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MEOEMHREIENNEEZTE - TOAREEELCBOTIRET 50 EMNTEI
WCEMLTH B, TAXYH AL AEBFERICE TS, BT E OWIGOIHiZ
B o B HIRIE O /DI IIICERNIIC B STV 28R, BETilREomE(b
PEANCRNT 2 B2 5N EEOEEROETHEEC D, TORRMEKRIFRCKLE
REEA LT T3, CEICEMBBICBNTIE, FOENSEEEOERTET TR

$, Bt TavH 4 ORERBEESENBL2HLNETIZEETOSRBICHEL T
BY, LrbBENCEIZCoBOBHEHSEOTRENETETHEAL TV IERIES 2,
BALBEBC BT BT a vy A DRBEFEREICONTIE, FEHSD BEEBIANHICHE
U7 BB OBM R LS L, 2ORERRKE L THIBHEME S AANTILEEBEIC
FAEEOEMEELEVDT, THEY BCcoFERELTTa YA 2hnd LeHE
BEBOREAEE L. XOIRNP BhEIcEd 35 FOBEMKEEC DV TRAMREERS
OFMEUIERERAWE LT AH, HBEEMRBICBT 2 B BEROMFICRIIEES L
DEMPEREIN TN B, B, EIFOREEBEIHHOREDO—>TH I AHICENT,
MBEREROED» SDEIBOERRAZFHMITE L OMBAREL TV, HHDL ®
EBCB T 3RENBEMAETHY, TLTav A OBREELALLOLVOEECT
VAR OBREBICONT, WBEOEIFELOMBHO T2 0 %25 5 010, RBEIEKE X
CEREBCHROBMHNEHE L ZOMERFREBRO LT, TORRERET 5,

AERISE R LVMESE

BEEE L TCRALRBRIFSINIGRLZE S, EEBOREBE L TCREPICH I

* Yasuo Sawada and Miyasaburo Taniguchi. The oceanographical studies on the pearl
culture ground, III. On the seasonal changes of sea water constituents and of bottom conditi-
on. Bul. Natl. Pearl Res. Lab. 10: 12131227, 1965,
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MHETH Do CORBIIKENERINE, BETHESm IE, hiifMic7~8m, &
O T 10m AAERTIEE S0 (BEIR), BN 1.8km?, EBORBH O —F
ShH FBBIFAABSINTO MBI AMMCEHSEERTRE L TERINTED, £20#
BHRBIREEOMABICHET 5 1.15km* T4, 1205 (BEAE) OBBENBFEA TV S,
EAC B O i LI Tl401, 6005 0N 1 & (J935m?) 34 D 243m? (L HEFEH720m®) &
WABRNEREERTEELTED, WhWAIE(IBEE L TEHS? DB ORELL X
A, RURURIKEORBRELLATavYH{OKRBEEHEEAV X BT /KET
B 5, BICHEALE L TRAKKIRIL, BEBHOMPRAEKREELLNTNEEC
HThHb, Ti, WEDKLDICRALZEER, YHOERERZORBE T, KED
16m ok & 78 KU T IC AESE R O BIEEDE 2 3 0 B IR WB R S N TH 5,
BRAREEEEORECBRMBEL SN S 6 AL S10H (HR3YME) Wbt - TH 2 #8R
IR IEHBETH - e ds, TORBUOEHELZE L CHEZOMBAEE L, &
REREBRRICRT EBDTH b, T10bL, KRB IERBEEAS LM, wikc
RSTHERBEROCIEAROB~ By VEBEAREL, BREMREERIZ Winkler
Bk, oKl EESKEEZHOTAEL 2,

EEOFIIE Nauman BBHIC K - TEZEKN 18mm OBARICERINL 72 0 2 FEEREBIC
BHRD, MMHOBEBIC DO TRELICIRMMEOEO LB (G~4cm) &, HiE



118 R « FO—JBRBE RS ORGP 1215

DPPEHNTEE (4~5cm) KoLKk, 2HEOEHRIZ, YHOobDEEE-TL
TFT2BEHBT A2 ENHRBTH 7D TLE (T~8cm) ZHH L7, 4, WThoOH
BICBOWTHBRLZEER, 2BOEHOWMACPHESEAL TS DAEHKRICEEE
HEUZEREHLZDT, DBHLENTO0.125mm P TFTO&OEDHHTHEMB L 285, £
DEFRIE SRR L X IR SEREOEBE TIIR7%, A LERTHNT7%, I
HTFBMTHSBBTH B, PEDOISICERAML EEREFRCL - THREERB &
VB4R, FEBKEBR/ o 2MBICE3EEMEEY KL TER LI, E
Bo#<vHvEy VEBERIFI - FHY OFEI L -7, £ORIEHEELE~
YHYBHY O ml EBEEH N, BKkOBT Y B )V EBEELEMTD 5. &1L
PBERELY KX AWM OKELEEBELZROLDE, CORPORIMOEEZN S
DIEFEBTLNICSED NaOH 2O CEBORLS S EE Lz, T, BEEORE
GHREMBEIZRE « NS OFEICE 720, £ 350c.c. 0AZRIC 3g N OISR &
D20 B S OBENBEBLERE le Yo clBE L Tkb Ui

& Al & ES

A B 7K

1. 7k 2R

RIS BT AR, 6 Ak omENE LN, 7TH»D 8 BT THFE I
OB ED SN B BHICHEKRRAER LT A N TREEREH 33.2°C L0 S5 EKIET
30°C Pl EARTABRERBIS 3m KETRATH, LkL, ZORKOERBMILDOK
B Am TREBMICOKEBETL 24.6°C 2R U7, 74805, Collcky 2B
LAEEBIGED 3m YBELH -7 EBBHLNE, CORBIZS A LATTRS, 2
D% 8 AbAIIC—EIERMAIH 25°C LB TL, S A80RBOEE AT 2RHICIES &
EBOKEGHETL, IPHOBATRERT 28.3°C EEALT 26.9°C L&KHEICE
MOBREHEE L TN OBED LN,
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294 53.8mm /22/vl 176 mm /ao/m 440 mom
or 75 W
~ 170
g 1 — 175 %0 70
1 18
E\,Q 2 - 18.5 l
v/
N 3 =
4 | | | 1
Jun. July Aug. Sept.

FIN UHEICE Y EREOFHEL

B0 c OofSRICE Y 2BRER, 68 232.8mm, 7 4 121.7mm, 8 H149.8
mm, 9 H 136.9mm, 10H 42.8mm T& 0, #FIHRPIMIC 20mm Pl LOBHRE S 1D
126 H18~198» 55.9mm, 6 J25~27H® 99.1lmm, 7 §20~220H o 61.4mm, & 29
~300 @ 112.1mm, 9 B23H240 D 95.4mm THY, 6 Apb 7 Bici- 2 EHTORK
KOEBID THEBDP ot 2, 6 ATAES ABIUIALAKERICL 2ERE
DETBRERD L ND, FNORADLIEVEEBD > 5 THEICOMBIZREAT 5
NBFEAEBNDT, COBRFORMMILIEZEOBETRHIELAL (KRB TIO~T
%o THoteo BREZBOHBEOETZEMLZOEIALEDLIHOAT, COHORX
BHIZ A% EELETLTOEO8D SN, TNRBODTCERBELOADERT,
2m BCRI8Y EERISMEARL T, 0L BT CE LI 3 E0EES
BLEFORBRZEOLD, TOREPERET TAETL2UMEEL TEBMIIRL8.5~
19.0%TH - 720
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RS ABUTORBRERZBEOEER, ZBMNINEBRZRETHIIDICKL, ER
T TIREBICERBRRELRL TV, F4KIE Oce. I DIETHEH, ChEHERET
HBEEBEDPD Im CHLVNFETREICB%L EOEBRERET, 10mm FiHOBROE
BEZF7-8HLEAEIALETE, EBLD 2m fHEE TR 10 BH 203 2h LD
BREREERL TR, LbL, COBYTRRESFELTSD, LTORAMREC
DILLNDT, BREBOEENFTRBICKITT, EBH»S Im ¢5 0 E TIRS0BLITEN
SEBEIRFET D - 700 8107 B28ER1E & 8 HIONFI® OEBME R BRRRNELTL
B ESBE SN TEBECEEOE/LL TV I0B8BD LNz, LI CORERIA
THZ T, 2O8BEHELTIOH THOERNTRIEBTLSUOBREENADL S N,
B. & g ‘

EE AL~ BRIGEDRETERT 27291, B8 3.7kg ® Nauman EEH%
BR LD, A TIREY 10~12cm ORRICIERBTE 2HFETEBRTH 3, ChiW
RAUICAETALE, EEOBHMOERBKEET 2 LA S mm OBRBENID S 1,
ZOERBAMETCREERETH S, RICHEOCEBDOENL D, B TREBODREL
2o BHMHD6 ALV 7TATH, COLTO2ENARMNCHBETS 575, 75T
MPEE, CO2BOMNICELLOBICHB IR VLS NTHENED LN, i
WURERR, REBEENOKERDE > THRET 2 LEAEL L O BEBOESHEBEIC
AT AOBEDONDE, LD TEEBORBEIRAKO XS BHIEHYICEATED
CNDPESHBICE s TERTELDEEIOND, —F, HEBEHMSELUTREAKEZHEE
13, FEEICRIESRE T, MMEICEBOTHER LARBRICHEIC 4ke O OE AL T
S5~7em OERICEMEINARETH 7. BEEOBTSIUMH IR DLBRIBR

FAR URHICEY BIEEOREMK (%)

% |
Gu)l 4~2 | 2~1 | 1~0.5 | 0.5~0.25 |0.25~0.125 0.125~0.062 <<0.062
AR T~
1.5 2.2 1.5 3.7 9.0 6.7 75.4
6 J17H 2.3 2.8 2.3 1.9 5.1 7.4 78.2
JR1m |19 2.5 2.5 13.1 4.9 2.6 72.5
2.8 5.1 5.2 4.7 4.4 7.5 70.3
: 0.9 1.0 1.3 6.4 10.3 4.2 75.9
73148 2.9 2.9 3.7 4.4 8.7 11.7 65.7
1.0 1.3 1.3 15.8 14.1 2.6 63.9
74288 1.3 1.7 2.1 6.4 15.3 5.1 68.1
: 2.0 2.7 2.0 12.2 8.8 0 72.3
8 4111 3.6 3.0 3.0 2.4 6.6 3.6 77.8
0.8 1.1 1.1 5.3 8.7 3.8 79.2
8 4197 3.1 2.3 2.0 2.3 2.7 12.9 74.7
1.5 2.2 1.9 2.2 5.9 1.9 84.4
8 H26R 2.4 2.7 1.2 2.7 1.8 10.3 78.9
og1n |16 1.8 4.7 5.0 10.2 4.2 72.5
1.3 1.8 1.8 1.8 1.6 3.1 - 88.6
A 1.9 2.8 3.1 5.3 8.5 2.1 76.3
9738na 2.1 3.2 4.8 7.2 2.7 2.3 77.7
2.3 2.3 2.7 10.0 5.7 1.9 75.1
9 5161 2.0 6.6 2.3 1.6 6.0 5.4 76.1
2.7 2.8 2.8 2.7 4.1 5.8 59.1
93228 2.1 2.6 2.1 1.5 7.0 5.2 79.5
1.9 1.3 1.4 7.6 5.3 4.1 78.4
10A16H 2.1 2.0 1.8 2.5 9.9 2.1 79.6

A EORFERYMELEER, ATORFERME TESLRLTO 5,
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TERBBRIBEBRATH -7, BE, ZHREBEOEERILITEOMHBESETHD, BEED
BB BERICRBAZIN TV L2DBED SN,

1. WEER B1E, F2FXK, BSXD

1 ERBIVFE2RBIMBEEERBORNEMKERLIEODTH S, Chdrd b5
ML L DI, MHSAOEZEOREHERIFNICL ZMELRENSEDSNL N, TLHIR
WEZ T, WHETIE 0.5mm P FORBEOSOIEIEEAENHBOWRA TH HRED
GERBCLETH S, oI, NIV TFONBETRRRYBIKEAEZELHZOE
AL I, 0.062mm LUFORETRBLIE LTI SHBORELDLEL, RBoM
FOBEBDLIINT EPADONE, —HEHEBOEETH, 0.5mm P LOREDLD
TREAMLZEDOWRLEAL, 0.062mm PITTRIIMEO D EITEN - TRAHICK
ZRENEL CHBBOHADEENELENDORED LN,

100
80
_ A
$ /
60 /
H - /
\M 40 //
& I / O
20 __O— /
" O—Q A———gb ’
Sl“— **1@( L L

4~2  2~1  1~00 05~025 025~0125 0125~0.062<0.062
HO% w
T A—AYHIEER, O—O% R

WS AN B KOS IEE O ORI

%SmvamL%Bt%ﬁﬁ@ﬁﬁ@ﬁﬁﬂ&@?ﬁﬁ%m%ut@@f%50vM
T2 0.062mm PIFTONBEDAERINABIGELNEDOKR XL SOMDIL, Z2OK
¥ﬁﬁu@&ﬁf%50CMC<b«T§@P®ﬁEi,00&mmuT®h XD & DM
0% ETHIH O RSP T TH D, LirbHEOBIPRENREZRBICETNTEOMMA
DEBOHBRMIEFIZEL s TOLONRBDL N 5.

