severa l hundred unsorted pearl. 
are placed in a circular metal sieve haVing a8 its bottom a aeries of round ho1ea of spe­
cified diameter. The firat sieve paaaea only the .mall~r penr1a, the aecond aieve pasaes 
thoae of a slightly larger size, and so on until only the Inrge.t pear1a are left. Each 
size group is placed in a separate container and marked aa to diameter. 

The pearl a then ar~ counted. The counter ia a fla t , square p1aatic plate having 
10 row. of 10 holea ench; it looks much like a pancake tur ne r (figure 17). The counter is 
slipped into a maas of pearl a and withdrawn, each hole then holding a pearl, 100 pearls to 
the dip. The number of pearls thus 1s determined quickly. 

The pearl. then are sorted roughly into three gradesl A, good; B, medium; C, 
poor. The grade-A, or good pearls, include all spherical or very nearly spherical pearls 
~hich are not discolored and are of good luster. Grade-B, or medium pearls, include bs­
roque pearle Of good color and luster and any spherical or nearly apherical pearls of me­
dium color and luster. The grade-C, or poor pearla, include all pearl materiRl not of 
value as ornaments. Much 01 this poor material i8 used tor pe8rl medicine. 

A second and more exacting grading follows, again on the basis of good, medium, 
and poor, the finAl categories being Aa, Ab, Ac; Ba, Bb, ~c; Ca, Cb, Cc. The A grades are 
the best pearla from every point of view-.. form, color, luster, Rnd ,P erfection of surface-­
and are the peRris used for the better necklaces, eardrops, studs, cuffl inks, and s1nele 
pearla for ringa, ~ins, and broochea. The B grades ar~ used for rings, brooches, clasps, 
buckles, end other f~rms of ornamental Jewelery. Skilled appraisers do both this second 
grading and the final evaluation of the necklace., selected pairs, and s1ngle pearls be­
fore they are marketed. 

2. Making A Necklace 

The pearls to be used for necklaces Bre sent to the drilling room where they are 
examined carefully for blemi.h~s. Girl workera mark any blemishea with a tiny dot of 
black ink to indicate to the driller the axl s along which th~ drill ahould pass and the 
point at which it Should enter. 

The drill usually ie made of mild steel Wire, 0.75 millimeter in diameter, 
ground to a trhngular pOint. This drill 1e mounted in a smfdl chuck t'ixed d1rectly to 
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11gure 17 

the Ipindle of a 1 /8- QOrsepo~e r electric motor. In line ~ith the drill and mounted on a 
Iliding bale i. a lmall bral. chuck in which the pearl i. mounted. 

With the pearl in place and oriented eo that tue drill will enter at the d •• ig­
nated Ipot, the chuck i. moved forward, this movement @tR~tt ng t he mot~r. The drill i. 
m01.t~ned prior to en tering t hf! ueerl, and t he hole 11 drilled & trUle more than halfway 
t hroll&h the pearl. The pearl t hen is romoved, and l\ IIIllRll, shArply pOinted bamboo sliTer 
1a in.erted in the drilled hole. The pe~ rl is then reTersed, centered in the chuck by 
me~a of this Iliver which enterl a hole in the back of the chuck, and again drilled until 
the drill mOTel treely through the axis of the penrl. 

The drillfld pearll are t hen pas led to tne matching tAblel where girls lort them 
1n a_ll, black. bAlte-coTered. grooved tl"ft,YI (F1gure 18). Select.ed pairs 01' peerll are 
plAced 1n two adjacent groovea, in atead1ly dim1nishing a1 7. es to the right along the 
~ooTel. 'he pearll are lelected and mRtched for ei ze, color, end luster. and when two 
11m1lRr pearll are matched, they a re p laced in thei r proper sequence 1n the grow1ne .eri ••• 
The two grooTel eventUAlly hol~ eqUAl numbere of pearl s. eBch group forming one-nalf of 
the necklace. 71nall1 to. lar ger. central peArl 1e lolected. The peRrl l then are Itrung 
on a 1'1r.A .. 1U· I.hrfad with a very fi l. e f1tlJrolf'. Itl\rtt~ at the 8I%IRll end of one ro~. palll­
ing throu.e:h each peH rl in turn. to th8 l&rge C8n t c r p6ll rl, then through the lecond lequence 
Itarting w1th the l.IIr~st End ending w1th the 1I11l1'1l8 11t porrl . Tht' thrElAd ends are tied to·· 
gether, ('nd the necklacA goe . to t he Rppre11er for final inlpecti on and grading. Each 
necklace 1. inlpected individual ly a. to component pearl I and perfection of tr~ g~ding 
an III!Itchi • and each i. we1j(hed I\l\d ~corded. One hundred necklace I are tied togethel' 

nd in _ir,hed I'\l\d then f\re relld:.' for the tv\ rket. 
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Bl-PRODUCTS 

1. Seed Pearll 

Aftef the larger, bette~and more ealily eepar able peo r l e bave been removed from 
the opened oyater, Itep. are tnken to recover the 8mall~r pearl e and pea rly fragment. 
(figure 19). ~ lott meat. vith the exception of the adductor muscle . i. removed trom 
the ehell and collected in .ate. When a 8U!ficient quantity hae been accumulated, the 
meat le tranlferred to a wooden or concrete maceratlng machine fitted with paddlee. Sea 
wate r i e added, and the mixture il churned to the conlletency ot thin eoup . The mixture 
fiowl from the churn into a leriee of concrete I.ttling tpnke from which the fl nal over­
flo~ pa.lee through a drain into the .ea. In thil leriee of eettling tank. mo re than 99 
percent of the ~arl material not previoully remoTed i. recovered. 

A. the 81ze ot the material collected by thi. method il var" .mall . moe t of lt 11 
u.ed for the manufacture ot pearl mediclne. HovaTer. it firet i. eorted. and the better­
grade material le eeparated for u •• in COltume jewelr,v. 

2. Medicinel 

Many residents ot the Orient believe that pearl Rnd mother-ot-pearl hA ve high 
therepeutic value, and the demand tor pearl medicine alway. hal been high. With the de­
velopment of thp. culture pearl induetry, Janan ~ined control ot prectically the en t i re 
pevrl medicine market and built a lucrative export trade on it. 

Pearl medicine coneilte either of pulverized pearle or entire tiny l eed peerl. 
and command. a high price. The chemical analy.l. ot tt.le peRrl medicino 11: calcium 
carbonate, 94-95 peroent; water. 2 percent; and foreign matter, 3-4 percent. 

Medicsl opinlon suggestl that although the amount of assi milable calcium i n euc h 
a powder form would be quite lmall, the finely ground pearl material probably hAs R slight 
beneficial effect, even If only al an antacid 'Pecific. 

Shell Mediclne: Shelle from the opened oYltero ere collected lnto large s tock­
pl1e. and eventually are ground to form a cheRp grAde ot pearl mediclne known as I hell 
medicine. 

The raw ehells are shovelled lnto a large iron rumbler f~tted with fi ve-centimeter 
baffles. The cylinder walls of the rumblor are perforp.ted with many 2.5-cent1me te r hole •• 
Sea watEr under pressure i. pumped into the rumbler which revolves at about 100 r~volut l on B 
per ~inute. The scrubbing effect of the Ihell. against the baffles Rnd agair.s t oce another 
remOTee encrusting growth. and a large part of the outer horny layer, or perios t racum, of 
the ehell. 

Atter dr.>·lng, the cleRn abraded ehells are ground to a fine gray powder. This 
powder is bagged and ahipped to Toba. where it 1s treated with phosphoric acld. It i. 
then sold to drug houlee where it 1. prepared for retailing. 

3. lert1lizer and Other Producte 

At some farms, when faell1tle l tor cl eaning and gri nding the shell are not avail­
able. the ahell 1. burned and made lnto quickl ime. At other f~rms it i . coar sel y gr0und 
and bagged aa tertilizer and chlck fe ed. A .mall po r tion ot the better shells are lelected 
for co.~e jewelr,y, mother-of- pearl trinket. and inlaye, but tons, feclngs for collar­
button., ~nd mAn1 other minor usel . 

4. Oanned Pearl OYltera 

When the eott partl of the oyster a re removed, the adducto r mulcle remains at­
taebed to the abell. Thl1 -=Rll pleee of t l rm, white m6P. t , Rbout 1.5 x 0.5 x 0.5 
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centicetcre, ie removed by 8 eMrp kn1fe an r lln 01 f'rMld 0 ne CI'Inni . l .. n Y."1"f' 1 t 1. 
prepllred and canned by method. e11[11ar to t l'.o l e uled for t.e edible or l~ r. Tl::e qua n 1 ty 
of nenrl oystpr r.leat canned 11 I lII!Ill , only a fey metric to:.1 a y er, and it 11 Y r W I ur­
keted. This metr~d of utlli:etion woe lntroducec by :l~~o 0, wlo ulod the p roduc III 
compl1mentr.ry prel'entF. . The meat r l'llortt'dly htl l fine 1'1a vor and qUl' l1 

1. PerBonnel 

Pearl culture fa rml Tary gr t ty in l it a n or nizat10n , from La _1 f 11 
unlt5 emrloyir~ 10 pe rlonl at mOlt to the Inr e Mikl to eltablll la4nl which, at to p enk 
of ltl actiylt7, opera ted 11 aeparntl !a~1 and r 10yad ~ore n 3, 000 p*rlOcl. 

The industry depend a la rge ly on f o le labor, although ~lly oc-
cupy key lIU}:erTlllory pOll tiona ond o-plnlte mechlUlicfll Iqulpaln • pe r ot. 11 
eupervlle th€ general activ1tlea of th ferm , ~rade an aJ' ora!ae tUl }:Iro c a, con' c rr-
aearch and experimental YOrK, and form th MIn r Tart of t . e adm1nl1tra ~ Itaf!. Ll-
ekilled male laborere operste the motor launches , ell-~rlndlr.& c lner,y , and. Yetielli. 
Un l ki lled malla do gene-ral ma1ntflIUloce lior and conltruct r. reT,I\lr raft, .Ill ur , rec. r­
ing , enc spat-collecti~ ca el, bar~I, and bu1ldi r gs . 

Skilled felDllle perllO nnel do the nucleua i nllr t10n c\}eratio , rp t and dn. 1 t te 
pea rll, and match and grade the pearl ll for n .. cklace e. They allo er t he dl~rl who t r 
the oyeters from the lea bottom. Unek1l1ed female la orerl aor' e od cl an tte orate rl , 
t r 6.l\ !'fer t oe young oyatere from the Ipat col l ecto r! to the r r1 6& ea~ l, eod do ge e r 1 
ligh t worK. 

Trelnl~ of perllOnnel to per!ora: t.he Ilucle\a in rti or:: operatio , upon w ch the 
production of the peerl ultiCl8tely depend l, requ.1rea ebou t c onthe , but full p rofi­
ciency is attained on1;7 after 12 to 18 month a of tn.in1ll& and opernti6&. 

The Ilowa Pearl F~m i l an exampl e of a goo~ . compar tively e 
Th is organization hae 10 p ermanent em?lo~eel, moetly young yo en, ~~ 

t10nal 10 personB during the bu ey leaeonl. ~nder maJi ~um condltiJnl of 
farm prod'.lced 330 pounde of pOllrl e a l\!luslly from 40() , 1)o)() pe~1 oy etere . 
p resent average annual p roduction ie only about ao pOUndl of pear l _. 

2. Records of Operaticnl 

11 pe rl fs~. 

loy . Ild 1-
ope I"Rtl on . t 1. 

Howsver, t e 

Documentary recorde of all opera tionl are kept by culture arl fanDera, but the 
mOlt complete system so f a r deTiled appeare to bl that u led by t he Miklmoto Pearl ranD. 
Ordinary bookkeeping methode eu!fice for the general actlvitiee of the farm. but a par­
ticularly ingenioul and preciae Iyetem hae been developed to record the resultl of the 
nucleue inaertion operation. 

Each technician in the nucleul inlertion laboratory ia given 8 number of terra­
cotta blOCKS, a x a x 2 eentimetera. Deeply engraved on each block are a dilt1nguilbl ng 
JApnneee charaeter and three numbere. After tbe technician operatee on the 50 to 60 0YI­
tera 1n a culture cage complement, one of thele identifying blocka ie placed in the cage 
with the oyeters. 

The recordlng clerk: enters on a daily record Iheet tile pOl1tion of the C8€8 on 
the "convales cence" raft. After the required period be. elapeed, t ne ~ 11 lifted and 
the o]eterl examined. The number of live oyetere i a noted in the aecond column on the 
original data eheet. The cage i. then tranlferred to the permanent cultura raft, and ita 
po s ition noted on the ~08it10n" aneet. Thereafter, at each eleaning or inspeetion , the 
number ot" 11 va oysters wi thin the ea&e 11 noted in the specified column on the Original 
data sheet, and at the end of the cultllre period, the yield. of pearl . 11 noted. 

50 



'rom these aMeh, at Any given time, a tally of the liTe oystars crul be obtai. f'd 
by vertical lummation, and at the lame time an occurate check on the skil l and prod cion 
of each technician il maintaioed. 

CONTROL OJ' TIU INDUSTRY 

A. Talue.ble and eadly negotiable articlel of commerce, tile Japaneae culture 
peArll were a potential avenue for illegal trnd ing. Mealuree were taken by the O~cu Atlon 
early in 1946 to prAvent unauthorized traffic king and to mAintain the lale of pearl, and 
pearl productl within the normal channell of l~gitlmatA commerce. 

On 14 January 1946 a memorandum (Appendix B) wal lent from the Supreme Commander 
of the .All18d Powen to the Japanele Government, reqll1ring a complete invento lY ot' commer­
cial Itock. ox' pearll and prohibiting all tranlactionl except thou UDder current contractl. 
The directive required that all ~ture tranlactione must receive the written authorlzatlor 
ot General Headquartere. 

The trade in culture pearll and pearl jewelry wal furtner CAnalized and brought 
under more atrict lupervis10n by a direct1ve (Appendix C)'dated 13 Apr11 ~946, which Itipu­
lated the quant1ties ot pearl producta to be aupplied weekly to t he Army EXChange Service. 
A later directive (Appendix D) of 17 Moy 1946 prohitited all furthe r t~nlactiona by retall 
Ihops and accurately defined the authorized chennell of commerce in culture penrle and 
penrl Jewelry. 

