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OYSTER CULTURE IN JAPAN 

1. OJater. are a vAluable food item, for th. y provide many of t h e &lam.nt ••••• n tial 
to a balanced diet. They are .. peoially icportl!llt to t h e Japan .... whe laolc A4equat. pr o­
tein fooda. 

3. Seventeen apeoha of oya ter. haT bean reoognised in Ute watere f J ajan Pr oper . 
riTe .peci .. are uaed a. food (a.tr.a &:!K!.!, 2. riTUla.rh. Q. 4.n .. l . lloN, 2.- n1ppona, 
and Q. echinata) , but onl,y Q. and. 2. r1TU1ar1l ue aultured e012uro1allr. Q.. w-
aelameno!! baa be.n oultured experimentally but not ooomeroial11 . Q. cU!J 11 b7 far the 
moat important of Japane.e food or. ter •• 

3. Th. oult ure of or.ter. in J pan . tartld in the e&rly 17th century, 1n H1ro .~a 
Prefecture, whioh remained the o.nter of oy.ter oulture for near17 1M.r.. 1A.rlJ' oul-
ture p rooedurea were a1m:ple, oon.1It~ of the .owin.c, .ton., and boo .Uck thoda, 
Although theae m thod. are atill u aed to .om. extent i n vari oUA p lace ., 81 v. been 
largely aupplant ed b the modern ~ oul ture lIetho d. •• 

4. The b.an&~ method. cond.t of the raft, lone;-l ine, rack. and brella mo fioa.­
tions, eaoh of whi ch hAa its .pec1al advantBoEt8 and 11 a.d.apted to ape oitio p o .e. or con­
dition.. The han&1ng methode have p roved muGh more e'!!1clentthan any of the eArlier Q'e­
teeB. in growth rate and quality of the oyatera and in total prodn.ctlon ~r o.n1t uea. 
lIecauee the.e methods utilize the middl . atratum of vater between t bott III and t he .ur-
face where food organilltls are eBpecially abundant, the grovth rate of the oyatera he a bMl1 
greatly aocelerated. "nen the oy sters are htm& vertiea.l17. t numbe r t hat oan be rai.ed 
per un1 t area of sea bottom 1e greatly inorea.ed. Beoauae contact with the aea bo ttOll h 
avoided and the Tertical pOlition can be main tained at any d.eaired lnel , ~ area. p~ 
rtously oonsidered unsuited to oyater culture becau .. of bottoa t ype, vater dep th, or tM 
abundance of paras1 tes, beoome avallable and highly prodo.otlva, ~ao qUAlity of oy.tera 
raised in clear .ea vate r i. better. 

5. The export of "pat of Q.. ~ from Japan h the bAlh for the oyater indUAt17 of 
the Pacific coaat of the Uni ted Stat .. and Canada. The e~ort of epat on a cocmeroial 
IICal. began in 1925 and continued Imtll 1941 when World War II atopped t he ahipmente. I:x­
por~ wae reaumed in 1946. Dur1n& 1925-49. 585 ,156 caua of epat were uported.. ~e 
United Sta~ell and Canada have been the princip al recipient . of thelll ah1pll8nta, with a 
total. of 581,907 cases Talued at $1,869,285. '1'M center of the apat eJq>ort trade h )(1,.agi 
Prefeoture. eapecially the Iah1nomaki :Bay area. 

lJ This report was prepared by Dr .A. B. Cahn. aquatic b1010giat, rhherie. Dirtaion. Hz 
T. Ino. Fisheri .. D1Tie10n, gave 1nvaluable a181atanoe in tranalatiIl4t aM brlef1.nc a 
large number of source Japanese publicationa. The il luatrationa were prepared ~ Hz 
K. Xita, draftaman, and Kr S. Satouc.h1. art1at, both of riaberle. Divhion. 
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6. lor do ... Uc COo.~UOIl 'he Japana •• 07"'" ar. a ... a llable on t .U r 
raw or e&aDed.; the c&nDlld 07.t." are 'OIl.U .... acad. Do ... tic con. tlon d.un 
1908-46 Wat 2,063,311 lI.triC to.IlI. BT-prodllc ta of tlY oT.t.r loda.t17 • cont1 to 
utiUsation of tbe .h.ll, a. chicken f •• d. paint . Ilwd 11 .. , terUll, r . ..did 

7. Both .l ... ntal &Dd bl010pcal facton cau •• daaIt.ce to t he oT.t.r. ~l._ntal .ne­
ai •• ar. chane.' In water tellp.ratllr', w1Dd. and. nood.. Bl010«1cal .1lUl111 are th. red 
tld., 07.ter drill., .tarfl.h. lnt.rnal para.lt ••• and foullng organi' lII . 

To a Datlon crltlcallT In o..d of food. &n7 It •• whi ch can be produc. d ln qll&ntltT 
aDd whlch hal his}l DIltr1tl"'e Talll. 11 of ereat DlLUonal ll1portan.ce. Japan btu alltSJ'l 
looked to the ... for a conalderabl. proportion of it. fo od requlrellltnti. nd. the I a bal 
•• ldo. f&11ed to produc. It. While fl.h ba .... &1w.,. be.n t he major a qua tl0 It . 1I of tbe 
Japane •• diet, other lI&r1o. product •• &1thou&h prodtlc.d ln Dlcb le .. qll&nt1tT, ar. of 1_ 
men •• 111'0rtane. to the Dati ... e food require_nt.. ....0D« the .. l .... r contrl but." from the 
•• a the DatiT' 07.te" .tand Yl17 h1eh. '1'be7 ar. procillced I n con.lderable quanti tT-
2,063,311 .. trio tOIll ~/ dllrlD« 1908-45. an a .... rac. annual prodtlctlon of 54.297.6 lI.triC 
tou. Tbi. &lUD&l 71eld afford. a .ubltantia1 qo..ant 1t1 of ""17 nutritiOUI food. hlgh ln 
•••• ntl&1 aiDeral. , prot.lnl. and vlt&ll1n., With uI.flll bt-prOQuctl. In ad~t lon. the 
cr.atar part of an lnchl.t17 on the PscHlc coa.t of the Unl h d Stat .. and Canada val 
found.d upon and 11 kept allYl b7 .. ed 07.t," ll1ported f r oll Japan, .0 the JapaD .. e oT'ter 
cultur. lDdu.t17 1. a aatt.r of lnternatloD&l lnt.re.t. That thl . r.latlT.17 TOUQC ~rl­
can 0T.t.r culture 1nd.ll.t17 baa crown to large-.cal . proport10u 11 lllu.trahd b7 lob fact 
that the 1949 oT.ter crop tl'QID the Pac1tic coaat ot the Un.1 ted State. va. IIt1mated t 
about 1,000,000 gallon. ot .hacked oT.tlr., with a T&1ue, when proce •• ~ ot more than 
$5,000,000. 

Be~ •• of tbe dlr.ct lnt.r •• t of the Unit.d Stat •• • CaDada. and other Datlonl ln 
Japan'. qr.ter prod.llctlon, th1. r.port will di.cu •• the Japane •• prooedllr •• In l ODe d.tal1. 
The Jep&De.e have been .xceedlD«17 .tf1clen' ln tlY cllltllre of both edlble aDd pearl 011-
t.r •• aDd tlY1r .. thod. are 'lYretor. of aore tban pa •• 1~ 1n ter • • t to th. occldental 
world. BeC&1 .. the .. thod ... pl07.d tociq ar. the r .. lllt of aaJV' hUDdred.. of Tear. ot cul­'UrI 'lIperi.ne. aDd 'lIp.r1 .. nt. thle report trac •• t he hi . tol'7 of OT.ter culture ln Japan 
troll lt1 .1ItT beC1nn1OC to the pr ... nt-dq t.ohnlqu ... 

!'he lit.ratur. CODC.nUD« the Yanou. pha • • • of <>T. ter culture ln Japan 11 Yolu.1-
nou. but alllO.t entir.l)' ln tn. Japan. •• ~I'I' Preparation ot th1. report nee ... ltated 
tranalatlon and etud7 of mlldr.d. of publlcatione to •• l ec t thOle tact. which were conald­
.red 111Portant to the g.Deral .to17 of the 1nd.ll.tl7. 'i'b1 . report al.o dllcr1be l the l1te 
h1.to17 of tn. oTiter, a. it. culture 11 baled llpon a )[Dowl'dee of H. Ufe hi lto17: la­
d.ed, the 111portation of .1Id 07.t." to t he United State. 1. ba.ed upon an llDderl tandl 
of the .ar17 .tace' ot tn. Japuw •• oT.t.r'. per.onal h1e tOI7. '!'he author tr ... eled u :tea­
IlT.17 throachollt the q.t.r ollltur. a~ of Japan to .tlldT tn. •• cnltllral _ thode in 
operation. SI1CO ••• flll accOllPUlhMnt ot thi. ai.lloll wollld not haT. b .. n po .. lbl. without 
tlY coop.ratioll of l~rabl. OT.t.r cultllri.t. and . c1.nti . tl. who .:l'-1U.d quanUU'1 
of uapubll.hed data for I%&IItnat10n and plac.d ,T'17 f&o111tT poe.lbl. at the author' l dl l ­
poeal. lor all of th1. a •• 1Itancl tn. writ.r .xpre .... hi . appreciation. 

HlSi'OU 

Lia aaJV o~h.r ~ acUnU •• wb.1ch haTe roote 1n tlY dh tant pallo. t orlDn 
of the cul.t1 ... at1on of the .dible 07.t.r i n Japan 11 Ihroud. d ln lee-ode Yro thi. nebulo • 
bepnn1nct the IIOr. taDClbl. fach of lIOCl.rn 07.t.r clll t llr ... thod. ~lT ... r e lnto 
eharper focu. Wher. lepDd ... aDd tact bacin. 1, dl t n cult to d.teraine . for tlY l e -
.Dd. are .0 plao..1bl. &Dd are .Ddowed with 10 ~ch of t he AIl t lYntlc1tT ot truth" t t 1r 
tactual. clatl1f1caUon 11 frequ.n'17 plssl1ne. 

~ Ua1l .. othend. .... olU.d, Wlisbh pYln are Cro .. , lDclll41nc. 11. 
for oOIlTerlloll of _trlc ter .. ueed 11l th1. rep ort . 

•• 1l01-.r7 
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That whatever people lnhabl ted Japan ln the tar-diatant put d~ended lar,elT on 
the lea for their lubalatence ia amp17 illultratad ~ the cantanta of the prehlatoric ahell 
lIOunda and Ic1tchen lIiddena (refu .. dlUpa) which have been excavated ln ID&DT parte of all 
the II&Jor hlaneis of Japan. ManT of the .. 1I0unda. aOIl8 of which re eath.ted to date back 
leveral thouland yeare. ahow a profullon of marine .hella aa well .1 the rema i nl of other 
marlne lnvertebrate (e g, eea urchlnJ1) a nd vertebrate anlmale. AlIlOnf; the 1II011Ulk rema i 
oYlter Ihelll are definit.ly oommon ln maD1 localitie •• indicating the uti1i~tlon of 
tho •• animals as an ltem ot food. Th. Chly. me ahell mound in Iana,.a __ Prefecture ahove 
a layer of lhe1la of the native oyater Oatrea Si&!! averaging three met r a in thicknea. 
(Iaora. 1941 aj). 

Although the ator,y of the utilllation of the oyater ln Japan thu. atarta with 
tanglble facta. the ator" of the culture of the native oyatar emergea from three aeparate 
legendl. all of which are 10 realiatlc ln the detal1 a of name., datea. and place a that 
they may well be fact. Thea. legenda (Seno, 1938) are: 

(1) When Lord I~ira Anno 1I0Ted f ro. W~UI& Pref cture in 1630 to eatab­
liah hi. home ln Hiroahim Prefeoture be broll&ht wUh hill the naUva VakaT .... o~ten and 
transplanted them ln the vatera of Hirolhima. Thul the flrlt Itep i n 0Tater culture waa 
tak:.en. 

(2) HelJlro Ioahl~a. who lived ln ruchi.a.Id.. JUro ahi .. Prefecture, 101llti_ 
between 1624 and 1643. one dq noticed an qyater attached to a roclc. He placed rock. in 
the ahallow water to aee if oylten would attach to thelll. They did. Be allO obaerved 0Ta­
tere attached to bamboo branches which were belng uaed in the construct ion of flah trapa. 
The .. two obaervatlOI!ll lV YOlhiw8¥a are auppoaed to be the bali. at the at one and b&llboo 
culture methods ~ t 11 uaed in aome locali ties toda7. 

(3) In 1673 Goroha.chi Koniehiya (or Goroe.llO n Kobayaahi), woo lived. ln Iu­
lateu. now the clty of R1rolhi~. planned to culture clama. To encloae hia atock he con­
Itructed a bamboo fence in the water and unexpec t edly found that mBn7 allBl1 oyater. at­
tached thelllllelvel to the .talc .. and grew there (J'igure 1). Thill obllerT&tion wall the beaie 
for his method of cutting bamboo brush two or three metere long and placing it in the water 
to collect oystere. 

Whether these origin. are f act or fictlon, the Hlrollhlma method. of OYllter culture 
are the oldelt ln Japan and have been in u.e for 1I0me 300 yeara. All veraion. concerning 
the early hietory of the edible oyster culture in Japan agree that it began in Hi roahima 
Prefecture . That thia area .hould have been the IIcene of the birth of oyater cul tu re i. 
bl010gically aound. for ldeal environmental conditiona are extensive there toda7 and prob­
ably have altered little a{nce the time oyster culture was begun. Among the advantageou. 
feature a are: (1) the sheltered nature of the region, producing a aea area that ia nor­
mally calm; (2) the tidal differential of 2 . 5 to 3 metera, vhich expole. a wide ahoreline 
area adaptable to oyate r culture; (3) a firm aea bottom, compos ed moatly of finelT ~orn 
gran1 te and devoid of mild if. Furthentore a ready market vaa available in the nearby 
thriving cit7 of Oaaka. Starting in 1688 Hizaemon Kawamo aent an 0711ter boat. ·kak1bune·~. 
from Hiroshima to Osaka. J'rom this floating aea food re staurant he eerved the people of 
Osaka delicious17 cooked 0YBtere. thereby etimulating both their appetitee and the infant 
oyater industry. In 1708 a disastrou. fire in Oaaka ruined much of the city. Tha fi.her­
men working on the 07ster boata were .0 heroic in reBcuing government property that the 
magietrate of Osaka revar~ed them b7 giving all oyater men a apecial free bu.ine.& licenae 
in the tidal area. below the main bricgs of the city. 
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Figure 1. - Ancient method ot oyeter culture in Hiroeh1ma Prefec­
ture, from an old woodblock print. 

o,yeter cult~e in Japan followed the method developed at Hlroehima f or more than 
two centuries without ililportant modification. Thh uthod conehted .... ntially of driv­
ing bamboo eticks or tree branchee in the ground within the int.rtidal sone of ehallow 
water ba,ye anei inleh. H.re the young. free-ewilllll1ng oyeter 1&"ae attached in p r ofu.ion 
and grew rapidly. Areas of muddy bottom, placee of luxuriant growth of eeaweede. r egion. 
ot pllre sand. or deep water shores were regarded as UZlsui ted to oyeter cw. t u r e , and. the 
induetry wae not developed in such locatione. 

The picture changed radically in 1923. In that y.ar H. Seno and J. liorl . e tudy­
ing oyet.re in the Kanagawa laboratory of the Tolqo J'hh.r1ee Collep, une xpe ctedly dh­
coyer.d the principle of the banging CIllture method, which ~ve exc.llent r eeulte f~ t he 
beginning. The following year the lanal;awa Prefecture Fhheri .. bperilll8nt Station at 
Moroho-wan eucce .. tully adapted the hanging .. thad. Following the proven eucce .. of the 
lanagawa experimenta. prefecture after prefecture adapted the hanging method , and IIl&llT new 
and exteneive oyeter culture gruunde were e.tabli.hed in Hlroehima. K17ag1. Iwata . Shi su­
oka. Wakqama, Shima.ne. Xanagaw&, IUDUlotO. and Mi. prefecturee. 

Seed oyeter. of Q!trea gig .... cultured by thi. new .. thod. were e xpo rted f r oll 
Japan to America. forming the baai. of the edible oyeter induatr,y ot the we.t coa. t of the 
United Statee and Britieh Columbia. ixport of eeed began coamercially in 1925 . cea .. d in 
1941. and waa re-eetabliehed in 1946 after World War II ho.tilitlee ended. 

11 



SPKCI~ AND DISTBlBUTIOB 

1. Cla.alflcatlon of lapape.e Specie. 

a. General 

Becau.e of the apgarent facl1ity wlth which the morphologlcal characteriatica 
of the oyater. modify and change under local envlronmental lnfluences, e.tabliahing a aat­
hfactoI7 cla .. lflcation of the Japaneae apeci .. h difficlllt. Altho\l8h man;y taxonomic 
problem. are unaolved (Hlra.e, 1930), the nomenclature moat acceptable to the majority ot 
the leading Japane.e syatematlc conchologi.t. 1. 11sted in Table 1. The distrlbution ot 
the 17 apecles recognlzed i n this 11.t 1. cla •• lflec according to five jar area.: Pa­
ciflc Ocean. Ea.t China Sea, Japan Sea, Inland. sea, and Sea of okhotak. The location h 
broken down further by prefecturea. large bays. or leland •• 

Of the 17 .pecie. 11sted only five are uaed a. food Q1 the Japanese: Q!lrlA 
.5!2.!. Q. rivul.§r1s. Q. denselamellosa, Q, nippong.. and Q. echinata. Of these tive speci88 
only Q. ~ and Q. r1 vularia are cultured commercially. Because none ot the other 12 
epecies are of ~ conaldernble importance from an economic polnt of view they will be dls­
regarded in thls report. A brief summar" of the tive food oystera of Japan follows ~ 

b. ~ &.S!! Thunberg 1795 
Japaneee names: Ma-gaki. lcakl. shlkB.me. ezo-kakl. naga-gald. 
Synon;yms: Q. laperOlle11 Schrenk 1861 

Q. talienwakena18 Cro .. e 1862 
Q. talienwahahensla Sowerby 1871 
Q. arlaken.ia Fujita 1913 
Q. ~ slk&mea Amemlya 1928 

.Q.. 5!.e!. by far the !Cost important Japanese tood 0Tster. 18 cultured in II&%IT 
parts of Japan. The seed oT8tera of thi s epecies are exportea to the United States and to 
other countries. 

Thi. species is widely distributed thro\l8hout Japan (figure 2) and Korea. 
Some authorities regard the Japanele and lorean species as belonging to different races or 
aub.peclel. while others regard them as one. The morphological variations of SL. &!.fA! are 
ver,r great. A fossl1 ehell bank at Boda-mura. Iwata Prefecture. fields specimens measurlng 
as long as 50 centimeters. Llvlng oystera from Tokaro. east of Abashir1 on the Sea of 
Okhotsk side of Hokkaido. are enormous, meas~lng as Dlch aa 40 centimeters in le~h; they 
are ver,r thlck-shelled , heaTT, and variable ln form (figure 3). Speciuns from Sendal, 
Miyagl Prefecture. are large and flat, whereaa tho.e frOlll Hlroshilla are small, broad. and. 
deep (figure 4). Seki (1937) divides Q. !!.e into two types: (a) the northern (5endai) 
aDd (b) the southern (Hiroahilla). By inbreedlng experlment. lmal has shown that the mor­
phological characters of the two forms remaln fixed and can alW8¥s be distingulshed even 
through the third generation. The northern and southern forms are compared ln Tables A 
and B (pp 12, 17). 

TABU: A. - CHABACTRR DIJ'FDENCES BETWDlI 
BORTHlmB AND SOUTHEllB TYPl1:5 CY ~ ~ 

Northern Southern 
Character (Send&1 ) ( Hiroahlma) 

Size lArge Saal l 
Form llat Broad, deep 
Growth Bapid Slow 
Growth at 100C Bapid Slow 
Growth at 250 C Slow Rapld 
Mortality rate Hlgh Low 
Spawning aeason hrlT Late 
PalatablU t;y Inferlor Superior 

SOURCE: Seki, 1937. 
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c. O,trea rivular1& Gould 1861 
Japanea8 DaI:lel Sum1noe-gak1 

~ rl vular1& 1& a good-qua1HT 
tood oy.ter that 1& ea.ily cultured,. H0w­
ever, ita economic import ce 1. limited 
by 1ta reatricted range, which 1& venern 
~ahu. Ita culture 1& carr1ed on AD&1nl.7 
in .A.riak~ka1. It 1& a round, fiat, 
BII1ooth-.urfaced, oviparoue apeciea with. 
ma.x1mUD length of 24 centimeter. (figure 
5). Although thi. o;yater wa. claeaUled 
aa ,2. ~ by J'ujimori (1929). thi. ayn_ 
o~ with ~ baa been denied b;y 1'aJd. 
(1933) and bT !mal. Imai1a opinion 1. 
baeed apon the tact that 1n r epeated exper­
imenta he bae been unable to oro •• £!2! 
and £i vularia. 
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Tua B. - SB&LL FOBJ( DIrDllWlCmS BlTWDI 10RTHElUJ AlID SOl1l'H&BI TYP&S 
(centimet\era) 

Nu.aber of 
Type Individuab 

lortbern (Sendal) 100 
Index ~ H.l 
Southern (Hiroahima) 100 
Ino.ex §/ H.l 

!I Width or thickne •• 41T1ded by length x 100 
Br lot applicable 
SoaacK: Sekl. 1937. 

d. 9!!!!! denaelamel10sa Li8chke 1869 

Average 
Length 

79.9 
100.0 
59.3 

100.0 

A"rage 
Width 

44.9 
66.0 
41.7 
70.0 

OF ~~ 

Average 
Thiclme .. 