2, HEdRER (B3%, #4148

STHEB L O S HANICESOEABLAEDBNNLEMRZLALAD LML, E
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$2%H ZEHEBICEIAEEOREHK(%)
Wik |
) 4~2 | 2~1 | 1~0.5 | 0.5~0.25 |0.25~0.1250.125~0.062 <<0.062
HH
6 178 6.2 8.5 13.1 17.4 17.4 7.3 30.1
6 A308 5.3 8.3 15.0 18.7 19.7 7.1 25.9
7 A15H 5.9 9.4 17.4 19.5 15.3 9.2 23.3
7 4290 8.1 8.8 15.4 15.9 17.6 7.9 2.3
8 A125 8.2 10.8 11.3 25.6 10.7 6.9 2.5
8 A19H 7.6 8.8 12.6 18.0 14.5 6.0 32.5
8 A27H 5.3 7.1 13.8 20.3 16.6 7.2 29.7
9A2H 7.8 8.8 14.0 16.4 16.7 6.0 30.3
9H9H 6.8 9.0 12.7 17.2 14.3 7.4 32.6
9 A170 8.3 8.9 13.3 19.3 11.2 6.8 32.3
9 A21A 7.5 8.0 12.4 17.5 14.4 5.3 34,9
105201 6.7 8.2 9.1 18.5 16.3 7.1 34.1
W33 TR OSSR
g < = SN S e e o
R mgases L0 mmpgn | ESE weve 2uxa
e (%) (ml) (ng) () (mg)ww (mg)
11.7 25.0 2.6 0.53 — 0.38
6 J17H 14.4 23.7 - 0.41 0.29 0.48
s m 137 2.7 27.6 0.86 0.51 0.31
] 11.9 20.1 23.4 0.44 0.39 0.34
13.9 2%.2 36.7 0.41 0.90 0.2
7 A14H 11.6 — 27.0 — 0.38 0.15
, 14.6 34.2 34.9 0.98 0.72 0.25
773280 12.0 21.9 2%.5 0.46 0.32 0.25
¢ g | 150 35.3 34.9 0.68 0.74 0.38
- 13.2 2.8 28.6 0.40 0.43 0.28
¢ on | 158 39.9 34.3 0.66 0.86 0.44
' 12.5 27.3 21.4 0.33 — 0.32
: 15.0 35.9 36.0 0.79 1.22 0.39
8 f26H 12.4 21.3 21.8 0.43 0.19 0.21
o H 1 |15 33.6 37.4 0.99 1.23 0.34
11.6 2.7 23.8 0.47 0.27 0.19
; 13.6 33.5 36.0 1.06 1.15 0.33
91 8H 11.3 — — 0.38 0.22 0.21
15.4 36.6 38.7 0.91 1.32 0.44
9 716 H 13.3 26.8 31.5 0.52 0.36 0.38
13.7 41.4 38.3 0.60 1.18 0.38
9 22H 13.5 35.2 30.0 0.36 0.26 0.34
16.2 4.5 42.7 0.88 0.90 0.64
10 73 16 H 14.0 35.5 29.1 0.59 0.26 0.49

A LORFERyMELEE, AYORFRUMHTESERLTO 5,
JIRBRBUATEBREL s BV OEFERETR LTV 5,
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7z, MMEEOEIC DTS, ZHEDOHFBVEERL TSN, £0EEIEDITH 5,
TDEE, HAEEALREEEED 650 ~900°C K& 70T, HEOBERESTHB
CaCO; DB LT HREHEEDL W EHBO PR ESNRHBABRBEE TR LALOTRE LD
EHEE SN, SBFRET LI EEZ T A,

3. 2%RE (B3R, #4R

BaRk ZHEREHOSWHR

w prEas A M sz UOF T lnewesexn

w331 A B (%) (ul) (ng) () & (mg) (ng)
6 A17 R 17.3 16.2 2.8 — 0.14 0.45
6 A 30 = 16.7 17.8 23.6 0.49 0.22 0.35
7 B 15 f 17.3 15.9 30.6 0.30 0.32 —
7 A 290 17.1 27.2 24.6 ~ — 0.34
8 B 12 1 17.1 24.2 23.5 0.47 0.43 0.32
8§19 16.7 2.1 20.5 0.32 0.30 0.29
8 5270 14.1 2.1 23.8 0.46 0.05 0.28
9H 2 H 17.8 20.9 20.8 — - 0.23
98 9H 16.5 23.5 20.9 0.44 0.09 0.25
9 A 17 17.0 12.8 0.32 0.10 0.28
9 go1m 14.5 21.8 16.8 0.45 0.15 0.34
10 A 20 B 12.9 23.8 14.6 0.42 0.17 0.38

T PRAREHADEFRIRREE 1 XVDEEEERL TN 5,

i ARAERE (NH-N) 3D ThEL, EHNBENGEE T, i
DZEBITEALEDOL NI 5T,

4. BRRRE (BO6RD

VA EEIE 6 B S BRI EESABICEINL TH 3Tmg ITEL, FOKREL0D
Bt A0 4 kBN TIOFh4a)cid 43mg IKEL TV 5, Chid 6 BEMLL D
BUCEE S BEH» OE T T 27 a¥ 44 Oy, BIEHBERD T a v # 4 ICHE L
TEMORBFC L AAMBERTHY, 7APhaALIBOBEISORERL TV LD,
BOBRER—IBERT LR EELOND, UL LIUHMETERTIE S B TRICERRE
%@MQmﬁbbméoC@E%i FEBTEEZ T ABEL LOFRAORBSS B
2, FTEETRHBRIDROLDICEFCB Y 2RARNREHOFEIIC L 2 HEY DT
EEZOND, BRAEKEEEOLTOEEETRE, XBCEBINLERY (KEC
DR EROMEENET ADT, INLLOBEMOMBELLEDEEZ D) ik
WABENBLS L TOL OB NI RENFEHEEDEEDERYOEETHEA Do

5. e v vEEN YV EER (BT

M RO v A RS VIEEEIR 6 ArhaciE 25ml AR LT AD, FD%
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E A—ATTRE LEER, v—v IIEAE FESLLO—O0 BES
BRERSLEBE 1940 mg TENY.
BOX SIMHBSIUOSERICBY 2 EEOFRIRREDEMEL

REICHEIML 8 A19R icid 39.9ml EFWNELERT S, TO®REL LTI A LAk 33.5
ml HEL 0 9 B TFTALLI0 I THS 4lml ¥ LT3, T s TELR
THFEBEIZETRIEVAEEBOERNZRL T 5,

BevH VBV EEER, BAKOEROTHRERICYOERECKSEEIC X - TIEE
WRIL 5o lERT T EAFMY BREL TN D, EEOB<=F vBH )V EERELZOD
HRETEZHEIRIBTH 20, FIHEOFRRERPEEOTLYE LBEERNERETR
THEIEENEDTH %,

6. &mtHE (E8HD)

LHHBONER, M EEE TR 6 Athadr s 7 A Laichlk s TEMLTHN A
D, 20%—BEES LHU 8 ATa»S 9 HPaIKr Y THENL, Z0REBDOKEDT
B ldbicEA LTS, —FUME TEBCZEEOARLOER, YHHBLERSEEE
HoT8AMAT THEMLUABERA KL LTNAOBRBRD LN B, A EEHO 4R
L o—EP LT3 7 A AR5 8 ATmicRIERME DK OEFEE R SR
KR LTHY, BHic7 A280 & 8 AI9H TRIEB/KIIERRRAELR UFRIKRESRE
INTH 5B,

7. BEREBEE BIXD


bos
長方形
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50

i A JAN
40+ A\ /
B / /
~ [ NV a v
E ot /
30 /
AN T
13'2 i e 4 s oQ /é
I N2 b"b// \o/o
N 20k v
ST o
@ 07 o
10
0 \ i 1 I | ]
Jun. July Aus. Sept. Oct.

JE L A—ANEE L ERR, v—V IE FIERR, O—0 BER
BYVHVEH TEESREIREI B O miEEB TRNT.

BT IRMEBLOSEES B A RAOEY Y VR ) iIEBEROSHAAL

EREORGEZNEEE, THHLIBETRAMIMOBELEEASHEHLEFERL
T2, COTER, HALKEADPEBEKRKLD SRERROBENRBAKTHLDT,
TR B XS RARMMIOZ VEBTE, RaEKhOBERRICE - THIL
BB S IR EEZ D ND, —HARMIBREND IO TEERCEZEED
EETE, BB LRERREE S OBICIMEMNED MR, BB hRERR
EEBE OB ALRADSNEL, Chid, RRELTHOKERD 0.125mm LT O
INEBHBOLDTHY, FOEAEHNIBRIETRECS s EELONBE T LMD,
BRI LABEREEL O LI IREEBEEL T A D EHEI NS,

% g

HROEBEBICBOTR, EELEHKEOEOYEBBRIERCTEONTOED, T
WALKSEZORRERBELENMb 2 &, COPEEBRBENLTOOEIHRET LT
%éo .
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A
L0 /
A

o
1

(mg)

; \A

]
£ ///\\yfA
s
i 05k °
B //’__"6\\'/ \ ’\
" v O/ O\\ ) A " — v
N A \v v o
O O
- -0
O/O
0 l | | | _J
Jun. July Aug. Sept. Oct.
I A—A FTEH EEER, v—v IE TER, O—0 HRB
LTS IEIET gé‘)miﬁﬂt%%Hszgr%ﬂw:A
PN THHBLUZHEBICEY 3 ELOLHILYEDFHEL
1.0F
St " A
W
g B
4’12 -
ﬂﬁ\v 05" —————— 9' / /O
{:Hﬁ o \ v\ /v\ (v)\ 7

Jun. July Aug. Sept. Oct.

E A4 T HER, v—v IH FBY, O—O0 %iEE
AEREHERIEIEE 1950 0oml CENT

IR UHHBLUSERICEY 5 EHORERENEBOSHEL

BHEBECENT, BHEINTVWATa¥H 4 OB+ 2EBII AR OBEr i
T5E, BIAMUS 00 Eo7av 4 nZRFIN T4 AL IIE D8 » BRI
Shicddae, FHIEADORBEREBRERBICL TR 37kg 10ET B, MMEOHE
WURTIZ 1,600 5Ll LOBENBEATHEDS, COXKBOBEICE T 3228 I3FY
59t EVOEEICTI A, X5, HILHET AMBMRFICE - TE/hOMRIZHEZ &L
Td, 1 FRICHOEEEFAUKOWRET AEELONIDT, TIN5 OEEINEE~
KT ABRATERIEEDTHA S, LMo T, KEDHBEWENERBO LI SHBAD


bos
長方形
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DOEOKBRTIR, CODICHBEBBROBEBYENLTIREICHZ C EBETSN S,
PDEOEZ O SICEES ZIBEEPEKOERSOFDEINITONTHI LR, 50
BEEEICEEZOBRS EBEIGET DL DR, BEKOKE « BEBRZEIETEOAE
RES B v VRS VEERBIULARILYEOHERBEZTH A5,
EHBEEITMED LS RAFCHBENKBEDO T2 KE TR, KFRFERAINTELT,
4RIV MNAEE THEBEICERINTV S, LB T, ELSKICPrTTREOER
OBEBDEIBEMT A2ORYRTHY, BONRBZORFEHAKRLTIN S, —HEER
FCRARO LR EECHAEDORHEOERICEY, ERINLERY O RN EMICE
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* Yukimasa Kuwatani, Studies on the breeding of the Japanese pearl oyster, Pinctada marte-
nstt (Dunker), I. Change in the maturation of the eggs obtained from the excised gonads during
the spawning season. With English summary, pp. 1241-1242. Bull. Natl. Pearl Res. Lab. 10:
1228-1243. 1965.

** E I EEEF A 2R No. 138 (EI BRI #5E10:1228—1243. IEM404117])
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PRI Ll 2 PR TH B, BN B Y 2R ORAEOELICET 2
FZERIF19654E 6 H108 425 9 H 6 B T 7 ~10H I TEHIOREIFTIE - 7oe 114 Y O H
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A R THEDHAL, WELZEOLTNESIKEELEXSZ0EEE~H —DOEEE
KCE L, BPICIROEL L TRARHE XS, I0EQME»SEL LI, 125 —
H—¥%b-TPFBLURBABERN R, IEOREREIEEICHY, F =008 &
'(%ﬂth/ﬁﬁ>amthL@mfzm%%LTM&mt§ﬁg,%@& i
NEHEEICHBEINZT vE=TERKICEL .

FEREAKROT vE=T OEER, LBEEBAKOT ve=TEE0EL (BEEELEK
o7 ve=T#EE, 10~20mg/m*)"” chicT7 vE=THKEZRMNL, 0, 0,25, 0.50,
0.75, 1.00, 1.25, 1,50, 1,755 X 002.00x10°N 2 k5@ Lk, WAT vE=T
BAKICELTHOISHBBLU308 %O 2[H, 7 ve =Tk HE < BiET 2B EICKR
ZEE, ¥y 2GS THRE, BHEEA L. BRI o4 A B & Bkt
L, TE@EEKICABEEZ302H I, B2RHEDOHEEREENTHS105%, D H 7T
vE = THKICR L TR4051%, FEGELDESERENT, HEEAKTHE 2 @KL
TryEZTBIUOBKREREL, 208K, H@EEKI00mM LHELIE—- KB LTED
REERT Sl SRUCHPEMT SR EGEB LW, SB74 0~ ) v TIREE
e, HEEL, WOZRAEBRRERNCEEL .