Thus the sale of peArle to Japanela nationall wal prohibited. freezing pebrl l a l 
items of foreign trade not essential to toe Japanese internal economy. 

Release and sale of pearls was covered by a direct ive doted 30 December 194 G 
tAppendiy. E), which was further clarified by two subsequpnt directives (Ap~endixea F, 3) . 

PRODUCTlON STATI~TICS 

The development of the culture penrl lndu.try lacked any over-~ ll control until 
ita wartime consolidation in 1943. Consequently. available stat18tice are fe'tJ. Dat.8 were 
collected trom time to time for different purpoeea and on varioua baeea, and t he majori ty 
therefore are not sueceptible ot analyaie. 

The production of pearle rBacned it. peak in 1938 v1th a total of 10,883.512. 
Mie Prefecture. the center of the industry. alao rea ched ita peek in 1938 with a produc­
tion of 7,068,674 pearle. which represented 64.9 percent of toe tot~l pearle produc d t~~t 

year. 

The production data (Table 7). submitted by the V.inhtry of Agr1eul ture /Uld Por­
estry. show the decline of the lnduatIj in the yeara immediately preced.l~ and dur1 
World War II. Data on the years prior to 1926 are not available. 

Eltimates of stock on hand (Table P, p~e 62) ve r e prPpnrrd from da a cor.rlled 
in compliance with a Suprome Commander for tlw Al l ied ~owers dIrectIve (Apreodix B) re­
quiring the Japanele to inventory pearl atocks. The compilati on fails to sr eel f~' \{ t er 
the "Stock on Hand R data relate to harveate~ peorl s h~ld by the coxrnr.le. ~~d far ere 
or whether they include an eeti~te of the potential venltt cArrently unier cultlvatlo~ . 

Datfl relating to export (Table Q., page 62), 
A.,n. are based on re cords ~d eetl~te, collected 
As the aeeociation wae not formed until Auril 1943, 
earlier years can not be guaranteed . 

aub:r.i tted by t h !ii ;>. on Pearl ~ ort 
y the aasoci~tl oo fro~ itl ce~ber l. 

the accuracy oC e ta roferr~og 
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TABLE P. - JAPANESE CULruRE PEAlU.S: STOCK ON HAND Alm 1946 PllODUCTION 

Stock On Hand 1946 Production Value 
Type (graml) ( graml) (yen) 

Culture pearls 1,687,000 0 16,760,000 
Pearl medicine 157,000 67,500 4,800,000 

SOURC:S: Mi n1 s try of Co:nmerce and I nO-us try 

TABLE Q - EXPORT VALlJE OF JAPANESE CULTURE PEARLS. 1935-45 
(¥l.O()O) 

MediCinal Ornamentn1 Total 
Year ActUAl. Corrected !I Actual Correc ted. !f. Actual Corrected .!!.. 

1935 950 950 6,8HO 6,880 7,930 7,830 
1936 1,010 1,253 7,:tl0 8,888 8,120 10,t50 
1937 1,200 2,000 7,1560 12.767 8.960 14.767 
1938 1.120 2.~OO 7.300 18.250 8,420 :n.050 
1939 960 2.743 5.010 14,314 5.970 17,057 
1940 910 3.640 2.850 11.400 3.760 15.040 
1941 820 3.~80 1,63) 6.520 2.450 9.800 
1942 400 800 250 500 650 1,300 
1943 470 568 480 600 960 1,168 
1944 860 573 630 420 1.490 993 
1945 820 328 390 156 1.210 484 

~ Correc tions a re based on tbe folll) .... ing table of currency fiuctua t1. on: 
Year Index Year Index ~ I.JU\u... 
1935 100 1939 35 1943 80 
1935 80 1940 25 1944 150 
1937 60 1941 25 1945 250 
1938 40 1942 50 

SOURCE: Nippon Pearl Export Allin 

Data sho\/Il in these tablel . al submitted by the available aouroel. are serioulls 
at vari~,ce. Eo .... ever. they are included in thi 8 report because eRch table. Yithin itself. 
demon8trRtes tl~ trend of thi8 unique indu8try under th~ impact of the conditions exiating 
while Japan .... as preparing for _r. and through the .... ar yearl. 

P'RES~ WATER PEAlU. CULTURE 

The history of f resh-water pearl culture in Japan goes baok to 1928 and is con­
fined to a s1ngle locality. the H1rako res~ rvoir, an ann of Biwa-k~ at Shina village in 
Shiga Prefecture (Figure 20). Dikes and a low dam acrolll a narrow-mouthed l)a.r hold the 
_ter of this 25-acre relerroir at a con8tant level three teet above the leTel ot the 
lake. The .... ater level of the lake proper fluctuate8 aeWlrel meters annually becau8e ot 
nydroelectric usage. 

One ot the first to investigate fre~water pearl culture on thie site was MAsayo 
FUjita. the early associate nnd triand of Nishikawa. Be was succeeded by eevera1 other 
investlgntors. including at one time members of the Miklmoto Itaff. The results obtained 
by these e ~ rly investigatora were con8iderod unsatisfactory. 

Since 1945 the .... ork ha l been conducted by Se1ich1ro Udal ~resident and director 
of the Shinko Pearl Co. Ltd (Shinko Shinju XX) ..... ith Kei saburo Saklyoshi as the chief 
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technician. The Shinko Pearl Co hal it. retaining pen s in the Hirako reserTOir, and itl 
three buildings are located on t he ~lo rel of the relervoir. One building i8 the offioe 
and laboratory; the others ara ~arehouses. The nine employe es include the chief tech­
nician and six operators, four of .... ho:n a re .... OlDen and t .... o men. The retninin& pen is a 
compartmented bamboo-fen ced area of about 2 1/2 acres, .... ith ~ter varying from one to two 
meters in depth over a sand-mud bottom. In one large sBction of this pen the claml are 
nel~ from tne time th~ are brought in until they a re removed for the graft-inlertion 
operati on. In other compnrtments the operated clRms are held for three ye ll rs until re­
moved for nea rl r ecovery. 

Bi .... a-ko. the largest fresh-va ter lake ln Japan t lie s .... holly .... 1 t hln Shiga Prefec­
ture. :t is roughly triangular in shape, 38.4 milee long by 13.2 mile s at its point of 
greatest .... idth. and its apex is directed southvest .... ard. The l ak.'1 area is 166,726 acres, 
and the shoreline totals 141 miles. The s outhern t h ird is narro ......... i t h a maximum depth of 
five meters. Tha deepest part of th e lake is in the northern third. vhere 95 m!terl of 
vater are found. The bottom is rock. I&nd. or mUd. Bnd large areal ot a sand-mud mixture 
are found in shalloy waters. This combination conlt itute. the ideal habitat for the treeh­
vater clam. Hyriopsis schlegeli (Mar tens), the ike-chogal at the Japanele. vhich i. the 
only species used for fresh-vater pearl culture (ligure 21). This lndlgenou. clam 11 11m­
ited to Bi~ko, where lt il one of 42 nati ve mollu.k specie I. A ~drograph1c .u~ of 
the lake. not yet completed. shovs lOCAl abundance of this clam corrslated with a bottom 
type of .and-mud mixture. 

The lite history of Hyriope18 .chlegell is unknown at present, but a. artlficial 
propagation ot the epecle. ls stlll unnecessary , this .ubject ls ot minor lmportance now. 
Ho .... ever . kno .... ledge of the clam's life hi,tory wl1l incrA~se ln lmportanc s ln the neBr 
future. as overfishi ne; and other causell rf'!duce the nat! ve cl9JD stock and make artificial 
propagatLm necessary. The ecology and life history of this fresh-'",atar species are now 
being st '.ldied at the Shiga Prefec t ur e Fieherie s lilxperimental Station at Hikone. 

'I'he ike-ehogai 11 a large. slow-grovin~ species which require. from dx to .eYen 
year., to reach an operable size of more thAn 130 millimeter.. A tully grown indiVidual 
measures about 240 x 132 millimeters and is 60 millimeterll thlck. 

The .10 .... growth rate of the species ls indicated by the.e data: 

TABLE R. - GBOWTH RATE 01 HYRlOPSIS SCBLEGXLI 

Len&th of Shell Age of Clam 
(milUmeters) (years) 

77 3 
128 6-7 
178 13 

SOURCE: Shinko Pearl Co 

The outside of the shell is dark greenish-black. u.ually shoving signs of chemi­
cal eroslon near the umbo. The inside is lined wi th mother-of-pearl which ha. b6tlutitul 
color and luster but is often somewhat discolored near the mantle edge. 

The clam teeds entirely on p~toplankton. despite the tact that the surrounding 
water is found to conta in 60 percent zooplBnkton as compared with 40 percent p~toplankton. 
Young shells are found abundantly in water frow one to two meters deep, and the clams move 
slowly toward deeper water aa they grow. Spat 11 found only in shallow water 1n Augu.t. 
The clame occur most abundantly in the southern third and eastern half of the lake at 
depthe of from 2 to 30 meters. The optimum depth 18 four to five meters. 

The mollusks are gathered by local fishermen .... ho use a form of bottom trawl net 
fitted with a rake across the floor ot the net mouth. Divers who have investigated the 
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cl~ in i tl n~tive environment report that iuring the wlnter, ltartlng In October, the 
~ollulks lie one-thi rd e~bedded i~ the bottom material, and during A~st tney are en­
tlrely burie1. The clam. are gatbercd fro~ October to Apr!l and are brought to the pearl 
farn wher~ they are ~urchaled and placed in the retAining yen. SeTenty-fl?e per~ent of 
th~ totAl annual catch is taken curIng AprIl. Graft inlertlon opp.ration l are ~spended 
durlng June and July, the 8pavning period, 

No exact data Dre aT81lable for the annual catch 0: this clnm, as it ls included 
among large catches 01 anotner edible clam, Crhtaria lpa ti08ll. Tnat both ~ecies are de­
creaalng in abundance il indlcated by the fRCt that in 1947 the catch of the t~ epeciea 
totaled only 1,1316 poundl compared ..,ith the 1943 catch of 21 ,186 poundl. 'rh.1s decline 11 
attributed to overnlhi~ and to the fluctlJl,ting vater level of the lake for l:.;,tdroelectric 
plll";loael. 

Al~nough the principle of the pearl lac 11 the balil for the production of fre l h­
vater culture ponrll jU3t al for the marln. culture pearll, the ~ractical detail I of Its 
applicatlon are quite different. 

In tne early frelh-vater peArl experimentation. tne mOlt lerious problem encoun­
tered wal the hlgh death rate, more than one-half of the clams dying within a few days 
after the graft operation. A lecond diffIculty wnl that 1ntroduction of a shell nucleul 
reBulted in a pearl of poor qua11ty, wholly unmarketable. Aa the clam wal veri Large. 
large nucle1 (seven m1llimeterl) were 1ntroduced in order to ~t large pearl l, but the 
pearls produced vere dark in colo~ poor i~ ahApe, and lAcked lus ter. Investigation 
showed tnat, despite the large Ihe 01 the clam, it. 1nterIlfll a:ll\tomy is 10 complicated 
by a long, twisting inteltine that there il not Ipace 1n the connective tiss e to accom­
~odate tnese large nuclei without infringing on the inteltlne , with re8Ult~~t poor oclor 
in the pelirl. Leal than one percent of the pearll p roved to be of mar.<e table qual1ty . 
Thua the introduction of large nuclei had to be aba~doned . The io~lowing ~ethod now ia 
practiced: 

The claml are gathered from the retaining pen and brought to the laborator.7 dry. 
The TSlvel ar~ forced open by careful inlertlon of a speculuo limilar to tnat uled on the 
oyster (Figure 161) and are either held open by the speculum or pegged. Thp. mantle i. 
leparated carefully from thp shell with & speci3l spatula (Figure 22). Avoiding the deep­
ly pigmented mantle edge, the technician uses & lharp Icislors to cut a strip or tillue 
40 x 5 m1llimeters froe tne surface 01 tne mantle facing the Ihell . this operation in­
volving about one-half 01 the thicknels 01 the mantle tislue. The Itrip is placed on a 
wet wooden blo ~k and cleanled. trimmed. and cut into four-millimeter aqo.ares. The clam 
1s 8Et on a wooden rack (~igure 22), the gap1ng valvel uppermost . Tne mantle from vhich 
the atrip hal been cut is carefully leparated from tne g1lls and other oody contacts, and 
from three to five pieces 01 graft t1slue Are inlerted into the gonad, ench Iquare in a 
different place. Care 1s taken to aToid co~nect1V1' tissue and its 1nvol?ed intelti:le. 
The clam then 18 re?ereed, and the graft cutting and insertion are repeated on the oppo­
e1te lide. Thue each clam accommodates from six to ten graftl. No cut il made in inl ert­
lng the gratts; the Iquares are simply intruded into the gonad by me!UlS of a special for­
cepl (Figure 22). No nucleul is introduced: the graft tis8ue 11 the only fo re1gn matter 
in8erted. A lkilled technician can operate on about 100 clams a day. 

yaare. 
erad. 

The clams are returned to the ret~in1ng pen vhere they remain for the next three 
They are then gathered and returned to the l~boratory, end the pearl s are recov­

Tne clems themselves are used for food but are reported to be tough. 

Almost every introduced graft Iquare produce, a pearl. AI no 1norgnn1c nucleul 
is introduced, t.nelle pearle d1ffer fundamentall;r from the cultured mnr1ne pellrls. Hovever. 
both are cultured pearle. The aT9%'af;e nonnucleated pearl produced at the end of tC.ree 
yeara' grovth is elongated and irregular and measurel about lix by three millimet ere. 
Both color and luster are beautiful. but the lhApe leavel much to be delired. 
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SPECIAL INSTRUMENTS USED IN FRESH-WATER 

PEARL-GRAFTING OPERATION 
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Natural ~sourccs Sfft"" 

figure 22 
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With improvemen t in or,era tin/!: t echn i que ll, t h.e numbp. r of cllU!l9 ... h i ch Bu n1 ve--pnd. 
hence t ne number of pearle produced.-w. Impr oved ~reAtly: 

TAJ:lI.E S.- SU".d7IVAL OF FRESH-WATER CWIS AlTER OPERATICN 

Year of Number of Clam. Number of Clflm . NumbAr of Pearlil 
Operatior. Operated Surn rtng Expected !i 

--
1946 50,000 2 , O()(\ 16, 000 
1947 70,000 3 , 000 24 , 000 
1948 50,000 40,000 W 320, 000 El 

!i Estimated on the ba.i. of an avcrar,e of e1~ht per clam, three 
yel1ra later. 