25.1 
31.0 
24.1 
41.0 

Japan .. e name.: Itabo-gaki. baba-galci. botan-gak:i. nata-gaki. kobore-gaki 

.llthough Q. oenael"mellosa (!:igure 6) h a u.eable anil palatable table oyster. 
it 1nbablt. deep wat er. 1. not especiall7 abund~t. and ia difficult to gather. It is usu­
ally collected by dred«lng beca\18e the oyater. occur 100.ely on the ... bottom. at a depth 
ot 16 to 46 I118ter.. aDd are not at \ached to rock.. Culture.. attempted by J'uj 1 ta (1888), 
and by Seki and !anaka (1931). but re8ults were unsatisfactory tor commerclal purpose8 . 
~. dtp.elAltllo!l ls a lar.iparo\18 speciss. 

e. aatraa nippona Seki 1934 
Japaneae names: Iva-gaEi. kutau-gaki. natau-£&ki 

~. nippon. (Figure 7) ia a large, faat-growing. well-flavored speciea of food 
oyater which is not at all common. It inhabits relatively rough water areaa of high 5a­
linity and is gathered by dredging or by oiving from a aepth of about 10 meters. It has 
not been successfully cultured. This apeciea waa original ly identified ae ~. circumplcta 
bl Pilsbr,y in 1904. but Seki aubdivided the original species into circumeicta aDd nipeona. 
'I'l'~ differences between these two closell related apecies a re shown 1n Table C. 

T.dLE C. - COMPARISOI BETWEEN 05TREA CIRQY!!flQTA .lIID Q. IIPPOU 

Character .Q. clrc~icta Q. 9l:2IH!!!I 

Shell Size medium: aomewhat or- Large. solid. elonge.te. 
bicular. subovoid. or subovate or OViform 
irregular 

Color Interior of upper valve ",bite 
broadly margined with 
blackhh purple 

Teeth ~ Conapicuoua on both an- 10 teeth At al\)' stage of i te 
terior and posteri or development 
margins of the hinge 

ieproduction Larviparoua: monoecious Oviparous; 4108clol1s 

Igg Diameter 0.103 to 0.122 ~g appronmtely 
milUmeter at ze of tbat of 

WlA 

Ii Serrationa on the hinge which prevent aide-elipping of the valve. 
SOURCi: Seki. 1934. 

half the 
Q. circum-
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2.5 em 

/YATl/ffAL KCSOIlNCD S£rTION 

Figure 6 . - QBtrea neneelamelloeA 

f. ~ echinata Q.uoy ana Gaimard 1835 
Japanese name: Ke-gaki 

. Synonym: Q. spinosa Desha,yes 1836 

Q. echinata occurs most commonly attached to rocks j ust below high tic..e level. 
The anin~l is too small to be of practical large-scale table use and is hence of only local 
illiflortance as an item of J ooa. 

2. Co~rieon with At lantic Coast Oyster 

The three Ir.ost important Japanese species of f ooe oyster, Q. ~, ~. rivu­
laris , and Q. denselamellosa, are cOlfllared wi th Ustre a virginica, the Atlantic coast oyster 
of America, in Table 2. 

18 



2.5 em 

F1gure 7. - Ol trea n1ppona 
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BIOLOGY 

Japane.e oyeter cultunet e haft ehown tll&t botb t.he I p wo1n« IIDd c eye lopwnt ot 
the Japaneee oyetere are atf.o,.d to a oo nai der ble extent ~ water t . mp. rat re. 861101t1. 
and tidal conditione. A bri.f rayi ..... ot t heir findi • 1n t.he •• fieldl of 1n el ti,at.ioo 
ie given becana. of their importance in oTeter culture. 

a. Vater TelllPerature 

The deftlopmnt ot the fertilised. eu of ~ &11!.! 11 ,re&tl~ 1ntl enced 
by water temperature. Seno and otherl (1926) d.termined the opt1~ temperature to r tbe 
earl1 developlIlIInt of thil .peche b1 obM"ati 001 ot t he 1a"&1 growth throu b t.he foru.-
tion of the la"al ehell and al . o the rate of deyelopment of no and abno~ l&rvae 
under vanoue water temperature oonditione. 

Opt1l!wa telllperature for the deftlopllent of 2.. Il£!.! Will folllld to b e b41twee n 
230 C aDd 2t)oC (Table 3). The rlD.lJl &ad lDio1 lUI t.elllper tun 11 1\1 wUhin which the 17-

gote oan d.velop to t ebelled lana Itace are 300 0 and U;oC. The perc ntac- of e e­
velopicc to the ehelled et&&e bae a tendenq to deo reu s harpl1 Ilt. t qleratura s bon the 
optimum and elowly at temperatur.e below t he opti 

b. Sal1n1t7 

Develop .. nt of tbe oyeter under d1ffer.nt coneent rationa of lali01t1 hal be.n 
etudied by vanou. Japane •• workar.. UDd.r opt1mum conditionl of l&1io1 ,. 23- 8 rt l p .r 
thoueand , a high perc.ntage ot t.h. 1q1r.,;n.ate d .u. IUldarwent.. ntation and rea.cb.d th. 
eneuin« developmental .t8&e.. The rate of dev.lop_nt _ 0 t.he .. 1041 vidual e .. bryo . va. 
remarltab17 I.Ul1foI'1ll and their progre .. rapid. 

In _ter hanDl: uneuitable ealinity. e.peci 117 nder condition. n-
centratione, the blaetollere. f the embryo bad a mar~e d t e enc7 to .epsrate Ir De 
another. If the ealin1ty .... s. either too high or too low mn;r fertilised but DOO'e«.meot e.g 
egg ..... ere found; among th~e that were developin«. a IIII.rlc.ed lack ot ull1forlDi ty e:x1ac.eO. in 
the rate of development among ind! viduala in the. age groll . he relati oo betw •• ll la-
linity and development at Q. ~ i •• hown in Tabl e 4. 

Amem1ya (1928) reported that the aalinity range •• uitable for a evelo~Dlllt are 
not the eame at different temperature. eyell for a .ingle Ipecie. of ollter. ano that the 
tolerance range i. greater at. lower than at higher t em rat re.. By compar1n& the &ali n1 tl 
8uitable for developl!l8nt vith that of the natural habitat of t h e adlllt 0l.ter. 1.£81l11a 
found that the littoral epecie' in general are .... 811 adapted to a vide range of lalln1t1 
whereae the aublittoral .pecie •• such aa ~. denaelamellosa. are reatri c ted within 8 c~ 
paratively Darrow range of ealin1ty (figure 6). The optimum aalio1ty for the developa:..ent 
of Q. ~ i8 between 1.017 and 1.C21 at 1500. The formation of the larTal . hell i . r.­
tarded both b;y low temperature and b.1 low .a11nity. 

c. Tidal Conditione 

Orton (1926) and Pr,ythereh (1928). working on 2. virginica, reported that the 
8pawning at the oT8ter 18 cloaely related to the lunar phase. Tbi . relation.hip hal not 
alway8 been recognizable in all part . of Japan nor upon all oy.ter bede. Howe~er. Sato 
(1948) 8tated that the oY8tera in Matoya-wan, Mie Prefecture. epawn in the high ti dal phil .. 
(8pring tide.) when the warmer off8hore water. are carned ne ~rer to shallow wat er breeding 
grounds. In this way the spawning of the oY8ter would 8eem to ha~e an indi rec t relati one h ip 
to the lunar phaee while having a direct relationship to a .udden chan,;e in t empera ture or 
salio1 ty. 
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Figure 8 

d. Effect of S~erm Water 

DEVELOPMENT 
OYSTERS 

30 40 50 

Gelt~off (1930) inveetigated two epeciee of oyetere. the common American eaet 
coset oyeter O. virrlnica and the Japanese oyster Q.. ~ grown in Pu&et SOIlDd. WaehiDC­
ton. In both epeciee epawning can be provoked by adding a amall amount of apeI'm to the 
water containing gravid femalea. In leveral lnetancp.a when the oy.ter va. not ripe or had 
already epawned eeveral time. the characteri.tic contractiona of the addllctor mIlacle which 
expel the e~ re.1l1ted. bllt the activity waa not accompanied by the diacharge of ~. 

The latent period of thil reaction ln Q.. ~ varle. from 9.6 to 17 m1~tea. 
The dllratlon of the reaction varies from 13 to 64 minlltes. Thi •• pawniDg reaction can be 
lnitiated by a II1nimllm d088 of apeI'm which vae found to eqllal 0.03 cllbic cenUll8ter of 
standard sperm ell.peneion (one gram of gonad U.el18 in 100 CIlbic centimetera of .ea water ) 
added to 30 11 tel'S of 8ea water. This represents an approximat'e concentrat1gn of only 
150 spermatozoa to one cubic centimeter of water. A water temperature of 25 C 01' higher 
is prereqllisi te for the spawning of Q.. ~ .If the water is below 25

0
C t he pre.ence 

of sperm fail. to provoke the spawning reactione. 

In order to determine vhether the acU ve principle which iDdllc .. the enN­
.ion of the egge 1a located 1n the spermatozoan or is preaent in the aollltion. Japane.e 
investigator. filtered sperm ~spensions th~ollgh collodion membranee. In every inatance 
the filtrate was found to be wholly inactivating, whereas the residl18 wae found to con­
tain the activating principle. Theee experiments showed that this active principle is 
either (1) insoluble in sea water or (2) of a molecular size sufficient t o prevent ita 
passage through the membrane. Sev~ral Japanese culturists are working on further atuellea 
of sperm water in relation to its practical application to commercial oyster production. 



2. ReproductioD 

a. ~ and Sper~ 

While io the oV&r7, the immature egg of ~. ~ i. a pear-shaped bod¥ at ­
t ached to the ti.sue of the ovary b7 a .talk-like structure. When the mature egg i. ex­
t ruded into the .ea water it become. a 8phere. It has a hyaline egg membrane and varies 
in ni ameter from 0.046 to 0.058 millimeter. The surface of the egg i. smooth, and it hel 
no microP71e. The content of the egg is transparent and colorless. The nucleu8 is 0.03 
millimeter in diameter and cootains a relative17 large nucleolu.. The size of mature egg. 
of o. ~ h colDpared wi th that of other .pecies! 

TABLE D. - SIZE uF kATUlUil BGGS 01' VAlUOUS OYSTilR S~US 

Diameter 
Spec1es Locall t7 (milllmeter.) Authori t 7 

Q. ~ Japan 0.051-0.058 Fujita 1929 
o. ~ Japan 0.046-0.053 Amemi7a 1928 
Q.. rtvulart! Japan 0.049-0.050 Am~m17a 1928 
Q.. echinata Japan 0.048-0.065 Amemi7a 1928 
Q.. nippODa Japan 0.047-0.055 Amemi7a 1928 
Q.. circumpicta r!l Japan 0.102-0.130 Seki 1934 
Q.. denselamello.a !J Japan 0.090-0.110 Amem17a 1928 

0.100 Seno 1929 
Q. vi rginlca United Statu 0.000 Fujita 1933 
o. lurida!J United State. 0.105 Hori 1933 

~/ Larviparou. specie. 

Considerable di.agreement is apparent in literature as to the number of egg. 
laid annual17 b7 Q.~. According to Fujita thi •• peciee la7. from 30,000 to 200,000 
eggs, but Galt.off believe. the number to range from 500,000 to 100,000,000. Age of the 
oyster and it. degree of fattening mAT affect the number of eggs laid. The general belief 
in Japan .eema to be that Galteoff i. cl08er to the truth than i8 Fujita. Q. deo8elamel­
loea lay. eggs from one to four ti~e8 a 7ear, and each ,pawning produce. about 2,000,000 
sgge for a total annual production of from 2.000,000 t o 8,000,000 (Seki 1930). 

The eggs can live in aea water for a brief period without being fertilized, 
the viability uepending upon the water temperature and 8alinit7. Fujita (1929) found the 
viability of such egge of ~. ~ to be greateat in aalinitiea of from 1.014 to 1.016 at 
a temperature of 270 C. Under the.e condition8 he reports the life span of the unfertilized 
egg to be at lea8t If hour. after discharge. 

The .permatozoan of .£2. ~ i8 0.075 milllmater in total l ength; the rounded ' 
head has a diameter of 0.0073 milllmeter. When ful17 active. the sperm cell dart. through 
the water at a rate of approximately 0.06 millimeter a .econd, but thi. period of maxiaum 
activity i . not of long duration. When activity ceases death follows immediately. In den­
.itie. of 1.012 to 1.016 and at a temperature of 290 C the .perm can live a. long a. 16 
hour. wi thout union wi th an egg. 

b. Spawning 

latural Spawn1~: The egg. ars discharged from the o'9'a17 into the mantle 
cavity. Thi. cavity is formed b7 the touchi~ of the edge. of the oppo.ite .ide. of the 
mant le, leaving oolT one .mll opening between them. The adductor m.cle undergoes a 
.eri •• of rhythmic contraction., causing the di.charge of the egg. into the .ea through 
the opening io the mantle. The spermatozoa are extruded f roa between the partially opened 
valve . of the shell a. a white. acoky .tream apparent17 under . light17 greater pre.sur e 
~ that under which water 1. extruded under normal, nonbreeding conditions. Sato (1948) 



nporta t.hat t.he .pawning h accelerated when the ofhhore water mDglea with t.he coutal 
vatera during flood tide. (.ee ITidal Condition.'). and he belieTea t.hat. hlllperature pla,y. 
an import.&At role in the re.ulting activity. 

~rtiflcial lertilisation: The e&g. of Q. ~ can eaaily be fertilized ar­
Uf1cially. Sllcoe •• depeDd. lIpon the u .. of at leut approxlmatel,y mat.ure reprodu.ctive 
elementa. a. baa already been indicatbd ( .. e 'tifect of Sperll Water I). Within 20 lIIiDlltea 
after the 11ll1on of the egg &lid apeI'll the z;ygote a88l1mea f\ apherical fol'll and at the aame 
t.ime cont.ract.a froa about 0.058 to 0.053 millimeter in diameter. Within the next 1e min­
ute. the tint. polar body begin. to appear ~ligure 9) and trolD then on t.he b lae tomeree 
A.B.C. &Ad D are formed. t.he mode ot cleaTage being quite like that of the American qyater. 
~ Ti rpm ca. 

3. Develop_nt 

a. General 

The aore illportant .tudi .. deaUng with the embryological development of the 
COlllllOn OTlltere at Japan are tho .. of Ameillya (1929). Fujita (1929). and I!ori (1926). The 
report by Fujita i. particularly in.tructive in regard to the earl,y phaaea of develop~ent 
of .st.~. The report of Seno (1929) on Q.. denaelamdloaa h the onJ.7 important contri­
bution to knowledge of the development of that larTiparou. apecie •• 

b. Develop_nt of Q. Q.&!.! (Oviparoua) 

!he develop_nt of Q. &!e! u reported by lcho &Ad Oahiaa (1938) h aWDll&­
rized in figure 9. In t.hi. fi~e the oTar1an egg (A) i. ahown prior to di8charge: thia 
becomea apheriC$l (B) when in contact with aea water. After fertilization the first polar 
body 1a diacharged (e) and the f1 ra t polar lobe appeara on the ventral aide (D). followed 
qy the firat cleaTage (.) and the re.orption of the polar lobe (1). Th ' aecond polar lobe 
(G) appear. and i. tollowed by the .econd cleavage (B). after which the . • econd polar lobe 
i. re.orbed (1). The third cleavage (J) ia tollowed qy the 1III11berr,y or morula atage (I) 
about three hOllI'8 after fertllhatl on. The gaatrula la r eached and the larTa beoolll8a free­
.wimaing with the developaant of the cilia about four to fi ve hOUrB after fertililati on (L) 
aDd ao reachea the trochopbore atage (M,N). The umbones become v1a1ble three to tour 
daya later (0). and the .hell conti Dl1ea to develop (p)(q) while the Telwa (R) ia l18ed aa 
the organ of locomotion. About 10 da,ya after fertilisation the larva hu grown auffi­
ciently to reach the fixation atage (S) with a ahell abou.t 0.3 mlllmeter long. B.r o.aing 
the foot. which extenda beyond the .hell. the oyeter creepa over objecta on the aea bottoa 
and finally fixe. itaelf permnentl7 by dlacharging a Mcretion. lrOIl then on the spat 
grow. by peripheral additiona to the ahell valvea a. iDdicated by the spat one da,y after 
fixatidn (T). fhi. proce •• of accretion continue. a. the 701lDg oy.ter contino.e. to grow 
(U). The rat.e at developmnt of .Q.. ~ at a water temperature of 2500 1a a. to llova : 

TABLB ¥. - DIV'KLOPtWJT or Q?TRU GIGAS AT WATU TBMPEATUBl& or 25 0 e 

Tiae Mter Spawnin« Developmental Feature. 

60-60 ai_te. lir.t polar bo~ ext~dea . 

1 bour. 10 aiDl1t.e. Second polar body extrude •• 
1 hour. 40 aiDl1t.a lir.t cleavage of ~gote oceure. 
2 houra Second cleavage of z;ygote occur •. 
6 hou.r. Bla.tula begina to move. 
8 hour. Bla.tula begina to .wim. 

24 bollr. Shell appear. (trochophore atage ). 
48 hour. Shell COTeI'. the body (veliger .tage). 

3-4 cl..qa Larval .hell increa.e. to 0.1 DIl di .... ter. 
U dq. (approld_te17) Shell increa.e. to 0.33 11m d1uleter: larva 

cease •• wiJUl1ng and .ink. to bottom where 
H attachea. 
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e. Development of Q. denselamellosa (Larviparous) 

Seno (1929) first presented the details of the embryology and early life hie­
tory ot Q. denselamellosa which are summari zed in this seetion and in Figure 10. 

This species is cl08ely allied to the European oyster (Q. edulis) in shell and 
sexual characteristics (both are hermaphroditie ). The ripe eggs are discharged from the 
ovary into a branchial cavity between the folds of the mantle, where fertilizat ion takes 
place and where development progresses to the young shell-bearing stage capable of locomo­
tion. The apermatozoa produeed by other individuals are introduced into the branchial cav­
ity with t.he incoming respiratory water currents. The speeies is not self-fertilizing. 

In the · Inland Sea near Hiroshima the breeding season begins early in June and 
lasts until mid-September. The most aetive spawning period is from the end of June to mi~ 
July at a water temperature of 210 C to 230 C. The egg is spherical and white, has a large 
nucleus, and is opaque: the diameter is 0.105 millimeter. All the eggs carried by one in­
dividual apparently ripen at one time and all are discharged in one act. The sperm are 
very different in shape from those of the dioecious oysters. The cells when newly dis­
charged from the gonaducte appear as opaque, nearly sperical bodies called I sperm balls l 

(A, 7igure 10). They execute a rolling motion due to the active vibration of the tails of 
the ripe spermatozoa at the surface. The ball is composed of spermatozoa of different 
sizes, from 20 to 80 microns in diameter. When the sea water touches thie ball the motion 
of the tails accelerates more and more until the ball is ahattered and the component indi­
vidual spermatozoa liberated. 

In the mantle cavity all developmental stages from the unsegmented egg (B) to 
the shell-bearing larvae may be found, but stages of the 16-cells or later are the most nu­
merous. Unsegmented zygotes are very rarely found. Seno was fortunate in finding a few of 
these rare stages and thus was able to follow the early cleavage through the eight-celled 
stage. After giving off the first two polar bodies (C,D) the egg divides into two unequal 
spheres (E). The second cleavage results in one large and three small cells (F), the third 
eleavage in one large and seven amall blastomeres (G). The sixth cleavage prpdnces the 
blastula (J) which is sperical and has a shallow invagination at one pole. This process ot 
invagination continues and produces finally a typical gastrula which is somewhat heart­
abaped (K,L) and ciliated and which svims in the characterist ic manner. This stage ends 
the embryonic period. The tucked-in ectoderm becomes the lining of the mouth and esopha­
gus; the cavity and its walls become the stocach and intest ine, the l~tter being formed by 
a posterior outgrowth of the stomach which meets the ectoderm at the posteri or end to form 
the &nus. In the formation of the shell, each valve first appears as a small spot near the 
dorsal surface of the soft larval body. This grows, covering more and more of the body, 
until it meets its mate from the opposite side along the hinge line. Both valves t hen de­
velop downward until they enclose the entire body except the velum. At this time the shell 
measures 0.15 millimeter in length and 0.14 millimeter in depth and has an almost straight 
hinge line (M). In this stage the larva leaves the branchial cavity to begin ita pelagic 
plankton life. 

As growth continues, the color changes from white in the early shell-bearing 
stage to gray in the straight hinge stage and finally through pinkish-gray and purplish­
black, to black. Small serrations (teeth) appear at each end of the hinge. The full grown 
larva (O,P), with a shell length of 380 microns, are most CODmon froc the end of July to 
m1d~ugust, at which time they begin to attach thecselves to stationary objects. This fixa­
tion occurs about four weeks aitsr spawning. 

4. ~ 

a. Larval Food 

In nature oyster larvae consume many 8Iil&1l plankton organisms having a diame­
ter of less than 10 microns, including diatoms, flagellates, and bacteria (figure 11). For 
organiams up to this size they have no discriminatory mechanism, hence innumerable forms 
are found upon stomach examination. Exactly which of these many forms function as food and 
which merely chance to be present, to be passed through the digestive system without under­
going digestion, is not known. Sor! (1927) in experimental work used Chlorella pacifica 
for larvae ot Q. ~ and pulverlzed Ulva for youn.g Q. lurid&. Amemiya (1926) raised 
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larvae of O. virginica on Pontosphaera huxley!. Cole (1936) found that the non-motile 
monocellular algae were not suitable as food for larval oysters but that the motile flag­
ellates (Chlaplidomonadinae, Cryptomonadinae. Chrysomonadinae) are sui table. Bruce, Knight. 
and Parke (1940) obtained good results feeding ChrYsophYcea and. ChlorophYceae in pure cul­
ture. These organisms are pigmented. 