3H, FPRTERLERT IEBRICENT, ERFEORN DD, DEOEEOHE
ERAEITI - 720

(1) 7 ve=THEKREFRICE 2 IIEEEA B OIS E O MBI DT,

(2) FE—HRHCB 2 EABMONBES A ORI DO T EERBIC DO TOR

o
(3) BEODHBOMEERNORMKE LI OFRECEITTEECON T,
INLOMEEROFEB LU ZOHERICHSVTIEHERFEOBRN O TIHEN B,

EBR A K OB

TUEZTBKREBEICLIMBEERLLIUVIRSEOEBREICZONT
19656 HI4E B LU 8 HIOE O H, ABEEL SO B LT, FHEBOSEESRICE -

Table 1 Time required for inducing the nuclear-breakdown of
the eggs in ammonical sea water..*

Number of Time in minutes
Date WT.
eggs** ~10 ~20 ~30 ~40 ~40
14 Jun. 24°C 33 9 30 45 6 9%
10 Aug. 28 29 24 48 21 7 0

* Concentration: 0.75x1072 N NH..
** Observed under microscope.
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TUHEL 72804 0.75 X102 N 7 v =TigKIKHE L, BAMETT 1 8330 3 L U291
DOIOBIEOW LT 5% TICET ZRMEHE Lo #5813 Table 1 IKRT EEBDTH 5o
19657 HS5SH, A7 vE==THEKCRLTIPLBEEREENZL 2E TORBRBOESE L
AT, MEEEBIUBRSEOMERELAE L, COBRERLALT vE=TORER
0,75x103 N, 7 v =TEKCELTLLEEEINZ %2 TOBMOEXRBERKIOS
POIOSHETE 5 T80FFTEL, FNEFNKFEMATHLSI03%BIckEL, B&EE
HKICHD U Tz, TDFEHRIL Fig. 1 W RTEBHTH %,

NUCLEAR BREAKDOWN
801

PERCENTAGE
N ()]
s 3

no
(o]

EGG - CLEAVAGE

0 e r Y v v T
0 10 20 30 40 50 60 70 80
EXPOSURE TIME IN MIN.
Fig. 1 Rate of nuclear-breakdown and egg-cleavage of eggs induced
by the length of exposuer time to ammonical sea water,
Eggs were inseminated after respective exposure time to

ammonical sea water 0.75 X 10~% N NH;, and further, after
10 minutes of that they were washed with plain sea water.

w

6 A4 XU 8 HI0B OHEBICENT, BT vE=T7TEAKCREINTHLS, £080
YLD OBRBELBAT 2T TORME, DINOBRICBN TS, BL2305%
Bk, ¥, TASHOERIBWTR, TryE=TEKICELTHLIERE TICI05
M, RSO BRilEE 10, 405 MO RENHOE &L, BIEHAS LU E O
HWHBENEETH e LBLLEDL INSORREINOBAPLA B E, F—ERMDS
BRINTH - THAEBEDOHEICET B0 DIAN 5405 TOMENH D, /46
A4t LT 8 HI4HICEBWWTIE, @fMic X D ERFEICKIEOEERTII bty
LZOWEHOND, INOOBERIFSHFHTEESEITIERICUELNOREICI ST
FHEUCRNBACLEERLTVWEEDEEDON B,

%72, 7THS BOERTIE LI OIFERR (30-+10=4048) XD EJREIN TN
LODKIKEHABXUWSHOMBERIKETLTEY, 2o s, FHEPEEEZZEL
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MWHb, EOITEEBRLTNS, Pl ddsd, TERICBNTT vE=T KR
Eh O KT TORBBZE05 & Licc &3, IAEIE D S MBI 72 2 SN EIN DB
G OEEHBICDICIENIBNETH o EEZ B ENTEDL, LA LIRS Wa-
da'® |} Pinctada fucate® QIHI N F I IEAE S DINCERBEFEAL, COBOI T
o, WFEELT vy E=TIEKCEIRLGTEEINEG L LB~TED, COFEICK
AERAEOHEEL L OHIBRIEERIC OO TERD TR T ARENRE L EEDN B,
Fi, FERBRICENTRT vE=THEKRKNOREREEZR—EL, HICZOBREELDPZT
KA, BEIBEESEIOMASLEICLD, 20 0RENNE LD FRICHET
XHDTRIBIDPEEZL LN S,

FA—BEC BT 3 EABMONAESFORMUEICONT EERBIZODVLTORED
HEBBORAEICR, PROYOEEENSZCESBEEINEDS, 1IEYD M BI04
Lo TEZDOBHORERDERNARLTOANEIDPIKDNT, 6 H20~210E8L07 24
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2}- WO DOQRDD
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<Z 20, TUN.(23.0°C) 21 JUN.(232%)
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Fig. 2 Comparison between two groups of 10 specimens each of
the oyster on the nuclear-breakdown and egg-cleavage of
their eggs. Eggs were deposited to 0—2x 1072 N NH;-sea
water for 30 minutes, and later I0 minutes washed with
plain sea water. White area, uncleavaged egg dissolved the
germinal-vessicle; oblique area, abnormal cleavaged egg;
and black area, normal cleavaged egg.

* Wada'® (g ““There might be some opinions as to an identification of the Japanese pearl
oyster, which has been for years designated Pinctada martensii (Dunker),as P. fucata (Gould) as
is adopted in this paper.” *iR~TWV%,
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WL GEHUL T35 HAONIDTH T, HEERBLUKRBICCD X S ML
MDA NI D, BHRIIIBIN - REIREANRA L, EEMICIIEEN &R0 E R
EMBHEELTNDE D EEDNE, COLIBEALS, COEARES s THONIE
EBOKEORKETIZ, Mofad), REBREEIUEE LS X3RRI E - T4k
RIS A0B T 51w A& TELERDN S, LN T, JOEBEENDID
KREDELDERACDOVTORBELSKLETHY, X5 ICE—FOREKIN, —BHRIEE
FUBRBAENZNONOBESHICODOTORHABLETH A I,
BODBBOFERANFOERABLIURECRKIFITEECONT

HEREP S WO UANORES LCBBEROT v 22T 8L UOBKGRED I FE)
BOSHEASER LAY, ABREROLBICETE2EEbNS, BENEBSLUEY - &2
EABHOMBROLZH/E L, EREB7A8EBIUS U480 21H, FRBEHT
UCEHERBC X 2hilEEE A, 2L, BELBETREER, 7re=TKkE
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Table 2 Effect of washing utilizing a centrifugal separator* in artificial

fertilization on rate of nuclear-breakdown and egg-cleavage
of the eggs. Still precipitation method was used as controll.

Date 8 Jun. 24 Aug.
Method of washing** C S C S
Number of eggs checked 98 102 119 154
Immature egg 12 % 13 9% 5 % 2%
Uncleavaged egg
Dissolved germinal-vessicle 3 4 8 12
Cleavaged egg 85 83 87 86
{ Normal 83 79 17 14
Abnormal 2 4 70 72
WT. 25.1°C 30.4°C
NH; concentration 0.5x1073N 0.75x10* N

*  Number of revolution, 500/min.
** C, centrifugal separation; S, still precipitation.
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Fig. 3 Rate of nuclear-breakdown and egg-cleavage of eggs induced by various
concentrations of ammonical sea water and the change throught out the
spawning season. White area, uncleavaged egg dissolved the germinal-
vessicle; oblique area, abnormal cleavaged egg; and black area, normal
cleavaged egg.



Table 3 Course of the present experiment.

Date !

WT.

Appearance of ovary

Number of eggs checked

%1073 N NH; -sea water used

Unspawned f;;gﬂe 4 | Spawned | 0 025 | 050 | 075 | 1.00 | 1.25 | 1.50 | 1.75 | 2.00
10 Jun. 24.1°C 10 0 0 97 94 129 88 82 85 90 64 54
20 23.0 10 0 0 117 112 115 100 111 134 174 164 113
1 Jul 23.7 10 0 0 105 171 186 148 178 119 195 202 —
7 25.1 8 2 0@ 125 115 98 155 126 111 ’ 69 76 79
14 28.5 6 3 1 @) 138 112 94 120 108 98 82 136 122
24 28.8 5 3 2 118 104 97 99 101 124 114 116 98
4 Aug. 29.5 6 2 2 60 142 75 172 72 75 117 94 86 -
14 ” 30.2 3 4 4 163 96 151 129 179 157 150 213 198
24 304 2 3 5() 74 171 157 119 81 118 89 87 185
6 Sep. 23.0 0 1 9 57 93 107 112 60 71 81 71 45
Figures in parenthesis show indisinctness species of the gonad.
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DEEICE > THRBEICE ST IPEROENBRED 5N, ki, TNo DRHINIE
ZALICDNTIL, 6 BI0OAZBRATEE VTN OEESOBL O MBERARLCED, W
LHBERBIVERNABED B ERTER, ChE, LEOERGEICLIOIE»S
RHTANEZORPOOSDOBHASFHICBITLEBAINTHDONTNBE L EERLT
NEBDTH-T, 6 A108DBEARIMMINEMSDIE L, UL D s R£BIO
HMNAELIE kD OBRETH B ERREIND, BBEOWHLRI80%ZMA B 7o T
BB GO 0~0.75x107 N OfiIicH D, RHANRHEBREMIED 5 NEh,
SE, WEEKOT yE=TRELEESHOMBREOBERICODHTIE, WINO
BABFIS T C BB ARLTEY, 0T &3 Wada'® B9 TILERTN B LS, iE
BAENCH T AT VEST OFBEEENRS B EERLTNE, EEAHOEEROEDS
BENT VvE=TOEBERERBEAE LT 0~0.75x10° N 0#EHicdbH, 0.5x107° N
DELAPELE ., T, BINICATEOIFEREIERYY (6 H100~7H7 /)
idE <, mll (7 A4RDE) wiRBENERRALN S, CRICEELT, EESE
I8 D F A ERRE BN A i A AT 9 B &, Table 4 I RT & BV TH - T, EBRUIHIC
132 I O HR T TOEWFRHNA LN B, BHOHR EESITEDHANIIRK

Table 4 Distribution of the developmental stages of the normal

cleavaged eggs which were matured and inseminated in
ammonical sea water.

Date 20 Jun. 14 Jul. 24 Aug.
%10~ N NH,* 0.5 0.75 0.5 0.75 0.5 0.75
Stage,** 2 cells 5 8 5 4 0 0
4 cells 1 4 6 0 0
8 cells 5 4 7 10 0 0
16 cells 2 5 10 11 0 1
Morula 2 2 9 12 9 5
Gastrula 4 3 11 10 12 9
Trocophore 3 5 10 12 14 8
Number of total 22 31 59 65 35 20

Figures show number of eggs.

* Eggs were matured by those concentrations of ammonical sea water.

** The development of eggs were stopped by formalin solution when a part of them attained
to the trocophore stage,
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Fig. 4 Relationship between the developmental stages of eggs induced by
exposure to various concentrations of ammonical sea water and a classi-
fication of the degree of muturity of the eggs obtained from excised
gonads.
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Fig. 5 Change in the distribution of muture degree of the eggs
obtained from excised gonads during the spawning season.
White area, uncleavaged egg disolved the germinal-vessicle;
oblique area, abnormal cleavaged egg; and black area,
normal cleavaged egg developed by exposure to 0.5x1073
N NH;-sea water. And dotted area, normal cleavaged egg
developed by exposure to plain sea water.
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Fig. 6 Sea level and water temperature at the depth of 2m. during the spawning
season, 1965. Dots, sea level; crawling line, water temperature; and longi-
tudinal line with an arrow, work day of the present experiment.
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SUMMARY

The Japanese pearl oyster, Pinctada martensii, two years old was used to investigate the
change in the maturation of eggs obtained from excised gonads during the spawning season.
The main experiment was conducted ten times during about three months from June 10
to September 6, 1965. The maturation of eggs from ten incised ovaries was activated by
exposure to various concentrations of ammonical sea water. The eggs were inseminated
twice, 15 and 30 minutes after exposure, and then were washed with and removed to
plain sea water ten minutes after the later insemination. 'They were further fixed by
formalin solution when some of them attained the trochophore stage, and were classified
according to their developmental stages. The following supplementary experiments
were made for re-examination of the method mentioned above. (1) Rate of nuclear-
breakdown and egg-cleavage induced by the length of exposure time to ammonical sea
water was observed (Table 1 and Fig. 1). (2) Development of the eggs of groups of 10
oysters each, induced by exposure to ammonical sea water was compared (Fig. 2). (3)
Effect on egg-development by washing utilizing a centrifugal separator in artificial fertiliza-

tion was studied (Table 2).
From the results of the main experiment shown in Table 3 and Fig. 3 the following

conclusions are drawn: ‘

(1) The rate of nuclear-breakdown gradually becomes higher as the concentration from
plain sea water to a certain concentration of ammonical sea water increases, but remains
unchanged in the higher range than that concentration. The respective lowest concen-
trations needed for exceeding 809, at the rate of nuclear-breakdown are ranged
0—0.75x10"* N NH,, and among those concentrations any tendency to change during
the period of experiment is not found. Rate of normal egg-cleavage gradually becomes
higher to the extent of a certain concentration of ammonical sea water, but in the higher
range than that concentration there is a tendency for the rate to become lower as the con-
centration becomes higher. Optimum concentrations which bring the greatest abundance
of normal egg-cleavage range 0—0.75x 107N NH; through the period of experiment,
0.5x107°* N NH; in most cases. The potimum concentration is higher in the earlier
term and lower in the middle and later terms of the period of experiment.

The rate of normal egg-cleavage in plain sea water is lower in the earlier term, but
it shows considerable increase (maximum 38%) in and after the middle term. The rate
of abnormal egg-cleavage is generally lower in the lower range than in the optimum con-
centration of normal egg-cleavage, but it gradually becomes higher in the higher range.
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There is a tendency for a lower rate of abnormal egg-cleavage to occur in the earlier term,
and a higher rate in the later term of the period of experiment.

(2) On the basis of the developmental stages of eggs induced by exposure to the opti-
mum concentration of ammonical sea water (0.5 X 107 N NH; in the present experiment),
the egg with the intact germinal-vessicle is classified as the immature stage; the uncleavag-
ed egg with dissolved germinal-vessicle is classified as the mature stage ; the normal cleavag-
ed egg is classified as the full mature stage. The normal cleavaged egg developed in
plain sea water is classified as the most mature stage, because it may be presumed that it
is in the state of just before detachment from the gonad. The abnormal cleavaged eggs
are put into a special separate class, because it is presumed that they result from various
causes (Fig. 4).

(3) The period of the present experiment is divided into three terms by the degree
of maturity of the eggs. Earlier term: many immature eggs ,and a few of the most mature
eggs and abnormal cleavaged eggs. 'The mature eggs and full mature eggs show a tendency
to increase in number with the work days of this term. Middle term: more full mature
eggs and abnormal cleavaged eggs respectively than in the earlier term. Later term: a
great number of abnormal cleavaged eggs as compared earlier and middle terms, and the
most mature eggs command a majority instead of the full mature eggs of previous terms.
It is presumed that the earlier, middle and later terms of the period of the present experi-
ment correspond to the mature and spent and after-spent stages of the gonad during the
spawning season of the oyster, respectively.
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Summary

"The digenetic trematoda classified by the author (1966) as Bucephalus varicus Manter
was studied to investigate its larval development in Japanese pearl-oysters injured by its
parasitism.