Pi Elltimated on the bade of !irot eb-months tlurvi'ftll 
SOURCE: Shinko Pearl Co 

Pearls produced on the Shinko fl'raJ E-rp IIIa,le ir. to necklace. locally. Theee are 
8ingle, double, or intertwining atrands. 

The fresh-"''fIter " earl neclclElctlll R1110 may be allocated for .ale to the Occupation 
Forces and for export to the Un1ted States. 11 

1/ Negotiations under way in October 1948 
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GLOSSARY 

1. Technical. Terms 

The following list of technicbl t erm. i. offered a8 an aid to the reader. ~aeh 
tE!r~ l.e defined in the senle in which it 111 .used in thi8 report. 

Adductor muscle 

Apical flagella 

Aragoni te 

Baroque pearl 

BUaterF,l symmetry 

Bivalve 

Blastula 

Blister pearl 

Byesus 

Cell division 

Collector8 

Conchio11n 

Connective tissue 

Cul tl.:.ra pe~rl 

DlnoflflgellateD 

Doual 

Ep1thel1wn 

Ga.,truls 

Gland 

Small but powerful muscle attached to both valves of a biwlved 
mollusk shell. Contrectlon of adductor mU8cle closc8 the ahell. 

Long, ~lender filaments of th8 vElliger l arva. 

Cryltal11ne fom of ~alcium carbonEI tel 08003. Contflins 44 per­
cent CO2 and 50 pe rcent lime. 

Pearl of irregular shape. 

Bo~v form in which tbe right and lett sides are mirror image8 of 
each other. 

Mollusk having a two-valved shell such as oysters and clam •• 

Developmental stage of an individUAl organism 1n which a single 
layer of cells surrounds a simple body cavi ty. FOllows the 
morula stage. 

Semi.pherical pearl attached to the ahell. Not a free pe~rl. 

Thread-like attachments secreted by the young oy8ter which fix 
it to some 801id object. 

Mett.od by which living tissue grows; cell reproductlon or multi­
plicntlon. A slngle coll diVides to make two cells. 

Solid. object.: such a8 dead shells, bnmboo stalks. or wire form. 
placed in tllB seR whe re oysters epawn to afford remoVRble sur­
faces for the flxed attachment of the spat. 

Protel~ (albuminoid) material (C32H48N2011> constituting the 
organic basie of mollUSK ah (.lls, especially of mother-of-vellrl. 

Tissue thRt supports or bind. together other tissues within the 
body. 

Pearl formed around a nucleus flrt1f1cially introduced into the 
mollusk. 

Group of minute, u:arlne, free-owimn:ing plant organisms charac­
terized by the presence of two flagella near the middle of the 
body. UBuall~ the dominant organisms in red tide. 

Upper (back) .urface. 

Sheet of cellular tiss~ forming a covering surface. 

Developmentel stage in which two layers of celle surround a body 
can I;y. Follo·.'s the blastula stl\ge . 

Slnglp. cell or 1\ group of cells which secrete or excret~ 8 BUb­
stf'nce, usual~' s liquid. 
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Gonad 

Graft 

Hinge 

Key 

Lamellar 

Ligament 

Lueter 

Mantle 

MOllusk 

Morula 

Mother-of-pearl 

Nacre 

Ne turs 1 pearl 

Nucieul 

Ovum 

PArenchyma 

Pearl 

Peflrl Inc 

Periostrecum 

70 

Sexual gland; OTary in female, tpBtes in male. 

P'ece of livine tiswue cut from the ~ntle of an a,yster and in­
serted 1nto ~nother oyster. If Buccesaful. the 1ntroduced graft 
tiaaue eatebliahea itself and growa, producing the pearl aac 
which in turn aecretea toe nacra nround the nucleua. thus pro­
ducing a pearl. 

MOTable joint between the tva Ynlvea of the ahell. 

Wood or bamboo wedge uaed to keep the Talvee of the oyeter apart 
during the operstion of nucleua inaertion. 

Compoaed of thin layers or acale-like platea. 

Chi Unoua material which covera the hinge and binda the tlto 
valTes of the shell together. ChemicallY aimilar ~ conchiolin. 

Qua11ty of shining by reflected light. Sheen or gloas on the 
eurface of a pearl or on the inner face of the ahell. 

Outer folds of the body wall of the oyster which line the TRl~s 
of the shell and ..,hich beer the ehell-sflcreting glands. 

Soft-bodied aalt- or fresh-~~ter anImal living withIn a calcare­
oua shell which is the product of wpeciali~ed cell. in ita 
mantle. In thie report. oYltera. claml. and lnaila. 

Solid. more or lell globular or mulberry-shaped ma.a of livin« 
cella. Very early. preblactula etage in the developllent of the 
indi vidual. 

Irideacent inner lining of the shell. Nacre. 

Iridescent inner layer 01" the shell or the body of \he pearl. 
Coneisto chiefly of CaC03 depoiited in thin layers with eOlle 
orgnnic mAtter such as conchlolin. Mother-of-pearl. 

Pearl ueually formed around 10lle minute fore1gn body such ae a 
gra1n of .and or a p8rallt~ introduced into the oyeter by natu­
ral proceeses while 1n the 18&. 

In a natural pearl. may be a parae1 tel a grain 01' sand. or other 
emall object around whIch the pearl ie tormed. In cnlture 
pearls. spherical body cut from a clam ahell or other materI~l. 
inserted into the body of the oyster by hand. and around which 
the pearl il deposited. 

lemale le~ cell, the egg. 

Eelential tissue of 8 gland. 

Proluct of 8 bivalved mollusk. produced uwually around a nucleue 
of some sort within the body of the host. 

Tissue lurrounding the developing pearl. Secretes the Decre and 
depo8its the material of the pearl. 

Ho~ outer layer of the shell. Usually brown in color. 



P~top16nkton 

Plankton 

Polar bo~ 

Prol1fern t ion 

Sexual dimorphism 

Siphon 

Spat 

Sperma tozoan 

Tis sue 

Tr ocnophore 

Umbo 

Veliger 

Ventral 

Zooplankton 

Pl ankton consisting of microscopi c plants. 

Minu t e floating animal and pla nt life found in water. 

Minute cell which sepa ra t es trom the maturing egg in the early 
s t age of development. 

Growth of a tis sue b,y cell diTision. Cell multiplication. 

Ext~rnal sexual cbaracteriltiCI of the bo~. 

Opening tnrough which tne oYlter IUckl in water (Inhalent liphon) 
or expella water (exhalent liFhon). 

Vellger larvae which bave attached themselves permanently to 
tixed objectee 

Active male lex cell. 

Layer or mass of apecialized cells having a common function 
such ae muscle tissue or nervous tis8Ue. 

Larval stage preceding the vel1ger ltage. in which the shell 
hal not yet begun to form. 

Prolllinence or shoulder ot the VBl va of the shell near the hinge. 
Firat part ot the shell to be formed. 

Free-swimming larvnl Itags characterized by long dorsal (apical) 
filaments and tne beginning ot shell development. Stage follow­
ing tne trochopno~e and preceaing t he epat Itage. 

Bottom or belly surf~ce. 

Plankton consist1ng of microscopic nnimals. 

2. Conversion lactors 

a. J apanese Units of Measurement 

Japaneee 

1 lean 
1 bu 
1 1II01lllll8 

b. Metric Units of Meaaurement 

Metric 

1 metric ton 

I lc1logram 
1 grrun 
1 !dlometer 
1 meter 
I square me ter 
1 cen tlmetp.r 
1 millimeter 
1 micron 

= 

= 
= 

= 

= 
= 

Ell£:l1eh 

8.267 pounde 
0.119 inch 
0.132 ounce 

English 

1.102 Ilhort tonI 
2.205 pounds 
?,205 poundll 
0.035 ounce 
0.621 mile 
3.281 feet 

10.754 8qUJ\re teet 
0.394 inch 
0.039 inch 

0.C()()039 inch 



3. JaE9.nese Genp.ric Terlla 

- gal oyster -ehi :na (-jlma) 1elslnd 
-ko lake -ahinj u p earl 
-n!l.da Ilea -ehi nju-g~1 pel\rl oyster 
-ret t o lslRndli -',f!ln bay 
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APPRNDlX A 

THE MISE-NISHIKAWA PATENT APPLICATIOllS 

In an effort to get all available facts on vho actually discovered the method for 
produci ng spherical culture pearls . a search vas made for data on the Mise-Nishikawa 
patents. One of these tvo men must be recognized as the orlginal inventor of the procell. 
Investigation finally unearthed an important document. originally a poeseuion of the t-11ee 
I8..!tlly and !1.r)W' in t.hl! posses!1i on of Mr Maaayo Fuji ta. This document is the dcciBi on of 
the Judge of Patents. dated 20 Febrlar/ 1908. regarding both the Miee and the Nishikawa 
applic~tions. which came to the patent office only five mo~th8 apart. In it the Mile ap­
plicati on is denied. Thil document i8 vorth p re lLlerving and is tr<-nelated as fo11 ovl: 

Judgment of Pa tent Infringement 

I:lfrtugement: 
Sub,iect: 

Application for patent involved : 
Applicant: 

Application for patent involved: 
Applicant: 

Description 

no. 269 
Formation of Culture Pear18 

No. 38.318 (13 Mar 1907) 
Tateuhei :.Iiee. Hie Prefecture 

No. 40.219 (23 October 1907) 
'.L'okichi Ni ehikava. Toqo 

The fir9t clause of application Bo. 38.318 (Mile) is underlt~od to be a claim for the 
patent on a method of pearl nacre deposition by making a hole in the epidermis of a living 
shell's mc~tle and in8erti~g a fev epithelial cells directly into the connective tilsue of 
the same shell. together with a nucleus. The shell thus operated. on its release in the 
sea. viII deposit nacre. 

In the second clause ot the above application. two pearl oYltere are prepared for the 
oper~tion. Epithelial cells removed fron one mantle and fixed vith a nucleus are placed 
1n the connective tiS AUA of the second shell through a cut in the mantle. Pearl nACre 
will be coated arouna the nucleus of the latter if left in the asa. 

On the other hand. Application No. 40 .219 (Nishikawa), which also requests the patent. 
deals in its third clause with a t~chnique as follows: 

Taki~ epider~is out of the mantle of a pearl oyster. insert it with an adeq~ate 
nuclellB in .3. tissl.le of the same shell or othf'lr shell to have n~cre deposited on thfl nu­
cleue. In the fifth cl~use of the same appl1cation a nucleus is rubbed on the ep1der.nil 
of the mar,tl"l to make the calls adhere to the nucleus. Then the nucle'ls is put in a tis­
Bue 01 the S'llllO shell or other shell ill order to have nacre deposited. 

Upon scrutiny of these applice.tions made by the di fferent parties. it is revealed 
thgt: while the former (Mise) will ineert mantle ep1thelium tOGether .... ith a nucleuR into 
t.he connective t1s6'le of the shell. the latter (Nishikawa) designates the part of the 
shell where tne materials are to be inserted. loosely n8.lling it "a t1uueD without limi ~1ng 
1 t as the connec':.i ve tissue. 

In apply111; the patent law in the present issue. we find it very diffiC'.llt to dilcr\m-
1nnte the "connective tissue ll from "& thsUA" ment.ioned by the latter (lUshikawa). And 
this leads ue tl) an opinlo)n that it practicall.r makes little difference whether the matter 
1. e called "connecti'Ve tissue" or simply lIa t1sIl1.le". the ossential points of both inven­
tions beinG concerned with one nnd the soune thin.g. 
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With this in mind. ve are to give h~reyith a decis i on on thi s issue that re~. a. 
follow.: 

The patent application No . 38.319 (Mise) concerning ~ invention on the method of 
eultured psarl formation is reeognized to make Rn infringement on the object of the appli­
cation No. 40,.219 (Nhh1kava ). 

r.br~ar.r 20, 1908 
Signed: B¥o Ono 

Jud{;e of Patent 

Folloving this adverle deeision. Mile filed an appeal vhich resulted in a second de­
ei.ion reaQin~ ae follow. : 

SU'Jpl~ment 

On 23 October 1907, Tokichi N1ehikalm .'1bmltted his invention on culture pearl forma­
tion for t he issuance ot the patent by s?plicat10n No. 40.219. in which he cla.imed the 
date for the completion 01 his invention to be 20 February 1899. 

Some months prior to th11 applica.tion. Tat.uhei Mise also had appliad lor tne patent 
by appl1cation No. 38.31a. wnieh was rejected. According to the patent law then exi.ting. 
the nut inventor on ~ matter vould be given the credit for the patent. 

23 July 1908 

Signed: Hajime Ishikawa 
OSaInU Oda 
Jud{;es of Patent 

Th1s decis i on terms the Mise patent application an 'infringement" on a patent not yet 
granted nor even applied for when the "infringing" application was filed. 

In the original decil i on the Judge opined that it makes li t tle difference ~ether the 
point of insertion of the nucleus ill dee1gnated all nconnec ti ve tillsue" (Mise) or all "a 
tieeue" (!l1lhlkawa) . Unfortunately for Mise. t l: e Jud6e vas not a biologi~t, for that one 
word "co~llectiva" in the Miae application is the key to the luccess or failure of the en­
tire operation. Mise was explicit. Uiehika"..a evasive. in the information furnished in the 
appl1cfl tions. 

AlthoU6h Nifh1kava l s application followed that of MisPo by more than five months. 
Mi.e l • application vas denied because Nishikawa claimed in his applic~tion that he had 
eomplet ed hie invention on "2C February 1899". The only evidenee of this claim is the 
statement of the patent jud{;e, t.s the origin'll application apparently no longer exhte. 
At the date Nishikawa allegedly completed his invention, 20 February 1899. he wae not yet 
25 year. old. He vas graduated from the zoology couree of Tokyo Uni verd ty on 10 July 
1897. and one week later waB appointed technical official (gitp.) of the Ministry of Agri­
c,llture and Commerce and aeBigned to the Bureau of Fisheriee. The Nlehikawa recorda at 
Tokyo Univereity shov no eVidence of hie having engaged 1n pearl culture activities a. an 
undergraduate. Therefore he had had only 19 montha in which to "complete" hia invention 
as of 20 Februar,r 1899. Yet he re.iGned from the Bureau of Fisheries in 1905 (Ogullhl 1938) 
to devote hiB tiDle to research on pearle. Two yean. later. on 23 October 1907, he applied 
for a patent on hie method of epherical pearl culture. 