1mai and Hatanaka (1949) discover ed the colorless, naked flagellates Mgaa. sp. 
are excellent larval food and used them in their recent extensive work on oyster c~lt~re , 
the best th~s far done in Japan. Larvae of ~. ~ obtained by artificial f erti lization 
were reared by feeding nothing b~t these flagellates. The oyster eggs were fertilised in 
small dishes anu thoro~ghly washed thereafter. The seawater ~sed was sand-filtered and 
had a densi ty of abo~t 16 or 17 0/00 chlorine. When the larvae reached the vel1ger stage 
and began to feed, they were p~t into glazed earthen c~lture jars having a capacity of 
abo~t 60 liters, between 1,000, and 2,000 larvae per jar. A few ~bic centimeters of cul­
tured Konas were then intro~ced as food. 

For the culture of konas a sterilized sol~tion of 30 percent sea water was 
~sed, to which was added 0.1 to 0.2 percent s~gar or starch, and a small amo~nt of phos­
phate and nitrate. When the st·ock: culture was introduced into the sol~tlon a rapi<l growth 
of bacteria occ~rred, followed i~diately qy the rapid development of~. ~ den­
sity as high as 200.000 to 800,000 per cubic centimeter of water can be obtained q~ite 
easily in about five u ~s. The bact~ria get their energy from the carb9~drates by decom­
position and nutrient elements such as phosphate and nitrate for sultiplcation. MoDaa fed 
on the bacteria and reproduced very rapidly . Only Jll&ture culture forms more than fi v. 
~s old were used as food material. 
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From 5 to 20 cubic cantil,eten of thh f lagellate culture VeA dded to each 
jar, the amount depe nding on the aeneity of the ~9DAS populatio n. The vat er vas .tirred 
gently for a fev minutes each day. Wooden or reed screens ~ere s ea aa covers over t he 
jars to avoid too strong light conditions which u se t the s t ability of the c Iture ~edium 
by promoting heavy growth. of algae and diatoma. 1he growt h of t.he oyste r laronA was V8 q 
rapid and in about three veeks they reached mat urity and vere ready t.o eet. Larvae vere 
collected by hanging the collectors in the jars. For purely biological purposes this 
met hod is considered adequate. 

For experi~~nts on quantity seed oyst er production. outdoor concrete tanks of 
various size. ~ere used. The large.t ~ s In x 6 x 1.2 meters and bad a rearing capacity of 
about 5,000,000 oyster larvae at a time. The medium-dud t ok wae 6 x 3 x l.a mete" and 
held 2,000,000 larvae. The ulall .. t tanK uaed was" x 3 x 1.2 ters and hac pac1 ty 
of about 1,000,000 larfte. 

Sea water waa pumped into thea. tanks and sand-filtered. A fev litere of 
flagellate culture and 5 to 20 grams of .oluble .tarch were added. U.ually no pho sphat e or 
nitrate was added. In a f ew days the tank waa ready to receive the oyster larTae. ~he 
veUger larvae were prepared as previously outlined except t t more and rger containers 
were used to proouce the milliona of larvae required. The aenaity of the oyster larvae vas 
measured. and the oesired number of larvae were introduced into the tanks. 

Here al.o, reed screena vere uaed over the tanks to adjust the light intena1ty 
so that no outbreak of algae or diatoms vould occur. Thw,y al.o kept out mosquitoes. who. e 
vigglere feed on oyster larvae and cause tremendous dam&e whe n they occur in numbers. The 
t ank water was s ti rred by hand once or twi ce a day with a ~ooden paddlei conatant gentle 
movement of the ~ater woula. it is beU eved., have iocreaaed the efficiency of the taolt but 
no automatic device f or this purpose waa ava1lable. 

The advantages of t h h new c ~lture methOG are (1) the readiness with which a 
large amount of fooa can be prepared in a short time and (2) the eaae vith which t.he cul­
ture medium can be kept in go od condition. The princ1ple can be a plied to mas. pr~c tion 

of oyster spat. 

b. Food of Adult Oywters 

Adult oysters feed on detritus and microorganisms. The most i~portant are 
species of phytoplankton such as diatoms. and species of ~ooplankton such as flagellates 
(Figure 11). The species taken vary according to the season and locality, but t hey pr ovtce 
rich carbohydrates and proteina for the oysters. In order to prod ce a rich pl~on sup­
ply the culture ground should be abundant 1n inorganic salts (such as NaHS u4 ' Ha»~ . NaN 
and XHP04 ) in order to provide nourilhment for the microlcopic or~nilol. 

The oystere filter their food from the water by means of the gills. The quan­
tity of food ingested is direct17 proportional to the abundancs of the plankton in the wa­
t er and also to the velocity of the current which transports it . In their investigations 
of the feeding habits of oysters. Seno and Hori (1927) found tha t oysters grow very rapidly 
in autumn after the Bpawning season and slowly in vinter anc spring. The quanti ty of 
available plankton is most abuoaant in autumn and decreases in winter when the water tem­
perature drops. In spring the quantity of plankton increases gradual 17 with the rise in 
water temperature. A list of ~lankton organisms found co~only in the stomach. of Q. ~ 
in Kanazawa, Kanagava Prefecture. i8 given in Table 5 . Ikari (1929) states t hat the dia­
tom. Thalassiothrix nitzlchioides and Coscinodiscu. B~tricus are predominant in the 
stomach contents of Q. ~ a t Miaaki, Kanagawa Prefecture. He also reports the following 
~ecies as important diatoms from the s tomachs of Q. ~ at Nagasaki, Hagasaki Prefec­
ture: Skeletonema co.tatum, C08Cin0d1Scu8 gargipatuB, COBcinodiscua excentricUB, Cosc1no­
discul .lmmetricus, Clclot ella striata, and Nitzschia trlbrlonella. AI important ~ood 
items for O. oippona at A8&IIlush1, Aomori Prefecture, he found Tracb,yneia aspera. Cocconeil 
IClltell.um, Coscinodilcus l1oeatlls, !t.. radiatlls, Q. grrlnatus, and Q.. excentricua. Which of 
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these many organisms are actually utilized as food and which are of merely fortuit ous pres­
ence is not known. The oyster has no selective mechanism for separating the desirable from 
the undesirable organisms ingested. providing they are small enough to pass through the 
filter. Probably not everything ingested is utilized as food. 

Seno and Hori (1927) report an intimate relationship between the seasonal 
variations of the fattening of oysters and both the species and quantity of plankton. The 
probable cause of the fattening of the Kaoazawa oysters is the vigorous feeding on diatoms. 
particularly upon Skeletonema costatum. During uctober and November. when the quantity of 
~. costatum was at its height per unit volume of water. the oysters fattened most rapidly. 
Conversely. during those seas ons when~. costatum was scarce or absent. the oysters were so 
lean and poor in qualit1 as to be unmarketabls. 

Sena and Hori report that oysters neither open their valves nor take food at 
temperatures under 80C. and open and begin to take food normally when the temperature riaes 
above 12 oC. Between 80c and 120C the1 open sluggishly. 

5. Sex Beve real 

Amemiya, Tamura. and Senuma (1929) studied sex ratio and sex stability in O. gigas 
by random collect ions from various oyster beds and found that the proportion of males and 
females varied greatly. In some beds males predominated, in some instances comprising more 
than 80 percent of the total. and in other beds females predominated. Moreover. as time 
passed, the investigators found that the sex ratio for anyone bed wae not constant. From 
these observations they decided that this oyster, which had been considered to be dioe­
cious. must in reality be monoecious and experiments were accordingly planned. The results 
showed that more than one-third of the "individuals observed underwent sex c~nge (Table F). 

TABLE F. - SB:X REV~ IN OSTREA GIGAS 

Group 1 Grou 2 
Year Female Male Female Male 

1928 119 58 .309 145 
1929 

Feuale 82 32 85 48 
~.al.e 20 18 34 39 
Hermaphro- 0 0 1 0 

ditic 
Indetermi- 4 0 8 1 

oate 
Dead 13 8 81 57 

TOTAL 119 58 209 145 

SOURCB:: Amemiya. Tamra. and Senuua. 1929. 

b. Growth of Q. ~ 

6. Growth 

a. General 

The growth rate of the 01S­
ters (Figur e 12) has a verT definite 
bearing on the problem of oyster culture 
from an economic point of view. Various 
investigators have shown that in general 
the growth rate of the different s~eci e s 
of oysters depends upon environmental 
factors such as water temperature and the 
amount of available food filterable from 
the water. ' The amount of av~ilable food 
depends on the density of the plankton, 
the strength of the current which carrie. 
the plankton to the seesile oysters. and 
other environmental condit1ons. The 
growth rate varies with these condit1ons. 
and the variation may be considerable. 

In a study of the growth rate of Q. ~ reared by the banging culture 
method. Seki (1937) reports differences among three groups of oysters collected from Hiro­
shima. Sendai. and Ocho respectively (Table G, p 30. Figure 13). The Sendai oysters are 
fastest growing of the series. the Ocho oysters the slowest. 

Sene aQA Hori (1927) reported practical results from their experiments on fat­
tening Q.~. Their work was conducted during different seasons and at various depths 
and involved different culture methods. They found the fattening to be better by the hang­
i11& method than by the sowing method (Figure 14). better in the middle l~er of the water 
than in either the upper or lower aquatic zone, and bet tel: in autumn than in winter. 
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TABU: G. - GROWTH BAnS uF QSTREA GIGAS IN THUE CULTURli: A1:!EAS 

Average Shell Height (millimeter.) !I 

30 DAYS OLD 

Total 
Increa.e 

Area G5 Apr 20 Jlln 18 Jill 21 Au.g 19 Sep 20 ()ct 20 Nov 29 Dec 25 Jan 20 reb (percent) 

Hiroshima 16 G3 33 41 42 44 
Sendai 13 22 34 42 46 48 
ucho 32 39 46 49 49 50 

!J Distance from 11mbone to ventral margin of the shell 
SuURCE: Seld . 1937. 

c. Growth of Q. den.elamelloea 

44 45 46 47 193.0 
53 54 57 59 354.0 
51 52 52 52 62.5 

The work of Seld (1937) on q. denselamellosa provides information on the 
growth rate for a larviparoll. speciel (Figllre 15). That the growth rate varies consider­
ably with the habitat i. shawn by the work of Tanaka (1947). He cultllred Q. deneelamello.a 
by the han&1ng methOQ in five different localities (Table H, p 32). The growth at Toku­
ah1ma, Tokushima Prefecture, was beat, and that at TanB:oe. 'ilakayama Prefecture, was poor­
est. Tanaka's work also .hows that the growth varies cons~derably depending upon the 
method of culture (Table I, p 32), with the hanging method producing the beet results. 
Tanaka found also that 2. den.elace110@8 reaches a size of 63 by 67 millimeters, the m1nl­
cuo size for sexual maturity, at an age of 16 months. l<lost of the individuals spawn at the 
age of two year •• 
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TABLE H. - GROWTH RATE OF OSTREA DUSELAI~!.LOSA FOR 0Nl: n:AB IN JIVE LOCALITIJ'.S 

)lumber of 
Localit7 Prefecture Specimena 

Tolruahima Tolruahima 62 
Yura Hyogo 72 
Sakakoshi HTogo 34 
Tanabe Wakqama 43 
Cello Biroahima 96 

!l Compared to Tokuah1ma u atandard 
SOUllCZ: Tanaka, 1947. 

Height 
Hei&ht I ncreaae 

Shell Height Increaae Ratio!l 
(milli dte I'll) (.UUa.tere) (percent) 

79 55 100 
65 46 84 
69 44 80 
61 27 49 
64 44 64 

TABIJl I. - GR0lr/'l'B liA TI: 01 05TllEA D:&NS"U.A)!XLMlS~ AC CORDIllG TV CULTUU METHOD 

Culture Age Shell Height Shell Weight Meat 
}r.ethod Locality (yeare ) ( 111 111 IIlIItera ) ( gr&Jll.8 ) (grams) 

Sowing Futami, ~ogo 1 50 28 4.7 
Prefecture 2 70 60 9.7 

Hanging Yura, HTogo 1 71 61 8. 6 
Pr efecture 2 89 122 4::0 . 0 

3 103 139 25 . 0 

SGUIlC):: Tanaka, 1947 . 

d. Growth of Q. rivularia 

Although~. rivular1a 1a not one of the important food oyaters, the results 
of FUjin10ri la atudT (1929) of the growth rate of thi a southern sp ecies are included here 
f or comparison. 

FuJ1mori divided hia study into two parta: (1) spat and 70ung oysters and 
(2) t he aexuallT adult. He found that the growth rate of the spat va ries conside rably 
acc ordi ng to their age in terms of t1me of attachment. Thoae apat which attache d in earlY 
J une grew largest becauae of the longer growing period , whereas thoae which attached in 
late July grew more rapidl7 duri ng a shorter period (Table J). 
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TABLE J. - GROWTH RATE or SPAT OJ' OSTREA RIVULlRIS IN KruSHU 
(average shell height in millimetera) 

Attachment 
Date 3Jun 

1 Jun 1.8 
2 J ul 

28 Jul 

Attachment 
Date 14 Jul 

1 Jun ~ 

2 Jul 6.0 
28 Jul 

lID: No data available 
SOURCE: Fujimorl,1929. 

8 Jun 

4.5 

27 Jul 

18.0 
10.3 

Observation Date 

21 Jun 2 Jul 

9.0 11.5 

Observation Date 

2A.l4: 17 Aug 31 Aug 

21.? 41'1.1'1 45.4 
12.0 24.0 30.0 
1.5 9.9 12 .0 

8 Jul 

15.1 
3 .0 

15Sep 

48.5 
40.0 
18.0 



Q. rivul ari. i. one of the larger .pecie. of Japane.e oysters. ~he maximum 
size atta ined by this . pecie. as r ecor ded in literature is 257 millimetere. with an ee t i­
mated age of 20 years. The growth rate of adult Q. rivularis in Xyushu. a . determined by 
Fujimori (1929) . i.: one year 54.5 millimeters .hell height. two years 96.9. three yearB 
124.2 . four year. 151. 5. five years 178.7. and .ix years 196.9. 

7. Chemi.try of Uys t ers 

Chemical analysie has shown that oyetere contain appreciable quantitieB of all the 
mineral. eBsential to the prope r metaboliem of the human body. A pint of oysters furnishe s 
25 percent of t he prot ein require~ente. more than 50 percent of the phosphorus. 33 percent 
of the calciwh and all the i oli i ne and iron needed da.1ly. Thei r high protei n c.ontent is 
particularly valuable to the J apane ee. who lack adequate protein foode. Oyetere contain a 
.ubetantial amount of glycoge n. which i8 r equired in t he normal human diet. and also con­
tain vitamine A. B. C. D. and G. a l l of which are needed. by the human body. The oys ter is 
one of the moet nearly balanced. nutriti onally. of human foods (Sekine ~t al . 1929). 

The chemical compos1 t10n of the a,yster . eepecially the glycogen content. 1s i mpor­
tant t o its value as food for man. Because thie chemical compoeit10n i. h1ghly variable 
according to the eeason of the year. a 12-month cycle of analyees ie neces sar,y to tell the 
whole etory of the changee withi n the oyster. These etudiee havs been made f or aome of the 
speciee of Japaneae oyeters and are especially complets for Q. ~ Seaaonal changes in 
the compoeition of this species clea rly s how the changea a •• ociated vith the br eedi ng 
period (Table 6). A .milar condi ti on exi s ts for Q. circumpicta (Table 7) . Ha tanaka (1940) 
reported the chemical change. duri~ t he spawning season and in the different organ. of the 
body at various seasons of the year (!able. 8 and 9). 

Ae indicated. the glycoge n content i8 considerable. The storage of glycogen at­
tains it. maximum before spawning and re~chea ita minimum juat after spawning ie comple t s 
(Table 6). The glycogen is stored mainly during the fattening eeas on in the edges of the 
mantle a nd in the gonad. but the amo unt in the gonad decrease. a. the oyster maturee. The 
percent of ~rotein varies approxi mately inversely with the glycogen content of the boay; it 
i. lowes t in t he mantle edge whe r e the glycogen content ie high and higheet in the adductor 
muscle where the glycogen content is ve r y low (Table 9). The percent of fat is high in t·he 
hepato-pancreas a nd. in the egg (gonad). and 10 .... in the adductor 1IJIl8cle. The fat content 
of hepa t o-pancreas decreases as the maturation of the goD8d procsecle. 

CULTURE OF QSTB."SA GIGAS 

1. General 

Of the 17 epecies of Japa nese Oatrea. only Q. ~ and Q. rivularis are cultured 
commercially. Q.. ~ bei ng by far the more important both in .cale of production and in 
value. Q. denaelamellosa haa been .ucce8sfully cultured experimentally but not on a com­
mercial scale. 

The culture of oye t ers ahows progreesive phase. of development. advancing from 
aimple beginninge to a mor e e ff i cie nt modern eystem. The sowing methoda u.ed in early cul­
ture were followed by more and more complicated cultural procedures. culminating in the 
preeent hanging culture and i ta modifications and in the various devicee evolved for col­
lecting and rearing apat. 

The present~ culture of Q. ~ in Japan TllAY be divided into two categorise: 
(1) raiaing of oyatere for food. primarily for domeetic consumption; (2) culture solely 
for pro duction of aeed oysters . both for domeetic use and for the export trade. Although 
the ob j ectives and methode differ. the two type. of culture often are conducted in the aame 
Tillage. 

The location wherA an oyater culture farm can be euccesefull7 e.tabliahed muat b • 
•• lected with care and must be det er~ined by intelligent examination of local ecological 
conditions. The following c onditione muet be fulfilled: 



(a) The farming area mat be protected b7 natllI'e 84;ainat Violent wind and 
wave action. 

(b) The adult oyatera whi ch produce the apawn muat be preaent in nearb7 wa­
tera in aufficient numbera to inallI'e adequate reproduction. 

(c) Tidal and/or current flow mat be eufficient to Change the water of the 
area complete17 and frequent 17 • 

(d) The aalinit7 ahould be ve r,v cloae to 27 parta per thouaand and the water 
ahould have a epecific gravit7 of approximatell 1.020 within a total 
range of flom 1.014 to 1.025. 

(e) The water muat contain adequate nouriahment for plankton production and 
ahould be abundant in phytoplankton aQ1table &8 food for the qyaters and 
their larvae. 

(f) Except where hanging IIl8thode are to be ue.d. the bottom IIIUt be rela­
tively flat and eandy-mud in qual1t7. free of .xc •• ain growth 0'1 
aquatic vegetation. 

(g) Becauae the optinum tempera t llI' e for qyater cultllI'8 ia about 240C or 2500, 
the water temperature muat be within the tolerance range of the apeciea. 
which j s 160C and 300C. 

2 . Spat Collection 

a. Seaaon 

The olater larva begina t o ewi m five or aix hours after fer\ilization and 
cont inuea a planktonic life for 10 to 14 daya, when it atLachea t o a eolid baae a nd ia 
thereafter aeBaile When thie tiwe for attachment arrivea, the collectore (or "cultch­
aB they are called in t he induatry) IIIUt alread,y be in the water to catch the larvae. 

Of primary importance 18 t he problem of aelecting the beat period of the 
spawni ng aeaaon in which to place the cultch in the water. If theae spat collectora are 
set out too earll. their Burface wil l be covered wi th barnaclea (Balanua). DIU .. ele (hl­
t llua ap.). and other animal and plant growtha to auch an extent that the apat will be 
unable to attach eaai17. thua greatly reducing the poeaible eet. Therefore the time of 
placi ng the collectora muat be cloae17 correlated with the beginning of the major eetting 
period. Thia can be done b7 malc1ng 0&117 recorda of changea of water ten:peratllI'ea and b7 
count ing aam~lea of ewimming olater larvae collected br a ~lankton net. In Hiroahima and 
)tdyag! prefectllI'ea. trained technicianB at the Haberiea experimental atationa gather thi . 
information and tranam1t it directll to the individual 0l.ter farmera ao that tha7 maT 
place their collector. in the water at exact17 the right time for great.at efficienc,r. In 
general, when the water temperature riaea over 2500 a good apawning 1a &aaured. The &pawn­
i ng i. aporadic. and the advantage. of the longer growing period make it advi.abl. to catch 
t he firat peak of the apawning aeaeon for maximum production reault •• 

b. Placing the Cultch 

The oyater larvae are free-awimm1ng plankton organia .. that tend to congregate 
near the BllI'face of the water. Thel are not evenll di.tributed throughout the water eith.r 
horizontal17 or verticalll .0 location of the collector in the beet poeeible po.ition to 
catch theBe ewimming larvae 18 extremell ilportant. The collector m.t be placed where the 
tidal cllI'rent carriea the larvae back and forth. and water tellperature, ealinUl_ and 
available food auppll muat be favorable. 

The level at which the collectora are hung ehould match aa cloae17 aa poa.ible 
the level of the .wimming larvae. The hai~t ahould be wi thin the intertidal. range and at 
leaet 10 to 20 centimetere above the aea bottom ao that the apat will not be killed b7 the 
mud or debrh ar attacked b7 drUb or etarf1ah. In Hiroahima Prefecture the range within 
which the collector. are placed ia at dept~. of 60 to 120 centimetera. between high low 
water level (HLWL) and low low water level (LLWL). In lUmamoto Prefecture. Ota (1948) 
f ound depth a of 40 to 100· centimeteJ:a above the bottom and below LLVL to be the be.t for 
ehall ow water (ligure 16) and 0 to 100 centimetera above LLVL to be be.t in deeper r&II&'8. 
(Fig~re 17). ~oreover. the collector •• hould be aet not over 100 centimetera above LLWL 
in order to avoid denae attachment of barnacle_ (Figure 17). 
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(2) Trwe lIruch 

c. fTpe. ot Collector. 