The results are summarized as follows:

(1) The active sporocyst in pearl-oyster has one or more cylindrical branches, in which
spherical germ-cells arise and each develops by nuclear divisions into a germ-ball 224 in
diameter. The germ-ball begins to elongate soon after and, when it grows to a length of
50 to 604, a pair of rudimental tails comes to be discernible on the end of the body. When
the larval cercaria is about 80u in length, a pharynx and rhynchus (anterior sucher) are
formed on the posterio-ventral surface of the midbody and the anterior extremity of the
body respectively. When the larval cercaria is about 100u in length, the excretory vesicle
can be seen.

In this way the cercaria, about 1804 in length, is morphologically completed.

(2) Germ-balls found in sporocysts of pearl-oyster in July become young cercariae
in August. From September to November the young grow larger and soon leave the first
intermediate host. Sporocysts, however, remain in the body of pearl-oyster and pass
the winter, and in the following year the formation of cercariae begins again with the rise
of water-temperature.
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The time when the physiological condition of pearl-oyster declines by the effects of
the parasitism corresponds to the period when cercariae become mature and leave the
host.

(3) Although advanced stages of infection are easily recognized by the yellow network
of trematode sporocysts which permeate most of the organs, oysters in the early stages
of infection can hardly be distinguished from normal oysters except by the condition of
the efferent branchial veins which in the normal are colorless and transparent, but in the
early infected are corpulent and light yellow.

g £ X #|

D) BROER 1966, Tav 4 ICHET A RRCETHHE NV. FH /N, s vz po RS
7c Bucephalus [BD W HICDWT » BAKGE~NBTEE.

2) 1964. [AMI. F1PMETELTOT7 2 vy HABXIZTHE. EUESRH9:
1161-1169

3) TennNent, D. H. 1906, A Study of the Life-history of Bucephalus haimeanus, a Parasite of
the Oyster. Quart. Jaurn. Micr. Sci. 49: 635-690.

4) Ozaxi, Y. and IsHisasHI, C. 1943, Notes on the Cercaria of the Pearl Oyster. Proc. Imp.
Acad. Sci. 10(7): 439-441.
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REE (b) MERK (o BLoEEFERX (D

b T <
B# Kkt EEB 0.9773 0.998 0.9773W-0.186
HZw B ES 1.5764 0.999 1.5764W-0.055

© BIEESS I - B omm

2 1

10 20
RRPEE ()

BN F4NED 5 EKPESEICH

(SRR
B MEDH HAEI2D 34

THEBNKNER, REEHE
BB JUEARE R OIME
I?

O-BXkthERE BRKkDER
D&
A-BkpEEEORETES
DB
O-HkhERELHRERER
OB&R

67, B 7H, BFIFES)

Wb, 6 ABLU7 BoWmEHEOEFIL,
IS ALY L LERTRET 5008 T
BB, T TRETZEFFHE (b)), HEK
¥ (r) BRURGAEIAERD 3 &,
b=1,7219  r=0,997
S=1.7219W+0.039 153,
Ft, BKPEEEERKTEEBIUA
BRTSEE L OBGAE EILEERICHBIEL,
BEOEBED LN w72, LB ST,
Z0 o oElR AR, MEGRES XU AR
ﬁKOMTEK¢E%&E%K¢E%@%%
&8 (6 AEED, 9 (7T ADEED 1
HkhERE B3 %gii®%%%ﬁ%uo
(6 AoErD, 11 (7 Aok Wi#lilL o,
%, BKPEEEBRKhERES XUH%
LREBO6 A LU 7 AxRET AERE
(b)), MEEK (r) BXURRHER%E
WS RIORLI. BINE, ARPOLFESY
BY AHBRENER, HRKhEESIUH
BERERBORKMERBICHT 3E 0L OF
BHEREZRLEZSDTH B, COEMPLHES
BIZESIE, ENENsOD TEELRED
%5C&mﬂ®6méo
2. BAmERELBEAEDEZORRK

EpﬂCT%®%%%§&&5&H%H(6H@EM)B(7H@EH)Kﬁ
FAERE T, MEEEPRED SRS (BRES L),

T N THBERESEBRE 1 BT THFELIEDON G, £/, BLRHOXES
BlOEYRICDNT (BL, FR120 3FEEREZER ), BURRRE O Z 20080l Tk
SELRKR, ZRHOELH ORI
M oT, 6 ABITT HOMKHE bEES ORI, cho &L ik TRET
ZOMBUEZEZ NG, THhH, ZoBEERE (b)), MBERK (r) B XIUHREGE
AeRD B L,

6 5T, b=0.6629  r=0,534

BEZEOENED LN (BHRESBLT). L
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N =0.6629W+4.468 M- -BpEhEgoftEmle)
7 AT, b=0,7185  r=0,57

M=0,7185W-3.175 L1325,
X5, 6 ABXU 7 AOERICOVT, £0MoxELSHSITTHRIE LR, Fo=
3.61/3.64 (F',:,(0.05)=3.88 730, BEOENBEDLNE, LEB-T, 6 B
o7 BoFmEEoERE, cnbAEE LEERTRETIOBHEYTH 5, 718D L,
oI (b)), HEER () BLUER R ZRD 5 &,

b=0.9037 r=0.911

M=0,9037W+1.628 L1 B,

62, MENOKESICEY 2 BRZETEROKNERICHT 2 FERETRL
FODTH B, COMMD, TNHDES, BRESOHVICEELTV ST EFEDD
N5
m-3. BRHhEREEALGREROBK

EAMCHEOBREL LD B LRI (THOEER) 1Kiis, coXRicinid, £o

FHRIDOEA LSBT THRE LR, FROENRD LN (JElE S L2,
LidioT, RESOEFE, chdb 2 LEERTRETHSOPEYEEZ 5N 5,
bbb, £OEUREEC (D), MR (r) B XUhkETEXE

o
Y

NS S S s o -BHIS S
[aw)

©
[&4]
T

3§ i
2__,,,—‘
——A
5 10 15

BKRESR (3)

oM EPIICHY B AKRERICHT 5 AEhES, Hhkk
R OFHI
O EUKHPER & B 2 E RO
A BUKEE § & BARREEOBG
(B 60, Be7H, BFRES)
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7ATR, b=0,1112  r=0.609
M, =0,1112W+0.337 L1 5,
FOXIL, FESLBYI2ARNERERO KPEEICHT 3FEEERARLALZLDT

Hb, INOLOENEFRBERLICHD, BELEBOIZTENEDSNE,
& =

KPRV ENCRY AEFEEOHABRICDOVTERT S L, HekieddsH
BEIUCHROERLY, ARTRAKIPOEABZET IO HOEEEZTRL, ARTEK
RO EFBEOEEER LU, ¢ &id, Hak, B, BRYORLEREN
FRRIZACE, i, KPTHETE2HAOERLY, 2O00RENLEKOLE
2RO LDICEFOERBEMT L SODHTEDLEINLC EICL B, LD ST, KED
HEBRZOKRTHVBEARERT, HREBR LT PA LD AT FLEBL, COXDIIKK
TRBONTREBOHD AHEBKEVC L, SOKEHBKPERELHBELER LT,

3o ERERDPS CNL=ZFHOMTE, —HOREEPSMOELHEELTHERE S
A EERBED LN, T ENOBRIE, £HESTLEENOEDOHICENTS,
T7, RBRPEABRABLTLEDON, ZFEY F1EMILSELORE) MIKATS
ESICEFRB MBI NG, bbb, CNETORABREDPEREORETR, AsEdLL
7. ETRENTET, TOREELHBESGKCS, TOBME, ERAHEOHBERY
By, =NEHEIRTERNLILFELLRL o, EROERIS, £4, Bichs
LoTOTHEKPTEEYP S HBRETERLEORETHETS, LrbR—EA%Eik
BHICHEL S 20 &b o, LB T, ZOREEBAZXDHD TIEHRITGERT AT
ESTREICIE 5770

ok, HAPEREARKIEESSCHRNZEPEES S OMTREBEIMED (r=0.43
07013, FIRDESICHBRKPEENLHKPEZEO S HhTLEHD T AT Lici
Kd 2, 3705, EREBCAMNADMBEL TS, JBEKSTETROAEYD, HEKD
BEBEOEMNELTHOoDONBOPLTHE (HRAKTERE HRNZEPEE=1/20), HiK
EEEENEREBROHMET, 196347 AOREN S CIKESFIDI9654E 6 A o 3 4E4:
AT, WINSHBEBBRIED O NEDL 7D, 196347 50 aid, MBI
e ERRh ol s, E4503EERATR, REBMICBALTERER (1288) ©
A BEEBICHAN O TN ARESTH - C EWCERNT L EBbNE @WHELED
AP CREERSADON L) TOfh, HEHOERB XUELBOBERNC DN T, £D
H, EOFEFICOOVTOHHENBED OGNS, Lid, FOHTHE, £F40EBHBE DK
HodsBoRRcL ~TRESNSE, COLHREKPEREARETEROBERR, 4£
HhhboF, BHMICENFNEEOS 2MEOBBEERTENED pHRDLNSE, L
oo T, HKPhEEPS BRZEPEREZETET 4101, ToMHicky 2B R
EDNTRDIET TS0,
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E:-3 #

Havinga i & > TIRESNIOKTEBOWNE FEEZRNT, TavH4 DFBPOEES
WEL, £OMABERER~, OBEBEH, SEQEOOTOHEBENZRE S DIk
L7,

1) HOBBARET 286, DhTcoliEEclREssE U3, MEBOEEER

<7bi‘, AP TOMEE T, BENLBEOLTIERBEIKRD LN, KPTHE, HE

BRZOAMISVEBEERETHD, BHREZRDTRICLATEL N,

2) BRhEREHBRAEPERLOBEFKR, F0H, FOESIKENTDS, shdTHEHE

REMWERBEDON G, Ldd, &H, EESERETIHERREDONLT LD

5, B, SR TR L@ET s —EfR R TR, BKhEERNS

EBahEBOMEEELHOVBE TR 28 TE 5,

3) HAMEELERENEELOBGIR, F0f, FOESRENTHERMERPE

WoNb, Ldd, ALKBHOSFESTHILBE L OB TRESIN S, L -> TlE

OBEIL, FNEFNORIOKRMD ALHTRENS, THbhb, ARZhEEOHE

i, FoRoRRFERICk s TRD 515,

4 chnFTcRBE—ERIcCL EHZRES, BREEAMBEL TR ENTERD - 205,

AEBROERLS, 3 E20BR2KPTHET S LI -T, 05 0EEAHE

ETERCENHH LK, TbE, HOREEEZBNT 25 L CEH—EXROEEZZAL

B HREEWNC B C EDTEHRICIE 5t TOC S ORI BNT, REESMIEIC

PBTEX3ENICLETHD, OO TEEDLICELEELOND,
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1) Havinga, B. 1928. The daily rate of growth of oysters during Summer. Jour. du Cons.
3: 231-245.

2) WHELE 1946, BROHBERUKAERITHN T, Venus 14 1 244247,

3) ABREIAR 1951, 7 oY A A4 TR 2 BAERERD O R NMBE R QAR L FE L. EHROH
7% 2 (1,2) : 2—6.

4) ARE 1961, 7avYHA 02 BFMicET 2 AEENHI ]~ EY PR 6 : 619
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ft#1 FAKBY2EREhEREOH /K hERICH T 2R E
HBET — 2 BLUESBSIT  (C634)

#E O B
£ EHR TR

B

£ A H f 2ix? ZxXly Zy? r b |

'63. 7.23 46 40,2203 75.5863  150.6298 | 0,971%*
9.18 44 50.2148 92.8462  179.4837 | 0.977**
10.16 88 | 188.9038 328.3048 583.2674 | 0.989**
11.19 88 | 202.7904 362.6903 676.3478 | 0.979%*
12.19 83 115.9231  209.0582  394.5261 | 0.977** 1.8034 82 17.5106

’64. 1.14 91 10,5252  324.7986  569.9482 | 0,985** 1-7047 90 16.2641

1.8793 45 8.5805
1
1
1
1
1
4.13 88 | 209.0502 365.4292 661,4187 | 0,982** 1,7480 87 22.6485
1
1
1
1
1
1
1

.8489 43 7.8204
L7379 87 12.7065
7884 87 27.7125

5.22 73 172.7168  293.1583  566.9492 | 0,936** 1,6973 72 69.3717
7.7 82| 268.5689 469.9944  897.5225 | 0,957** 1.7499 81 75.0793
7.27 84 | 285.6316 510.6007 959.6602 | 0.975** 1.7876 83  46.9104
8.24 84 | 262.1162 452.5827 800.5298 | 0.987** 1.7266 83  19.1006
9 24 81 520.8567 886.7195 1546.7136 | 0.987** 1,7024 80 37.1624
10.22 84 | 501.9340 841.3437 1424.8410 | 0.994** 1.6762 83  14.5807
12. 4 | 244 | 1544.7327 2659.5869 4684.5122 | 0.988** 1.7217 | 243 105.5015

H n 1246 480.9497 0.3859
[ R 13 6.6517 0.5116-
$o 30 o | 1260 | 4554.1847 7872.6998 14096.3502 | 0.982 1.7286 | 1259 487.6014 0.3872
(T 13 208.9376 16.0721%*
4 ik | 1723 | 9070.3350 15510.9693 27221.4874 1272 696.5390
b=1.7286 r=0.982 §=1.7286W +0.246 e B GPLIT THE