Altbough these decis ton. may be in full accord w1th the then existing Japanese patent 
la.ve, the .iudfl;ment of hhtory i. not bound br thsse laws. and the reader can decid9 for 
himself who actually diecovered the method for the culture of tce spher1cal pearl. All he 
need do is to 8.'lIl"jer thie queetion: Is it likely that N1ahikawa, knowing he had in hie 
hand, the key to a fabulous fortunfl. would have delayed for nine yearll. eight monthll. and 
three days in safeguarding his rights to hie invention? 

Altho~ the tUu appl1cation w~s denipd. the l!1shikawa application. on the other 
hand, wa. not approved. Thi e bring. up another point. If Ni sh ikawa had a elaar cla1m 

76 



to his lnvention. why did he lign an agreement of joint ovn.rlhip to the Mile-!ilhikava 
methode with Mise on 2 September 1908T Niehikawa'l appliCAtion was not granted until 
20 June 1916, and then not until 60 daTI atter Mikimoto'l application of 16 October 191. 
had been granted on 1 M~ 1916. Aooording to the Report of the Imperial Aeloclation for 
the Encouragement of Inventione (1926). 1913 1. the date giTen for the first Mikimoto 
epherical pearl prodUction. 

The writer bel1evu that Mhe val the dhcoverer of the method of produclI18 epherical 
culture pearls and that Mile produoed the firlt epherioal culture pearl. 

APPDDIX B 

GlUlEJW. RKADQPARTDS 
~ COMMAlIDER Faa nm ALUla> pawns 

AG 091.33(14 Jan 46) ESS-IE 
SCAPIN 59~ 

THROUGH CENTRAl LIAISON OFFICE, TOKYO 

APO 500 
14 January 1946 

SU&TECT Inventory and Aut horized Sale of Poliahed and Unpoliahed. both Natural 
and Cultured Pearll. 

1. I t is directed that the Iq,erlal Japane •• Government take iDlJllcciate I\ction to 
proh1tit all traneaction5 involving the Bale or tranlfer of po1iahed and unpoli shed pearl I , 

both naturAl and cultured, loole or in strandl, or in milcellaneoue jewelry , except: 

a. Above described pearls intended for aale in the United States Army Xxchanee 
Central Purchasing Office in fulfillment of written contracts in effect p rior t o the i88U­
~ce of this directive. 

b. Above described pearl stocks now in the hands of retail eltabliehment s, pro­
vided such stocks do not exceed the quantity of pearls dieposed of by the i ndi vidual re­
tail estabUshment during the three months preceding the inuance of this directive. 

2. Future contracts or transRCtlonA viII be epe~ifically authorized in writing by 
this HeadG.narters only upon approval of prior writte.l requests submitted through the Cen­
tral Liaison Office. Said written re~uest to indicate: 

a. Owner of pearls 
b. Source of pearls 
c. Locati~n of pearls 
d. DeSCription of pearls 
e. ~erme of tr~~sact1on 

3. An inventory of all Japanese-owned pearle, including pearle owned by the Imperial 
Japanese Government or its aeencies, as described in paragraph 1 will be made out in trip­
licate, and will be tak~n under your direction not later than 20 January 1946. The invan­
tory vill not ir.clude: 

a. Present inventories of indiVidual retail establiaament s, proviced such inv~n­
tories do not exceed the quant.:..ty of pearll diepoeed of by such retail estabUehf.lent s dur­
ing the three-month period preceding the i8suance of this directi ve. 

b. Pearls held and owned by private individu~l8 or fir~s for thei r normal or per­
eonal uee. 
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4. The master inventory, together with the orig1nal and duplicate copy of each indi­
Vidual inventory ae referred to in paragraph 3, will be eubm1tted to this Headquarters not 
later than 5 February 1946, and will contain the following information: 

a. Total qUAntity of looee eoltl1red pearle now on hand. 

(1) Polished 
(2) Unpolished 

b. Total g~antlty of loose natural pearls now on hand. 

tl) Polished 
(2) Unpolhhed 

Required lnformatlon under paragraph 4 (a and b) to be listed as follows: 

(1) Owner 
(2) location 
(3) Q.uanti ty 
(4) Estimated wholesale yen value 

c. Total quantity of pearl strands and miscellaneoue jewelry items, such ~s neck­
laces. bracelets, ringe, pins. and miscellaneous pieces to be listed as followe: 

(1) Owner 
(2) Location 
(3) Q.u.antity 
(4) Description (quality and size of pearle) 
(5) Estimated wholesale yen value 

5. The Imperial Japaneee Government will, upon r eceipt of this Directive. notify 
this Headquarters in writing of action taken to accompl ish f~l compliance with the term@ 
of this Directive. 

FOR THE SUPREME COMMANDlAR: 

APPENDIX C 

GENERAL HEAD Q.UARTERS 
SUPREM:Sl COM}'.ANDER FOR THE ALLIED POWERS 

AG 091.33(13 Apr 46)ESS/IE 
(SC.A.PUi 981-A) 

MEMOBANDm: FOR: THE I)lY'!.lUAL JAP~'"ES!: GQV'ERN}lENT 

TaaOUGa Central Liai~on Office, Tokyo 

SUBJECT Release of Pearls 

III H. W. Allen 
It I H. W. ALLEN 

Colonel. A.G.D . 
Asst Adjutant General 

APO 500 
13 April 1946 

1. It is direct ed that the Imperial Japanese Government will immediately cauee to be 
made available to the Army Exchange Central Purchasing Office, each week three thouaand 
five hundred (3.500) Itrande of cultured pearls, three hundred (300) matched sets of three 
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(3) oulturod pearls eBA:h . and such quantities of pearl ri~ •• pine, earrlnge , and other 
pearl article. a s may be requested. These pearle will be dellTered to the ArM7 IxchaDg. 
Central Purchaslng Off ice, 4th Floor. Hatt ori Bulldlng. GinE&. Tokyo by noon rua . daT of 
each weak unless otherwise dlrected. 

2 . Theae pearle wl ll be submltted according to the following schedule which will 
serv. a s & gulde 808 to values . quant ltles. and wel&hts. to t he ~ lxchange Central Pur­
ehas ing Office from s tocks. as reported ln lnventories recelTed ln cOQPliance with M~o­
randum ~ 091.33 dated 14 Janu&r7 1946 and presently held by. but not limited to. the fol­
lowing oompanies: 

The Japan Cultured PMrl Combi ne. 
10. 4 - 1 choma. IHnomly_cho. J'ulcta1-ku, Koba 

The J apan Pearl Sxport Aasociation. 
5/18 - 4 chome . lakayamate-dori. llcuta-ku. Kobe 

S. Talt&shilll&. 
135 - 3 ahoma. ~oyamacho . Hyogo-lcu. Kobe 

Kitamura Shot en. 
173 Kamiaakabe Sonoda-IIIur& . x&wabe-gun. Hyogo-Icen 

K. !-ftki:not o. 
10. 2 - 4 choma. Gin~, Tokyo 

Hie-kan Sh1nju Shisetru Kumlai . 
Mia-ken 

Koeld. Eldan. 
Sunday Goods Dept •• Xbara. Ebara-leu. Tokyo 

:hedule: 

Valua QpAnti tl ~U Weight 

I 120.00 per strand 176 strands 3. 0 1110I11III. 

200.00 " 150 • 3. 0 mocme 
250.00 326 3. 0 momme 
300.00 1\ 500 I 3.0 lIIomma 
500.00 II 626 • 3.0 momme 
600.00 • 275 d 3.4 momme 
750.00 350 II 3.4 momme 
800.00 • 200 ~ 3.4 !IIOmme 
900.00 " " 125 • 3.8 momme 

1.000.00 " " 275 " 4.0 IIIOlIIIla 
1 . 100.00 1\ 1\ 125 n 4.0 IlOCllle 
1,200.00 n 75 " 4.1 IIIOlIIIIla 
1,250.00 II " 50 • 4.1 mOllllne 
1,500.00 n " 100 • 4.9 momma 
2. 000.00 n II 75 " 5.0 mOlllll\e 
2 .500.00 " • 75 • 5.0 momma 

150.00 per set of 3 pearll 
in 1ndi vidual boxes 100 sets 

300.00 per set of 3 pearle 
in ind1Tidual boxes 100 M 

500.00 per set of 3 pearls 
in individual boxes 100 " 
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3. Terms and conditions of sales will be determined by direct negotiation between 
tbe 8Uppl1ors and the Army Exchange Central Purchasing Office . 

4. This 1e not to be construed as a revision of any of the restrictions ret erred to 
ln Memorandum AG 091.33 dated 14 January 1946. and all transactions involving the sale or 
transfer ot pearls and pearl articles except those mentioned in paragraph 1 b therein are 
prohibited.. 

lOll THE SUPREME COMMAmlBR: 

APPEliDU D 

Gi:li~ HEADQ,UAR'l'JI:RS 

Is/ J. W. Mann 
I t I tor B. M. FITCH 

Brigadier General. AGD, 
Adjutant General 

stlPH.JlI.m COMMANDER FOR THli: ALLIXD POWERS 

AG 410.4 (17 ~ 46)E~S/IE 
(:5CAPIll 963) 

MEMORANDUM FOR: THE IMPERIAL JAPANESE GOV'EBli'MDT 

THROUGH Cen tral Liaison Office, Tokyo 

SUEJECT Restrict ion on Sale of Pearls and Peerl Arti cles 

1. Beterences : 

APO 500 
17 May 1946 

a. Memo~dum for the Imperial Japanese Government. tlle AG 091.33 (14 Jan 46) 
E:5S/IE, (~CAPIN 593), subject: "Inventory and Authorized Sale of Polished and Unpollshed, 
both NAtural and Cultured Pearle", d8ted 14 January 1946. 

b. Memorandum for the Imperial Japanese Government, file AG 091.33 (13 Apr 46) 
~SS/IE, (SCAPIN gel-A). subject: ~elease of Pearls". dated 13 April 1946. 

2. Paragraph 1 bot· reference 1 a above i8 hereby rescinded and no further trans­
action. by retail establishments a r e permitted. 

3. Sales or transactions will be limited to tnoBe authorized by reference 1 b above 
or as approved under the provisions of paragraph 2 reference 1 a. 

4. The Imperial Japanese Government i8 directed to establlsh immediately adequate 
regulations and penalties to insure strict compliance with the provisions of this direc­
tive. Thre e copies each of the original and the translation of .aid regulations and pen­
altiea will be submitt ed to Generfil headquarters, Supreme Commander for the Allied Powers 
upon promulgation. 

FOR THl:; ::;U1'REME COMi-1A.HDER: 

1.1 B. M. Fitch 
It I B. M. FITCli 

Brigadier General. AGD 
Adjutant General 
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APPJ:liDIX 1\ 

lZEBU.AL ~OABTERS 
~1JPRJ:MJ: COMMAIDD lOR TRL .lLLUJ) POdRS 

AG 386.7 (30 Dec 46)~SS/YT 
(::iCAPIli 1428) 

MDlOlW'lDUM FOR: IMPERIAL JAPJJfESE GOVERNKl!:llT 

THROUG~ Central Liai.on Office, To~o 

APO 000 
30 Decpmber 19 6 

SUlIJECT Releaae and Sale of Peflrla. N"tursl and Cultured, and .lrticl e. Containing 
Pearls 

1. The following memoranda to the Imperial JapAnese Government from ~neral Bee.d­
quartera, Supreme Corr~der for the Alliea Pover. are rescinded: 

a. lile AG 091.33 (14 JM 46)ESS/n, (SC.'PIN 593) , dated 14 JanuaI7 1946, m b­
ject: Inventory and Author1zed Sale of Poll shed and Unpoli.hed, botA Natural and Cultured 
PeHrls. 

b. File AG 091.33 (13 Apr 4o)ESS/I~, (SCAPI! 981-A), dated 13 April 1946, w b­
ject: Release of Pea rl •• 

c. 11le AG 410.4 (17 May 46)ESS/II. (SCAPIN 963), dated 17 May 1946, .ubject: 
ReetrictloD on Salo of Pearl. and Pearl Article •• 

2. It is directed that the Imperial Japane.e GoTe rrment take 1=ediate act10n to pro­
h1tlt all transaction. involTing the aale or tran. fer of neture.l or cultured pearh an.d 
pearl articles excent: 

a. Transaction. involTiDt; the .ale to or for the Central Purcha.iDt; Office, Gen­
eral Headquarters, ~ Forcea, Pacific. 

b. Transaction. specifically authorized in wr1. ting by thi. he:ldquarten. Re­
qusatl for authorization vill be wbmitted 1n writing through the Central Liailon Office. 
These requests are to indicate: 

(1) Owner of pearll 
(2) Source of pearll 
(3) Location of pearll 
(4) Descript10n of pearl. 
(5) Intended purchaaer of pearl l 
(6) Terms of tThnaaction 

3. It is directed that the Imperial Japan8le Government will make available each 
week to the Central Purchas1ng Office , General Headquarters, Army lorcel, Pacific, Sh1bu-
88118 Building, 3-1 Chome, Iayaba-cho , liihonbaahi Xu, Tokyo, the fol1ov1~: 

a. Three thousand (3,000) Itrnnda of cultured poprl& ot which a mini~ of fif­
teen hundred (1,500) etThn,:'s will be a& followa: 
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OVer 

b. 

Value 

¥ 300 
400 
600 
700 

1,000 
1,200 
1,500 
2,000 

12,000 but under 13,000 

MEl tchE'd t7 e ts, three (3) 

150 
300 
500 

quantity Average Weight 

peRrll per 

200 
150 
225 
200 
250 
150 
150 
150 

25 

box 

100 
100 
100 

al folloW1l: 

3.0 mOllllDe 
3. 0 D'lOlIIIDe 
3.5 mOmllle 
3.5 mom:ne 
4.0 momroe 
4.1 mOllllDe 
4.9 mOlllJle 
5.0 momroe 
5.0 a:om:ne 

3.0 mm 
3.0 
3.0 

c. Such individual peprll al the Central }urchBling Office may order for ring', 
jewelry, eotc. 

4. Term. and conditions of 8slea w1ll be deotermined by direct negotiat1 cn between 
tlla suppliers and the Centr&l Purchaeing Office. 