The t~ of colleotor ueed i. de­
termined by local prererence. and cooo1-
tiona, availability of material, and COlt. 
Man7 kind. are in uae in Japan, but the 
following are mo.t common: 

(1) lIuIboo 

lIecanae baaboo i. abllndant 
and cheap in Japan H baa been need &I a 
.pat collector .ince the earlte.t a~ of 
oy.ter culture, e.pecial~ in Blro.hlma 
Prerecture. The bamboo epecle. particu­
larly .uitable tor thl. purpo.e are Pgyllo­
.tachn reticulata (11I8d.ake1) and Pb,yllo­
.tacW. nigra henonh ('bachiku l ). ihe 
mad.ake 11 u.ed onl¥ in rough water. becau .. 
of it •• t~onger .tructural quallty, wher.al 
the bachim 11 practical in quiet vater. 

The bamboo .tick., .till bear­
ing their branche., are cut into leQ€the of 
1.2 to 1.5 meter. and are arranged either 
in row. or in clll.tere. They are thrult 
flrmlT lnto the bottom material '0 that 
about one _ter of each pole remalna above 
the ground (Flgure 18). On the.e .tlck. 
the oy.ter .pat are collected ln earIT 'Ilm­
_r, and the YOIlllg oyetere are allowed to 
grow on t bell llDd1eturbed until the f ollowi ng 
April. .U that tlme the oyeter-bearlng 
.tlcD are removed, giving place to another 
.et of collector. available for the new 
.pat. 

Whether the arrangell8nt of the 
bamboo branche. 11 in clllmp. C'toyaj or renc.-
11ke rowe depende on the indl rtdnal pre!­
erencee of the fatter and on the extent and 
conflguration of t 'le area he 11 cult hatlng, 
but dlfferent regioDB .how definlte and 
rather uniform tendencle.. '!'he bamboo branch 
can be Ileed for about three yeare. During 
the flret year the epat do not attach well on 
the 'lDOoth .u.rface, and .ome are Idlled, ap­
parently by an oil exuded froe the bamboo 
tiuue. The eecond and third yeare of the 
bamboo'e u.ee are be.t for .pat attachme nt. 
'!'he young Qystere are removed from the bamboo 
by .craplng with a kind of epatula. 

!he branche. of alQ).t arq tree can be uaed ... epat oollect are ln the 
.... manDer ae bamboo . but the principal tree •• 0 utili.ed are the che.tnut and var1ou. 
'peoh. of oake and plne.. Although tree "brancbea are enD ~per ,baD b mboo, and the 
attachllent of .pat on thea 1. bet ter, the wood 11 DlCh le .. rea1atant to decay t 
and thera! ore doee not ta.t •• long. FurtherDlre thelNt wood. are relattve1,7 
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wch lIare .aUy than bamboo and ao 
can be uaed only in aheltered. baya 
or inleta. not in anu of rough wa­
ter. This brittlenes •• nece.sita­
ting the constant rene".l 01 the 
branches. i. a hancUt.:ap eo eerioue 
that it outweighs cheapne ... 

(3) Boofing Tile 

Although experimental work 
bae been done on utilizing ro.of 
tile. ae collectors. their uae i. 
not common in Japan. Tile is a dur­
able collector which ean be used for 
many years. but it is Tery expen­
sive, a hanHeap which uakes it im­
practieal at this time. At harvest 
time the young oysters are removed 
by a spatula. 

(4) Stone 

liatural atODes. sllll!Lll and 
large, ean be used a. spat eollee­
tora (Figure 19). Th1a 1a one of 
the olde.t types of eulteh used in 
Japan. If the available stODeS are 
too large they e r e broken to the de­
sired si7e. TheBe pieces are then 
cas t overboard from a small boat 
passing over the collecting ground. 
~he stone collectors cen be used 
only on hard bottom • 

(5) Shell 

The mos t Wide ly used spe t 
collectors in Japan are old shells 

of various marine mollus ks . Esti mates are that more than one-r~lf of the young oysters pro­
duced are gathered on ehe l l co llectors. VariOUS kinds of shells are used. but the follo~ 
ing specie~ because of t heir relatively large size and e8sy availability in large quantities 
at low cost. a r e most commonly used: 
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fULl I. - SPECIES llF )4OLLUSK SHE.LLS USIliD AS CULTCH IN MIYAGI AlTD HIROSHIMA 

Genus and Speeies 

Pecten laqlleatus 
pecten ye.eoensi. 
MYtilu. cra.sttesta 
Cardhm IIlticWR 
Q. t rea ~ 
Chlurll tarre r1 

nipponenai. 
RaliQti. ltamta~~na W 

§/ .~er1msnt&l. 
~ An abalone (gastropod) 
liD: No data available 

PlW':lCTURXS 

Cultch per 'l'wo- Percent ot !otal 
I<:eter String Miyagi Hiroshima 

110 0 60-70 
80 10-20 0 
80 0 20-30 
lID 0 ~ 
?5 80-90 ~ 

lID ~ 0 
lID !J 0 

SOURCE: Hiroshima Fisheriee Experimental 
Station and loU" Miura in i-;iyagi 
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Figure 19. - Stone metnod of oyster culture 

The simples t t echniques for placing 
the shells are by sawing them broadcas t 
fro~ a moving boat, or by walki ng on the 
flats at low tide and spreading the shells 
by hand. 'I'he shell collectors, which have 
been used in Hiroshima and Kyuahu since the 
dawn of oyster culture, can be used in deep 
water as well as on areas exposed at low 
tice. A modification of the method for use 
on extremely soft bottom has been developed 
by t he Japanese 1n Formosa, where such bot­
tom i s common. Two shells are fastened to 
a bamboo holder which is pushed into the 
ground, keeping the cultch above the bottom 
and preventing smothering and loss of the 
spat . 

The most recent type ,of commercial 
collector is a chain-like series of sm~ty 
shells used in the hanging culture method 
(Figures aD,al,Ga. and 23). To prepare the 
collector shells for this methoa holes are 
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punched through the ahell with a hammer 
having a pointed n088 or b7 a apecial 
perforator (Figure 24), and the ahella 
are then s trung on a 50 12 galvanized 
wire. The wires are from one to six 
me tera long . dependi ng on local water 
condit ions . On theee wires about 70 to 
100 oys t e r shella or laO to 140 pecten 
shella (Pecten lagueetua or 1. yeasoenaia) 
can be st rung. 

The most common method for 
aetting this type of cultch is to place 
wooden or bamboo polea in the ground of 
t he oyater aeed area, spaced so that they 
can be connected by wooden or bamboo 
poles on which the stringa of collactor 
shells are faatened. Thia ia the main 
method employed in Miyagi Prefecture. 
where large quantitiea of aeed oyatera 
are produced. and will be deacribed in 
the section dealing with aeed oyater 
culture. Anot he r common me thod makes 
use of a raft si~ilar to that uaed in the 
culture of adult food oystera. which sup­
ports the stringa hung in loopa from the 
raft. 

The apat collected on ahella 
are uaed in both the hanging and the aow­
ing methods of growing adult oyaten. 
The shell collector s have proved moat con­
veni ent and practical for tranaport of 
spat in the export trade. 

3. Growing Methods 

Collecting of the spat completea 
the first phaae of oyster culture. The 
second phase is the growing period, during 
which the young qyaters are fattened for 
market. The varioua methods used in grow­
ing 2: ~ are deacribed aa followa: 

a. Sowing Cultllre 

Sowing is the most ancient 
and the simplest of oyater culture methods 
and has been used in the Hiroahima and 
Kyushu districts since oyster culture 
began. The basic enVironmental qualifica­
tion is that the sea bottom in the farm 
area be hard. becaase in muddT areas the 
shells are easily buried and loat. ~ile 

sowing is a very old method. it atill has 
its practical application even in connec­
tion with the moat modern culture proce­
dure. For example. the bamboo stick on 
which spat is collected is not stroDe 
enough to support the growing oysters 
during the entire period until they reach 
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marketing aize. Hence a rearins procedure had to be eTolTed to take care ot thia culture 
deficiency. Furthermore the oyatera which now are raiaed by the ~ng culture methoda 
have a fragile ahell which muat be hardened for marketins purpoaea. Thia ia accompliahed 
by lowing the oyaters grown by the banging method on the aea bottom. 

In the apring or early aummer, either the collectora with their attached apat 
or the young oyatere which have beeD knocked off the collectora are acattered over the 
aowing bed at low tide. To increaae the area available for aowing, the offahore ialanda 
are DOW recommended in the Hiroahima dietrict. and the utilisation ot thia aorease ~ 
conaiderabl y increaaed the local output. 

Prior to the sowing the bottom ia prepared to received the oystera. All traah 
and accumulated debris are removed. and it conaidered necelaary the ground is further 'hard­
ened by acattering aand. pebblel. or Ihell on it. Thia work ia done during low tidea ; 
where the area il not expoled at low tide the cleaning 11 accomplished by aragging a hea'7 
net over the bottom. 

After the bed is prepared, the oyatera are acattered at low tide and the aoWn 
oyste ra leveled off by means of a six- or eight-toothed rake known as the "mutaugo" or 
lyat8U€O". The raking breaka off the brittle ahell margins and thus helpa harden thia part 
of the shell. If the bed ia not exp08ed at low tide the acattering i8 done trom a emaIl 
boat. As strong wind or waves may pile the acattered oysters in one place. they require 
watching . At times the drifted mud must be remoTed from the shells by waehing at low tide. 
Obvioualy the Japanese oyster culturiata do not like mud a8 a culture medium. 

In areas where strong winds cause damage. especially in aummer. aa in many 
plac ea in Hiroshima Prefecture. the oysters are originally sown in what is known as a 
SUMmer refuge. This is a prepared bed which has been fenced in by closely driven bamboo 
sti cks which ac t as a wind and wave break. When the summer winds are over. the oystera 
are removed to a winter refuge which is not fenced. 

b. Stone Culture 

The stone culture method (Figure 25) has been the most succes sful device uaed 
~n Kumamoto Prefecture since 1909. In March and April the oyster farmer construct a di rt 
terraces. measuring from 40 to 80 metera long. 3 meters wia e. and about 0.3 meter high. 
This is done at low tide in much the same way that low terraces are conatructed on aloping 
agricultural land. The surface of the terraces settles for several weeka following their 
construction. From early June through July the farmer scatters atonea bearing attached 
spat over these submerged terraces as he followa their main axea in his boat. The atonea 
are left on the terraces as they fall. until September of the foll owing year. At the ex­
piration of this gro\~ ing per iod the farl':.er r ezroves the oysters from the stones. laving them 
for future use in spat collecting. He transports the oysters by boat to offshore fattening 
groundS. where the oysters remain until mid-Bovember when the marketing aea80n begina. 
Fi nal harvest and marketing usually are completed by April of the following year, which is 
the beginning of the legal closed season on the sale of oysters. 

c. Mmboo Culture 

The bamboo culture method which utilizes bamboo or occaaionally tree branchea. 
began in Hiroshina Prefecture about 300 years ago. The sticks and branchea which are the 
basis of this method (Figure leA) are those used exteneively and efficiently as Ipat col­
lectors. The young oysters are allowed to remain on the sticks undisturbed until the 
spring following collection. when they are knocked off and scattered ov~ r t he summer refuge 
area at low tide. In mid-September the oysters are removed to the fattening grounda off­
shore. and they are marketed as food oysters during the winter and early spring montha 
(Figure 26). 

A mo re complicated version of this method (Figure 27) has been developed at 
Nihojima. Hiroshima Prefecture. Nihojima is four kilometers eaat of Hiroshima city at the 
mouth of the Enkoh-~awa. Here the oyster culture grounds are composed of spat collecting. 
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growing. and fat tening &reaa. Onl,y the 
apat collecting groundA are o~tside the 
moath of the river. the other tw~ areas 
beiog within the river mo~th. From ~ to 
Ju.l7 the bamboo branches are stack in the 
groand in cluste rs of four or five over 
the spat collecting areas. These sticks 
are about 1.6 meters long Rnd 2.5 centi­
meters in diameter. B,y the end of A~st 
these collectors are well covered with 
spat, and th~ are then removed and ased 
in the construction of the to,ra (literally 
·chicken boase"). One type of "tqya is 
round and the other is rectangular. but 
the method of constr'JCtion is the same. 
The roand toya is a groap of spat-covered 
bamboo collectors nen.suring about 1 1/2 
meters high and 2 meters in diameter at 
the base (Figure l8B). In the center 1s 
a group of old bamboo collectors b9Bring 
oysters collected the previous year. uut­
.lde this core and arrRnged in two circles 
aroand it with branches interlaci~. are 
placed the new ba~boo collectors which 
have just received their spat on the col­
lectI ng groand. About 360 cIrcular tOia 
are placed on an acre of oyster grulllld. 

SEASONAL ACTI VITI ES 
OF 

BAMBOO CULTURE METHOD. FENCE TYPE 
KUSATSU. HIROSHIMA PREFECTURE 

KIITlJIML IUSDVNC'n SECT/ON 

Figure 27 
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ApprQxiwately a year later, the Qysters in the center and the larger oysters 
in the o~ter circles are knocked off the col lect~r sticka ann are transferred to the fat­
tening ground tQ be aold at the proper time on the market. The collectors from the o~ter 
circles, bearing the smaller oysters, are rec onstruct ed into the central cores of new 
toya. and remain thlu fQr another year. 

d. Hanging Culture 

Until 1923 the cult~re of Qysters vas essentially a seabottom industr,r. In 
that year Seno and Hori (1927) obtained excellent result s in their experiments in fatten­
ing oyaters b.r utilizing the middle atratum Qf the water--the great area below the surface 
and above the bottom--ab~dant in available fOQd but previously r~garded as Qf no value to 
the oyster culturist because of its inaccessibility. Becau.e the oysters were 8uepend.d 
vertically. the new method became known "s the hanging method. This intermediate zone now 
has been ~t1l1zed exteneively. and the hanging method bas become the cOlllDOn culture tech­
nique in Miyagi Prefecture. 

Your adaptation. of the hanging culture method have been develQped: (l) the 
raft; (2) the long-line. a modification of the raft; (3) the rack; (4) the umbrella. a 
modification of the rack. The raft and rack are the most important. and the use of bQth 
spread rapidly throughout Japan ae their advantages became known. The umbrell" and long­
line are confined to small-scale QperatiQns in certain district., but the latter method, 
the Dewe.t of all. give. pr~mise of being a real contributiQn to the industr,y. 

The hanging methQd bas certain advant&&es over Qther types of culture. (l) 
The crop of Qyster. per unit ar.a of sea bottom i. greatly increased by their vertical 
suspeneion. (2) )ilOre food can be ingested by the oystere becalue the water supply 1& con­
tinuou. (there are no low tide expoaures). The resulting growth rate is about twice that 
obtained by other method., so the culture period can be reduced to six months inetead of 
the year necesear,y for equal growth by the ut?;round l mathods. (3) The farll8r can culture 
his oy.ters without regard to the phyaieal condition of the seabottom or water depth. 
!hu even a .mall deep-vater bSj" or one that baa soft IlUd bottom can be made to produce 
a large quantity of oysters. (4) The oyeter. are reared in clear S8& water and are not 
fouled by mud. eand. or debrie. The resulting meat is of a IIIlch higher quality than that 
produced by the sowing method. (5) The oyste rs are out of r each of predators. 

(1) Raft Method 

The districts of Japan which h~ve been most successful in the use of the 
raft culture method are: Kesenlll1llll-wan, Miyagi Prefecture; Hiroshiaa Prefecture; Toqo­
wan; and III&JlT b8¥s along the Mie Prefecture coast, including the large he-wan. The method 
1s used for the culture of adult oysters to be u.ed ae food (Figure 28). 

The ~cific detail. of raft conetruction vary considerably with the dif­
ferent region •• both &8 to .t~cture and .ize, but a typical raft can be described as fol­
low.: Wood pole •• 10 to 15 meters long, are laid parallel t ·o each other. about 0.5 meter 
apart and are fastened by wire laahinga to lateral timbers. The raft is about 5.5 to 6.5 
by 10 to 16 meters in size. Each lateral timber has iron nails spaced at 30- to 45-oenti­
me ter intervals to receive and suspend the seed oyster. from the raft. The float. for the 
raft are usually empty fuel oil drwae or wooden ca.ks, painted with tar. Usually 8 to 12 
floats are used, the number needed being determined by the weight of the banging culture. 
A. the oysters grow and become heaVier, addi tional drums must be added to keep the raft 
afloat. Structure of a raft, larger than the raft nesc ribed herein but otherwise repre­
sentative, i8 .hown in Figure 20. 

The raft. are fastened end to end in .eries &nd are firmly anchored fore 
and aft to prevent loaM ~ ' v1nd or current. Many rafts can be anchored in a relatively 
small area. 

Spat collectors used to .upply t he growing stock for the raft culture 
method coneist of .trings of collecto~ shells. Kach collector shell is separated from the 
next in series by a bamboo t~be 10 to 15 centi meters long, known a. a dspacerM. The shells 
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and spacers are s trung on 1.5 to 2.O-meter lengths of No 12 galvanized wire. The exact 
lengt h is determined by the available depth of wateri th. strings are not permitt.d to 
touch bottom at aD¥ time. 

The amount of various materials required and the .pecifications for typi­
cal rafts as constructed in Hi r oehima and Miyagi prefecture. are listed in Tables 10 and 
11. During World War II IIIBllY of the seeming17 rt tal requirements for makiIl& rafte were un­
obt~inable. The extreme shortage of e,sential, led various prefectural fisheri. s experi­
ment stations to investigate pos si ble sUbstitute materials. As a result many euch substi­
tute' were found which served at least temporarily. AmoIl& the most important was the use 
of straw and straw rope in substitution for metal (Figure 29). Experi ments on s traw rope 
were begun in 1932. and by 1938 more than 80 percent of the 5,000 rafts were equipped with 
it in,tead of with the unobt ainable wire rope. The durability of etraw is about 10 months 
for rope of 1.06 centimeters diameter and eix mont he for 0.76-centimeter rope. 

(2) Long-Line Method 

The long-line culture method i , a modification of the raft technique de­
veloped at Keeennuma. Miyagi Pref ecture. i n 1947 b,y the Taiyo Fish Co Ltd. It see me to b. 
a definite step forward in oyster culture procedure. The method ie primarily a raft t ech­
nique designed to elimi nate the raft; the principle ie that of th& raft. but no raft is in­
volved. Construction details are shown in Figure 21; 

The basic feature of a unit of this long-line method consists of a seri •• 
of wooden barrels (or metal drums ) used as floats and arranged in rows. resembling the 
skeleton plan of a raft. Each row of barrels eupports below it two parallel 10Il& lin. s of 
six-centimeter straw rope. A row of barrels is from 70 to 75 meters long and contains 12 
floats spaced 7 met~ rs apart. wit h an interval of 10 to 15 meters betveeu the two middle 
barrels. The five rows are 10 meters apart; and each row i. anchored firmly at both ends 
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~o pr.v.nt the barr.ls fro~ nrawing too clo •• together a. the w.ignt of t he £rowi ng ys~.r 

crop incr.a.... On each of the parallel long lines a .eri.s of vertical rap •• about 7.5 
met.r. long (the exact length varies with the dep t h of the water) .u.pend the coll.ctor 
.hell. and their growing oy.ters. The latter are spaced vertically in the twist of the 
rope at interval. of 30 centimeters. These vertical lines do not touch bott om a t anT i 
and are hung about 30 centimeter. apart along the aupporting long l ines between barrels 
1 and 6 and between barrels 7 and 12. Hone are hung between barrels 6 and 7 as thi s in­
terval is used to control the oepth of the collector shella by taking in or letti out 
alack. Ropes ano floats are preserved by a coating of coal tar. 

The principal recommendation of thi. technique is that it has al l of the 
advantages of the raft method and avoide the one dieadvantage of that method. Because the 
raft is more or lees rigid in conetruction and floate on the surface. it i. subj ect to dam­
age or deetruction by wind and wavee, with the resulting lo.s of the suspeneed oy. ter crop. 
The long-line method is wholly flexible and uses no expoeed raft to be broken up . Bee use 
it offere the leae t poesible resistance to wind and wavee, the danger of lose 1a greatly 
reduced. 

(3) Back Method 

'l'he rack method is a ehallow-water adaptation of the hanging culture 
method. It i8 ueed exteneively in ~~yagL. 5hizuoka. ~ie. and HiroshlDB prefectures f or 
production of oyetere for food and ie also the common methon used in ~~yagl Prefecture 
for production of eeed oyeters. 

To construct the rack. polee are driven into the groun~ from two to four 
meters apart (Figure 22). These uprighte are then connected by hvri zontal poles at any 
epacing de eired. Ordinarily the vertical polee are aligned with each other in both direc­
tione, with horitontal crose-bracinge. The poles to eupport the suependeo etring. of 
cultch are then placed lengthwiee on top of these braced scaffoldings and thus have ade­
quate support as the oysters increase in weight. 

The collectors for the rack are prepa red in a manner si mila r t o that for 
the raft method. but may be modified in various ways t o conform with the dep t h of t he 
water, which i6 usual~ considerably shallower than found in the raft areas. In HallRna-ko. 
Shizuoka Prefecture. the strings are hung in loops (Figure 22C). In many lo cali t ie s the 
strings are hung over the horizontal pole as in tr.e case of the vertical type spat collect­
ing rack. 

In the Hir06hima area the collector shells with their crowded spat are 
removed frorr. the connecting wire in early fall and reetrW'lg on wires. In t he one-year crop 
method. they are strung with 15-centi~ter bamboo spacers separating the~. and they grov 
until January, when marketing begins (Figure 30). Recently a second method . the t WO-TSar 
crop, hae been introduced. B,y this method the collectors and their spa t are separated b1 
bamboo spacers 2.5 inetead of 15 centimeters long. They remain tbue until the f ollowi ng 
~ when they are rehung on the rack wi th 15-centimeter spacers intsrvening. They grow 
until the following winter and early epring. when they are marketed (Figure 31 ). The 
specifications for the Hi roshima bamboo rack construction are listed in Table 12 . 