- ERES LT THEETRL
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&2 KRHCHO2HRkhEEOKERICYS 2ERE
BT — 2 B LU ES  (C634)
‘ #HE DB E
£ 7 A f Zx? ZxZy 2y? r b
R
63. 7.23 | 46| 40.2203  37.5300  36.3638 | 0.981** 0.9331 | 45  1.3426
8.22| 42| 35.1562  35.8088  37.2401 | 0.989** 10185 | 41  0.7689
9.18 | 44| 50.2148  47.8067  47.5491 | 0.978%* 0.9524 | 43  1.9971
10.16 | 88 | 188.9038 181.4874 175.8578 | 0.995%* 0.9607 | 87  1.5029
11.19 | 88| 202.7904 187.9844 183.2662 | 0.975%* 0,9269 | 87  9.0235
12.19 | 83| 115.9231 109.1921 105.7949 | 0.985** 0.9419 | 82  2.9469
64. 1.14 | 91| 190.5252 180.8634 174.2383 | 0.992** 0.9492 | 90  2.5483
413 88| 209.0502 201.2802 202.3427 | 0,978** 0.9628 | 87  8.5502
5.22| 73| 172.7168 172.8187 177.4772 | 0.987** 1.0005 | 72  4.5721
7.7 82| 268.5680 253.2202 261.1286 | 0.956** 0.9428 | 81 22.3800
7.27 | 84| 285.6316 280.2315 278.6241 | 0.993** 0.9810 | 83  3.6918
8.24 | 84| 262.1162 255.8841 250.6366 | 0.998%* 0.9762 | 83  0.8375
9.24 | 81| 520.8567 513.5068 512.9156 | 0.993** 0.9858 | 80  6.6596
10.22 | 84| 501.9340 486.5406 492.3706 | 0,978** 0.9693 | 83 21,7216
12. 4 | 244 | 1544.7327 1486.6885 1438.9074 | 0.978** 0.9624 | 243  8.0887
A A 1287 96.6317 0.0750
EIPE e 14 0.2212 0.0158"
4t 3E o | 1302 | 4589.3400 4430.8643 4374.7130 | 0,988  0.9654 | 1301 96.8529 0.0744
EEF 14 16.1631 1,1545%*
4 fk | 1316 | 9997.6306 9642.1894 9412.4010 1315 113.0160
b=0.9654 r—0.988 8,=0.9654W—0.171 o fERE L ZUT THR

- fERRES BLITTHRETRY
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%3 RAKBUZEREBEBORKFERICHT ZEFEE
WEF — 2 BXUESEAT  (C634E)
#E O 8
£ A A f Zx? 2xXy 2y r b
f SEFfm SEE¥EH
’63.10.16 | 88| 183.9038 299.0583 477.9269 | 0.975** 1,5831 | 87  4.4878
11.19 | 82| 190,0223 296.1297 474.0261 | 0.986** 1,5583 | 81 12,5672
12.19 | 83| 115,9231 179.5204 282.8649 | 0.991** 1.5486 | 82  4,8597
%64, 1.14 | 91| 190.5252 292.8698 466.9755 | 0.981** 1,5371 | 90 16,8054
4131 88 209.0502 324.2345 506.6616 | 0.996** 1,5509 | 87  3.8061
5.22| 73| 172.7168 280.8515 479.2230 | 0.975%* 1.6260 | 72 22.5585
7.27 | 84| 285.6316 446.8827 727.6350 | 0,980%* 1.5645 | 83 28.4871
8.24 | 84| 262.1162 392.6628 652.9846 | 0.949** 1,4980 | 83 64,7758
9.24| 81| 520.8567 813.5660 1318.7470 | 0,981** 1,5619 | 80 48.0383
10.22 | 84| 501.9340 781.6146 1225.2658 | 0.996** 1,5572 | 83  8.1310
12. 4| 244 | 1544.7327 2389.8284 3767.5198 | 0.990** 1,5470 | 243 70,4553
A A 1071 284.9722 0,265
ET 10 1.6756 0.1675-
dt 5B @ | 1082 | 4182.4126 6497.2187 10379.8302 | 0,986  1.5534 | 1081 286.6478 0.2649
BEEH 10 38.2674 3.8267**
& k| 1092 | 7207.3886 11371.5418 18266.4986 1091 324.9154
b—1.5534 r=0.986 S,—1.5534W 10,036 e AR BUTF CHE

- fERE S BUT THRTEL
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&4 FHZETZAREREBOHKPERICHT 2REIFRE
MBI — 4 5 X OHRABAT  C634)
L R oBRE
£ A A f Zix? ZxZy Zy? r b —
R I ]
’63.11.19 | 88 | 202.7904 176.0065 320.2237 | 0.690** 0.8679 | 87 167.4677
12,19 | 83| 115.9231  147.4461 414.7609 | 0.672%* 1.2719 | 82 227.2198
64, 1.14 | 91| 190.5252 163.9373  742.7487 | 0.435%* 0.8604 | 90 601.6905
4,13 1 881 209.0502 171.3617 366.3542 | 0.619** 0.8197 | 87 225,8891
5.22 0 73| 172.7168 145,1535 305.8600 | 0.631** 0,8404 @ 72 183.8716
7. 7| 82| 268.5689 168.7633  365.1928 | 0.538** 0.6283 | 81 259.1471
7.27 | 841 285.6316 233.4401 347.8804 | 0.740** 0.8172 | 83 157.0969
8.24 | 84| 262.1162 128.8949 345.5147 | 0.428** 0.4917 | 83 282.1320
9.24 | 81| 520.8567 374.7850 432.5271 | 0.789** 0.7195 | 80 162.8506
10,22 | 84| 501.9340 371.7959  804.9013 | 0.584** 0.7407 | 83 208.6949
12, 4| 244 | 1544.7327 1636.7387 3299.7275 | 0.724** 1.0595 | 243 1565.5047
A ] 1071 4041.5649 3.773
EIPEEES -~ 10 469.8751 46.9875%*
3t 5@ O | 1082 | 4274.8458 3718.3230 7745.6913 1081 4511.4400 4.173
1BIEsEE 10 3246.8498 324,684**
4 k| 1092 | 6961.3192 6587.8885 13992,7797 1091 7758.2898
o BRELZDTTHEER
%5 HAKBY2ANEREBOR KPERICET BOFE
T -2 B LU EST  (C634F)
HoE DR E
£ H B f 2ix? 2xZy Zy? r b |-
| £ SR BEIE
'63.12.19 | 83| 115.9231  29.8320  16.1665 | 0.689** 0.2573 | 82  8.4895
64, 1.14 1 91| 190.5252  40.3541 23,3598 | 0.604** 0.2118 | 90 14.8129
4,13 | 86| 208.7702 16,2626  10.1432 | 0.353** 0.0778 | 85 8.8780
5.22 | 73 1727168  36.5212 24,3967 | 0.562%* 0.2114 | 72 16.6743
7.7 83| 266.3603  25.1425  10.8126 | 0.468** 0.0943 | 82 8.4417
7.27 1 84| 285.6316  36.7516  19.8206 | 0.488** 0.1286 | 83 15.0944
8.24 | 84| 262.1162  19.3480 5,5122 | 0.505** 0.0738 | 83  4.1035
9.24 | 81| 520.8567  27.6675  10.9888 | 0.365** 0.0531 | 80 9.5193
10.22 | 84| 501.9340  69.4282  15.4470 | 0.788** 0.1383 | 83  5.8437
12. 4 244 | 1544.7327 2791700  93.6107 | 0.734** 0.1807 | 243 43.1591
A 7 983 135.0164 0,1373
BlEHRE 9 12.4432 1.3825%*
Mmoo | 993 1 4069.5668 580.4777  230.2581 992 147.4596 0.1486
JEIESEY 9 214.8877 2.3876**
4 k| 1002 | 6573.1201  612.3677  419.3969 1001 362.3473
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&6 HFaslicky s AREPERORKPERICHT AL
BT -2 - LJO\ oy By (65$67414E1)

4. 4 f P Zx2y Xyt r b
| ‘; FE O (I & = oy

2 28 8.3214  14.9055 27,1971 | 0.990%* 1,7912 | 27 0.4981

3 29 11.2753  18.2582  32.4888 | 0.953** 1.6193 | 28 2.9233

4 29 52.1979 84,1801 138.1497 | 0.991** 1.6128 | 28 2.3628

5 29 103.4140  185.4282  344.4078 | 0.982** 1.7930 | 28 11.9240

6 28 | 1346659 219.2128 370.5740 | 0.981** 1.6278 | 27 13.7351
£OOR 138 31.4433 0.2278
[ER R 42,0584 0.5146
4k 3B o | 143 | 309.8745  521.9938 912.8174 ‘ 0.981 1.6845 | 142 33.5017 0.2359
{EIE3EY ‘ 4 7112 1.778 **
4 k| 147 | 3338.5589 5764.7910 99948533 | 146 40,6137

i !
i

_ - a_ . ek BRI BRI THE
b=1.6845 r=0.981 S=1.6845W+0.489 " TRL cZp t TR

&7 F4aElicky 2 BREhERO R KPESICHT LA
EHHEE T~ Mootc\ s (6547 A12/)

RN

g oA f Zx? ZxZy Zy? r b - -
f M EEYs
2 30 10.7872  19.8656  37.8195 | 0.983** 1.8416 | 29 1.2353
3 28 31.9444 53,5541 92,7994 | 0.983** 1.6765 | 27 3.0176
4 31 97,1723 162.2209 275.3922 | 0.991** 1.6694 | 30 4.5791
5 30 | 113.5272  195.4795  341,3239 | 0.993** 1.7219 | 29 4.7337
6 30 §3.0618 133.8537 232.9036 | 0.962** 1,6115 | 29 17.1998
FON , 144 30,7655 0.2136
AR ERE 4 0.8784 5,2196-
4k 5% o | 149 336.4929 564.9738  980.2386 | 0.983 1.7790 | 148 31.6439 0.2138
{EIEE Yy 4 1.9229 0.4557-
4tk | 153 | 2851.9938 4894.9120 8434.7644 152 33.5668
- _ a_ Mﬁ?l/uﬁﬁz
b=1.6790 r=0.983 S=1.6790W-+0.706 "Gl < =t B
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fEs A

[

Nk 2 HgokhEE O Bk EEICEHS 2017

ERBET - 2 B LU ES (6546 J14H)

1279

HE o mE =
£E 4 £ 2x? Zxlly 2y? T b
£ R
2 28 8.3214  7.8701 7.5397 | 0.993%* 0.9457 | 27  0.0965
3 29 | 11.2753  10.3634  10.1233 | 0.958** 0.9191 | 28 0.5981
4 29 | 52,1979  52.4880  53.3177 | 0.994** 1.0055 | 28 0.5384
5 29| 103.4140  99.8098  98.4605 | 0.989** 0.9651 | 28 2.1301
6 28 | 134.6659 135.5892  143.3179 | 0.975%* 1.0068 | 27  6.8000
£ K 138 10.1631 0.0736
EP2ES - 4 0.1840 0.046-
3k M | 143 | 309.8745 306.1205 312.7591 | 0.983 0.9878 | 142 10.3471 0.0728
JEIEE 4 3.0475 0.7619**
4 fk| 147 | 3338.5589 3261.2372 13199.1008 146 13.3946
b=0.9878 r=0.983 §,=0.9878W—0.343 **
&9 EARNCE T2 HBRKkPEREOHKFERICY T LEEE
HBET — 2 B LUESEST CO547 A12R)
s \ #E OBk
s 4 f Zx? ZxZy Zy? r b S
AR RS
2 30 10.7872  10.3025  10.0297 | 0,990%** 0.9551 | 29  0.1902
3 281 31.9444  30.4952  29.5873 | 0.991** 0.9546 | 27  0,4757
4 31| 97.1723  95.3968  94.0259 | 0.998** 0.9817 | 30  0.3730
5 30 | 113.5272  109.3526  105.9385 | 0.997** 0.9632 | 29  0.6079
6 30 | 83.0618  82.1070  81.5216 | 0.997** 0.9885 | 29  0.3589
# AN 144 2.0057 0.0139
PGS ¢ 4 0.0499 0.0124-
Jt5E o | 1491 336.4929  327.6541  321.1030 | 0.996 0.9737 | 148  2.0556 0.01388
EIETEY 4 0.2006 0.05015%*
4 k| 153 | 2851.9938 2789.0537 2729.7588 152 2.2562
b=0.9737 r=0.996 §y=0.9737W_0.101 **ERE I ZLITT

- fERE S BLIFT
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%10 E45lKEy 2 AREEREO FkhERICHT 2 ER
EHET — 2 B LUHSEST (65461 14H)
#sE o m %
f 2x? Zxly Zy? r b - —
£ IR e
2 28 8.3214  12.8887  20.0262 | 0.998** 1.5488 | 27 0.0635
3 29 11,2753 17.0306  27.6030 | 0.965** 1.5104 | 28 1.8759
4 29 52,1979  83.3113  133.8065 | 0.996** 1.5960 | 28 (€.8367
5 29 | 103.4140 164.2144  266.3491 | 0.989** 1.5879 |- 28 5.5882
6 28 | 134.6659 212.2559  336.9673 | 0.996** 1.5761 | 27 2.4181
2 N 138 10.7860
EPZES 4 0.082 0.020"
9B o | 143 | 309.8745 489.7009 784.7521 | 0.993 1.5803 | 142 10.8680 0.0765
BIEFY 4 2.4588 0.6147**
A k| 147 | 3338.5589 5264.5108 83148349 146 13.3268
- _ 8 _ _ wr ERR L BLTTHE
b=1.5803 r=0.993 5,=1.5803W—0.209 T ERL O m s
R Fablickr 5 AREREREO FUKhERICHT 5 R
EHBET -2 BLUHS B T C65FTHI2ZA)
#E DB E
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The anatomy and function of the stomach of lamellibranchs have been studied
by a number of workers (Yonge's™'®, Owen®%, PurcHoN''"*¥ Naxazima*® and others),
and of the Family Pteriidae Purcmon'® took up Pinctada vulgaris representing the
family. Nakazima” working on Pteria maxima, Pinctada wmartensii and Aterina
japonica, as less specialized species in Pelecypoda, described differentiation of the
organ among these species. Those authors, however, have not gone in details as to
animal-food materials and the function and physiology of food selection, digestion,
etc. of the digestive organ. Our knowledge on P. martensii and most of pseudolamel-
libranchs in this respect is by no means adequate as far as the literatures came
across are concerned. The present study, under such circumstances, has been started
to make clear the problems on P. martensii, which is one of the most valuable species
of molusk in the fisheries industry of Japan.