5. Atter inspec tion, any pesrll not desired by Central Purchaeing Off i ce for s6le 
through authorized Exchrnge .ysteml will be de9i~nated for export through tbB Board of 
Trade (Beek! Cho), MInistry of Commerce and Industry. 

5. The Imperial Japanese Government ie directed to establlen adequate procedures end 
r egulations and penalties to insure strict complihnce with the proVisions of this direc­
tive. Thrpe copi e e eRch of the ori~inal or.d the trnnele t lon of sa id regulations, and ~ro­
ce:!ures and penal tiel will be aubmi tted to General Hepd(]uortere, Sup reme Commander fc r the 
Allied POI·,ers upon promulga tlon. 

FOR THE SUPREME COMMANDER: 

APPENDIX F 

GENERAL HEADQUARTERS 
SUPREME COMMANDKR !'OR 'rBlt A.TJJ.IKD POWERS 

APO 500 

AG ~85.7 ( 21 Sep 48)ESS!FTC 
SCAPIN 1935 

MEMORAN DUM :rnR: JAPANESE GOVERNMENT 

/ e/ R. Y. Hersey 
It I for JOHN B. COOLEY, 

Color. l'l AGD, 
Adjutclnt G€nerpl 

21 September 1948 

~lIBJECT Release and Sale of Penrle, Netu!':'ll and. Cultured and Artie-l e s ConUiinl 
Pearl. 

1. Memorandum for the JflpRnese Governmttn t from Gonl'rCll HE' '' dqunrtprs, Su rl' ~ I' Co:r.Jr..8 n ~ er 
for thn Allied Po,~ers, file AG 386.7 (30 Dec 45)ESS / Y'I'. SCA.t>I!l 14?,S, ;)..') DElcpmber 194 6 , 810 -

ject: RelSCls8 find SIIle of Pearls, Natural And Cultu.red , and Arti e-Ip s Contl' inlnt; Pel rl, • 
he rewith res cinded . 
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2. It 1a directed that the Japane.e Govl'rnment talce i= d.1ate action to prohibit all 
trsnlactionl inTOlving the 8ale or tranlfer of natural or cul red penrle and pearl arti­
cle. except: 

a. Transactlons for export in acceptabl foreign exc~. l'or purpose of thll 
SCAPIN, salel to Central Purchaling Office are clas.1fled al e~orta. 

b. Domestic tren.action. specifical ly authoriz ed in \tTl t1ll& by thi. beadqUJ\r era. 
Reque.t. for authorization ..,111 be submltt.ed in ..,ritin,: to O1tll8ral Headquarter., Supreme 
Commander for the Allied Power. . These requesta are to 1ndicatel 

(1) Owner of pearh 
(2) Sour~ of pearle 
(3) Location of pearl. 
(4 ) De,cription of pearla 
(6 ) Intended pu.reba.er 01 pearle 
(6) Purpole ot traneaction 
(7) Term. of traneaction 

3. All export tranaactionl ..,ill be made 1n accordance vith eatabl labed e ort p r oce­
dure. 1n force at the time of the tranaactlon. 

4. The Japans.e Government 1. directed to e.tabll . h adequate procedurea, re tion a 
and penaltie. to In.ure .trlct compliance vith ths proTt8ion. o~ th1. d.irectlV9. Three 
cople. each of the original and the trnnlllation of eaId rtlgula tion., _ rocedurea and penal­
ties will be submitted to General Headquarterl, Supreoe OollllllUlder for the Al tied PO'trera. 
upon prollllllgetion. 

APPDDIX G 

GENElW. lW.D~'l'ZRS 

11/ A. J. Rehe 
I t I for R. M. LEVY 

Colollel, AGD 
Ad.! u tan t Gt!:l e rs 

&JPJlJJO COM>WfDIR J'OR 'l'lm ALLID POiiXBS 
APe 600 

AG 386.7 (21 Sep 48)xss/7TC 
SCAPIN 1935/1 

KEMClRAHDOM J'OR: JAPANESJ GO~ 

29 October 1948 

StrnJECT Release and Sale of Pearle, Nahral and Cultured an1 Artlcles Contai n1ng 
Pearls 

1. Reference i8 made to Memorandum for the Japaneee Governm9nt from Generel Head­
qUArters, Supreme Commander for the Allied Pover., AG 386.7 (21 Sep 4S)ES8/JTC, SCAPIN 
1935, dated 21 September 1948, subject: Release and Sale of P&~ rls, N~ tural and Cultured 
and Articles Containing Pearll. 

2. Reference memorandum is hereby amended, by deleting subperagrp.~h e of paragreph 2, 
thereof, and by substi tut1n.~ therefor ths following: 
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-a. Tranlactionl for export in acceptable foreign exchal~e. For the purposes of 
th1a SCAPI B. the following lhall be deemed to be tron8l-i.c tions for export in acceptable 
forelgn exchange under thle lub-paragraph: 

(1) The eale by a holder of natural or cultured pearls or articles contain­
ing auch pearll (all of which pearlll and articles are hereinafter 
called "pearle") directly for export or to the Central Purcha8ing 
Office. 

(2) The acqula1tion ot' pearle for export, or for eale to the Cantt'al Pur·­
chaling Office . by an exporter who 

(_) Before any acquisition registers as an exporter of peArls with the 
Board of Trade, and who 

(b) Certl!lel to the Board of Trade within ten (10) daYI after any 
acquilltion of pearls the number and description of the pearle 80 

acquired. 

Salee to regiatered exportere under the foregolng need not be . reported under 8ub­
paragraph 2b. All other tranlactions mult comply with lub-paragraph 2b." 

J'OR THE SUPBMI COMMANDD: 

APPENDIX H 

fel A. J. Rene 
ftf for R. M. LEVY 

Colonel. AGD 
Adjutant Gi!neral 

SUMMAXY 01 PA.TENTS RXLATING TO PEARL AND PEARL OYSTEB CULTURE 

In order that those lnterelted in the history and trendl of pearl culture may know 
80me thing of what the Japanele pearl cu1turi8ta and scientists ho?8 at tempted, the follOW­
i ng lummary of all patents ~ranted in the field of pearl culture ls submitted. The data 
were gAthered fMm the recordl of the Japnnese Patent Office in Tokyo. Arter each patent 
number appearl (a) date of app11catlon. (b) date on which the patent wei granted. (c) name 
of the person receiving the patent, (d) general aubject of the pHten t, and (e) a brlef out­
line of the scope of the patent. 

2.6701 13 Sep 94; 27 Jan 96; K. Miklmoto; method of penrl forll1lJ Uon. A Irpherieal or 
lemllpherical nucleus is made of gleas or shell before it is ground with salt. The nucleuB 
then il inlerted into a pearl oYlter to be coated with nncre. 

5,542: 12 Mar 02; 26 Jun 02; I. Mlkimoto; method of c08tln!~ nacre on nucleul. Att.er 
belng coated with nacre the nucleu8 11 removod from the rear of the semispherlcal pearl. 
and another nucleus is inserted to till the empty p~arl. TbA lnlide of the pearl and the 
new nucl~s can be patnted wltA vRr1o~1 colora to produce al cany pearll of the eame color 
a l JIIIly be required. 

lZ.5901 1 Mar 07: 27 A.pr 07; T. Mile: needle to inlert nucleul. The point of ~ thin 
metallic tube ie cut aelant and lbarpene~, and a nucleul 1s recelved at tho end of the 
tube tOGether vito pieces of epithellum from the mRntle. A l~r1ne n~edle 1nlerted inl ide 
the tube pushee the nucleus through the cunnecttve tlsaue snd leaves it inside the oYlter. 

13.6731 17 Aug 07: 12 Feb OS; K. Miklmoto; methoi of ue~rl formation. The mant e is 
prelled and then released 10 as to form A c0nltricted SIlC inll ,le. A nucleul Imea red vi th 
glycerine la lnlerted in the sac. 
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15,002; 26 Mar 08; 26 Sop 08 ; K. Ml~ i m? to; mounting peerll on sc rewed nucleul. 
Developed fro~ Pntent No 5,542. A female scrcrw i 8 cu t ins1 de t he edge of a lemiwpberlcel 
penrl, and a mc,le acre." 1a fitted to the fil l er . j'or modlf icat i on of the f111er, two lell1-
Ipherical :lUclei wi to a nut and 001 t at each ce nte r ere cut for countlng a l R1\ ornament. 

15,612: 10 Dec 08; 2 Feb 08; K. Mlki'110 t o; me thoi of peerl fOrm:l t i on . Developed from 
Patent No 13,673. A 8trnigr.t or diagonal cut i A made on t ne aac con8tr~cted in t~ mnntle, 
and a glycerinnted nucleus i, inserted. 

16,064: 14 Mar 09; 10 Apr 09; K. Mi~i~to; nucleus wIth ce l lulo id bed . A p l a te of 
celluloid or ahell 1a UI~l for a bed on vnlcn one to four aemiapberlCAl nucl e i a r e f ixed 
bnd then inaerted bet."een the mantle A~d the shell, Thil il to secure them i n tne body 
and tLua produce more pearls per ahell, 

17,568: 13 Sap 09; 27 Jan 10 ; 5, Homole; plating of sliced pe~ rl nacre , A apheri cal 
coated pearl is slic~d ena then poliah9d to give a concentric coronal luster to t he lec­
tion, Varioua colora arp arran~d on the beck for ornnmentation, The elfect is tha t of a 
flet pearl with the luster of a spherical pearl, 

17,984: 6 Oct 09: 28 Apr 10: Y. XinolhitA: fixing nucleul wi th cement, A nucleul i s 
glued to the shell vith cement or resin to prevent its extrulion. 

23 ,645: 5 Feb 12; 20 Mar 13; I. Mik1moto; paint protecting pearl oy s te rs, Pa ra s i t e l 
on the shell are killed with formo.l1n, R1\d toe surface 11 covered ."ith gelatine 101u t10n 
to make it smooth. Th~ shell il co a ted ."ith ~int based on dr/ing Oi l , re sin , l ampblack, 
7.inc oxide, rAd lead, rouge, manganele, bor1c aCid, and volatile oil . 

23 , 687: 4 Jul 10; 31 Mar 13; K, MiKilDOto; injection of lime for nucleul, DeTBlop ed 
from Patent No 17,384, Pulverized Qydr~lized 11me il 1njected in~ the mantle til.ue to 
act al a nucleu.; powder is used to provent e l cape vh~n the 1njector 11 remoTBd. 

24,094: 3 Mar 10; 6 Oct 13; G, Tads; conltriction of nucleul lac by I llver vi reo 
Nucleus aac i a tied o1'f ."i th 111 ver wire, 

24,917: 5 F~b 12; 11 Nov 13; K. MiK1moto; protection of ahell by co nting with cnemi ­
calli, To protect the snell frol!l pareai tic growth, vP-alt f ormalin is fir s t applied, then 
gelatine solution, Later '.' drJ 'll\g Il[€r.t mati,- of r es in , zinc oxide, rO¥6 , lw::pblack, T'olh­
tile oil, 1U\el. dr:, ing 011 ls applied to the shell, 

25,7b7: 25 Dec 13: 8 Apr 14; I . lUkimoto; basket to protect oystere from para81tes. 
Pipcee of pumice or charcoal are placed on the lhel~ s of tne wire rea r i ng baske t s. TbIIy 
lerVf> to keey. adeqUAte spacel between the oys ter l , and in May lond June vhen tbe pand te 
"ze010" abounds in the wa tfr, theae :9illo-,.,o induce the pnm l1 te s t o adhere t o t hem Inatead 
of to the oYRters, . 

26,356: 4 Jan 14; 24 Jul 14; K, ~lkilDOto: basket with ecrew p ropeller4 

cyliLdrical wire basket w~ieh h~s a scrller basket Insi~e and sev~ral shel ves 
baskets on which tte oysters are placed, At the c entE'r of t he i nner ba sket a 
flcre ... V.repeller stirt' un tte watE-r , vhich proll'.o t!' !; the or fl t ers' growth, 

An upright 
betlleen the 
sOOft vi th a 

27,074: ? Feb 13; 28 Dec 14; K, M1kJmo t o: inser t i on of nucleu s by hing~ ope~· tlon. 
::ieparflttl'.g the hinge of the shell, 8 nucleu8 11 inser t ed t hrough II cut in the mantle 1mme­
nia t€ly bel 0',,' the hi~~E', The hinge le again joined 80 as to function normally , 

?,'1,18G: 1 Oct 08: 27 Jan 15: Y. KlnosLitfl; eett1Il€ nucl eus in hole in shell. 
lS Wbde in the shell and a nucl eua i nserted wi t ll 81 tber cemen t or resin. 

29,409: 16 Oct 14: 1 !.:ay 16: K. Mikimoto ; grafting of nucleus i nto IIlP.ntle. 
coa t ed wi th flpitJ ;el1W1! ill p.:raitE:d into e cut of the mantle . A cut is made in the 
e n~ Ln end of tt..c cut i s bent into t he opening on which the nucleul is to be put. 
otl~r end of the cut ti ssue covers the nucl~s and bahll the cut. 
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29,628: 24 Oct 07: 20 Jun 16; S. Nishikawa : insertion of epitheli~ in shell tissue. 
Epithelium removed from the mantle is inserted in R tissue of the body of that oyster or 
of anotner. 

29,529: 24 Oct 07: 20 Jun 16; S. Nilhl ~mwa: insertion of pearl SRC in shell tissue, 
A natural pearl sac is yrepared and inserted into 6 tiEsue of the shell'n body under one 
of thE'le conditions: (1) a peArl 8a c ~11th a nucleu8, (2) a pearl sac without a nucleu8, 
l3) a pearl in 8 sac, and (4) a pearl in e sec with the adjacent tissue. 

29,&10: 13 May 07; 20 Jun 16: S. Nishikawa: insertion of epithelium with nucleus 
into a thsue. Inserted into a tiosue of the body i .A one of these I!IlIteriflls: (1) mantle 
epitheliuc ~~th a nucleus, (2) a nucleus rubbed on mantl~ epidermis to wnich epithelium 
ha8 adhered. 

30,011: 3 May 16; 11 Sep 16; T. Mise: Bir pump to inrert nucleus. A BUcker-11ke 
shallow bowl is attached at one end of e tube to receive a nucleus. A rubter ball ut the 
other end serves a8 an air pump to leave the nucleus in the body of tne oyster. 