(4) Umbrella JoIethod 

Thi. mo~f1cat1on of the rack method was de.igned by Kr Ota in 1946 for 
oyster culture in areas having 0-3 h~ra exposure to the air at low tide. It i. be ing 
u.ed in the Kumamoto district. The ad18ntages lie in the po.sibility ot ma.s producti on 
with limited material., rapid growth ot the stock, and stability again.t wave action. 
Structure ot the umbrella i •• hown in ligure 23; the material. required to con.truct on. 
umbrella rack are listed in Table 13. 

In constructing the umbrella the vertical ole 1e first d.rinn into the 
ground, leaving 0.2 to 0.6 lII8ter exposed. and a 10-1.2 centil.ter D&11 18 driven into the 
upper end of thia pole. Froll this nail 16 .trings of collector en.lla radiate like the 
rib. of an Il.IIbrella. and each 1e pegged to the bottolll at the far end. The leIlgth of the 
upright i. then adjusted to the depth of the water so that none of t bl col l ector shells 
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. Figure 31 

touch bottom. To prevent damage by oyster drills. a metal drill guard is attached to the 
upright near its base (Figure 23B), and chestnut burre can be u8ed near the far end of the 
ra~ii, thus preventing accees by the injurious ga8tropOQs. 

4. Seed Ylster Culture 

The methaQs used for production of seed oysters are in general simila r ~ those 
u8ed f or production of oY8ters for food. but they have been adapted to put the young oys­
ters through a hardening period which wi ll enable them to stand shipment . 

a. Miyagi Method 

1he production of seed oysters in Japan centers in Miyagi Prefecture and spe­
cifically in Matushima and !-iangoku-ura area of I shinomaki-wan. 

In early April. preparations are begun for collecting the spat (Figure 32 ) . 
~he empty shells of ovsters (Q. ~) and various other marine mollusks (Chlasrs lagueatus, 
Q. yessoensis, Haliotis kamtschatkana,Chlamws farreri) are s trung on wires 1.5 meters long. 
70 to 100 collector shells per wire (Figure 33) . Such a sequence thereafte r is known a s a 
o. stringU or a "string of cultch" , called urenu by the Japanese. Unlike s trings prepared 
for fo od oyster culture. the collector shells are not separated by bamboo spacers. 

,;11ile the str ings of cultch are be ing prepared, racks and rafts of horizontal 
poles are constructed i n areas where spatting or set ting of oyster8 18 known to occur. 
About mid-July. when the 8pat are known to be ready to set, the collector strings are 
dropped over the horizontal poles of the racke or suspended from the rafts. Care is taken 
to 8ee that the tips of the strings of cultch are clear of the bottom by at lea8t 0.25 me­
ter at all times. This precauti on excludes oyster drills from the collectors because the 
drills are not free-swimming at any stage of their life cycle. 
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In early September the strings of 
cult ch are removed from the support s and 
are distributed horizontally on specially 
constructed grios high in the intertidal 
zone where they are exposed to the air for 
lL8.1l¥ hours a oay during ebb ti oes. Here 
the apat are "hardened~ by exposure to 
conditions qUite unfavorable to them. By 
this process the young oysters are under 
water (and hence active) for only a few 
houri a d~. The result is the survival 
of only the str ongest individuals ; the weak: 
oyaters die. The strong survivors are 
stunted in their growth because of the un­
favorable conditions and the shortage of 
food. but those that survive develop a 
Itrong, thick shell having an almost gasket­
like seal which enables them to retain the 
sea water between the closed valves during 
a long period of exPosure. Oysters not so 
hardened grow rapidly and develop thin, 
fragile shell edges which will not with­
Itand shipment and which do not have the 
required watertight seal. Both the stunted 
size and the heavy watsrtight shell are 
easential to ensure ~urvival during alow 
tranapacific shipment. The hardening pro­
cess continues from early September to 
February when export to America occura. 

Figure 32 For local use within Japan the harden-
ing proceas is sborter and simpler because 

the time and distance elements are less extreme. Furthermore drills are generally dis­
tributed over all the oyster grounds in Japan. so t he precautions required for export to 
prevent the access of orills to the cultch are not necessary for local culture. Therefore 
the methods used to avoid contact by the strings with the bottom are not attempted. Uften 
the strings of cultch are simply laid on the sea bottom in the upper tiaal 20ne. The dis­
tribution of spat for domestic uae ' begins in the middle of November and continues through 
January. 

A few d~s before the arrival of the vessel on which the seed for export is 
to be shipped. the strings of cultch are removed from the grills and taken to the seed­
packing center. Here the wires are cut. and the collector shells bearing the spat are 
placed in baskets, washed in sea water. and dumped on aorting tables. Women examine both 
sides of each shell to make sure that more than 10 spat of the desired size are present. 
The export reqUirements set up by the Pacific Coast Oyst,er Growers Assn specHy a minimum 
of 10 spat having a diameter between 6 and 15 millimeters per collector shell. At the 
aame time they are examined for the possible presence of drills or other oyster pests. In 
the meantime wooden packing cases 36 x 18 x 12 inches, with a center cross partition, are 
prepared aa shipping containera. 

Collector shells are shipped in two forms: unbroken and broken. Unbroken 
shells. after being inspected and approved, are placed in the packing cases whole. If 
broken shells are desired the collector shells are cut transversely into two or three 
pieces. depending on the size of the shell. by an apparatus resembling a paper cutter 
(Figure 34). Each piece of cut shell having a minimum of five spat is then packed. The 
broken shell method of shipment is preferred by oyster growers having oyster beds which 
are neither muddy not affected b,r swift tides or storms. These cut shel ls provide small 
clumps of oysters which require no further separation after planting. thus red~lng labor 
costs. and give more seed per cass. A case of broken Ihell contains about 1,900 pieces of 
shell bearing 18.000 to 20.000 spat and weighing about 165 pounda. The unbroken collectors 
are desired by farmers having oyster beds with soft bottoms into which the larger unbroken 
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CUTTER FOR PREPARING BROKEN SHELLS 
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Figure 34 

shells do not sink so readily; they are 
preferred alBo in area a of awift current 
and storms where the amaller fragment a 
would be carried away more easily. A 
case of unbroken aeed collec tors con­
taina about 12,000 apat and weigha about 
110 pounds. 

If the period of storage prior to 
loading the ship is longer than three 
day a , the packed seed and containera are 
returned to the intertidal zone and 
placed on the grids which keep the caaes 
at least six inches above the bottom and 
safe from enell\Y attack. The seed can be 
held safely in this manner for at least 
two weeks; even four weeks' holding haa 
proved not injuri ous to the apat. 

Aboard the ahip broken and unbro­
ken aeed are stored separately. Dun­
nage at leaat one inch t hick is placed 
on the deck and the cases stacked in 
layers on this, the layers being sepa­
rated by 1/2-inch laths to provide ven-
tilation. The top layer is covered 

with straw matting held in place by laths to reduce evaporation. The seed oysters are 
sprayed with sea water once a day to keep them moiat . The mats mnst be kept moist but 
not wet. 

b. Kumamoto Y~thod 

The export of seed oysters from Kumamoto Prefecture began in 194& through 
the Kumamoto Fisheries Assn ~ich exported seed on a small scale to America and Aua­
tralia. The important culture grounda are located in the moutha of the man,y rivera 
that flow to the sea in this area, eapecially along the coast of Ariake-kai. 

The season for cdllectlng spat extends from April to October, but mid-Mity 
i B the best for the purpose. The spat are collected by two methods: (1) the horizon­
t al (Figure 33) and (2) the umbrella (Figure 23). The principal difference between 
the Kumamoto and Miyagi methoda is that in Kumamoto straw mata are used successfully 
to cover the racks to reduce the otherwise severe attaCk of barnacle.. This practice 
will be discussed in the section dealing with oyster enemiea. The hardening procesB ia 
aimilar to that uaed at Miyagi, but for the purpose of export to Auatralia the height 
of the hardening racks above the sea bottom ia raiaed twice , once in mid-June and again 
in mid-July. This is done in order to harden the oyatera aufficiently so that they can 
wi thstand the higher air telllPeraturea of the Auatralian region when upoaeci. at low 
tide. 

c. Hiroahima ~thod 

In Hiroahima Prefecture. the weatern half of the coast around the city of 
Kure is suitable for collecting spat and for the growth of qysters but the ea.tern 
half is suitable only for growth purposes. The seed oysters collected in the weatern 
part by the rack method (Figure 22) are transplanted to the farma in the eastern ·part. 
Thia is done by the Hiroshima Fisheries ~xperimental Station. 10 seed oyaters have 
yet been exported to the United Statea from Hiroahima. 

51 



CULTUU iJ7 l1l'HIR sPIcas 

1. Qetrta d'Q!elamelloe. 

a. Hhto1'7 

The Ja.pane .. long bave known tba.t Oltr,,! 40nll14m.110!, I wi dely dhtrtbute4 
along the val'll curr.nt co_tal .r.al of Japan and that lt "ae an .xcell ent food I eol.1 ' 1-
peclallT d •• lrabl. al a -balt-e 111 OYlt.r. Bov.~.r it val not cultured eo rcla117 be­
caule lt inhabited comparatlY.~ deep vater and the coll.etlon of Ip,t p ro.ed •• r,y diffl­
c~t. !. FuJita (1886) flr.t ~ •• ted the pO.11blllty of aulti.atleg thl1 0Y l t.r. In 
1914 and 1915 a fey n.hieg ~ill..a« .. in Hyogo Prefecture attempt.d to clllture Q • 
.. lloea ~ .cattering oollector .hell. ~er the tural bedl but failed to ,et good Ipat 
.~ival. The natural oy.t.r production then ~ ecre .d b.canle of o.erfllhleg. In 1921, 
uDd.r the influence of food .hortag4t1 created b7 World War 1, t J'u.tlLlli Shell Cu.l ture 
~.ri .. ntal Station va ••• tabli.hed in Hyogo P .fectur. to Itnd7 ~. 1 1 

Futami val known to b. tbe be.t natural production ar for th epec~el. f nta1 
.tudlel vere made qy S.no, Sekl, I .akabe, and otherl until 1938, v n the I tation 
abandoned. M&nT of the baeic probleml In.ol.ed in the culture of thl1 OYlt r we re l ol.ed 
at thi. Itatlon and the relultl publilhed. Hove.er, the eel tor the aQlt~re of Q. ~ 
lelamelloea Iteadi17 dim1n1lbed becaule of the extraordinar,y increale 1n t e prod ctlon of 
Q.. ~ by tbe new banging culture _thode. 

b. Spat Coll.ct1ng 

Tbe l .:>awn1ng lealon of thi l epeeill elltendl trolll J.me to Septelllb"r hen t 

water temperature rang I frolll 190 to 23 0 C, and t.he young. tncubated vi thin the n\1,e 
cavity of the parent. are lib.rated rnto the lea aa frel-eviE£ieg larT&e. hree we 
after hatching thele larv&e link to the lea bottom; t are then abo t 0.37 .tlli~t er in 
length. When they attain a length at 0.40 m1l1i~ter theT attach the el.el to I 11d 
objecte on the bottolll luch al Ihell. (~, Anomia, Solen , ctra are tbe co onelt 
utililed). wood, Iton'I, concr.te blockl, tile, glaal, and otbe r 1011d terlall. Both 
ehell and tile are excellent for attachment of Ipat, but b&mboo, Yhich 11 Yel l-lll1t ed tor 
the attachment of Q. ~ Ipat, bal been fauna to be uneuitable for the I t of n-
.. lamelloea • 

• xperimente carried on ln Hyogo Prefecture by Seld &Ad Tanaka (1931) lhalled 
that the Ill1IIber at Ipat 11 greater near the bottom than at higher !.e.ell. he foll ing 
coll.ctorl for spat of Q. denlelamelloea have been tried, but none hal been eea ez ~en­

sive17· 

Stone and Shell: Collecting lpat on Itone. &Da Ihelll Y&I I\l&gelted by 
Fuji ta aa earlT a. 1886 and actll&llT practiced wi th lome IUcce .. in Ryogo Prefect re (Seki 
and Tanaka. 1931). The collector Itonel or .helll were scattered on the nat ral oylter 
beds. the spat which attached to them vera cultured either b7 le~T1ag them on the bed or 
by artlficial metbode .imilar to tho.e employ.d vith elm11ar cultch in rearing Q. ~. 
!be amount of lpat gathered wal. bowaver, ne~er latilfactory. 

Tile: Seki and Tanaka (1931) collected 115,000 lpat on 48 tl1e collectorl 
which mealur.d 30 by 30 centimeterl. The aesembled collector conlilted of 48 tiles each 
measuring 6 x 5 x 1.8 centimeter., attached qy lIire to a concrete dllc 64 cent imetere in 
diameter and 12 centimetere thick. The til. plates were separated by four knobe, tva 
centimeters hlgh, lIOulded on one fac. of the tile. Thi. separation gave the dark-eeeldng 
spat accele between the plates. The enti re aeeemblage weighed 245 kilograml. 

Wire letting: Seki and Tanaka aleo designed a collector consisting of a box 
made of vire netting meaeurlng 60 x 60 x 60 centimeters. containing 5 , 700 shell collectors . 
The vire box was attached to a concrete disc ae described for the tile collector ~ethod. 
the entire aesemblage veighing 210 kilogram.. Tanaka (1934) eubstltuted vood chips costed 
vith coal tar for the ehell collectore. and this vas found to be more practical because 
the chipe were merely vaete material from tr,atch-box manufacture and wooden ship const~c­
tion. 



c. Growing kethod. 

After the .pat baa attached to one of the various form. of cultch, ~ on. of 
three method. was u.ed to grow the oyster. to marketable size. 

Sowing: Thi. method i •• imilar to that used for Q.~. Some of the origi ­
nal experiment. proved fairlT .uccessful, but the loss owing to predators and the .mother­
ing ot Q7.ters under drifting sand was exce •• ive. 

Long Line: In this method a string of collector shells is fastened to a long 
.traw rope abo ut six centimeter. in diameter. as used in the long line fishing metho~, . 
The oo11.ctor .hells are spaced about 10 centimeters apart by the use of bamboo sp~cer •• 
The long lint 1. then laid on the sea bottom and weighted so as to prevent dri£\ Thi. 
method prov.4 ,~t~~r than sowing because the collector s trings are not lost by Qurial in 
drifting .and and Can be removed or shifted when desired. 

~lng: The same raft and rack methods used in culturing Q. !!&!! were used. 
The vertical culture methods produced better growth than culturing on the sea bottom. 

d. Collecting Methods and Gear 

The oysters are gathered by means of dredge nets of several \ypes, the co~ 
mon •• t being that shown in Figure 35. In the Ube district of Yamaguchi Prefeet~f' .mal l 
motor bo.ts having 3 to 8 horsepower motors are ~sed to drag the nets. Each boat is 
equipped w~~~ one dredge which is hanaled by a crew of two f i shermen. From 12 to a5 
pounds of oys\ors are caught in about half an hour of dredging, and a day'e operati on 

DREDGE NET FOR OSTREA DENSELAMELLOSA 

Wire net 

Stone 

2m 

Figure 35 

53 



718lda ~here froll 230 t.o 460 po\l.Dda of o,.a t era per boat. !he fhhinc M.eOll e~teACle 
from December to March. Of the total production durin« thh period. 40 percent h obtalM4 
during December. 30 percent during Januar.r. 26 p ercent durin« Jebruar,r. and 6 percent 4Rr­
ing ear~ March. 

2. Oatrea riTUlaria 

Oatrea ri'Y\llaria ie found in Ariake-ka1 Ad Y.teu.chiro_aD. lTuam. &AG. alOllC tbe 
weatern coaat of Iorea. LocallT i ia d1 a trib~ted in placea of co &rat1Tel7 low aaliD1t7 
and at a depth a~ficient to insure that 1t ia not expoaed t low tlde. It 1a moet a~ 
dAnt in the inner parte of Ariake-lr.ai. Jukuoka and prefeoture •• 

A pr1m1tiTe a7a'ell of o~lture ha. been deT8loped fo r thi . apeciea .t the. th of 
the S~noe-gawa. Ariake-kai. The natiT.a d followed the c .t of ptbari DC all "be 
nat~ral oyater8 poaaible and atorin« the larger indiTiduala for a . hor t t1 .. on the bot to. 
of the S~noe-gawa. to be ahipped at the proper aea aon for a le in • Jor ao .. 
reaaon d~ring the winter of 1884 the .. OTatera wera not cathered &ccordiDC to acMd.l1le. 
The following Tear it waa found that theT had a4ded a TarT co id.erable aaoa.nt both in aiae 
and weight. Froll thie bepnni a DeW t7P8 of c 1 tu.r e va. eTol T to .. et local condi-
tion •• and the induatr.r deTeloped a product10n of 357 .435 a bo o~ qf.a t era in 1897. 

The method employed waa aimple. YOQ.DC o,.ater. abont ? 6 cent 1metera 1n lenc'h 
were gathered from eTer.r poaBible «rowing place frOIl Jul,. a.ntil reb and were placed on 
oyater beda 1n the mo~th of the riTer. To preTent their bei loat the,. were heaped cloae 
together in maa8ea. T~ were waehed and cleaned t wo or thre e time a .ach .onth at low 
t1de. In April the in.ah1d~1 CV'atera were et~ck 1n t ald at Tertical17 . hi d OWll 
and ventral margilJ ~ppermo.t. Aa the ald a Tery fina. th oyate" not o nl.7 kept t a 
poaition but grew well. The,. were clean d often. and aa theT rew they were thinned and 
replanted to give them 1I0re growing apace. Growth va. oe id in at aDd Septe.bar. 
B7 October they were about 12 inchee long . and r sdy for 

UTILIZAXI05 AND BY-PRODUCTS 

1. Harveati D« 

After the at1.lUllll r apawnin,; aeaaon. the at of the OTater i a lean and of poor q~l-

1 \7 becauae of chell1cal changea aaaociated wit h the reproducti Te 07cle. and full re OOTer,-
18 nece88ar.r to inaure high food q~l1t,. and palatabllit,.. The culta.rad oTBtera are there ­
fore harve8ted from October to )larch or ear17 April. when the clo .. d a ... aon terai~tea the 
sale8. Oy8ter8 raiaed b7 the aowing IDethod. are harveated fro t he beda b,. tOJl€8 which re­
aemble a rake. Oyatera grown on .t.onea. tile. or aticka are chipped off b7 a acraper. 

After harveating. oyatera can auniTe for two to three weeI. at temperata.rea 
between OOC and 130C (!amnra. 1931) and can be ahipped in the a hell to dla~t pOint a . 
Thoae grown b7 the hanging method. howaTer. have thin_d&ed ahella which are ... l1S broken 
and therefore are not aUi \able for 10ng-d1atance ahip_nt. e>y.hn ra1aed b7 tbe aOY1DC 
method are frequent17 atirred by an iron rake dnr1ng their growth and develop thickar ahel~ 
edge8 and cloaer-fitting valTea. Theae o,atera can be ahipped to di atant placaa. Oyatera 
are shipped in packing boxea br in atraw ~a or balea. 

2. Utilization of Meat 

The method ~aed in 8hucking 07atara ia to hold the o7ate r in the left band and an 
oY8ter 8patula ~de of iron in the right hand (Yrontiapiece). Kxperta can ahuck abo~t fiTe 
byo §} a d&7. Two or three aho of shucked lDeat are obtainable from one ~o of ahell Q1a­
ter8. OY8ters grown by the hanging method are Tery fat. and one h,ro will T1eld .a DlCh a. 
fo~r aho of meat. 

§} 496 po~nda. between 2.500 and 3.000 oyatera. 
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Formerly shucked oysters usually were shipped in wooden barrels, but now t :1 ey 
are packed in zinc cans having a capacity of from one to four gallons. when shipped by 
train, express freight is used and oysters can travel from market where they are Shipped 
to distant consumers overnight. Flat boxes having closely laced lattice bamboo bot t oms 
were utilized in the past for marketing shucked oysters, each having a capacity of 1.05 
pint.. However, in order to avoid bacterial contamination, oysters are now sold in cans . 
The quality of the contents also i. greatly improved, for t~e juices which were lost in 
tbe latticed boxes are retained in the new method. o,ysters in these cans, if kept cool, 
remain in good condition for four or five days. 

In Japan most of the oysters are eaten raw, but processed products also are pre­
{)ared. These include dried oysters,' oyster extract, o~,- sters soaked in swe et rice wine 
and then dried, canned oysters, and smoked oysters. 

Dried O,ystera: For 60 kan of s~cked oysters, t.o sho of salt are used, the 
oysters being soaked overnight in this salty liquid to shrink the meat. The juice i8 
then removed and the oysters , are washed in fresh water, drained in a basket, boiled for 
about 20 minutes, and again drained on a latticed bamboo she ~t. They a r e then dried 
.lowly for two to three days. The juice which was removed is utilized to make oyster 
sauce ("shoyul). Its bulk is reduced one-half by heating; eight percent salt is added, 
and tbe juice is again condensed to one-half its volume. After filtration through flan­
nel it is put up in sealed containers. 

uyster Extract: The raw oysters are thoroughly washed, sliced into small 
pieces, and placed in a double boiler. An equal amount of wuter is added, the mixture 
is boiled and the liquid drained off. 'I'he juice is then filtered twice through a cloth 
and again boiled over a moderate flame. When the juice begins to thicken it is again 
filtered, this time through flannel, and then reboiled until thick. It is packed either 
in cans or bottles for use as food. 