The writer wishes to express his deep gratitude to Mr. Sigeru Ota, Chief of
National Pearl Research Laboratory, who provided the present study as his research
project in the laboratory, and to Dr. Masao Naxazivma, Professor of Tokyo University
of Education, who was generous to supply the kind suggestions. Also, the writer is
indebted to Dr. Katsuzo Kuronuma, Assistant Professor of Tokyo University of
Fisheries, for his kind and careful correction of the manuscript. Messrs. Haruhiko
Usemoro and Akira Macun are herewith recorded with his high appreciation in their
sincere help given to his laboratory work.

Materials and Methods

The test animals used in the present study, 8-10cm. in the hight of shell, had
been reared at nursery bed at Tatokujima station of the laboratory and were collected
from November, 1963 to May, 1964. The gross anatomy of the stomach was made on
fresh animals and those preserved in 10% formalin solution; the detail of the stomach
structure was studied from mold of the organ impressed on methacrylic acid resin.
The histological study of the organ was based on the materials which were fixed in
10% formalin and Bouin’s solution, sectioned by means of parafin or frozen methods,
and stained with Enmrric’s haematoxylin-eosin or HEeipENHAIN'S iron-haematoxylin.
The ciliary currents in the organ were observed by the aid of carmine, India ink

*  Contribution No. 130 from National Pearl Research Laboratory.
**  Natl. Pearl Res. Lab. (Bafsz1E, HE3 ERBIFEM.
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and fine sand suspension.

Anatomy of the stomach

The anatomical features of the Japanese pearl oyster are described herewith from
the materials studied by the aid of illustrations (Figs. 1, 2 and 3).

DH D@ TRR RSC
\

\

Fig. 1. Cart of the stomach manufactured with methacrylic acid resin and its diagrammatic view
from each side. A: dorsal face, B: ventral face, C: left lateral face, D: right lateral face.
For abbreviations used throughout all figures see text.

The lumen of the stomach is divided into anterior and posterior parts, separated
by an unusually large, typical fleshy fold (TFF). The anterior part is again divided
into dorsal and ventral regions by an anterior fold (AF) which ridges on the anterior
wall of the stomach.

The dorsal region consists of an orifice of the oesophagus (OE), a non-ciliated
smooth area (SM) surrounding the orifice and a tongue of the major typhlosole (TY")
accompanied on each side by intestinal groove (IG, IG"). The tongue and the two
grooves are led to the posterior part on the ventral region of the anterior part. From
the postero-ventral to the right side of the region, there is a marginal goove (MG),
drawing a boundary between the region and the posterior part of stomach; the
typical fleshy fold (TFF) forms the posterior wall of the region. The dorsal region
connects with the ventral region in a caecum (FSC) which projects from the left wall
of the anterior part of stomach. The caecum has been named the food-sorting
caecum by many workers.
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On the ventral region there is found a group of two or thréee mouths (four or
five orifices of branch ducts are seen in this opening) of ducts from the disgetive
diverticula (DDD!, anterior opening of ducts), the tongue of major typhlosole accom-
panied on each side by intestinal groove and the rejection tract (RT") after-mentioned. ™

5 mm.

Fig. 2. View of interior of the stomach after opening it by a median incision in V\ei
dorsal roof and posterior wall (A), and ventral floor (B), from the oesophdgus to the
mid-gut. Arrow used throughout all figures indicates the direction of ciliary current.

In the anterior part of the stomach there is the absence of a ciliated sorting area
of ridges and grooves on the anterior face of the food-sorting caecum, between the
oesophagual orifice and the tongue of typhlosole, which feature markes from much
families of Pseudolamellibranchia. However, there are ciliated fine ridges on the
anterior fold in parallel to its long axis, and ciliated rough ridges on the anterior
face of the typical fleshy fold transversely to its long axis. The cilia on the anterior
fold beat towards the marginal groove of the right wall, and those on the tipical
fleshy fold beat towards the dorsal groove across over it. And further, the cilia in
the dorsal groove beat from the marginal groove along the posterior side of the
typical fleshy fold towards the stirring hollow (SH) abutting on the dorsal side of the
gastric shield (GS). ‘

The posterior part of the stomach is divided -into ventral and dorsal regions,
bordered by the swelling right-posterior wall and the gastric shield (GS) on the left
wall of the stomach. S

In the ventral region, the following portions are arrarged chiefly; typical fleshy
fold (TFF) and ciliated food-sortig area (VSA) covering its basal part, partition wall
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(PW) arising from the posterior floor and stretching on the right wall of the stomach,
major typhlosole (TY) and its tongue (TY’) accompanied on each side by the intestinal
groove (IG, IG’) and extending to the caecum of the anterior part of the stomach,
and openings of crystalline style sac (CSS) and mid-gut (MIG) leaving the posterior

Fig. 3. View of the openings of ducts and embayments cut open
towards the depth. A: left pouch, B: anterior opening, C: right-
anterior opening, D: first embayment, E: second embayment.

floor. - 'The major. typhlosole (TY) forming the right edge of the partition wall (PW)
and the posterior intestinal groove (IG) forming the outer moat of the wall turn
downwards into a deep embayment (EM?, second embayment) formed on the anterior
side of the wall, in. which receive five or six ducts from the digestive diverticula
(DDD*). . The tongue (TY') arising from the major typhlosole in the second embay-
ment emerges from this, embayment, and turns back into the first embayment (EMY)
lying nearer to. the left pouch. . In the first embayment there are five orifices of the
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ducts from the digestive diverticula (DDD?). Emerging from the first embayment
the tongue of typhlosole and intestinal grooves pass further forwards along the
ventral margin of the right wall of the stomach, and then bend sharply to the left
at the point opening a mouth (three orifices of the branch ducts) of ducts from the
digestive diverticula (DDD?, right- anterior opening of ducts). They pass transversely
to the left past in front of the anterior opening of ducts (DDD') and then upwards
into the food-sorting caecum in the anterior part of the stomach. The ciliary current-
in the intestinal grooves passes forwards from the origin of the left groove (IG') in
the second embayment to the food-sorting caecum, and turns round the apex of the
tongue of typhlosole and then flows into the mid-gut by way of the right groove (IG).

The tongue of typhlosole is doubled up in front of each opening of the ducts
and in the embayments, and on summit of the tongue there is a longitudinal groove
(SG, summit groove) in which cilia beat towards the apex of the tongue. Consequently
the ciliary current in the summit groove is poured into the openings of ducts and
the embayments at the doubling points of the tongue. On the right or anterior side
of the right intestinal groove from the second embayment to the food-sorting caecum
there is a longitudinal ciliated tract distinguished from the intestinal groove by the
difference of their surface structures, which is named the rejection tract (RT) from
its function. The tract connects with the ciliated exhalant region (ER) of the ducts
from the digestive diverticula. The cilia on the tract beat transversely towards the
right intestinal groove. It is presumed that the tract is a variety of the food-sorting
area observed on the right-anterior side of the right intestinal groove in many families
of Pseudolamellibranchia. A fold (MF, marginal fold) is on the ventral side of the
right wall of the stomach and along the right-anterior side of the rejection tract, which
arises from the anterior fold and terminates in the second embayment. The marginal
fold inserts its short flares (FMF) into the openings of ducts and the embayments,
and the flares connect with the non-ciliated and flame-like structured inhalant region
(IR) in the ducts. There is a groove between the marginal fold and the right wall
of the stomach, and it connects with the above-mentioned marginal groove (MG)
forming the right-posterior margin of the anterior part of the stomach.

A pouch (LP, left pouch) on the ventral side of the gastric shield is shallow and
extended in which open two mouths (four orifices of the branch ducts) of ducts from
the digestive diverticula (DDD?®). The ciliated rejection tract (RT’) from the left
pouch connects with the left intestinal groove at the left exit of the first embayment,
on which cilia beat towards the groove.

The ventral food-sorting area (VSA) is surrounded with the left intestinal groove
extending from the first embayment to the food-sorting caecum, the rejection tract
from the left pouch and the gastric shield. The area consists of a series of ciliated
ridges and grooves radiating outwards from the mouth of left pouch and from the
anterior side of the gastric shield. The cilia on these ridges beat towards the mouth
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of left pouch and the anterior side of the gastric shield, while cilia in these grooves
beat towards the left intestinal groove.

On the dorsal region of the posterior part of the stomach the following portions
are arranged chiefly; typical fleshy fold (TFF) forming the boundary from the anterior
part of the stomach, gastric shield (GS) taking a broad space on the left-posterior
roof, dorsal hood (DH) and stirring hollow (SH) traversing the roof in association of
them, posterior fold (PF) rounding the posterior wall of the stomach and posterior
food-sorting area (PSA) on the swelling right wall surrounding the right side of the
partition wall. The gastric shield (GS) of cuticule is divided into dentate (TGS) and
membranous (MGS) parts by a slit, and the mouth of the stirring hollow (SH) situated
on the just dorsal side of the gastric shield is invested by the lobes (I.GS) projecting
on each side of the slit. The stirring hollow connects with the dorsal groove (DG)
and the non-ciliated dorsal hood (DH) which is a broad groove crossing the roof.
The posterior part of the roof takes the form of longitudinal valley made by the
membranous part of the gastric shield and the swelling right posterior wall when
viewed from the ventral side of the stomach. So the portion is named the dorsal
valley (DV). The valley starts from just behind of a middle hollow of the dorsal
hood and connects with the foot of the posterior fold (PF). The posterior fold ex-
tends from the dentate part of the gastric shield to the minor typhlosole (MIT)
rounding the posterior wall of the stomach. The bottom of the valley is branched
off by several folds in its end part. The cilia in those portions are likely to beat
backwards but much slowly.

Along the posterior intestinal groove (IG) surrounding the right side of the
partition wall, there is a distinguished food-sorting area (PSA, posterior food-sorting
area) consisting of a narrow belt of transverse ciliated fine ridges and grooves. In
the grooves the cilia beat down to the intestinal groove while on the ridges the cilia
beat up towards the swelling posterior right wall. In addition, on the swelling
posterior right wall along the sorting-area there are rough ridges and grooves on
which cilia beat in two directions mainly towards the sorting-area and the posterior
fold.

Consideration

Function of the stomach noted below was deduced from the observation on ciliary
current in the fresh stomach and the current presumed from the distribution of food
particles found in the sectioned tissue (Fig. 4). The fresh food materials entering
the stomach are transported directly from the oesophagus into the dorsal groove
across the typical fleshy fold, or are gathered by the ridges on the anterior fold and
then carried upwards in the marginal groove. In this process, the non-food materials
like sand particles is believed to be settled directly on the intestinal grooves lying
between the oesophagual orifice and typical fleshy fold, and then conveyed to the
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Fig. 4. Diagrammatic representation of the probable circula-

tion of material within the stomach of Pinctada martensii,
probably most of Pseudollamellibranchia. Each arrow
indicates a direction of the ciliary current with food
materials as following state. fresh materials,
«xxx: food materials being mixed with the sol of caystal-

=l

line style, <—-:

indigestible materials and corse particles,

<—: undigested materials, <~ : digeste dfoodstuffes and

fine particles, <--:

waste materials.

posterior end of the stomach. The materials entering the dorsal groove are conveyed

into the stirring hollow invested by the lobes of gastric shield (Fig. 5).
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Fig. 5. Diagrammatic representation of the
structures and ciliary current’s direction
on the anterior part of the stomach.

Judging from
the direction of ciliary current on the
inner face of the crystalline style sac and
from the current interpreted from the
distribution of food particles in the sec-
tioned stomach tissue, the crystalline style
seems to conduct a continuous rotary
motion in anticlockwise viewed from the
posterior end of stomach. It is apparent
that the crystalline style by drawing an
arc from the sac comes into contract with
both of teeth and left-anterior part of
membraneous gastric sﬁield, and the style
is grazed mechanically by the teeth.
Judging from the sectioned sample, the

food materials conveyed from the dorsal groove are believed to be mixed with

the sol of crystalline style in the stirring hollow at first, then in the dorsal hood

(Fig. 6).

The samples fed by substantial carmine in the diet were fixed immediately in
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formalin at every given hour. Majority of the carmine was stored immediately,
though temporarily in the posterior roof of the stomach, and consumed in later hours
{the details will be published in separate report). It is thus presumed that the food
special

epitherial
structure

poD 3

TFig. 6. A: section through the gastric shield, stirring hollow and dorsal hood of the stomach.
B: diagrammatic representation of the probable currents of food materials in there.

materials mixed with the sol of crystalline style in the dorsal hood are pushed and
stored temporarily in the dorsal valley, while the digestion of the materials by the
enzyme of the style is continued. The food materials are sorted by the cilia on the
end part of the dorsal valley, the swelling posterior right wall and the posterior food-
sorting area, successively. Indigested materials and coarse particles are conveyed
towards the intestinal groove or mid-gut by way of the anterior foot of the posterior
fold, while digested materials and fine particles are drifted into the second embay-
ment over or round the partition wall. The later in further conveyed towards the
food-sorting caecum by the strong ciliary current on the summit of and on the left
side of the tongue of typhlosole (Fig. 7). In this way, owing to the ciliary action of
the tongue of typhlosole doubled up in:front of the anterior and right-anterior open-
ings of ducts and in the embayments, the food materials running on the summit
groove are poured into these parts in which open the ducts from the digestive
diverticula. The food materials entering these parts are not absorbed directly into
the ducts, but whirled with vortices formed by ciliary beating on the flare from the
marginal fold. A part of the materials then is absorbed into the duct by inhalant
counterpart current on the center of its orifice. It is also apparent that there is no
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ciliary current on the region of flame-like structure corresponding to the inhalant
region in the ducts, when the openings of ducts and embayments are opened. As
a result, it is possible to pressume that the inhalant current in the duct is produced
by the lower pressure arising by exhalant current in the smooth region of the duct.
While, the rest are conveyed out of the marginal groove by the ciliary current of
the marginal fold or come back to the left intestinal groove. The waste materials
excreted from the duct by its exhalant current are carried into the right intestinal
groove by the ciliary beating of the rejection tract, and then evacuated to the mid-gut
along the groove (Fig. 8). The food materials running on the left side of the tongue

FMF vortex current

for DG right wall

for FSC
for FSC

for DD ° ciliated ER
JV—

exhalant
current non-ciliated
IR

for 16~

inhalant
counterpart
ey current

Fig. 7. Diagrammatic representation of the

structures and ciliary currents in the Fig. 8. Diagrammatic representation of the
tongue of major typhlosole and its environs structures and ciliary currents in the open-
in the middle of the ventral floor. ing of duct from the digestive diverticula.

of typhlosole are selected out on the ventral sorting area, and fine particles of the
materials carried toward the left pouch by cilialy currents of its folds, while the
coarse particles towards anterioly for the dorsal groove across the typical fleshy
fold. The waste materials from the left pouch are conveyed to the left intestinal
groove by way of the ciliary rejection tract. An attempt was made without success
to trace in the present study whether the waste materials are carried either into the
dorsal digestive circle or into the riget intestinal groove around the tip of the tongue
of typhlosole.