30,771: 24 Oct 07; 15 :reb 1'1; S. lliahik.aw8: insertion of pearl se.c cell into tiseue 
of the oyster. A tissue of the snell is inserted into the epithelium of the mantle epi­
dermis with the adj acez:.t tissue. vitn or without a nucleus. 

31.151: No dAtE;. available : 1 Jul 20: Nioon Per.'rl Co, Ltd; lining of cut base of 
pearl. A hole is made in the cut baee of a pearl removed from the surface of a shell and 
tilled witn a gluey substanee. A stopper with a T-shaped head is set in the hole. 

31.270: 2 May 14: 5 Jul 17: T. Miee, M. Ueda, K. Suzuki; vacuum tube to insert nu­
cleus. A vacuua tube with a BUcker pushes a nucleus through a cut in the body tissue. 
When the nucleus is in the proper position, eir i8 let into the tube to leave the nucleus 
in place. The diameter of the sucker is lese than that of the nucleue. 

33,640: 13 May 18; 15 Jan 19; X. Mik1mo to: greftir,g of coa ted nucleus under epi­
dermis. The opening of the epithelial sac contoining a nucleus is tied with a thread and 
then grafted under the epidermis of the outer s~ell. A contracting Rgent is appli~d to 
the muscle BO as to remove the thread. Tee 110und should be disinfected. 

34,138: 20 Jan 19; 14 Apr 19: X. M1kimoto: grafting of coated nucleus under ep1der­
mis. Developed from Patent No 33,640. The process is similar to the above except thBt 
the thrflad is removed before the nucleus is placed under the epiderm1a. This operetion 
is simpler than the preceding opere.tion. 

36.172: 10 Mar 20; 15 Apr 20; X. Mikimo~: spat collocting box. A rectangular box 
with wire ends. made of wood or anticorrosive metal, containing t~ compartments and hav­
ing lateral winge at one end. The front compartment is furnished with shelves; the second 
room has partitions prOJecting from the floor and ceilin~ and inclining inward. The par­
titions nre painted with cement mortar. In the spawning season larvae are carri ed by the 
CY.rrent from the oysters on tile shelves in the fro nt room, and they settle on the coated 
partitions, where they grow ln .sfety. A hinged door expedites ~ndllng of shells and 
spat: the wings give stability to the box against the current when hung in the sea. 

30,700: 28 May 20; 1 Jul 20; X. M1kimoto: basket for rep-ring pearl oysters. A flat 
wire basket in which pearl oysters are confined. It~. two supports at onA end to enable 
adjustment to the grl\dient "'hen the be.sleet is 1nstalled on the bottom ot the see. 

37,'146: 14 Jun 17: a4 Dec 20: T. Mille. M. Ueda; capillary vassels to etimulate nacr e 
.ecretion. A capillary ve.sel is in8erted through the hinge sectlon of t!~ mantle toward 
tne mantle epidermi8. A nucleus is inserted on the jOint cl08~ to the vessel and etimu-
18 tes secretion ot· nacre on the nucleu •• 
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38,635: S Feb 20; 14 May 21; S. Nishikawa; in.ertion of epithelium after nucleus i. 
encloled. A nucleus is pla ced in a C6Tity of the connective or flesh tisRUe. Atter heal­
ing, the epithelium is inlerted through another hole in order tc reach the nucleus and 
t'orm U:e pear l sac: , 

38,801: 1 Apr 21; 1 Jun 21; K. Mikimoto ; double rearing basketl, hinged. 
from Patent No 36,700. Tvo fh, .... irE basket . are hinged together at the top. 
each corner permits adJustment to bottom gradient. 

Developed 
J. leg at 

40,584: 12 Sep 21; 9 Nov 21; I. Mik1moto; nucleus coate.d With fish sCF~ee. Nuclear 
materlAl 1a cOfited with liquid celluloid lIIixed .... l th sealee of the hairtall flsh and 
smearet vito reein dissolved in bornx. The product CnD now be uled as a nucleuB. 

42,010: 1 Jul 20; 17 Mar 22; K. Mikimoto; injection of chloride 01" lime for nacre 
lecre tion. After insertlng 8 nucleus. an injection is made to promote nacre secretion 
u l lng (1) chlOride of lime or ( 2) chloride of lillie m1xed .... ith magnesium chloride. 

42 . 326: 9 Sep 21; 18 Apr 22 ; K. I keda; painting of fi sh silver in empty pearl. An 
empty sF.m1Bpherical pearl 111 bleached, and tee i .ndde 1. painted wi th nitrocellulose mixed 
'11th fi ll h silver. The 1nside of the pearl is then lined ."ith another nucleus. 

42,\108: 8 Sep ?l; 22 Jun 22; X. Ikeda; empty pf:'arl painted with cellulose ester. 
The nucleul! is remo ved f rom n semispherical peflrl, and the Inside of the pearl is painted. 
with a lolution of mtrccellulos€: or other ester before bf:'11lg refilled. 

43, 352: 27 No v 21; 28 Aug 22; K. OtaUki; sllver wire tc stimulate peArl Bac forma­
~ion. A nucleus is plflced In the f1eeh tissue near the f oot, and a wire is in ~erted to 
reach to the nucleus. This wire is of silver or other metal or is nonmetallic mater1B1 
conta1ning CAlCium; It is removed when the pearl sac 18 tOTllled. 

44.875: No deta avail l1 ble; 23 May 23; H. OgaY8, Mlteub1ehi Co. Ltd; grafting of cut 
at'ter Inlf:'rtion. The flesh 01" the oYlter is cp.uled to Ihrln.l( by a shock. A plece ot" the 
nun 18 removed find grafted into the cut thrO\l&h whlch a nucleus hen been inserted to 
hoh\ the nucleus in place. 

45,4211 4 Jan 21; 23 May 23; X. Mikimoto; .carlet solution for dipping. Epithelium 
Irom the mantle 1s dipped In Aminoazotoluen~azo-bete-naphtho1 solution before g~tlng 
and i I .... ashed in Ringer lolu tie,n 8S it 1ft grafted. 

60,069: 28 Apr 22; 22 Jan 24; t. OtsUki; pearl ueed f or secretive ar,ent. A nucleus 
1. inlerted ne r r a pearl. tLe pearl ill removsd, and the sac is used lor tne ne." nucle~s. 
rbil procels can be repeated. 

~1.312: l~ Jan 23; 1 Apr 24; X. Miklmoto; oYlter spat collec.tor. A s helter tormed 
by plates lurr~dl~ a wlre basket. except at the top. A tolding bed of ce~ent is 1n­
ltalled inlide the basket. Larvae .inklng to the bottom ttrough the top of the bas~et 
Itick to the bed. 

SlI,002: 0 Oct 22; 14 May 24; t~. J'uJi tao protection oi orlter ageinst pprn"l te.. The 
IrUrfece 01 the IIhell il cleE.ned and coated with a tllin sheet 0 1 S Al!. Y8ter-prool metel held 
in place by .... E.terproof glue Nch al rubber cement. 

61 ,570: Ho data aTailable; 27 Oct 24; M. FUjita; protect1on 0 1 oyster by rubber 
I t.eet, Thll procesf 1a limiler to that descr1bed for Patent No 60 ,602 excep t t hat a thin 
lneet of rubbe r l ~ used 1netead of metal. 

65 , 074: 13 JKn 23; 28 Bov 26; B. Ioni.hi; grafting nucleus bet~een two mr~tles. Two 
p. rl orlterl 01 tne lame epeclel are prepared f or operet ' on and the ir mantles expoled by 
reeoT1ng s piece 0 tne I hel l. The ntle l hod II hell ll are then srafted together with a 
nucleu be ween. 
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65,916: 5 Oct 22; 25 Sep 25; M. luJitn; electric atimulation for pearl formation. 
Electric current is discharged on pearl oyaterl to sti~ula te the mantle to increase nacre 
production. 

66,977: 11 Oct 22; 21 Dec 25; M. luJita; electric Itiuulation for pearl formation. 
Oper9ted oYltera are lined up in a wire basket, the anterior mantle is touched or pene­
trated with B poaitive electrode, and the posterior mantle with a negative electrode . 
While t~s basket ia hung in water, numerous oY8ters are given an electric shock to stimu­
la te growth. 

71,266: 30 Aug 23; 3 Mar 27; H. Ogawa and Mihub1ehi Co ; i nsertion of slicod ep1-
thelium. Developed from Patent No 29,628. A cut is made in the body of the oys te r ; the 
epithelium adjacent to it ia sliced and one end remains attached. The free end 18 folded 
into the cut, with or without a nucleus. 

77,325: 9 Apr 27; 6 Jul 28: I. Ot.uti; insertion of nucleus between foot and l iver. 
A cut 11 made in the epidertlis between the foot and 11 ver. and a nucleus is placed in t he 
cut cloae to the retractor muscle. A part of the retrac t or louscle is separated fro:n the 
shell to reatrict contraction • . 

84.804, 29 Aug 28 : 9 Jan 30; X. Otsuk1, removal of byllus for putting in larger 
nuclei. The bysau8 is r emoved, and the tunic covering a hollow between tbe posterior re­
tractor and intestine is cut to receive the nucleu8. A l arge nucleus can be 1nserted be­
cause of the removal of the bys8US. 

86,667: 19 Nov 28: 14 May 30; X. Otauk1; weakening function of anterior retractor. 
A part of the anterior retractor ~cle and adjacent tiaaue is scraped to ~e a hole 
throU€h which a nucleus il iuerted. The nucleua 18 fixed to a layer connecting the ante­
rior and poaterior muaclel 10 aa to weakan the ela8tic fWlction of the retractora. 

89,t32: 27 Apr 29; 14 Nov 30; S. Nistikawa; insertion of nucl eus in ventral ares. 
A cut is made in the tunic of the posterior retractor DU8cle , and a nucleus is inserted 
through the cut into the ventral portion. The wound heals quickl y because of the elastic 
?ropertiea of the retractor. 

92,400: 4 Jan 30 ; 11 AU€ 31; X. Mikimoto; basket for pearl oyster breeding. A pearl 
oyster basket designed to admit water. No l i ght is admitted, however, because the baSKet 
11 hWlg in deep vater. The purpose i. to obtain a transparent mantle with which to Coc.t a 
nucleul. 

92,401; 4 Jan 30; 11 Aug 31; X. Mild.moto: amooth coating of nucleus with I:l2ntle 
ti8lue. Developed from Patent No 34,138. Arter the apawning season, a nucleus is enclosed 
within the mantle epidermis obtained by the method de lcribed in Patent No 34,138. The r~­
_ining part of the coat and the knotted thread 1s removed to make the mouth BUooth. The 
encloaed nucleus is .pressed to a l~er of the tunic through a cut made in the tunic. 

99,134: 14 May 31: 21 Jan 33; B. Ota and another; artificial Ovulf,tion for nucleus 
insertion. Developed from Patent No 29,630. The ovar,y is forced to disc~rge so as to 
permit the gonad t o reduce in Size; this promotel the health of the oyster. Then a nucleul 
11 inaerted. 

100,330, 3 Oc t 32: 28 Dec 33: K. Mikimoto; insertion of nucleus into vi8ceral area. 
Developed from Patent Nos 29,630 and 30,771. After ins@rting a nucleus into the vi8ceral 
area the wound i8 sutured: thia permits the use of a larger nuclsul. 

106,8251 6 Oct 33; 6 Jul 34: S. Ida; ineertlon of nucleus in gonad. The foot of the 
Ihell is removed to make an opening through -.hich a nucleus 11 grafted to the tunic of the 
gonad. 
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112,516: 12 Nov 34: 20 Sep 3ti: K. Mikimoto: etching treatment of nucleus. Developed 
from Patent No 29,630. Surface 01 nucleus is etched with a veak aeid or smeared with ni­
trocellulose solution mixed with cochineal pigment (lake). The epithelium of the mantle 
is ~~bbed 1n sea ~ter to obtain a liquid conta ining epithelial cells. Tl~ nucleus is 
covered with the liquid and inserted in the oyster. 

115,642: 23 Oct 34: 8 May 36; K. Mikimoto: nonnucleated pearl formation. One of the 
folloying ia pulverized: shell, carbon.'lte of lime, fnller's earth, or ~drous silicic 
acid. With this is mixed epithelium from the mantle of a pearl oyster to form a thin mud 
in sea water. This mixture is placed in the body of the mother oyster, and pearls vithout 
nuclei are formed. 

115,643: 13 Oct 34; 8 May 36; K. Mi kimoto; ulcravl01et rays for pearl formation. 
After a nucleus bas been inserted, the oyster is exposed to ultraviolet rays to heal the 
wound quickly. 

116,677: 24 Oct 34; 8 May 35: X. Mikimoto; raflector£ for iridescent pearl formation. 
Colored plates, oolored wire netting, or tranaparent colored plate; are placed at the top 
and bottom of a basket containing operated 0Ylters. The object is to produce a rich iri­
deacence in the pearls. 

119,547: 22 Feb 36: 12 Mar 37; K. Mikimoto , injection 01 calcium chlOride and Vita­
min D. Developed from Patent No 42,010. Pieces of epithelium taken from an oyster are 
inserted as a nucleus in place of inorganic material. The OJster il then injected with 
calcium chloride and Vitamin D solution. 

146,609: 7 Mar 40: 13 Nov 41: U. Shiozaki end one ot her: breeding of pearl oyster 
for medical use. Powdered nacre is spread in the b~dy of a mother oyster. Many particlES 
of pearl .uitab1e for m~diclne are produced. 

173,102: 23 Dec 34: 9 Jul 46: E. Bamaguchi, K. Isows: formation of lustrous pearle. 
The lustrous pearl tunic is separated from the ahell or broken, together with ths shell, 
by drilling. The shell is returned to the v.ater to grow many new lustr ous pearls • 

. Patent Applications Not Yet Gr~nted 

App No 5,~12: Filed 13 Aug 37: published 20 Dec 38: S. Mizumoto: marble nucleus. 
l~rb1e from G~fu Prefecture and Sll1koku i8 proceeaed mechanically into spherical nuclei. 

App No 1,631: Filed 20 Jan 47: published 23 Oct 47: M. Atomiya; breeding pep.rl oy­
ster seed. Fertilized ova and sperc are produced. a rtifiCially in a bo'W1 conta ining dilute 
ammonia and sa .. .... ater. Aft~r a fe .... minute s they are returned to n0nD81 sea wnter, to g rey 
into veligers. They a re then released 1n a pond whi ch is ehel te r ed wi th a screen to ad­
Just light and prevent growth of mosqui to IfLrvae. Carbohydrate ia added to the sea vater 
in tce pond to supply food for the larvae. 