Canned Qystersl Unopened oysters are boiled i n a steam boiler for 10 minutes 
under 10 pounds pressure and are then shucked. The mea t is washed in cold water and 
packed in cans, and salt solution with a specific gravity of 3 0 Baume is added. The 
cans are sealed and boiled for 10 minutes at 1000C, then cooked from 12 to 17 minutes 
at 1350 C. 

Smoked o,y~ters: Shucked oysters are put into 15 percent salt water for one t o 
two hours and then drained on a wire net. 'l'hey are then placed in smoke at a tempera­
ture of 500 C for 18 hours, packed in cans with vegetable oil and pasteuri zed for 90 mi n­
utes at four pounds pressure. Among the woods used for smoking oysters, the white oak 
(Quercus serrata) and cherr,y (Prunus macrophylla and~. serrulata spontanea) are cons id­
ered best. 

3. Utilization of Shell 

The empty shells of the shucked oysters constitute the only important by-product 
ot \be indua\ry. ~he .implea~ u.e of tbe sbell, without aqy preparation being necessary , 
1. a. cultcb tor apa\ collecting, and greet quan\itles are thus utilized. 

Manufactured producta produced from oyster shell include 
alaked lime or whitewaah, fertiliser, chicken feed, and medicine. 
preparation of theae by-products are outlined in Figure 36. 

Chinese White paint, 
l 'he main steps in the 
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7igure 36 

PRODUCTION AND ~XPOR~ 

1. Production of Edible O,etera 

Japaneee proQuction of food oyste" c urin& 1908-45 t otaled 2 , 063 .311 tri c tona 
(Table 14, Figure 37). In 1946 and again in 1947 the a,ate~ of collec~in& aod the baaia 
for tabulating atatiatical data vere changed, eo that the data for the laet three yeare 
are not comparable with thoae of tbe previous ,eara. Production BtatiBtics for 1946-4E 
are therefore given eeparatel, in Table L. No data vere collected on natural production 
durin& these y~are. 

TABLE: .1.0. - PHuDUCUOH uF CUl1l'U~D uYSTE~ , 
1946-48 

Production Cei11 ng Price 
Year (metric tone) Lo",e.t 

1946 22,746 3.50 
1947 12,201 44.00 
1948 13,903 141.20 

!l Shucked oyeters, per kan. 
SOURCE: Fi.heries Agency 
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(yen) !l 
Higheat 

5.00 
50.00 

{,.80.00 

Recorded oyater proauct,ion decreaaed 
aharpl, after 1945, but whethar the a rop 
vas actually a. eharp aa t.he t.abulated fig­
uree ionicate is Qoubtful. The Fiaheri ee 
Agency attributed the o rop to sh rtage of 
vital material. such aa vire and float e, 
and to re8trictions on watere available for 
culture purposea. The writer believee that 
the decline waa more probably due, at leaet 
in part, to the extrellJely low cs1line; price 
Bet by the govsr~ent on shucked oystera 
(Table L) and the conesquent diversion of 
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Figure 37 

thla ehellfieh into black market channela where it wa. not reported. For compariaon, 
during- theee ·eam yeare the f1eh known lUI Utai M (eea bream) aold at a celliug pri~e, per 
!tan" of ¥42.25 in 1946. Y53 to ¥88.54 in 1947. and U33.95 in 1948. 

2. Seed 07eter Production and b:port 

The amotl.nt of seed oyeters exported to the Un! ted Statee (and Canada via the 
United States) totaled 581,907 caaee during 19~5-49 (Table 15, Fi~re 38). A few other 
countriee have imp orted emall amount e of eeed oyetere fro. Japan. Before World War II, 
Chi na had received 1,457 caeea. Since the Surrene.e r , Okinawa hae begun to import Hed 
oyatere and baa received 1,397 casee, while Auatra1ia has received 100 caeea. Seed oya~er 
ex~ort8 to countriee other than the Unit ed State a and Canada are itemised i~ Table 16. 
The domestic consumption of aeed oyetere produced in Miyagi Prefecture, Tirtual~ the en­
tire Japanese supply, ie shown in Table 17. 
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SEED OYSTER EXPORT TO UNITED STATES 

FROM MIYAGI PREFECTURE. 1925 -49 
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3. Hi.tory of eed gy.te r 
Export 

The poe.ibility of in­
troducing the Japane.e edible oye­
ter into the United State. wa. 
firet explored in 1899 by Dr Hugh 
K. mith,chi ef . United Statel 
Bureau of Fieheriel . who wrote to 
Dr K. Miteukuri of Tokyo Univer­
sity. Depa rtment of Zoology. in­
quiring what .pecies of Japane.e 
oy.ter he con.idered be.t for 
tran 'plant tion into the Unit ed 
Statee. Dr)4i teukurt recollll8nded 
Oetrea ~ from the coalt. of 
Hokkaido becauee of the latitude 
and relat ive water temperaturee 
involved. About thi. time Dr 
Balhford Dean was eent to Japan 
to ltudy the oyeter culture around 
Hiroehi m (Dean 1902). 

In 1902-03 an American living in Kobe tranuhipped 500 balee 7.J of Q.. ~ frOID 
Hiroehima t o the Bellingham o,yeter rarlD i n the e t ate of Wae hingt on. but hardly a .ingle 
oyeter lurvived th j ourney. In 1906 and 1907 the Kikuya Co of Tokyo l hipped 10 balel 
experimentallyeac year frolll Kiaarazu . Chiba Prefecture. at;ain with very poor lurnval. 
In all inatancel only adult oyete r l we re lhipped. and t he f ai lure wal traceable to the 
phyeical makettp of the oYBter: The .hell edge wae so t hin and frat;ile that breakAge 
occurred, permitting the eecape of the enclosed wa~er and cauling the or-ter to dry up en 
route. 

In an attempt to overco~e t hil difficul ty the Tokyo Filherte . Collsge exported 
three-year-old oyeterl elpecially lelected becau.e of their Itrong ahell marginl and good 
clolure: the lurvival rate was Bomewhat higller but Btill po or. In 1909 the College began 
OYlter culture at Kana~wa. and !n 1912 the product. 0Ylter. 2 . 5 centimeterl lone, wal 
ell1pped to Hawaii and to Seattle. The Hawaii ehipment wae paclced in cold I to ra.ge at .0C_ 
SoC. Tho .. eent to Seattle went al deck: cargo. with a eurvival rate of about 10 percent. 
which vae encouraging. Theee experta.ental lh1pll8ntl continued until 1917. orld ar 1 
diverted attention frOID the expertmente. and following 1940 the after-effect. of the war 
luch ae ahip BhortageB and high freight rat ee had an adverBe effect on the Ilndertaldng. 

Up to 1920 the exported oyste r s were l arge adult individuall, about 700 t o 80D 
to a case . In 1919. 400 caseB of these l arge f ood oysterB were exported frOID Miyagi. All 
of theee large oYlters were dead on arrival in Washington .. hav1 ng been Ill1pped below deckl 
becaule of ehortage of daclc Bpace. They were dWIIPed overboard on a lhallow water bed. A 
few yearl after thil failure thil bed W&B checked and W8J found to be alive with a eplendid 
growth of ~. ~ (Hori. 1935). While the large oyBters 1n the original lhipment had 
died. the e~at which had accidentally been attached to the lhelle when lhipped had l urvived 
the journey and had flourhhed on being ret~ned to the eea. Thh evidence proved to be 
the turning point in the development of the tranBplant 1ndustry for oylter culturI ltl then 
recognised that the t.y to the tranaportation problem lay 1n Bhipping Ipat. not adult or 
.emi-adult individu.ab. 

In 1925. with the return to more normal ahipp1ng conditional the export trade in 
oy.ters revived. thl1 the a8 a private bU8ine8s. Spat from I-1atauahilD&-wan were exported. 
1.400 cale. In 1924. and 3,aOO ca.el in 1926. 

21 One bale equab 12 lean (100.8 pounda). 
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For nearly 20 years prior to the outbreak of World War LI, aeed oyaters of Q. 
~ imported from Japan formed the baaia of the food oyster induat r,r on the weatern 
coast of the United States (Glud and LindaaT, 1947). The aeed W8A planted on the extenaive 
tidal flata and left to grow for two to four yeare. The adult oysters were then harTe.ted 
and sold fresh, s team-canned, or amoked. The magnitude of the induatr,r which developed 
during 1929-49 may be judged from the fact that the crop of oysters harvested OD the Pac­
ific coast during 1949 was expected to yield about 1,000,000 gallons which, when procea.ed, 
would have a value of more than $5,000,000. 

This young indu.try, centering in the state of Washi ngton, waa entire17 dependent 
on the yearly importati on of .eed from Japan because water temperaturea were normal17 too 
low for succe.sful .pawning in American waters. During the unu.ually wal'll .\lmIIer of 1936, 
however, adult Japanese oysters in part. of W~shington and Briti.h Columbia .pawned .uc­
cessfully and proc~ced a fair set of spat. The abnormally high water temperatures in 1941 
and 1942 a~in stimulated eucce •• ful reproduction of this speciea in Washington. 

As importation of Japane.e .eed oTBters stopped in 1941, the natural reproduction. 
of 1941 and 1942 in American waters were timely and in !I. large meaaure supported the indu.­
t.ry during the war years. Wartime demand for oystera cau.ed pricea and production to riae 
sharply. At the eame time labor co.te increa.ed , beca;}se of the r8ll0val of Japanese oy.ter 
worker. fro~ the west coast and becau.e of labor compe tition of war industries. 

The summers of 1943-45 were relatively cool, and little commercial reproduction 
oocurred. The 1946 seaaon was warm in the Hood Canal area of Puget Sound but cold. in the 
Willapa Harbor area, the center of the industry. The limited production of seed oyster. 
in the Hood area .upplied o~ a small part of the requirements of the industry . During 
the winter of 1945-46 oysters were sold from all available source. including the Washington 
State Oyster Reserve in an effort to increase the .upply. Oy.ter bede in ma~ areaa were 
seriously depleted. Resumption of shipment of .eed oysters from Japan following the Sur­
render was therefore timely, and every effort was made by both the United States and Japan 
to expedite return to the prewar .eale of operation •• 

1. General 

o.r.ter., because of their •••• ile habit. after the fir.t brief ambulatory period 
of th.ir lives, are highly .usceptible to damage either by predator. or by elemental in­
flu.nce.. Because they cannot retreat before adverse condition., their only alternative. 
are to survive the hazard if JPo.sible or peri.h where they are. 

The enemies of the oyate~ can be conveniently divided into t wo categori •• : (a) 
the elemental factor., which include all climatic, oceanographic, and ecological influ­
ence., and (b) t he biological factor., which include the organic (animal and plan\) .ne­
mie.. ivery individual has it. own personal aurvival boundary within the .urvival 11l11ta 
of the .peci~a a. a whole, ao local condition. can eaaily become a life and death matter 
and IIlIq greatly 1n!luence production. Sometim.s the damage b7 adver •• f ac\on can be coa­
trolled or minimized by the oy.ter farmer; at other times li\tle can ~e dODe. 

2. ilemental Knemie. 

Severe Temperature Change.: Severe chan&e. which carry the water temperature con­
siderably above or below either tbe optimum or the tolerance range cau.e great damage to 
oystere, particularly when these occur during periods of low tide. Q,stera cultured b7 the 
hanging methods are les. su.ceptible to theae thermal changes because they are suapended in 
a relatively stable environment. The only way this damage can be avoided ie to t ransplant 
the .tock to culture ground. where th.se unfavorable condition. are mini mised. 
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Wind : In areu where wind. are .eTer. the 07.hr far .. r who u ... the .ovine 
cultur ... thod Bl.t fence hh area to aToid the . cathring of bh .tock. Where banc1ac 
method. are u.ed. e.peclal17 the raft modlflcatlon • .nch damace and .eTere 10 •••• re.ult 
froll the de.truction by wave action of the .upportine .tructur... Ordinaril,. ar .... x­
po.ed to hea~ wi nd. are not u.ed a. cul tIlre «rouDd •• 

7100d: In culture ar ... withln the lnfllano. at dhcbar«lne rlTen. o,..t.n ~ 
be .u!focated b.1 th. depo.ltion of IlUd and .ilt carried into the ... ~ flood condltione . 
Such damage i. mo.t .eTere to Toung oT.t .re whioh r.quire le •• depo&ition of •• diment to 
de.troT thell. It the adult oT.ter. are DOt actuall,. •• othered b.neath the depo. it. the,. 
become l.an and the meat lnferior in quallt,.. A flood in Hlro. bi .. Pret.otur. cOT.red 
QT.ten with mad to a depth of froll .l«ht centi .. ter. \0 one met.r: the r •• ultin« death 
rate wa. 100 percent. 

3. Biological bellie. 

a. W Tide 

The flr.t ref.rence n Japaoe •• literature to the .o-called -red tide­
appear. in the writing. af the prie.t Xok.n in 13121 - n April 13th the .ea wat.r of 
Sagami ~, ~a Prefecture. turned to r .d. Tbi . wu found to rane. trom Sbiauoka 
Prefecture to Cbiba Pref.cture, & di.tance ot about 1.200 kilomet.r.. All the wat.r. of 
t he .ea turned red and thl. could b. dipped out b,. hand and it wu tound that the water 
contained reddi.h fi.h-egglik. «ranule •• -

The ·altaabio· or red tide i. an aquatic phenoll8non tbat occur. at 1rregular 
i nterval e and wit ~ variable inten.iti •• and re.ult.. It be bigblr de. tructiT. not 0017 
t o .dible oyeter. but al.o to th. pearl oy.ter. (Cabn. 1949) and to other torm. ot mar1ne 
life. In recent yeare the microorganiam. which cau.e the red tide 1n Japan have been . hown 
t o be varioue dinofl8l;ellate • • uch a. GoIl,Yaula~, Gz"!!nodil1ll. Perid1n1 um. C.TaUu. and other 
f orme of leeeer importance. 

In many inetancee the red tide baa killed tremendoue quant1t1 •• ot fl . h and 
ehell fi.h. Death ie appar.ntl,. due primaril,. to . u!tocation caueed e1ther b,. the abnor­
mally great coneumption of available o~gen by the Dllt1tude. of 1I1croorgani.ma whlch by 
sheer numbers color the water red. or by the clogging of the g111. by the organi ••• accu­
mulating thereon. The Japanese recognize the poeeib111ty of a toJ1n b.ing 1nvolT.d. but 
they have not d.mon.trated whether thi e 1e a eecretion or the pr oduct of t he decompo.ltlon 
of enormou. numbers of dead dinofla&ellate • • 

Red tides occur moenT 1n tba epriD« and autll.lm wher1!l the ocean curr.nt 1. 
sluggish. usually during continuou.IT tlne. quiet w.ather. Wh.n climatic co nditione r e­
maining in a etatic condition for 10D« period. the dinoflagellat •• incr .... Incredibly i n 
numbers. and the damage followe . MaOT red tld •• do little or no damage to o,..ter •• whil . 
othen reeult iIII a mortality approacbiD« or reaching 100 p.rcent . Only b.1 the raft method 
of culture can an attempt be made to minimis. the effect. of t he red tic •• by towing the 
rafts into areas free from the deadIT organi . m. before damage r •• ult.. Xxperill8nt. ueing 
copper .ulfate are inconclu.ive. 

b. oyat.r Drills 

A number of marine ga.tropod. (Figure 39) are highly inJuriou. t o tn. 0T.hre 
and detrimental to the culture industry . and hence of interest in connection with the ex­
port trade (KiIIIQshita and Kinoshi t a. 1931). 

Row many .pecies of the Japaneee drills can survive in the wat.r. of the 
IIIQrthweetern United States ie not known. However. Thai e t umulosa clavigera dld not .urvive 
in those water. while Tritonalla Japonica unfortunately did very well t here. Both of the.e 
pests were introduced acclc.ntally in a brush cultch which wa. involved in s t ocking perhaps 
one-half an acre of original plant in Sa.m1eh Bay. Washington. The Tritollli1ia have now 
.pread over that bay where Bone 1.500 acres are under oyster product ion. B.fore the inf •• -
tation waa discovered the drills had been traneehipped fro~ Samish B8¥ to ay.ter Ba¥ in the 
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Olym~ia dietrict and to variou. place. in the Paget Sound ar.a in whi ch theT ~rTive4 and 
reproduced. making many oyeter bed. UIlProfi table. In liodAlhington the Japan .. e drille have 
proved d&ngeroue enemi •• to the .pat and adult. o. both ~. ~ and the native ~. lur14a 
(Galt.off. 1932 ). 

In Japan Proper Uchida and Yo.hida (1931) .tudied the relative ~ dODe to 
oy.ter. b7 the more important predato". The m1.IIber of oy.tere Idlled b7 ODe predator in 
one year wa. found to be: 

Ga.tropod. 
Thai e tumulo.a clavigera (Iu.t.r) 
Thaie bronni (funker) 
~na11'&japoni ca (funker) 
~ thomaeiana Crone 

Starfiah epeciee 

lB.l 
14.3 
22.4 
61.7 

208.9 

Thai. tumulo.a clavigera (aiboni.hi·): Thia .pecie . i. abundant in water of 
low ealinity above the low low wat er line. It i. a dioeciou •• nail. from two to three 
centilll!tere in length (Figure 39). The egge are laid in June or Jul7. enclo.ed in a ge­
latinouB cylindrical egg caee 0.6 millimeter long and containing about 200 egg.. The 
damage ie done when the .nail drilla circular hole. through the .hell of the oy.tar at­
tacked. The drilling of the hole h accompli .hed b7 man. of a broad. band of IDinute 
chitlnoue teeth on the radula. the diameter of the hole. from 1.6 to 3.5 millimetera. de­
pending upon the e1ze of the indivldual anail. Dame.ge h aevere in wate" haTing a high 
temperature and l eB' Bevere in water. with a t emperature below 100 0. 

Thaie bronni (U r el.hi-): Thi . drl1l inhablt. water of hlgher .alinity than 
that lnfe.ted by!. tumuloea clavigera. It lay. It. ~ in deeper water; the egg ca.e. 
number from 65 to 120 and contain a total of 19.000 to 34.000 eggs. Theee ca.e. are a 
little larger than tho.e of the preceding epecleB. aver~ng 1.0 IDillimete r in le~th. 
The holee drilled by thiB paraeite are almo.t identical with tho .e made by I. tnmulo.a 
clavlgera. being 1.5 to 4.0 1Di111metere in diameter. All .peciee of the genu. 'l'hah .eem 
to be gregariou.) and thi. cC?ngregatlng tend. to lncr ... e dam&ge to oyeter bed •• 

Tritonalla japonica (ao~oraku')1 Thi. drill i. abundant from the low water 
Une to deep water. Unlike the I18l1ber. of the genU8 Thai •• thi. lIpecle. doe. not congn­
gate ln large numbere. Spawning reach .. it. peak in JWlf and July. The gelatinol1. Bg« 

ca ••• are B to 12 millimeters long and 2 to 4.2 IDillimeter3 in diameter. Each caee con­
tain. about 1.400 egge. but only about 1.5 percent actual~ hatch becau.e of the extreme 
canntb&li.tic activitie. of the young drill. wi thi n the egg cap.ule. Thi. epeciea ia a 
powerful dr1l1er but not a f aet worker • . -HI require. about 70 houre to dr1ll through the 
.hell of an adult Paphia vsriega ta .ix centimetere long (Xino.hita and Iakagawa. 1934). 
The dr111ed hole i. funnel-.haped . 2.6 millimetere in outer diameter and 1.6 millimter. 
inner di~eter. No toxic .ubetance i •• ecreted .0 far a. 1. known. Introduced into the 
etate of Wa..hington. Tr1tonalia j aponica did not .l1rTive ln water having a .alinity ot 
le •• than 12 parte per thoueand and were adver.ely affected by &&lini t i eB of 18 part. per 
thoueand. or more. When given a choice of the Olympia oy.ter. (~. ~). mu.ael •• and 
barnaclee. thlB JapaneBe drill attacked the oy.ter. almoet exclueive~. Unde~ aimilar 
conditl one the native Wa.hlngton drill. attacked the mu.Bel. and barnacle. to the exclu­
eion of the oyeter. (Chapman and Banner. 1949). 

Bapana thomaaiana (Japan.,.e: "akani .hi·) : Thi •• peci n, by far the largeat 
of Japane.e 0YBter drillB. inhabite relatively deep water below the low water line. It 
live. on aandy-mud bottom except during the .pawning .8&.on when it .eeke a more Bolid 
.ub.tratum on which to depoBit it. egge. It iB not gregariou •• 

~. thomaaiana 18 dioecioue and .pawne in June and July. The egg ca.e. are 
ehaped like a .cabbard (Figure 39). about 2.5 centimeter. by 2.5 millimeter. in .ize. The7 
are pale yellow and are attached to aolid object. in denee clu.ter.. Iech caee contain. 
approximately 1.100 egge. 
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The drill holea of thia anail are 4.5 to 5.8 millimetera in outaide diameter . 
and the margin. are ver,r uneven. eaaily diatinguiahing the ravagea of thia apeciea from 
thoae of other Japan .. e drllla. The drilling h ual18lly confined to the margin of the 
ahell; only four percent of 381 apecimena examined ahowed drill holea of tbia apeciea in 
aQ7 place other than the shell margin. Damage ia severe during MaT to November and leaa 
aerioua during perioda of low water temperature. 

Control of Drill Damage: The damage done by a aingle predator,r drill 111 not 
great when compared to that done by individual IItarfhh. but ~ of the molluaka tend to 
congregate and all reproduce in g r eat numbera. ao the injurioua apeeiell muat be kept at a 
1II1n11lW11 in areaa of oyater culture and IIl\l8t be eliminated from all material intended for 
export. 

In banging culturee the tarmer muat inapect the collectore to see that none 
of the atrings reaches to or touches the aea bottom. OniT through bottom contact by the 
atr i ngs of collector sheIla can drills reach the oysters. Because drills might be included 
in aeed oyatera for export. auch seed ahipmenta muat be carefully inspected to avoid con­
t amination of uninfected areas abroad. In tbe umbrella type of hanging culture (Figure 23) 
Ota (1946) uses a special guard of metal on the under side of the supporting pole with 
great aucceaa . 