As mentioned above, the function within the stomach can be categorized into
four: selection, digestion, absorption to the digestive diverticula and excretion. The
selective action is performed succeessively in the order of seven portions: anterior
face of the stomach including food-sorting caecum, folds and grooves in the rear part
of the dorsal valley and on the swelling right-posterior wall, posterior food-sorting
area, summit groove and left intestinal groove, ventral food-sorting area, and each
opening of ducts together with the embayments and left pouch. The digestive action
is executed mainly by the enzyme of the crystalline style on the dorsal roof, and
further on the other process on the circulation in lesser extent. Of the absorption
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by the digestive diverticula, the digested food is carried into the ducts through the
following five portions: anterior opening and right-anterior opening of ducts, first
and second embayments, and left pouch. As to the excretive action, the waste
materials having been intermixed to the food materials and excreted from the ducts
are-carried into the intestinal grooves by way of the portions as follows: anterior
face of the stomach, posterior food-sorting area with the ridges and grooves on the
swelling right-posterior wall, rejection tract in each opening of ducts including the
left pouch and embayments.

Discussion

The anatomy of the stomach

The main structural variations of the stomach between Pinctada martensii, and
P. vulgaris described by Purcron'®, and the common structural features of these
species in comparison with the other families of Pseudolamellibranchia are as follows.

A. There are the following variations between the two.

1) In P. vulgaris, the major typhlosole enters a blind pocket on the right wall
of the stomach. In the stomach of P. martensii, however, such a pocket was not
found.

2) In P. martensii, the posterior food-sorting area was found distinctly on the
right wall of the stomach. Yet, it is not described in P. vulgaris by PurcrHON'®.

3) In P. vulgaris, the tongue of typhlosole sends a small flare into the openings
of anterior and right-anterior groups of ducts from the digestive diverticula. In P.
martensii. in spite of the careful analysis, such a flare was found nowhere, though the
tongue was doubled up in front of these openings.

4) In P. vulgaris, the left intestinal groove arises close by the left pouch and a
rejection tract from the pouch lead to the origin of the groove. In P, martensii the
groove, however, arises at the point coming the tongue from the major typhlosole
in the second embayment, and the rejection tract connects with the way of the
groove.

5) In P. vulgaris, on the left side of the anterior part of the stomach there is
a curious wavy ridge which passes downwards from the region .of the left corner of
the oesophagual orifice to the anterior opening of ducts. In P. martensii, on a carful
analysis, that sort of ridges was not found on this portion, but there are ciliated
fineness ridges and grooves on the anterior fold running parallel with the long axis
of the fold.

6) In P. vulgaris, the dorsal hood (this portion described by PurchHon'® may be
the same as the stirring hollow included with the dorsal hood described in the present
report) bears a small sorting area. In P. martensii, on the dorsal groove, stirring
hollow, dorsal hood and these envirorns, there is nothing like a sorting area.

7) Very little was described about the features of the dorsal roof in P. vulgaris
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by PURCHONm, so it is 1mp0551b1e to compare the species with P. martensn in present
study.

B. They have the following portions in common.

1) The major typhlosole sends a “tongue”. accompanied on its each side by the
intestinal groove, deep into a food-sorting caecum on the left-anterior side of the
stomach.

2) The intestinal groove arlses outside the left pouch with which it communicates
by a cﬂlated rejection tract.

3) The left pouch is shallow and extended, and ducts from the digestive diver-
ticula open outside the hollow which is invested by the gastric shield.

4) There is no ciliated food-sorting area of ridges and grooves on the right or
anterior side of the tongue of major typhlosole. ’

5) Some of the ducts open directly into the stomach, others are concentrated
and open via the embayments formed by the partition wall.

6) The style sae and mid-gut are conjoined and leave the poéterior floor of the
stomach. »

The function of the stomach

The mechanisms of digestion and absorption in P. marfensii had not been ex-
amined by previous workers. Physiological functions of the organ were studied in
the present study by pursuing mainly the ciliary currents in the fresh stomach, ac-
companied by the observation on the sections which was préssumed to show the dis-
tribution of food partiples and current in the stomach. A deduced representation
of the structural features of the stomach and the circulation of food materials in
the stomach of P. martensii is given here. I

Firstly, it was elucidated that the following portions on the dorsal roof take part
in the digestive function of the stomach: the dorsal groove formed on the posterior
side of the typical fleshy fold conveys the fresh food materials from the oesophagual
orifice to the stirring hollow. The materials are mixed with the sole of crystalline
style grazed by the teeth on gastric shield in the stirring hollow and dorsal hood,
and stored in the dorsal valley. . They are conveyed gradually toward the posterior
sorting area, in which they are separated into digested and fine particles and in-
digestible and coarse particles. '

The mechanisms of absorptmn towards and excretion frorn the ducts of digestive
diverticula became more clearly by analyzing the structure and ciliary currents of
the following portions. Some of the food conveyed into the opening of ducts and
embayments from the summit groove on the tongue of typhlosole are drawn into.
the digestive diverticula by inhalant counterpart current in the center of duct
orifice. The others left behind are carried towards the marginal groove by the Ciliary
movements of the margmal fold and anterior fold, then to the st1rrmg hollow via
the dorsal groove. The waste materials excreted from the ducts by exhalant current
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on the rejection region in the duct are carried into the intestinal groove by the
ciliary movement of the rejection tract, then conveyed towards the mid-gut.

The results reached by Mansour-Bek?, RosEn'® and Grorce" show that weak ex-
tracellular proteases and lipases are present in the stomach of the Lamellibranchia.
Morron® suggested that the excretory spheres produced by the fragmentation of the
tuble cells may contain proteases and liperses, and traces of these enzymes could be
liberated into the stomach in this way.- While Owen® described that such an ex-
planation is improbable since the ciliary mechanisms of the stomach would appeare to
prevent material carried by the intestinal groove from returning to the general
circulation within the stomach. In this respect, judging from the present study on
P. martensii, the waste materials carried out from the ducts of four groups in the
right and anterior sides of the stomach appeared to be carried completely into the
right intestinal groove by ciliary mechanisms of the rejection tract. However, it
was uncertain whether or not the materials from the left pouch are carried again
into the dorsal digestive circle in the stomach. If extracellular proteases and lipases
do exist in the stomach, it may possible that these enzymes included in the exhaling
materials from the left pouch return into the general circulation.

Summary

1. The internal features and mechanisms, selection, digesition, absorption to the
digestive diverticula and excretion relating to the stomach of Japanese pearl oyster.
Pinctada martensii, were investigated.

2. The main structural variations of the stomach between P. martensii investi-
gated in the present study and P. vulgaris described by Purcuon'®, and the common
structural features of these species in comparison with the other families of Pseudola-
mellibranchia were confirmed.

3. A diagrammatic representation of the features and the circulation of food
materials in the stomach were given.

4. It was found that the portions on the dorsal roof of the stomach take part
in the digestive function of the stomach. And the mechanisms of absorption towards
and excretion from the ducts of digestive diverticula became clear by analyzing of

the structural features and the ciliary currents in the openings of ducts and embay-
ments.
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STUDIES ON THE MINERALIZATION OF THE CALCIFIED TISSUE
IN MOLLUSCS—X. HISTOCHEMICAL DETERMINATION
OF THE NATURE OF ACID MUCOPOLYSACCHARIDE
IN ORGANIC CRYSTALS.*

Koji Wapa**
(Received October 6, 1964)

It has been known that acid mucopolysaccharides, assumably complex with
protein, are located in both calcifying and éalciﬁed tissues of molluscs (ABOLINS-
Kroais 1958, 1963b, Simriss 1963, and Wapa 1964b, ¢), as in cartilage, bone and teeth
of vertebrates (Locan 1935, SyLvin 1947, Foruis and BerTaronGg 1949, HELLER-STEINBERG
1951, LorBeEr 1951, PritcHARD 1952, BEVELANDER and Jomnson 1955, Irving 1960, and
Yosuikl and Kuwana 1964), and crayfish gastrolith and exoskeleton (Travis 1960,
1963). The calcification of regenerating membrane of the Helix shell damaged
appears to advance by mineralizing of organic crystals, which mainly consist of
mucopolysaccharides and protein, formed on organic matrix (ApoLins-Krocis 1963b).
Further, Wapa (1964a, b) has demonstrated in radicautographs that *Ca are
selectively fixed in and on metachromatic substance and localized concentrically in
organic crystal and mineral one, and indicated that non-mineralized tissues such as
some cuttlefish shell, periostracum and intraprismatic conchiolin of prismatic layer
are orthochromatically stained with toluidine blue solution, whereas mineralized
regions such as nacre, calcitostracum and interlamellar sheet in prismatic layer are
metachromatically stained, in Bivalvis, Gastropoda and Cephalopoda.

In biological mineralization, the possible roles of acid mucopolysaccharides and
protein have been discussed by Rusin and Howarp (1951), SoseL (1952, 1955), NEwMaN
et al. (1952), NEwman and Newman (1958), and Grmmcuer (1960) for mineralized tissues
of mammalian. However, it has been not well known whether the occurrence of
metachromasia in molluscan shell matrix is due to the carboxyl, phosphate or sulfate
radicals. To exploring the nature of the metachromatic substance in mineralizing
and mineralized tissues seems to be much significant with special reference to the
mechanism of high concentration and selective fixation of Ca ions or complex on and
in the calcifying matrices of molluscan shells. The nature of acid mucopolysaccharide
accumulated in organic crystals will be histochemically identified in this paper.

Materials and Methods
Pinctada martensii, Pinna attenuata, Mpytilus edulis, Ostrea gigas and Chlamys
nobilis were used as an experimental animal and collected from the Tatokujima
water in Ago Bay, Japan. Glass coverslips placed between mantle and shell valve

* Contribution No. 131 from Natl. Pearl Res. Lab.
#k  National Pearl Research Lab. (% E 7 EZMIEAD.
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in the same way as reported in the preceding paper®? were removed at various
intervals and fixed in either absolute alcohol or 10% neutral formalin.

Without sectionings and decalcifyings, the preparation of these coverslips was
directly made by one of the following staining methods; (1) hematoxylin-eosin,
(2) van Gieson, (3) azan, (4) von Kossa, (5) periodic -acid-Schiff before and after
salivary digestion, (6) alcian blue 8G (pH 2.2)'*, (7) 0.05% toluidine blue (pH 2.5, 4.1
and 7.0), (9) 0.01% tolutidine blue (pH 3.4) adding 1 mEq and 100 mEq concentrations
of uranyl nitrate and barium nitrate as a competitor'?, and (9) 0.05% toluidine blue
solution (pH 7.0) after methylation for 4 hours to 4 days and after subsequent
saponification.'?

Results
As has been reported on the above-mentioned marine bivalves in the preceding
paper3?, the organic crystals develop in not only round (Figs. 2 and 4) and boat-like

shapes (Figs. 3 and 4) but also various ones (Fig. 1), and are purple with hematoxylin-

Fig.1l. Hematoxylin-eosinstaining. Organic crystals with various shapes found in P. martensii. X90.

Fig. 2. Azan staining. Round organic crystals with concentric patterns of P. martensii. Small
grains are wandering cells. Xx90.

Fig. 3. PAS staining. Boat-like organic crystals of P. martensii. X500.

Fig. 4. Toluidin blue staining. Note organic crystals in intense metachromasia. x500.



Table 1. Data showing staining and histochemical reactions of organic crystals found in several marine bivalves.

Eleﬁ;er;g""' T nMaterials P. martensii P. attenuata M. edulis 0. gigas C. nobilis
Hematoxylin-eosin purple purple purple purple purple
Van Gieson red red red red red
Azan blue blue blue blue blue
Von Kossa —~t — o~ —~t ——~ ——~t
PAS + + + + +
PAS after salivary digestion +- + + + +
Alcian blue (pH 2.2) -+ + + + -
Metachromasia with toiuidine blue pH 2.5 +- + + + +

pH 4.1 + + + + +

pH 7.0 -+ + + + +
metachromasia with toluidine blue pH 3.4 + + + + +
metachromasia containing 1 mEq UOQO2(NOjs), + + + + +
metachromasia containing 100 mEq UOQOx(NO;), —_ + — — —
metachromasia containing 1 mEq Ba(NOs): + + 4 + +
metachromasia containing 100 mEq Ba(NOQOs), - + — — —
Stainability and metachromasia after methylation —_ — - — -
Stainability and metachromasia after methylation

and saponification - — — —— ——

966
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eosin, red with van Gieson’s staining and blue with azan staining. The properties
obtained with these staining suggest that collagen-like protein presents in the organic
crystals. In addition the periodic acid-Schiff’s reaction stains the organic crystals
similarly light-pink before and after salivary digestion, indicating the presence of
mucoprotein or glycoprotein. The metachromasia of the organic crystals with
tolutidine blue solution of pH 2.5 and 3.4 does not seem to be due to the carboxyl
group of acid mucopolysaccharides.