88 



TABLE 1.- DIST R I BUTION OF PEAR L CULTURE FARMS. 1948 

Le. ".d ,.,. ... 
Prefecture Location F.",. Raf ta (.cr • • ) 

Shhuok. Sh1Johu 1 8 
ShlJooda 1 2 

Subtotal n9.7 

1110 lagel ura -w.n 2 57 
Matoya- an 13 3L4 
A~_n 90 2 . 375 
Ookuho-_n 11 86 
Nlf1t-wan 5 137 
YOIIhllu-_n 4 0.1 
Hos . ura-wan 2 20 -
Sh1mas u-wan 1 o ! I 
Nloh1lciura-wan 2 10 
H1lc1Jnot.o-_ n 3 40 

Subto tal 5.979 .9 

•• kay .... Tanabe 4 66 2H . 5 

~ochi To, a-wan 4 117 
Shllllhu 1 50 
Sukumo 1 0 

Subtotal 1 ,925.9 

Eh 1JM Hlra j o-an 1 15 179.7 

lIiyazaki Ura j 1r i - ... n 1 10 114 .1. 

Nag,uk1 Omura- . n 9 322 
TsU!h1.Jna 2 80 

Subtotal 1, 523.1 

KUDIJDot o Amak uoa 1 6 4 . 1 

Shi ga Bt_ - ko 1 o !! I 41.3 

TOTAL 160 3,741! 10, 539.6 

! / Wtnter r&~ only I raft, not. used. 
E./ Fres h.n. tfltr pea rl t ann ; raft.! not u3ed . 
SOUHCEI irureau of Fish er1/t" from reports _ de b y i ndi vidual cul t uriat.s &s of 

1 Sept ember 19/;8. 

TA BLE 2. - JAPANt::SE PEARL CULTURE FARM S. 
1926 -48 

NUllber 
Year o! r a nrd 

1926 114 
1927 126 
1925 121 
1929 n O 
1930 n3 

1931 l4l 
1932 135 
1933 177 
1934 222 
1935 257 

1936 2~5 
1937 302 
1935 ,06 
1939 365 
19/;0 356 

191;1 NO 
19/;2 NO 
19/;3 NO 
19/;4 NO 
19/;5 NO 

19/;6 NO 
19/;7 NO 
19/;8 160 

al 'rc. Bureau ot f isheriu TftCOn18 
110, No d.t.. available 

Leaa od 4r.o 
(.c .... ) 

It . 7"l..~ 
17."l.1.1 
21.1:53 . 2 
li:,.ItOIIt . ~ 
16.4-n . 2 

16. <0' . 6 
16.~~ . 0 
16.1'fi .~ 
13 . ~7 1. 7 
1 • """ .L 

1< . 921.0 
12 . ~7L . 0 
13 . '~1 . C 
13.91' .7 
13,022.1: 

9 . c:i,O.4 
~. 7 • • 0 
3. 1:20.3 
2.71.6.1 
" l2L.!-

2 . ~93·2 
NO 

10. 539 .6 .1 

SOORCE , Stath tical Ileport of the Ministry of 4i"1-
eul l ure and rore, try 

TAB LE 3. - NUCLEUS SIZE , DEPOSIYI ON OF NACRE. AND GROWTH PE RIOD RATIO IN PINCTADA MARTENS II 

Nucleus 

~l1 .... t.e r Oiameter ·t ight 
(bu) ( .... ) 17"' ) 

0 . 55 1.65 0 .005 
0 .60 1. ~0 0 .007 
0 .65 1.95 0 .011 

0 . 70 2 . 10 0 .015 
0 .75 2. 25 0.019 
o . ~o 2 .1.0 0 .023 
0 .85 2 . 55 0 .026 
0.90 2.70 0 .033 
0.95 2 . 90 0.037 

1.00 3.05 O.a.l 
1.05 } . 20 0 .a.9 
1.10 ' . 35 0 . 056 
1.15 ,.50 0 .063 
1.20 3.55 0 . 071 
1.25 3 . ~0 0.079 

1.30 3 ·95 0 . 090 
1. 35 4.10 0 . 101 
1.40 1. . 25 0 . 116 
1. 'iO 4.55 n . 143 
1.60 4.90 0.169 
1.70 5 .20 0 .206 
1. ~O 5.50 0. 2M 

1.90 5 .~0 0 . 2119 
2 . 00 6.10 0 . 341 
2. 10 6 .40 0.1.0'; 
2 . 20 6 .70 n .la~ 
2 . 0 7 ,r'O 0 . 506 
2 .40 7.30 O .~ 

2. t)0 7 .60 0 .666 
2 .~ 7.90 0. 743 
2 .70 e .2<' O.S21 
2 .~0 ~,r,tl 0 . 0 19 
2.90 e. ~o 1.n12 

.00 < .10 1.1lJ, 
, . 10 9 .40 1.241 ,.Xl 9.70 1. ~ ,(, 

Hlla No da • Ayai la h1. 
SC'lJRCS. M1I< i.-oto Pear l r .... 

Pear l 

1I'eight Diameter . e i ght 
( grain ) ( ... ) ( I"'am ) 

0 .086 2 .2 0.013 
0 . 115 2 . 3 0 . 019 
0 .1 71. 2 . 5 0 . 023 

0 . 231 2 . 7 0 .026 
0 . 2i!9 2 .9 0 .034 
0 . 347 3 .0 O. tX.l 
0.405 } . 2 o.<M 
0.521 3.3 0 .056 
0 .579 3. 5 0 .c6L 

0 .637 3.7 0 . 071 
0 ·752 3 . 5 O . OI!~ 

0.'lU 4 . 0 O.~ 
0 .9!!4 4 .2 0 . 110 
1 . 100 1. . 3 0 .120 
1.215 1. . 5 0 . 140 

1.}S9 4.7 0 . 150 
1 . 562 L.S 0 .170 
1. 79/; 5 . 0 0 .190 
2 .199 5 · 3 0 . 230 
2.6rt. 5.6 o.no 
} .1e} 6 . 0 0 . }20 
} . 519 6 . 3 O. ,'!O 
4 .4>;6 6 .6 0.1.50 
~ .266 6 .9 0 . 540 
6 .2'iO 7 . } 0 .630 
7.(';1;> 7.6 C.71a0 
7 . ~12 7.'1 n . ~70 

9 . ()!!(. <.} 1.020 

10. 1<5 S.5 1.130 
llJ.5S g.9 1. }30 
12.674 9 .2 1. 500 
14 . 17~ Q. 5 1.6-0 
1~ . E-2~ 9 .- 1.060 
17 .1~7 10 .2 2.090 
19 .1~~ 10 . 5 2.'30 
2O . 77~ 10 . f 2 . ~0 

Ratio of Op..,.atod OporaW 
I nc re.ue in Thickne3 3 of Nacre Layer Oec-Jc.l 41)j7-~~c 

lI.ight Diameter Il~cre to Radius (age 1n (a, .. 1:1 

(l:!'a1n) ( ... ) (""") of Nucleus Y"oln) :r .. n) 

0 . 20 0 . 515 0.257 0 · 3}0 1/2 ND 
0 .29 0 . 515 0.~7 0.2~5 1/2 ~ 

0.36 0 . 515 0.257 0.261. 1/2 IW 

0 . 40 0 . 545 0.n2 0.259 1 1 1/2 
0.5~ 0.575 0 . 2~7 0 . 255 I 1 1/2 
0.6} 0 . 575 0 . 2~7 0 .239 I 1 1/2 I 0 .76 0 .606 0.303 o.23S 1 1 1/2 
0.~7 0 .606 0.30, O.2a. 1 1 1/2 
0 .99 0 .606 0 · 30} 0.209 I 1 1/? 

1.10 0 .636 0.31·! 0.2'"9 2 ? 
1.30 0 .636 0 . 31S C.l99 2 2 
1.50 0 .667 0 . B3 0.199 2 2 
1.60 0. ':1>7 O.}" 0 . 190 " z 
1.~O 0 .697 0.34/! 0 . 191 z ? I 

2. 10 0 .697 0 .34/! O.B} ~ 2 

2 · 30 0 .727 0 . 363 0.1~3 h'!l " 1/2 
2 .60 0 .727 0.36} 0 . 177 hll ? 1/7 I 2·90 0 .727 0.363 0.170 hi, 2 I/~ 
~ . ~ 0 . 7~ 0 . H9 0.1.67 Z 1, 
1 • • 20 0.7$11 o. ~9!. 0.1.,1 N:l 21/2 
~ . m O.~lS 1' .1.09 0 .163 " ? I/< 
<.90 O.'SlS 0.409 0.162 ND 2 1/" 

7.00 O.S!.' nJ.24 O.lJi> :. · I 

~ ,0 0 . '79 0.4}9 0.l44 ", · I 
9.70 n .909 0 .451. 0.ll.2 · 11.30 o. r) .r,r·t r.l ( · I 

13.60 0 .Q39 n . !.69 ".1'" I · 15.1\0 (\870 O .U~ O. !" 

I 1- J,O 0 .970 0 .~5 0.12~ , 1/2 
2O .~ 1. ('(X) o.<;()() 0.127 • • t; 
2} . 10 1.0j0 0.;).5 CI . l2i- • 1/1 
25.')C 1.r(,1 0 .530 n . t2~ m I · /? 
2(.70 1. 1 0.~30 0.120 • .I'L 
'2.20 1.091 o.~_': 0.120 ~ · ./1 
~c .<>0 1 .?:Il ".~..,c. O.II~ · --·Q.Nl 1.121 0.<60 C.ll~ , 

• l/" 



TABLE 4 .- DIAMETER AND WEIGHT 
OF SPHERICAL PEARLS CULTURED IN 

PINCTADA MAXIMA AT PALAU 

l>l kJ1 et~r • • Ight 

(~lll 1mct.rs ) (gr .... ) ( gralll. ) 

~. 7 0 .075 1.5 
~.9 0 . 0<)1,. 1.9 
t. . ? O.lH 2.~ 
4.~ 0 .1a. 2 . ' 
4.~ 0 . 161 ~.2 

5·2 0 .;>00 4 . 0 
5 .<; o . ?t-~ 5 . ~ 
5·~ o.~co 6 . ~ 
~ . 1 o .~~a 6.-
6 .L 0 .41~ A . ~ 

6 . 7 n ./,ba 9.4 
" . 0 0 .46a 9 .~ 

7 . ~ 0 .5IJ> l r .9 
7 . 6 1) .600 1? .0 
7.9 ' .(}' 1~ . ~ 

S.2 0 .7'00 15.0 
~.5 n .8W. 16.9 
a.- 0.99/. 19.9 
9.1 1.U,2 22.9 
9.1. 1.?0;6 25.1 

9.7 1.~50 27 .n 
10 . 0 1 J..S3 29 .3 
1 0 .~ 1.575 31.5 
10.~ 1. 763 35 .3 
10.9 1.969 39.4 

ur 2.10;6 43.1 
11.5 2 .~al 47 . ~ 
11.~ 2.~25 52 . 'i 
12 .1 2 .925 58.5 

SOU~CEl Kokwli al ilearl ra.rs, Sh1luoka Pretec t \D"1 

TABLE !!I .-RED TIDE OCCURRENCES IN MIE PREFECTURE , 
1899 - 1948 !!I 

! •• r Month Loe .. lon 

1~99 Aug To -~ o 

1900 Sop A °o-__ an 
Nay 1, .-.,.n 

19(1. :Joe Gokuho-W8n 

1905 W.r Ooku~_n 

1~1l ~/ Jan-War Hok .. 'ho-....... ., 
Jun Asoura-... n 

1912 Aug 13..-.. " 
Sop IluaJIs .. Yort 

191 ~ e Oak h~"" 

191( 'ob Ooka.ho-wan 

1917 Au ~,p \r.o-~ 
Sop .uoura-4n 

1921 Sop Ae~'I&I1 

1922 ! / Jao Cokalho-n.n 
W.r Ooka ho-... &I\ 

Sop-{)< t Aso-.. n 

1927 Au.,..s op 1,0-"'n 

19Z9 A~-Sop 410-nn 

19~0 Oc t u>t- oan 

19)1. Jan Gdc ... ho- -.n 
f.b Ooku hl>--.n 
ltoy uft-_ n 

1~ Aue-Oct 4~_n 

a/, Wo"t ,evor' Mt1 deadly red tidlll OCCUlTenc .. 
1:0 , No data avallablfl 

Or~a.nu. 