To remove oyater drills from spat. Hori (1935) recommenda any of the following 
methoda, although a combination of methoda (1) and (2) will remove all oyster drilla and 
haa been found more auccesa!ul and efficient that the third method: 

(1) Diasolve six grama of table aalt in one liter aea water. Place the aeed 
oyaters in thia solution for from one to two minutea. After ahak1ng off the drilla. wash 
the aeed in normal aea water. 

(2) Place the aeed oyatera in freah water for about two minutes. After 
abaking otf the drills. waah the aeed in aea water. (Thia method will not remove Thaia 
tu@Uloaa clavigera.) 

(3) Place the aeed oyatera in a 30 per cent aolution of magneaium chloride 
(MgC12) for from one to two minutea. After abaking out the drills wash the seed in aea 
water. 

To remove oyater drilla from collectora. Hiroahima aDd Miyagi prefecturea ea­
tabliabed an aQyater Drill ~xterm1nation DaTa, at which ti~e the achool children swarm over 
the oyater beda at low tide and by hand-picking gather all tbe drilla they can find. 
Suehiro (1947) recollJlll!lnda the uae of the cheatnut burr on the rope of the collector string 
to atop the climbing of drilla. He found that the soft-footed dr i l ls would not croas the 
aharp-pointed barrier. 

c. Starfhh 

• 
Starfish ind1vidl18lly are much more deatructive than the mollullks. Three 

apeciea of Japanese atarfiah (figure 40) are aerioua enemies of the oyater: Allteriall 
amurenaia Lutken. Aaterina pectin1tera Muller et Troechel, and Aatropecten acoparius 
Val enciennea. 

~riT obaervers believed that tbe atarfish opened an oyater by applying 
pull through ita ~riad h¥dro-vaacular feet on the two valves held t ogether by the adduc­
tor muacle until tbat muacle grew tired and relaxed. The work of Mr lmai haa ahown. how­
ever.that the .tarfiah (Aateriaa amurenaia) begina its attack on the oyster by pouring a 
poiaon int~ the water. Tbia poiaon is aecrated by the atomach; it haa been isolated but 
aa yet not in a pure at ate. The atarfiah extrude. it. atomach and excretes its poison 
in front of the oyater'a inhalent ayphon. The poi.on is taken into the mollusk with the 
inhalent current of vater and etimulatea it to cloae it. ahell at once. However. aa the 
poiaon i. already inaide this cloaure merely baatena the end. which is indicated by the 
relaxation of the adductor muscle. The adductor nerve. are affected and the muacle loae. 
tonus and finally can no longer hold the ahell cloaed. Aa the muscle relaxes the .hell 
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Astropecten scopar ius Asterina pectinifera 
2.5 em 

Asteri as a mu rensis 

Figure 40. - Starfish lnjurloU8 to oyster e 



is pulled open by the action of the ~dro-vascu1Ar teet of the atarfhh pulling on the out­
aide of the two valves. Expert mentally,· this paral;rS1e rell8ina effective tor _~ hours, 
if it doe. not result in death. A ver" small dose of ths poison ~ts aa a heart stimulant, 
while a beav;r dose stops heart action. The same reactions to this pOison have been demon­
strated in the laboratory on the frog heart. 

Once the adductor relaxes and the valves are opened, t he starfish protrudes 
its stomach between the valves and oigests the oyster. The time required to destroy an 
oyster is about two hours from the first injection of the poison into the water to the com­
plste digestion of the body. 

Great quant ities of starfish are collected annually from all oyster culture 
areas as a protective measare against their ravages. Those gathered are dried·, ground up, 
and used as fertilizer. 

d. Internal Parasites 

The presence of Turbellaria aa parasites of oyatera was demonstrated by lato 
(1939) who found them in oysters at Tanabe, Wakayama Prefecture, in 1931 and 1932. He 
reported that Stylochus ijimai and Planocera reticulatua did considerable damage to oyater 
crops. The period of uamage waa one of exceptionally warm weather with little rainfall. 
To avoia. Turbellarta o.amage Kato recommends: (1) that no seed oyster. froUl infeated areas 
be used or transported, (2) that the fooa. oysters be removed to a region of low salinity 
which i. not favorable to the parasites, (3) that the parasitea be destroyed by the use of 
copper sulfate (CuSU4). 

Two species of larval distomes have been reported as parasites in ~ !!.e2!!, 
one in the mantle . the other in the gonad. The mantle parasite is Gymngphalloidea tokien­
aia, an organism 0.4 millimeter long and leaflike in shape. It h abundant and 1& fOUnd 
in oysters from the lower salinity areas of Tokyo and Ise bays. The adult is parasitic in 
aea birds. 

The parasite in gonads (Fu~ita. 1943) is Proctaeces ostreae, a form common in 
10 percent of the oysters fraL Hiroshima Prefecture . Q. ~ is the intermeniate ~ost, 
the adult being found in two species of fish: Pagrosomus major and !pin_phetuB akaara. 
The paraSites are Visible as long. elliptical ¥bite areas on the sott parts of the oyster. 
It is said to be harmless to man. 

e. Fouling Anima1a 

Although numerouR animals and ~lant forms attach to oyster shells at various 
ti~es, few are reported a8 90ing any considerable oarnage to the crop. Various barnacles 
and the mussel Mytilus edulis cause the most damage to the oysters, mostly through compe­
tition for food. 

The barnacles are typical fouling organisms. attaching abundantly to the 
growing oysters during the periOd ~ay to October. The damage is said to be consiaerable. 
It can be minimized by careful regul~tion of the time and height of setting out the spat 
c·ollectors (Figures 16.17). Numerous methoo s to avoid contamination by barnacles have been 
investigated by the Hiroshima and Kumamoto fisheries experimental stations working on lar­
val forma. At Kumamoto. Ota (1948) suggested that the damage could be minimized by collec­
ting at lower salini ty levels Stlch as river mouths. He also showed that straw matting used 
as a cover over the collector was a simple and efficient method of redUCing barnacle infes­
tation. In experi ments 25 Aug-3 Oct 47, the collector strings w~r~ fixed horizontally on 
the racks 20 cent imeters above the bottom: on one-half of each rack the mats were placed 
over the racks 30 centimsteTs aDDve the collectors. The presence of the matB greatly re­
duced the sett ing of barnacles and increased the setting of spat. On the straw mat-covered 
section the number per collector (average for 50 collector strings) was 11.9 oyster epat 
and 9.7 barnacles. Without a mat the raft collected 4.1 oyster spat and 89.1 barnacles. 

The common muesel. ~~tilus edulis, causes considerable damage in certain areas 
by sheer force of numbers. These animals began to cause damage in the Kobe and Unagawa 
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harbor .reaa about 1939 and b1 1932 bad . pr.ad I nto t al r o. hi .. di . t r lct • 
.,ery long 8pawnin« ... eon. The JIOllu. k. a ttach ln I I' t bu.n~c f rom Jan 
In water a. deep ae two _t e r e and t.he Irowt.h thereaft er 1 . " eq I' 111 . .tera to " lcb 
th~ att.ach u;f e.,entuall¥ die of u.nd.aruour1 e bMnt ae a ra.ul~ of ~ b1 . o.,erv 
t1tion. A. a prote ctl"e mea.ure In Rlro . hi .. Pref . cture t • ! ra.r. bee1 t 
cult\lJ'e 1n Jul.7. thu. a.,olding the p eak: of Al u e l . paatn.1ng. T n.ac. of 
tute. OM of the t fl'tl d.efect. of the hangl cultur. lII'It.bod , for bl thi . met od. 
lIu.el. are p1cbd up from all deptn.. So t1 • an entir. r e a 'l>. rul n.ed for c • 
purpo.e. becaue. of the abundanc. of. th •• e Du •• l • • 

f. a;,pertrop~ of OY&rT 

In Hlroehi Pr fecture Seki (1934a) noted to frequent occurrence of a bner-
aU protl1berancee on t.he .urface of t.he 0"&r7 of Q..~. The.. bnonall U .. " ra r 
t.o b. e~eclally abundant followlng t~ br •• dl .e . on, " n 20 p rc /'It ot the In.cU " ldUA1. 
w.r. thu. &tfected. ThaT ha.,. be. n to\.U\d to be Ilo . t cOllUllO nl.7 . aoetatad w1 th t-e ng and. 
eowing culturee. Seki report e t.hat (a) 14.1 rc nt were tnf.cted 1n thr -'1 r-~ld 0,..­
tere, 12.9 percent 1n two-year-old., and 7.4 percent In one-y r-old i 1.1:dl16h ; ( ) t e 
frequency 1. greater In h&ng1n& than in .owlng .. tbod e ; (c) the Inte.t tl on 1. rea l r in 
Riro.hima oy.ter. than in tu.hima 0T.t e I'; nd (d) .rtrophy 1. conIi d t.o _ . ~ 
and 1a not fonnd in Q.. ni'Opona. Q. den .. l l ., Q. hi Q. f t 1n t. 
__ region. The cau .. at t he byp.rtrop~ 1e not nt1 
pathological. rather t.ban pa raaH ol cal in or1gin~ 

HlGUU TI OilS 

In 1Dduatry . exte .1"e IU oy.ter c llura In J • ct ed 
t.hat rather .triagent 1&11. and regu.l.&t.ione would o. Tn the ope ti oa-. H w.~.r, thi . 1. 
not the ca... The oy.ter Ind .t.ry in ullellCWDbered br 11 reu.rict.1on. , axc . t to r 
.0_ local prefect ral r ulatlone deal1nt; with a&ni atloll or t1 ••• Oll . In IIUI1 
a.re&. both are laclr:lll!g. and in mo.t area. the .ani t. tion r lation. re r c ed to a 
gerou. minillWll. 

One of the beet and mOIl \ IIOl1eru of t.h • .anl t ry cod .. n 
b1" atl7a.,;1 Prefecture 1n 1948: 

1 1l force • 11, ad 
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BlGULATIOBS FOR OTST R CU[a 
Ml fAGI PRERC'l'lJ1iE ~BH 

1 April 1948 

1. ~ oy.ter culture oper&tione .. I' ferr e d to in thi. reg lation 1 
prl.e which collect. oy.ter. or .huck. oy.tere for tood purp lei. 

ant an enter-

2. A perllon who intend. to e~ in thi. operation Dat obtain a permit ro .. t. e 
prefectural governor by lubmittlng an a pplication cont.aining t followin& infor-
IIl8.tlon: 

a. Permanent &ddr •••• preeent addr •••• name, date of bi rth ot oper tor . In t he 
caee of an organi zation: p.r.onl involved, name an d location of main office, 
name and &ddre •• of reprelentatl"e,and a copy of the articlel of incorpo r a­
tion. 

b. Location of oYllter collecting groundl .hown Oil a map . 

c. Culture methode to be uled. 

d. Location and .tructure of IIhuckin& plant . oy.ter landing ya.rd and toile t , wi t h 
plane. 



e. In the case of an oyster .torage ' area being built: location area. s truct re 
and facilitie •• ano all structures surrounding it wi thin a radius of ~e -
ters. 

f. Kind of drinking water and wate r supply facil1t1u. A person plannirl6 to 
change conditions mentioned following (b) will follow the same procedure. 
However. a person who will be eng~d exclu.iTely in collect ing oyster, mar 
omi t .ectionl (d) and (0; ona who w111 .. e81 exclue1vel,. in s huclctng !MY oci t 
(b) and (c) from application. 

3. A fisheruan's association which intends to build the eltablilhment mentioned in 
(d) of the foregolng artl cl e for the purpose of u.ing it for association purpole. 
mu.t obtaln a permit from the prefectural governor ty presenting an appl icati on 
statlng location. structure and facilities of the es tablishment. together with a 
plan. 

4. Structure and facilitles of the shucking plant •• torage area and toil et wil l be 
lubjected to the followlng specific conditlonll 

a. A clean shoreline must be selected for .bucking structure. the ground to be 
covered with a waterproof materlal. The bul1dlng wl11 have walls that can be 
walhad clean and w111 have s uitable l1ght1~ and ventilation. The .kucltl ng 
stand wl11 be built of waterproof ~terla1 .uch sa galvani~ea iron. 

b. The oYlter landing yard will be built of waterproof materlal. 

c. The oYlter Itorage wl11 be an area of clean .aa water. 

d. The tol1et will be of modern con.true'loa .f eeai-eeptlc tank and equipped 
with wash-.tanc. and runn1ng water. 

e. Clean sea water supplied through a coDdl11t will be uaed for . huclc1ng work. but 
water fro~ a pump well which is protected froa pollution Da¥ be u.ed to waa h 
the inslde of the building. 

5. When the con.tructlon of the aboTe Itructure ie coaple t ed l' l e not to be u .... 
until the prefectural governor hae been informed anA has lnspected it. 

6. Oyetere which have. not been bred b,. the hangin,; .. thod or whieh have becolllB 
Italned with mud can not be shuclted unt1l Ule7 }ave l>een lcaked and cleaned in the 
oYlter storage area. 

7. The operator of this enterprlse and his 8Iploye .. mu.t observe the following I 

a. Collected oysters will be soake d nowhere but in the oyster .torage area men­
tioned in (e) of Article Z. 

b. Oy.ter. with broken shell. will not be ehucked or u.ed &8 food. 

c. \linen shucked m at is stored it muet be kept in a clean place and protect6d 
from flies. 

d. Ho water other than that herein specified in (e) of Artlcle 4 or water per­
mitted by the pr.,fectural governor m&:¥ be u8ed for wubing or .oak1ng ducked 
meat. 

e. Workerl 8bucld.ng oyster. IIIlst wear clean clot bing. 

f. The lhD.ck:lng stand. lnatrlUlBntl ano ve.sel. will alway. be kept clean. 

g. The Ihuclc1ng area will always be Jeept claan. 
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8. The name. addreas and age of all employeee who are engaged in thh operation vill 
be reported by their employe r to the prefec tural governor b.for. 15 September each 
year. 

9. When the operator appointa a manager he muat not i f y the prefect~ral gov.rnor 
within five ~a after the appointment. giving t he Dame . perlBDent addr •••• pre­
sent address and date of birth of the manager . 

10. When an operator takes over or rents an oyster ahucking plant or an oy.ter .torag. 
area from another operator. making joint .ignature for the transfer of the prop­
erty, he must notify the prefectural governor, together wi t h an ab.tract of their 
censua register. 

11. Every document submitted to the prefectural governor in accordance with thil regu­
lation mUlt be through the chief of a health center wit hin t he jurisdiction. 

12. A person who violates (a) section of Article 2, and/or t he regulationa from Ar­
ticle 3 to 10. will be subjected to a fine of not ove r 10.000 yen or detention. 

13. When a person who represents an operator or the legal representative of the op­
erator and those who are in the employ of them have co mmi t ted the violation. not 
only they. but also the legal representative and the person who representa the 
operator will be subjected to the foregoing fine. 

14. The forego i ng penalties of this regulation will apply al ao t o a retai l er of 
shucked oys t er meat who has violated Section (d) of Article 7 of thi s r egulation. 

Regulations on activities governing the taking or marketing of oystere are meager. 
Some prefectures enforce a closed aeason. but dates are not lU1i form and many evasions are 
possible. Only a few prefectures have a minimum legal size limit on oyeters to be taken 
f or market purposes. The hapha~ard nature of these regulations is ahown in Table M. 
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TAllIE M. - CLOSBlD SEASvN ANt SIZE REGU1ATIONS BELATI NG 
TO JAPANESE UYSTEllS 

)o\inimum 
Legal She 

Prefecture (centimeters) 

Rolc.ka.ido 7.5 
Yamagata 7.S 
Hyogo 6.0 
Kagawa 5.0 
Miyagi EJ 
Fukuahima EJ 
Tokyo EJ 
Ishikawa EJ 
Osaka EJ 
Wa.ka¥ama ~ 
Uka,yama EJ 
Kochi ~ 

~ No cloaed .eason 
EJ No aize 11m! t 

Cloaed Seaaon 
From To 

16 Jun 30 Sep 
~ ~ 

1 Apr 31 Oct 
~ ~ 

11 Jul 31 AU& 
1 Jun 31 Jul 
1 Jun 31 Aug 
1 Apr 31 ~ 
1 ~ 30 Sep 
1 ~ 30 Sep 
1 Apr 31 ~ 
1 Jul 30 Sep 

SOURCE: Japanese Bureau of Fisheries report. 1938. 

Speciea 

g. ~ 
Q.. ~ 
Q. denselamelloaa 
Q. denselamelloaa 
Q. ~ 
~. ~ 
Q. ~ 
Q. g!.m! 
Q. ~ 
O. ~ 
Q. ~ 
Q.. ~ 
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GLOSSARY 

1. Technical Terms 

The follo .... i ng defini tions of t echnical and semi-technical terms are of f ered as an 
aid to the reader. Each term is defined i n the sense in which it is used in this report, 
not 1n the all-inclusive sense found in a dictionary or in a bio l ogical vocabulary. 

adouctor muscle 

archenteron 

The po .... erful muscle ext ending be t ween and attached to the t .... o halves of 
a bivalved mollusk shell, the cont raction of which closes the shell. 

The primitive body cavity in the blas t ula stage of indivioual develo~­
mente 



artificial 
fertilization 

bivalve 

blaatula 

branchial cavi ty 

cleavage 

collector 

cultch 

cyprh 

diatoma 

dinoflagellatee 

dioecioua 

flagellate 

gaatropod 

gaatrula 

gonad 

gonaduct 

height of ehell 

hepato-pancreaa 

hercaphrodi te 

~d.rovaacular 

infuaoria 

larva 

larviparou6 

Union of egg and sperm induced under conditions ~h1ch are not natural. 

A shellfish (mollusk) having two valves or half-shells, which are 
hinged together; oysters ana cl~s. 

A aevelopmental stage in the ear~ life hi8tory of an individual in 
which a single layer of cel18 sur~ounds the primitive body cavity. 

The cavity lying between the fold8 of the mantle of a bivalved mvllusk. 
In soee 8pecie8 of oY8ters this is a brood chamber. 

The proce88 by which the number of cel18 i8 increa8ed through cell re­
proQuction, resulting in growth of the individual. 

Any material, such a8 shells, laid dovn on oY8ter ground8 to provide 
attachment for the 8pat; cultch. 

Collector8 for oY8ter spat. 

A developmental 8t age of barnacle8 in which a bivalved shell i8 
present. 

Unicellular plant organi8ms. 

A group of microscopic aquatic plants (flagellates) having two flagella 
for loco motion, located abo~t the middle of the body. 

Oppo8ite sexes located in different individual8; an individual which i8 
dioecious is either male or female. 

A group of minute plant forma bearing one t o four whiplike locomotor 
appendages (flagella) at the anterior end of the body. 

A mollusk in which the 8hell 18 a Bingle coiled. unit; a snail . 

'Ihe developmental stage following the blastula, in which, by invagina­
tion, two laye" of cells surround. the body cavi ty. 

An eaEential 8ex gland, 8uch as the ovary or testi8. 

A tube leading from the sex gland through which the egg or 8perm i8 
discharged. 

Diatance from the ~bo to t he ventral margin of the valve. 

A digestive gland of certain mollusks which sscretes fluids acting on 
both fats and proteins. 

Having both male and female reproductive organs present in an indivi­
dual. 

In 8tarfisc, a water vascular system used in locomotion to move the 
many small feet. 

A group of unicellular animals (Protozoa) microacopic in size. 

Early embryonic .free-moving stages of the oyster prior to fixation. 

The condition in which young individuals are extruded from the parent 
as pre-formed, free-swimming larvae. 
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l ength 

littoral 

mantle 

mollu sk 

Monas 

Irtonoeci ous 

morphologi cal 

nsup li us 

oviparous 

OVUJll 

pho tosynthesil 

phytoplankton 

p l ankton 

polar body 

ranula 

ae88ile 

apat 

ap ermatozoan 

t rochopho re 

umbo 

Talve 

veliger 

velum 

soopltulkton 
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\~hen applied to a bivalve shell, the dist ance between the ligamentoue 
hinge and the oppo s ite fre e margin of the shell. 

The coastal region. 

The curtain-like folo of ti ssue lying between the bony of t he oyster 
and the shell. 

A soft-bodied salt or fresh-wat er animal living within a calcareous 
shell whic h is the p roduct o~ specialized cells of the mantle. In thie 
report. oyst e rs, clams, and bn&lls. 

A flagellate used successfully as foon for larval oysters in laboratory 
culture experiments. 

Two sexes wi thin a single indivi dual; hermaphroditic. 

Concerning the form a nd structure of a body. 

A free-ewimming stage of barnacles ; the first stage after leaving the 
egg. 

Producing eggs which hatch after ex trus ion from the boc y of the parent. 

The egg or fema l e sex product. 

The formation of carbohydrates from wate r and carbon dioxide wi thin the 
chlorophyl-containing tissue s of plants in the presence of sunlight. 

Plankton consist ing of micr oscopic plant s. 

Floating ani~l and plant life in water , of microscopic size. 

A minute cell which separates from the egg in the early stages of ita 
maturation. 

A chitinous band in the mouth of gastropods which bears numeroul minute 
t eqth used to break up food. 

Permanently fixed; nonmobile. 

Veliger larvae of the oyster which r~ve attached permanently to an ob­
ject. 

Tbe active male sex cell; sperm. 

The free-swimming larval s tage of mollusks having a preoral ciliated 
ring and in which the lhell has not yet begun to form. 

The lateral promi nence just above the hinge of a bivalve ehell; the 
beak. or shoulder. It is t he first part of the calcareous valve to 
be formed. (Plural is umbones.) 

One of the two halves of the shell of a bivalved mollulk. 

A larval mollulk in the velum-bearing s t age. 