~ 

~ 
~, Cda!...lJIg 

~.~ 
fTorocrntwa 

i!2m:!Jil!J 

~ 
NO 

lID 
~, Che~S:~2I:. , 

Oonxau u, C.raU_ 

!!mnJllu , 

~ 
~ 

~ 

~ 
~ 
~ f1!d~1D1W1 

~, Cb!'~2Ii"'[ll 

~ 

0 

~ 
~ 
~ 

~bllS:2~!l!["" '!:t!:m!!1la 

SQlICF.1 1e Prefectural 'bher113 b.ppru.nt SUtion , lCj(,S 

TABLE 6 . - NUMBER OF PLANKTON ORGAN IS MS PER CUB IC CENTI METER OF WATER AT AGO-WAN, 
1948 !!I 

~.tor Depth ( .... , • ..,. ) 

::it.tion .!ia 0 0.5 1.0 1.5 2. 0 2. 5 ~ .0 ~ . ~ 4 .0 4 .5 

1 ,121"' 5, 600 1,~ 2, 200 1, 240 1,600 61,0 1,40 400 

2 160 200 760 960 1180 l,~RO 960 0;60 aoo 6RO 

3 200 120 600 600 !!OO 400 560 2M ~2O 1.40 

4 2RO 160 ~2O ~ 1.40 4an 200 320 600 ~20 

5 1,720 1,280 1,760 l,!!l.O 2,~0 1,920 1,160 760 61,0 600 

6 21,0 21,0 1,520 1,360 1,160 920 81.0 fJlO 1,280 1.40 

7 1.40 61,0 520 720 400 960 720 1.40 61,0 680 

8 80 gO 1,120 920 81.0 1,520 1, 1,00 720 760 

9 560 w.o 920 1,280 920 ~ 61,0 81.0 720 L'IO 

10 21,0 720 2,400 2, 560 1,520 ~2O 720 61,0 600 1,2110 

II 120 240 9,000 7,400 1,200 2,760 1 ,160 1,4M 1,040 aao 

a/ Eleven !tations near Sekoura laboratory, te!te<i 28 Sept_ber 1948 
b/ Depth at which 12-lneh Soeehi du~ bee .... lnvu1bl. 
~OORCEI Or S. Kobayashi, Atom1ya Pearl Cul ture F&n:l, Age>_n 

90 

~ .O 

400 

400 

40 

1.40 

400 

2!0 

~ 

~ 

2,120 

1'ranopo,...,,,, b/ T1ae or 
5 . 5 6 .0 6 . 5 7 .0 7 . ~ ~ . (' -.5 9 .0 So.cpllng (_to,... ) -

"912 1.00 

600 61,0 l,~O l,2!IO 0925 2 .1,0 

~O 2 .75 

40 40 1011 ~ . 15 

720 4no ~ 720 21\0 }2<' 1.40 21.0 1030 1.95 

21,0 320 200 1056 2 .00 

1.40 ao 720 ll1a Lao 

1132 2 .00 

400 ~2O 1.40 1150 2 .20 

1215 1.50 

1,050 1,000 l,a.o 1, 040 1230 1.20 
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TABLE 7. - PRODUCTION OF CULTURED PEARLS AND PEARL OYSTERS, BY PREFECTURE, 1926-46 

W18 PrefeetuAt Shl a Prefecture 
110 of "0 or 

IToar 
Area Wot"p.r No or A ...... Yother No of 

(.c ..... ) Shells Pearu (. c ..... ) Shells Pearls 

11926 6,255.0 l,1l8,600 70,760 ND ND ND 
, 1927 6,4?6.4 2 , 219,~ 48·.~85 NO ND NO 
, 192t! 10,683.0 1.505.150 71. 9~0 NIl ND ND 

1929 3.SL9.4 2,7OO,O~2 213, 220 ND ND ND 
19~0 8.727.6 l.,~,O10 ~17,188 NO ND :10 

19~1 3, 609 .9 9 . ~56 ,275 565,175 NO NO ND 
19~2 5.467 .9 2~, 060,201 2 , 51~ ,~9 ND NO NO 
19~~ " , 510 .9 1~ ,02~, 5~2 1,255, ~84 ND NO ND 
19~4 l . 902 ·9 49, 477 ,7~ ~ , ~~2,4~~ 1m ND NI; 

19~5 7.909.6 ~5 . 920, ~ 5O 5, SLo. 055 1m tID ND 

19~ ~ . 050 .2 ~5,174,OO9 I., 7~l, ll~ 1 . 2 40, 000 2.720 
19~7 7. 76~.0 28 , 1.z~,1l.0 6,90~ , 'l64 16.~ ~9 , 749 2.75'l 
19~8 ~,OlO.S 2~ ,S74 ,9~0 7,<J6g.674 16.~ ~,528 ~ ,550 
19W 3,110. 5 51., 329, 120 6J900,~O ~O.I. 49.345 ~ ,2oo 

1~0 7 . 96~ . 5 2O,6~ ,lOO 6, ~8" 500 ~o . I, ~,'1.0 ',000 
(;>oond> a/) (poundo all 

1~1 2,1\67. 1 1 12 , ~g5.i!!~ ~ , 929 ,416 2O.~ 41,474- ND 
1~ 1,~.6 ~1, 426 4,627 , 400 2O.~ 5.7~9 NU 
1~~ 1,164. 7 l, 26o , 51 ~ 2,5(l2,620 20.8 5,9SL ND 
19L4 608.4 996,452 1,615,364 2O.~ 2 . 6~0 lID 
1~5 155.6 1- , 070 6~2 ,600 49.0 91.797 400 
19L6 46~ . ~ 12~ , SL6 ~70,ooo 1l. .7 66,160 ND 

ror/U. 59 , 73~,610 15,620 

Na~a.sakl f retecture KUIIlamoto Pre fp.c t \r e 
No ot No ot 

Aroa Llotber I~o ot Area "other No ot 
Yoar (ac r e, ) S helh Pearls ( . cres) Sholls Pearl~ 

1926 2. 019 .9 l ,~55 , 9OO 102 , 000 NO lID I/O 
1m 2,112.4 ~,600 151, 589 lID NO ND 
1928 2,13'> .9 ~,2OC 64.000 ND NO NU 
1929 2,1" .4 1,108, 500 152,118 ND NO NO 
19~0 2.1~ . ~ 1,402,700 22~ , 422 tID NO lID 

19~1 2,~71) .~ 402, 000 223,180 lID ND ND 
19~2 2,~31 .~ 556,200 891,200 12·7 12, (0) 1, 500 
1933 2,~91 . 5 6o~ , ~(Y) 1.00~,5OO 12,7 12.000 1,500 
19~ ND 222,2<4 9l 7,aoo 12.~ 1;J,('()() 1, 200 
19~5 SI!2 .6 227 ,L40 l,m,96~ 12.1. 34,100 12, ~oo 

19~ 667 . 5 ~19,429 1, 7~~ ,92? 12.1. 3~ ,OOO 12,000 
19H 742.5 472.~56 ~,~9,631 19J, 25.276 22.176 
19~ 1,118.1 4:'4,737 2, 7~5,118 19.6 ~~,332 25,620 
1939 1,506.0 429,~56 2.490,2~1 19.8 L4.600 ~,b~o 
l~O 1,376.} ~.927 2, a.4,~18 21 .5 47.~00 22.000 

(pounds .Il (pound. a/) 
1~ 1.662.~ ~8,~ 1.~,n3 9.~ 27,291 NO 
1~ 1.0~1.9 1,553,010 1.01~,256 16.~ 16,540 lID 
1~~ 1.1~1.0 2.068 1,566,740 22.2 ~,5~ 4,000 
19L4 g19.~ 2.068 125,000 NO NO NO 
1~5 NO ND ND ND NO ND 
191.6 lob 17,~7 2.000 NO NO NO 

rorAL 22.622.226 1~,926 

at 19L1~ stAt.istics in pouah, not lnrlivid\81 sheils . 
1m, No data available 

lI'akayama PrefAc ture Ehi.&ne Prefecture 
No or ' No or 

~ Wother No o f ""0. Wo t her No or 
(ac ..... ) Shol13 Pearla (acres) SholLo Pearls 

956 .1 1, 000 475,400 667 .2 12, 800 ND 

1.317 .9 16,500 ~70 , 565 667 . 2 161,050 9,000 
56~. 5 ND 161 , ~OO (.67 . 5 11 . 550 15,000 

1. 018 .8 115,000 117.100 667.5 l ~ , ooo ~o,ooo 

1. 018.8 115,000 1l. ~ , 200 667 . 5 1~ , 550 50,000 

l , Ol1. ~ 10 , 000 11,7. 000 669 . 8 ~2 . 9OO 68 . 000 
l , Oll. ~ ~ .4OO 1~7 .000 669.g ~2 . 4c.o 42 .000 

330.6 l ~O , OOO 50. 000 662.6 5.500 102,000 
971.0 27~ , OOO 105,000 (.60.~ 4eo 56,000 

1. 283.3 ~1l.,200 65 , 000 660.~ 400 ~oo . ooo 

692.5 252.000 ~~,ooo 655.9 400 290, 000 
5ln . 3 487 . St.O 19. 000 (..1')2 . 5 6 ,000 221 .666 
633.7 240 , 530 15,100 652 . 5 5.000 ~0.1)OQ 

96/. . 2 ~57 .000 125 ,750 656 .6 5, 000 25S ,f)(X) 
96l..~ ~7 . ?70 }1, soo 656 .2 NO 245.1.50 

( pounrt. !i) (pounrts a/) 
1.9L4. 5 :»Ig . SL~ 1,2;::6,000 6L4 .4 ~27,OOO 201,133 
l,009. ~ ~~0.3oo 65 ,000 655 . 0 1,~61 lID 

625 .1-.. ND 55 , 000 65~ .0 496 6,000 
609 .9 24 , ~10 ND 651.1 41l. lC,(X)() 
1~2.5 NJ 1m 0.1 NO 50.000 
72l..'1 8.270 lID 2. 5 2C,6r5 I' D 

~ , ~,715 ~, ~14,249 

Wl va zaki Prefecture C\c 1.na.wa Prefectu:-e 
No of IlO Gr 

Area itoti"er No of Ar • • Uother No o f 
(acres) Shel13 Pearls (acres) ShelLs Pear1.3 

16 .~ NO 8.000 4 , 161.0 2,150 2d~2 
16.~ NO 5 , ~00 4.135 .0 2,400 2.400 

ND NO NO 4,135.0 2,200 2,200 
NO Nn 1m 1,763.0 2~ . 950 13.~5 
NO NO NO 1, 763.0 23 , 534 12,600 

59.~ N!J NO 1 . 7~8.0 24,500 1~.200 
o.g Nil ND 1, 7~8 .0 27 ,403 11.700 
O .~ Nil !ill 1, 7~3.0 25 . ~00 10.99C 
0.3 NIl 4 , 000 302.6 n,973 ~,200 
o.g NO 47 ,<XX> ~02 .6 12.168 6,679 

O.~ NO 50.000 ~02.6 10.090 5.600 
0.3 NO 55.om 31ll •• L ~ , 700 5.500 
o.~ NO 45.000 ~04.1. 3. 500 5,700 
1.0 NO j~. ~oo ~04.J" 9,130 5 ,2~0 
1.0 12,000 12, 500 ~02.7 5,250 3, S5Q 

(poun1. ~/) (pou"". !!/) 
1.0 NO 200,001 NO lID lID 
1.2 ~~1 ~,ooo N~ N!l N:l 
1.0 6 ,6~~ 500 NO NO NO 

10.0 50 210 !ID NO NO 
10.0 7L4 500 NO ND ND 
9 .g 662 2.400 lID NO Nil 

467,710 104,546 

SW aC t . S ta t isti cal Yearbooks of .~icultu.re aOO Forestry, publishe d by Ministry ot Agriculture anti Fores try 

Koehl Prefecture 
00 or 

Area Wother No of 
(.c ..... ) Sholl. Pear15 

2. ~17 .2 200,450 9 . '9~ 
2 ,f90. ~ 75, 000 620 
2 , 69O .~ 196 . 5~5 66 .7L4 
2 , 4~1.1 6~8 , 700 9~ ,181 
1 . 3')(, . ~ 237 ,751. 63 , i ll 

1 ,896 . ~ 4~7 .318 57 . 603 
1 . 396 . ~ 1';9. 200 57 . 756 
1 , 896.~ 92 , 2Lt [9 . 35~ 
1 . 8')(, . ~ 47j .1'L5 1)0, 525 
2 .1~9.9 52~.999 135, 625 

1. 946.2 2S9 , ?~2 21~ . ~~~ 
1,9!,6 . ~ 230, 600 2~4 , 166 
1. ')(,5.0 ?}~ , ~~~ ~2l. . 750 
1.?,..h.~ 131,boo 282 , ~o~ 
l,59g. } 155,000 ~07,220 

1,766.0 
(pounds a/) 

L4,906- ~~9 , 670 
1. 909 . 1 2,067 }22,ooo 

NO ND NO 
13 .r, ~14 1m 

1, 727 .7 ~~ 1 NO 
1 , ~1.1 41 NO 

2, 72~ , 133 

\ 

Other Prefec t llJ"es 
110 of 

Ar.a Wot her No of 
(acres) Shell. Pearls 

~1.~ l O, ('()O NO 
425.~ 50,170 I/O 
440.5 NO 1,400,160 
255 · 7 841,706 17,500 
270 . 9 26.974 4, 375 

211 .g 25, 921 NO 
202 .0 20,7g9 NU 
65 . 5 20,512 ND 
65.4 44.285 NIl 
~1l . 1 10\4.200 ND 

591.7 47.557 NU 
446 . ~ 41.160 ND 
519.2 74, 3~0 NO 
235·0 4I!.5OO 6.000 
4~.~ 5~.goo ND 

(pounds !/) 
49.7 ~~ NO 

0.1 NO NO 
ND NO NiJ 

1~ .1 9O,1l.~ NO 
ND NO ND 

15· } NO 1~ .196 

l ,L4l ,2~1 

Sa a Prefecture 
00 or 

'-rea yotber No or 
(acTes) SholLo Pearls 

ND NO NO 
NO NO ND 
NO ND ND 
ND NO NO 
ND NJ ND 

II;; NO hD 
iW ~O NO 
NO NO 110 

760 . 0 Nil N~ 

0 .2 itO ND 

NO il L> ND 
NO ~ NO 
55 · 5 ~oo,ooo 300, 000 
69.4 ~9O,OOO ~o. ooo 
59.5 950. 000 tm 

(pounri. a/) 
SL.g 4SL, 550- ND 
NO ND ND 
NO ND NO 
NO ND NO 
NO NO NO 
NO NO raj 

640, 000 

Total 

Area 
110 or 
Mo ther No of 

( acres) Sh.l13 Pearls 

16, 7114 .4 2,790,900 6l~ , "115 
17, 841 .1 ~.~29,020 9<~ . 691 
21, 65~.2 2,009. 6~5 1 , 7~1, "34 I 
16, 3'}8.5 5 ,4~9.833 641,4114 
16,480.2 6.160, 522 "19,496 

16 . 567.6 10,239, 214 l,'Yj'9,16~ I 
16 , ~80 .9 2~,902 , 59~ 3, t-,)r, , 135 
16.159 . 5 1~,932,39O 2,l92,727 I 
1~.571.7 50, 515, 256 L" 510, lSg 
1~.5og.4 ~7 , 266,~57 7. 749 ,62~ 

12,921.0 ~,216,1l7 7, 071.633 
12, 474.0 29, 790,061 10. g57.95~ 
1~,~51.0 24 ,9~, ~20 10,3S~,512 

1}.913 ·7 56d74,201 10,482,024 
1~.022 .6 22, 596,137 9 , 25~ , !~8. 

(pounds !!/l 
9,~0.4 1l.. 109, O17 7 , ~90.957 
5, 7~0.0 2 , l!96 , 32l. 6,o~o,656 
~,620.~ l , ~ 1l.,202 4.21L.~ 
2, 746 .1 1, n6,ggo 1,751, 074 
2 , 124 . ~ 1l0,~ 73~,5OO 
2 , 59~ .2 2~,720 ~g7 , 596 

9~ ,5L4,021 
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