A larval swimwdng organ de velop ed f rom the ciliated ring of the trocho­
phore. 

Plankton conli sting of microscopic animals . 

The fertilized egg. 



2. Conversion Factors 

a. Japanese Units of Measurement 

Japanese EngUeh 

= 8.267 pounds 
= 1.322 pounds 
= 99.2 pounde 

1 kan 
1 kin 
1 })yo 
1 ren 

1 sho 

= A eeriee of 70-100 collectors for spat, strung on 
wires 1.75 metere long; 140 ren equal one case 

= 3.812 pints 
0.051 buehel 

b. Metric Uni til of Heasurement 

Metric ---
1 micron = 
1 millimeter = 
1 centimeter =: 

1 meter = 
1 kilometer 
1 equare meter = 

3. Japanese 

altae hio 
-gakl (-kald.) 
-gawa (-ka we) 
-gunto 
hachilcu 
-j lma (-shima) 
-kal 
kakibune 

ko 
madake 

Eng li eh 

0.000039 inch 
0.039 inch 
0.394 inch 
3.281 feet 
0.621 mile 

10.764 equare 

TerJll8 

"red tide" 
oyster 

feet 

river 
archipelago 
Jape.nese bamboo 
island 
sea 
floating seafood 

restaurant 
lake 
Jape.neae bamboo 

English 

1 cubic centimeter 
1 liter 

= 
= 

0.061 cubic inch 
2.113 pin ta 

1 
1 

idIogram 
metric ton 

2.205 pounds 
= 2,204.6 pounds 

1.102 short tone 
10 Fahrenheit 10 centigrade x 9/5 .. 32 = 

-lIIIlra 
lII1teago 

(ya tsugo) 
ren 

toya 

-ura 
waka 
-wan 

Tillage 
oyster rake having six or 

eiF?;ht teeth 
see Japanese units of 

measurement 
form of bamboo structure 

used for oyster culture 
inlet 
one-year crop of oysters 
bay 
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c .... u. fureo !l rlapll.,. 
Centis fU.aJ-J! 
Dinophld......-;p-. 
Cl.oo41ni_ .-p; 
PlridlD1,. I'p • 

eo,elnodtleul radl.tUl !I 
ProroO-ea.t". ." !I 

Ctclohlla •• ne«h1a.aa 
GrUlllatopbora _rine !I 

ProtoceraU _ ., 

Po.'o!phaor. op !I 
Llceophora nabell.t. 
L1 .... phora parado ... !J 
Meloll ra borreri 

l..ruor1. D1 obooha op !l 
'Hntlncrpl1 • ., 

Meloe! hi lu.e!?lnIU 
'Iarieul. ~ .. 
!It hlehla cIn,ten" !I 
Ilheeh1. lO!!fjjl .. 1aa!J 

Crutt.acea Copopo4& 

Moll utu La"-. I PeleC7):lo4a , 00..'1'0»04& 

!I IlIpOr' .. ' op.ol ... 
SOURCI: SIDO and Borl, 192 /. 

TABLE 6 . - SEASONAL CHANGES IN CHEMICAL COMPOSITION 

OF OSTREA GIGAS 

TABLE 7. - SEASONAL CHAN GES IN GLYCOGEN 

CONTENT OF OSTREA CIRCUMPICTA 

Wlight ot Water DI'7 !Ca' ,"r !I (poro .. ' ) G17COCID G17c OC.n G17COpn 

o. 

" 

II .. , (porc .... of 
DJ')' MaUe r Dah 10 All son tn M.at. in .14.4uctor 

Month (cr.·) freth •• t' (era.) !I .lob ", P rotein 017COPll 

Jan 13.5 74.0 3.457 7.3 9.4 35. 5 4.6 
'ob 14.1 74•4 3.566 6.3 10.4 32.5 5.7 
liar 11.2 7'l.0 3.591 5.9 9.6 . 30. 5 ,.5 
Apr 15. 4 74.6 3.!54 5.1 10.1 , 6.9 . 0 
IIa7 12.1 16.3 2. 990 1.0 9.6 3. 2 2. 4 
J= 12.4 7'l.! 2.533 9.1 9.6 43 . 5 0.8 

Jul -y 6.8 16.4 1.621 8.4 3.5 38.8 0.9 
.", ~ 1.2 84. 6 1.1114 10.8 6.0 ~1 . 7 0. 4 
8ep 9.2 84.1 1.415 9. 3 5.8 3·Z 0. 7 
00' 15.5 80.6 3.017 9.6 6.0 40. 1.8 ... 15.1 68.1 ,.582 3.7 5.1 23.0 4.2 
Doc 20.2 7'l .6 .000S 5.7 9. 3 31.7 3.7 

!I In ana.l7e1t -d.rJ' .. tter- unal11 it dirldld 1nto a.h, fat, protei n , fi ber , 
an4 .oluble DOa.nitroc.DOut .ubttaneet, aDd t tw latter uwal17 caleula'-4. 
.. (ooU4 - r-.b .... f,t + pl'Ohlo + fiber] ). I n 'h! . ""por1 • .." oulJ 
,11C(\cen In the DOnal \ro,enout tub_tanc. hal been •• tured. 

'b/ Spani DC ••• ItOO 

OOtJIICl. Sold ... f,h""", .. 4 lauura (192<l) . 

Collec'", Pal'h 

9 Mar 4.000 
9 Apr 2.613 
8 IIa7 2.962 
8Ju 3.505 
7 Jul 3.200 
7 A", !l 0.915 

98ep!l 1.142 
9 Oct 1.861 
9 loT 2. ~43 

z6Doo 2. 36 
Jan lID 

10 hb 3.5lio 

aI 9paInltac ,,,8On 
IDI .0 data aft11able 
IIOlJII(m. ~obq.ob1 (1929) 

heop' ",,"010 

3. L'l5 
2. 708 
4.1~ 
,.8 

. 611 
1.719 

1. 173 
1. 767 
2.263 
2.313 
lID 

2.763 

TABLE 8 . - CHANGES IN COMPOS ITION AND WEIGHT OF OSTREA GIGAS IN RELATION 
T O SPAWNING SEASON --- --

78 

wei 
Dah G11cocell 

22 Jul 1.",,4 
5 AUC !l 0.815 

19 A"C !I 0.613 
28ep!l 0.0'l2 

16 Sop !/ 0.10'l 

)0 Sop 
14 Oat 

0.213 
0. 42t. 

21! 00' 0. 523 
11 .0.,. 0. 728 

a/ ~1lC "UOD 
~. Bat._ (1940) 

ht i n arams per individual} 
Protet ll h' A.b Water 

4.0}4 1.123 0.539 24.&26 
4. 237 1.189 O.~ ;>5 .1141 
3.785 0.865 O. 22.~ 
).9'16 0.863 0.520 22.9 
2.260 0.)37 0. 242 14.655 

2.005 0.~9 0.271 13.705 
2.580 0.435 0.373 17.192 
2.39'1 0.408 0.272 

15·ru 2.516 0.551 0.342 17. 

Mucle 

1.543 
0.982 
1.406 
1.250 
1.591 
0.538 

0.846 
0.912 
1.189 
1.032 

lID 
1.456 



TABLE 9. - CHANGES IN CHEMICAL COMPOSITION IN BODYOF 

OSTREA GIGAS AT DIFFERENT SEASONS 

DfT MaU.r (p....,.at) 

Orc ... Date ()lTOOCoa Prot.1 D rat 

... u. 2611a7 .... .,.. 1 ..... 
23 ..... 
27.., 

OiU 2611a7 
1 ..... 

23· .... 
27.., 

.1U1lot.or 2611a7 
.u.cl.. 1 ..... 

23 ..... 
27.., 

Cleoa' 2611aT 
1 ..... 

2, ..... 
27 .., 

a_t ..... 2611a7 _ ..... 
1 ."" 23 ..... 

27.., 

"Uro 2611aT 
11047 1 ..... 

23· .... 
27 '" 

m. Jo tata ... atiabl. 
aotJE"I. ._ (lq11o) 

29.15 34.69 15.11 
37.,2 33.35 13.49 
35. 4 ~.07 12.49 
32.20 .10 10.~ 

12.~ 48.6, 14.32 
21.9 46.63 11.15 
13.96 51.72 17.00 
10.21 ID ID 

8.36 65.38 10.51 
u.z4 69.10 ,.66 
6.,5 70.51 .81 
5. 1 76.10 5.46 

34.01 31.31 18.81 
5.00 6o.q4 16.41 
1.q4 66.16 17.95 
II) II) ID 

23.77 40.44 15.03 
15.29 47.16 15.26 
16.14 51•6, 13.68 
21. 28 52.5 12.58 

24.50 40.25 15.~ 
lq.~8 49.32 l}.()Ij 
20.1.1. ~.52 1}.15 
2O.}O .16 n.02 

W .. ter 

(pwceJ1i ID 
•• h Cr •• h ... t) 

5.58 81.19 
6.84 77.78 
6.65 78.83 
7.08 7q.49 

6.92 ~:~ 7.74 
7.50 85.05 
ID ID 

5.77 76.65 
6.u 78.45 
4.92 78.01 
5.~ 80.29 

2.48 7,.63 
7.6, 7 .1l 
8.n 76.97 
II) ID 

5.38 74.38 
5.92 72.}O 
6." 74.64 
6. 5 76.}) 

5.02 77.19 
6.60 76.59 
6.40 77.82 
6.21 77.94 

TABLE II . - SPECIFICATIONS FOR RAFT, ~ 

M IYAGI PREFECTURE 

Malerial Speclt1oatlonl QQaatltT 

Pol .. Crypt •• ria; 1-8 .. t.r. 10"'1 3~ 30 
a. d.1 ... hr at t. •• 

kilo 12 C. -..04 15 ce loDC 7q 

-.--''''' aacbor Pi a. ; 2 •• hr. lonc; 1 .. t.r 4 
..., .. 

Itr .. &DGhnr ro~ J-rooe twhi ; t&l"re4 16 ltaIl or 
60q 

• l'n1 n_t. CTJ'J)tOlllr1a: 1 •• t.r 4.1 ... -..1' 10 

00011 .. Coal tar 5 4rua. 

'~ll Gall.otorl 80 ,belh 'Plr .triac 70 .tri oc. 

Itraw rope 1 c-. d..1a...sIUr 75 q 

TABLE 10 .- SPECIFICATIONS FOR RAFT, ~ 

HIROSHIMA PREFECTURE 

Matartal SplainGatioD' quaatltT 

Pol •• P1 De or o.dar; 7 •• t.r. lOQl 40 

Pol •• Plne or c.dar; 5 •• hr. lODC 20 

Wtre Ko 8 50q 

Wt" 110 10 qoq 

... 11, 12 ea lone 8q 

!.aboo ~aa.r. 10-12 a. lo"C 6,000 

1\»1 drua, Cloat. St.ad&rd die 18 

Coll.oton Shella 10,000 

aI Bat, 120 .quare •• ter. 10 ar .. 
fouac. . B1rolh1_ n,beri.e hpert..n\ Ste'lon 

TABLE 12. -SPECIFICAnONS FOR BAMBOO RACK, ~ 

HIROSHIMA PREFECTURE 

Kat.rial Speoit1oaUODt QuantUT 

.. No 

'!!lUO.'!!!!!l:1 "Houlete Dl ... t.r, 6-1.5 ca; 250 
11OCth., 2 •• t.r. 

l. ~ huo!!ll D1a.et.r, 6-1.5 c.; q6 
1enctb. 2 •• ter. 

Wir. Wo 10; 40-.. hocthe 250 
(H.5 tE) 

'lire 110 10; 2-a"er. 1.200 
l·act b • (22 q) 

W.Ue 10 12; ~_ 1'ac'b. 1,200 
(}2 1«<) 

"boo _r. 10 o. lODrC 21,500 

Co11.oton Sb.ll, 20,000 

TAB LE 13.- S PECIF I CATIONS FOR UM BRELLA ' RACK, 

KUMAMOTO PREFECTURE 

Material 8peoi tioatioa. QuaDtitT 

Uprtcb' center pal. PiD. or oak; 2 .. t.N 10DCI 10 _ d.1_t.r 1 

Ba41atloc .triac- lID 16 

lall 10-12 om 10DC 1 

Gal .. n1 •• 4 vi N Wo 12: 2 __ et.r l'netae 16 

!aaboo IIp_c.r, 12 cs 10111 208 

Collector. Sh.ll, 208 

SOUiar ota (1q46) 

79 



TABLE 14 . - PR ODUCTION OF UNSHUCKED EDIBLE OYS TERS , 
1908 - 45 

(me tric t on s) 

roo.r !l Na t ural Pr04uoUoD Cultur.d To'ol 

1008 12,352 111) 12.352 
190q 15.1q8 lID 15.1Q8 

lql0 1,.84~ I'D 1" ~~ 
1911 1 .63 lID 1 .63 
1912 20.553 14.222 t,.775 
ml 24.787 18.112 2.qsq 
l ql 23.7J3 18 .oqO 41.823 

lq15 29.092 lq .961 4q.053 
1q16 38.021 21.105 !7'l.126 
1917 3G·775 20.692 56.467 
lq18 l .788 21 .736 56.,24 
1q1q 4.355 30.117 74 • 72 

1q2O 40.035 29 .522 69.557 
1921 36.551 30.500 67 ,051 
lq22 12.288 24 .901 J7 .189 

ml 8.261 14.977 23.238 
192 7.620 13.612 21.232 

1925 7.023 14.023 21.046 
1926 11.512 18 .618 30.130 
1927 11.7'j2 20.937 32.689 
1928 q.761 21.416 31.171 
1929 12.086 25.495 )7.581 

1930 9.045 19.037 28.082 
1931 11.801 25.861 37.662 
lq)2 11.043 25 .123 36.166 

~~5l q.397 26.884 36.21!l 
10.042 43.228 53 .270 

lq35 11.6q2 5q.q43 71.635 
lq36 11.q66 59.029 70.995 
1937 7.586 ~.06o 63.646 
lq38 8.347 • 545 53.892 
1939 7.0S) 41.567 48.650 

1940 7.162 46 'l37 53.4qq 
lq41 17 .025 ~ 88. 14 105.43q 
1042 14.3q6 ~ 121.418 135.814 

~~ 14,745 '§j 121.511 136.256 32.300 '§j 13Q.253 In.553 

1945 16.800 ~ 99.549 116.)4Q 

fOUL 666.456 1.396.855 2.063 .311 

!I ~o collpl. t . doh. • ...!lable .!ter 1'145 
~ IIUeah. b,. Japan'" :Bureau of n l bert,. {now rllh,rt •• AceD07 . 

Mln1,tr::r ot j,gJ'laul tur. and ror.,h,.>. 
RD: No data sTail.bll 
OOURcrS: St.thtlc Y'ar Bonk , M.la1"rT of A«r1culture .04 rore,try: 

TABLE 15.- SEED OYSTERS E XPORTED FROM JAPAN TO 
T HE UNITED STATES , 1925- 49 

( cas es EJ) 

Do11ar'ol ... 
T.ar c ••• P. r CfU. Total 

1'l25-26 1 . 400 JI) III 
192~27 3.200 4. 50 14.400 
lq27- 28 2 .800 4.50 12.600 
1'l28-29 8,000 4 .50 36.1)()O 
lq~30 14 .000 4.00 56.000 

1'l~31 ~6 .000 4.00 64.000 
lq31-)2 ~.45) 3.00 li;: ~~ 19)2-3, 7.l92 2. 50 
lQ)it3 68 .10) 2.00 :-

1)6 .206 
lq3 J5 65 .007 2.00 130.01" 

10)5-}6 42, 097 ).20 134 ·P() 
193~37 32 . 'l'l3 }. 50 115 . 75 
19}7-}8 17 . 758 ~ 3. 70 65 .1!l6 
1'l35-~ 18 .529 '§j 3.70 68.557 
lq~ 14 . ~'l 3. 80 56.,SS 
19 41 15 . 638 3. SO 59 .24 

1qt1~47 56 .61'l 21 214.655 
1047_48 ,) . l5'l ~ !J 120.501 
lq45-4q 

I 
6.134 ij ~ 189. 672 

104<1-50 46.956 185 .028 

TO'fAL 581 .907 1.86q.285 

!I Wood box, }Sxl8J:12 ttach • • ; w. l p' 165 pound , tor 'brolca D .hell, 
110 l>01l.Od. tor u.a.broUD ' ~11. 

'Y 18port .• d tleun ' t Ixolue1 " or •• tl_tI4 unreport.4 .ld"p .. Dte 
ot 43.000 ...... tor lq37 and 33 .000 ca .. . tor 19}8. 

;~ UDbroke o. }5.7}J c. ••• at S}.1&o; bro\ell , X) ,S% ea ••• a t s-4.46 • 
!J 1.11 th1", •• Dt. p rior to and iocludiac lCf47 an tro. Y1:r-c1 

Pr.t.eture to 001 ted s t.t •• porte ot ' Dtr7; .oet belDC co n. l eu' 
tc Canada. 

./ O'bbn)k.o, 2J,1Q S ca •••• t '}.40 ; broken, q,461 c •••• at . ... tto. 
!J. IDel'Q4 •• 1,000 e •••• froc I ...... nto P~eet 11J"e . 
5/ 1lbbrok.c. 21,)'l1 c ••• • at 13.50: brcke •• 25.3h3 c .... a t , 4. 5) . 
'§j Ubbrck.D. 21.578 c •••• at .3.40: b ... bon, 25.378 e .... at !4.4o. 
~: 10 da t. ,Ta.1la bl, 
StHTJlCE: Data tor lq25- JS froc 71.eberl , . j&. OC7 ba .. 4 OD r.co rd . ot 

M1TA&i S •• d OTeter Coop. n Un "' .. Dj elat. at te r lQ3S f ro. 
!0lQ"0 loC'ld Pro4uot Co ,..CON • • 

Ratural l1elource. Section Report '10 Q5 . Japan ... nlberi •• 
Production, 1905-46. 15 Oe' 47. TABLE 17 - DOMESTIC DISTRIBUTION OF SEED 

OYSTERS PRODUCED IN MIYAGI PREFE CTU RE,1942 - 47 

TABLE 16. - EXPORT OF SEED OYSTERS TO COUNTRI ES 
OTHER THAN UNITED STATES AND GANADA,1934-49 

(cases £J ) 

Year Chi"" " ... nchuk-oo Okinawa .A.ultn.lla a"wa.l1 Tct.l 

10 )4 86 0 0 0 0 
1935 26 0 0 0 0 
1936 207 0 0 0 0 
lq)7 929 0 0 0 0 
lq38 172 2 0 0 217 

lq~ 32 0 0 0 15 
lq 0 0 0 10 20 
lq41 4 7 0 0 19 
1942 0 5 0 0 0 

1947 0 0 550 50 0 
lq48 0 0 675 50 0 
1q4q 0 0 172 0 0 

TOTAl. 1.457 14 1.397 110 271 

!I ea,. ot 110 pound.e. Con .. rted f roa I')rl, l nal data , 
in which un1 t 1, 100 kin . 

8E 
26 

~ 
39, 

47 
30 
JO 
5 

600 

m 
3. 249 

roURCJ:: 11nane. Minhtl'J'. UlNal 1letUJ'1l ot 7arel l D 'ra4e 
~. 

80 

(ren ~) 

Prefecture 1q42 l q43 lq4~ 1'145 1946 1947 Total 

H~_I4c }2 .ooo 42.000 82.61!l 0 53.1!7'l 10 .000 219.1140 
"'(\~0r1 500 300 700 0 700 4 . 500 6. 700 
lwete 14S.87C 165.000 149.'l2Q 60 .000 'l8 . 372 85. 550 707. 712 
1Il1«8.t, 70 . 200 82.3?O 44.546 0 18 .000 23.500 247.566 
rok)"o " .CYlC 8.000 12.749 0 0 0 24 .749 

lbaraki 0 300 500 0 0 0 800 
Chlbo 0 0 HoC 0 0 1.268 1 .368 
Uch1 1.500 1.200 0 0 0 130 2.530 
Shiru<>u 85.000 89 .385 62.11, 0 16.425 25.700 278,625 
111. 13 .200 78.570 50.28 0 41.1 27 73.200 316 .31!l 

Iabika •• 20.820 1'l.!50 17.500 0 17 . 750 19.010 q4.9)0 
Juku1 17.230 21 .120 15.363 0 11.716 12.565 77 .994 
ITntc 2.000 5.000 7.'lSC 0 1~.4'5 23 .810 58. 225 
!'ottorl 7.300 12.~ 5.106 0 7.)00 6.100 }8.606 
B7ogo 0 0 0 0 60 0 60 

SMEaDe 52.000 86.072 116.521 0 26.751 45.800 357 .144 
Birothi •• 0 7.52'! 0 0 0 0 7.529 
O~ 12,000 11.000 8.100 0 10.6}5 1 .990 50 .725 
w~ 2.000 2.500 1 .500 0 0 70 6 .070 
Ko chl 3.700 5.300 4 .000 0 7.09 5 0 20 .095 

T_ uch1 7.500 8.000 6 .484 0 1 . 200 25 2) .209 
1IIWo. 2.000 2 .000 2.614 0 700 165 7.~ 
Olt. 1 .000 1 .000 1.468 0 2. 200 2.400 8. 8 
MITa saki 0 0 0 0 1. 240 4.330 5 . 570 
111711«1 250.380 281 .030 200.604 138 . 740 182.959 57.070 1.110.783 

!l')T.&L 832. 200 930.276 700. 835 198.740 516. 824 404.18) 3.613.058 

!I Serle, (If 70-100 coll.ctor. ttl"'WlC on • 1.5-E:~hr ... 1,.. ; 140 reD eQual, 
1 csee . 

SO~I Min.ci Prefecture, n.heri .. S.ction , lQ4! . 

End 
Interior--DupliCnting Sectin n . W~shington. D. C ·~ ' .. JS6 
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