Alcian blue 8G (pH 2.2) stains the organic crystals greenish blue, and it is
evident that the organic crystals are unmineralized at the initiation of their formation
by the use of von Kossa’s method.

The metachromasia of the organic crystals which were stained with toluidine
blue at the low pH value (pH 2.5) is unaffected by adding 1 mEq uranyl nitrate or
barium nitrate to the pH 3.4 toluidine blue solution, in all bivalves used throughout
this study. However, the metachromasia is extinguished with the solution containing
100 mEq of the nitrates except those in P. affenuata which are slightly metachromatic.

After methylation for 3~4 days, the stainability and metachromasia of the organic
crystals are considerably or completely reduced, but are partly recovered in both
0. gigas and C. nobilis after the treatment of subsequent saponification.

The results obtained are summarized in Table 1.

Discussion

The presence of polysaccharides in mantle, extrapallial fluid and shell organic
matrices of molluscs has been histochemically or biochemically ascertained by many
workers?.4,6.,10.12,18,10,22),28-31)  Hogrigucul (1956) succeeded in the separation of
sulfomucopolysaccharides from the mantle of some bivalves. In his paper strip
electrophoresis on the extrapallial fluid of several bivalves, Kopavasur (1964) suggested
that the fluid contains acid mucopolysaccharides bound with protein fractions. On
the other hand, there are also polysaccharides in organic matrices of shells, and
acid mucopolysaccharide in shell organic matrices®® 2.3 and organic crystals?.??,
Further, Wapa (1964) has observed that acid mucopolysaccharide is located in the
organic matrices of calcified shell elements and shells but not in non-calcified ones.
According to Aorins-Krogis’s report (1958) about the regeneration of damaged snail
shell, the acid mucopolysaccharide contained in the organic crystals appears to be in
chondroitin sulfate type.

In the present study, some of histochemical techniques were used to identify
whether the metachromasia is due to carboxyl, phosphate or sulfate group of acid
mucopolysaccharides. That is, the metachromasia due to the carboxyl group is
distinguishable from that due to the phosphate and sulfate groups, since the former
will be extingished below the pH 3.4 of toluidine blue solution and recovered by
subsequent saponification after methylation by which the metachromasia is ex-
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tingished. While the metachromasia due to the phosphate group is possible to
separate from that due to the sulfate group, since the former will be lost by addition
of 1 mEq uranyl nitrate to the pH 3.4 toluidine blue solution. On the bases of the
above conception, the acid mucopolysaccharide in the organic crystals, as is judged
from Table 1, appears to be the sulfuric ester, and furthermore the occurrence of
the metachromasia at the low value as pH 2.5 seems to suggest histochemically it
to be corresponded to chondroitin sulfate type. But the organic crystals found in
O. gigas and C. nobilis have a confusion which is caused by either of the following
reasons; (1) the glass coverslip technique is obliged to use different specimens for
each staining, or (2) acid mucopolysaccharides with carboxyl and sulfate groups
coexist in the organic crystals of the two species with calcitic shell. Further study
will elucidate this problem.,

According to Gummcuer (1960), the mucopolysaccharides have been assumed to be
an inhibitor of mineralization in mammalian tissues. Considering the series of
Wapa’s observations®*—*? on molluscan shell mineralization, it may probably suggest
that the certain protein matrices without metachromatic substance are not involved
with mineralization in vivo.

The author expresses his sincere thanks to Dr. Shusaku Yosmigr of the Depart-
ment of Pathology, Tokyo Dental College, for his useful advices and guidance.
Thanks are also extended to Mr. Akira Macun for his available discussions.

Summary

(1) The nature of acid mucopolysaccharide in the organic crystals found in
glass coverslip preparations of several marine bivalves was identified on the point
of histochemical view.

(2) It was considered that the acid mucopolysaccharide localized in the organic
crystals is the sulfuric ester, probably chondroitin sulfate.
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A STUDY ON FEEDING MECHANISM OF JAPANESE PEARL
OYSTER, PINCTADA MARTENSII (DUNKER), WITH
SPECIAL REFERENCE TO PASSAGE OF CHARCOAL
PARTICLES IN THE DIGESTIVE SYSTEM.

Yukimasa KuwaTanr¥k

The present study has been done to make clear the movement of food materials with the
lapse of time in the alimentary system and the selection of the particle size at the external
organs relating to feeding and the digestive organs. Yearling oysters, 4.5~5.5cm. in shell
hight, were placed in sea water with suspension of powdered charcoal in a culture vessel,
where water temperature was kept at 21~22°C. Specimens removed at intervals of thirty
minutes from the vessel were fixed in 20% formalin, sectioned according to the routine par-
affin method and stained with eosin. Microphotographs were taken of preparation thus pre-
pared and the size of charcoal particles existed in various parts of the alimentary system
were determind with the photographs.

1. Changes of the particles in various regions of alimentary system with the lapse of
time observed were shown in Fig. 1~8.

(a) Most of the fine particles carried to the stomach were coated by a mucus substance
presumed to be originated from the crystalline style, forming a mucus grain, 1 or 2 hours
after the end of feeding. The size of mucus grains measured 5~10 g in diameter (Fig. 2).

(b) The mucus grains were transported into the tubule of digestive diverticula after 2
to 4 hours, most abundantly after 3 to 3.5 hours. The size of the particles phagocyted by
the tubule cells was under 5 ¢ in diameter (Fig. 3, 4).

(c) Excretory spheres produced by the fragmentation of the tubule cells, enclosing the
charcoal particles were found in the duct of digestive diverticula from 3 hours after feeding,
the eize of the excretory spheres measuring 10~15 ¢ (Fig. 5).

(d) The quantity of the particles contained in the excrement reached the maximum 2.5
to 3.5 hours after feeding. The particles were greater in size till 3 hours after feeding,
thereafter smaller particles gradually increased with time (Fig. 7, 8).

2. The size of the particles distributed in various parts of the alimentary system was
measured with the following results.

(@) A maximum size of the charcoal particles used measured 52.5# in length and 20 sz
in width, and the largest of those taken into the oesophagus were 30 ¢ and 17.5 ¢ respectively.
There seems to be a tendency that the smaller the size of particle of the material, the higher
the rate of passage into the stomach from the surrounding water (Table 1, 2 and Fig. 9).

(b) A maximum size of the particles transported into the tubules of digestive diverticula
from the stomach measured 17.5 g in length and 10 # in width. There is also a tendency
that the smaller the size of the particles, the higher the rate of transport into the tubule
from the stomach. Those particles under 2.5 ¢ in length and those under the same size in
width account for about 67% and about 75% of the particles transported in the tubules, res-

* B EHREFTEREY 133 £ (Contribution No. 133 from National Pearl Research Laboratory)
** [y EERFEAT (Natl. pearl Res. Lab.)
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pectively (Table 2 and Fig. 9).
(c) The volume of particle inhaled was calculated on a theoretical cube (wR%6) of length

or width of particule measured, thus deriving two kinds of calculations. The observation
showed a tendency that the greater the size of the particle, the greater the quantity of
charcoal ingested within a limit of size selection of the animal. A similar tendency, however,
was not recognized with those under 5 # in both length and width in the tubule, which size
is deemed to be an upper limit of the particles phagocyted in the tubule cell of digestive

diverticula (Fig. 10).
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Figs. 1~6. Charcoal particles located in 6 parts of digestive system. 1, In the oesophagus
orifices of the stomach immediately after feeding, x30; 2, in the stomach fine
particles covered by mucus, x500; 3, in the tubule of the digestive diverticula,
x500; 4, in the tubule cell, x500; 5, in the excretory sphares in the duct of
digestive diverticula, x500; 6, in the asending portion of intestine, x30; 2~
6. three hours after feeding, x500.
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Fig. 8. Diagrammatic representation of the moving of food-materials
with the lapse of time in the alimentary system of pearl oyster
at 21~22°C.
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SFRCF OMERRFL G EROERC Lo THiTe ot BT, N EHOBIEME L M2 720, RERIT
MBI DA ER 2RO 0 REBL15 3IERIR L 0V SR 30 B ORAIL DT, B oS MILEE
BE R JOMEC AT B RBITF Ok & & BHAR 5% <X H L7e, B AT DT oKX & X3,
== VRFRESET 800 kL, 1#feonT 6~8 BHOL OBEEL, BEELCARTOE
T LEERRE L,

R L PR G EBDOREN S T ORERE 1 3~3.5 BROEML L K FhBR T 2 T Dk X
SHBRER % TH DO TR LD Table 1, a«b Ths, Table 1 i 5EGAIC 2513 BIRERT DA E X
IR Y RD 2720101, ThEROMEC BT BHE (%) %, GAENOBATIERE O, F otk
PRERI OB RENOHE (%) 24O THIET 5 2 LT TH B, A DAIIC BT 2 EEERA
DOMBE LT, &ICRERSEBORBNOHEE (%) 2BE LD, KEEEHS 3~3.5 o)
BATIRT TR0 b DRBIkbh, FohEob ORBEETR D S hT, ZRIMA i 5T
CERTFESNIABTH B, €2 THRNC L D ZFLOKT Dk & X BHERES $b % &, Table 2, a -
b kLt Fig. 9 iRt b 80 &5,

e HEH B B (%
T o e e

Table 2 %X Fig. 9 mboFD o Laifibh %,

(1) 5oz pise

FEPCER S R RERT OB b ABOb 01z, £ 30p §F 17.54 T, BRTFOKE XFHEREL

P LB E A B0 2 8 (%)
BB BV B (%)
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Table 1,

Percentage by size of particles taken in 5 parts of digestive system by

a. By Length of particle:

elapse of time after feeding.

Particle fed

Short after

Time elapsed

3-3.5 hours after

Part in system

Length, p | Percentage | Oesophagus Stomach Intestine Duct Tubule
2.5 37.50 39.90 54.64 49,81 73.21 88.92
5.0 15.95 21.96 17.65 16,48 14.29 5.86
7.5 12.34 14.78 10.72 13.20 4.29 1.63

10.0 10.20 9.43 5.89 6.18 3.93 1.63
12.5 5.43 6.06 3.14 4,96 1.07 0.98
15.0 5.26 3.17 3.14 2.90 0.36 0.33
17.5 3.29 2.18 1.57 1.87 0.71 0.66
20.0 2.14 0.97 0.78 1.50 0.72

22.5 2.14 0.42 1.04 1.12 0.71 0
25.0 1.97 0.63 0.39 0.56 0.36 0
27.5 1.48 0.21 0,52 0.47 0 0
30.0 0.33 0.28 0.13 0.09 0 0
32.5 0.82 0 0 0 0 0
35.0 0.33 0 0 0.19 0 0
37.5 0.33 0 0.13 0.19 0 0
40.0 0 0 0 0.19 0 0
42.5 0.16 0 0.13 0.09 0.36 0
45.0 0.16 0 0 0 0 0
47.5 0 0 0.13 0 0 0
50.0 0 0 0 0.19 0 0
52.5 0.16 0 0 0 0 0
b. By width of particle

Time elapsed
Particle fed Short after | 3-3.5 hours after
Part in system

Width, ¢ | Percentage | Oesophagus Stomach Intestine Duct Tubule
2.5 51.32 | 61.93 69.80 64.88 85.72 94.46
5.0 24.67 24.77 16.60 20.31 8.93 3.58
7.5 12.00 9.15 7.19 7.02 2.49 1.31

10.0 5.10 3.10 3.40 4.49 1.43 0.65
12.5 4.11 0.70 1.83 2.06 0.72 0
15.0 1.31 0.28 0.65 1.03 0.72 0
17.5 0.65 0.07 0.52 0.19 0 0
20.0 0.82 0 0 0 0 0
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“Table 2. The ratio* of passage by
size of particles from material TAS c/B
(A) in water to body (B-oe-
sophagus, C-stomach, D-intes-

tine, E-duct and F-tubule). O LENGTH OF PARTICLE

a. By Length of particle: ® WIDTH OF PARTICLE

Length,
3

2.5 11.06/1.37/1.25/1.832.23
5.0 11.38/0.80 0.75/0.65 0.27
7.5 [1.20/0.73/0.89 0.29 0.11
10.0 | 0.92/0.62 0.66 0.42 0.17
12.5 11.12/0.52/0.82/0.18 0.16
15.0 10.60,0.99 0.91)0.11,0.11
17.5 |0.66:0.72 0.86/0.33 0.30

B/A|C/B|D/B/E/B!F/B

/B

20.0 | 0.46/0.80 1.55 0.72 0 |&
22.5 10.20(2.48/2.6711.69 0 {
25.0 [0.25/0.62/0.890.57, 0
27.5 |0.14/2.482.24 0 0
30.0 |0.850.46/0.32 0 0
‘ O
b. By width of particle: - Q
<C
Width, ‘giajc/Blp/BEBF/B %

2.5 | 1.21,1.13/1.051.38 1.53
5.0 11.00/0.67,0.82 0.36 0.14
7.5 1 0.760.79 0.77/ 0.27 0.14
10.0 | 0.611.10 1.45 0.46 0.21
125 10.17/2.61/2.941.03 0
15.0 | 0.21)2.32 3.68 2.57
17.5 |0.117.43 2.71] 0 0 510 152253 0 &5 10 15 20 25 30
001 9 9 919 SIZE OF PARTICLE IN M

* The ration was calculated as:
B % in oesophagus

o oo

Fig. 9. Diagram depicting the data presented in Table 2.

A % in material; ~ :
parts _ % in each part KIFAVINE TR B LI S0 TR B < 70 5 BRER LT
B % in oesophagus

%o HEMROGTHX LTED 0% &b HEEIEOL
DHLREBLTCRDBE, FORREAMLBMTOREIIER 275, 1§ 12.5p TH 5,

(2) GRPoRIELE :

MELEBHE AR L AT O T O E SHEREOFMIKT ORI B IVEOFhIZsTh, %
NEOERINEREIDBRANTHS H 5\ UFTE LR L, MO (BE, BLdic 2.5p LUF)
ERBDLD (BX 20~27.5p, (§ 12.5~17.5u) *OBREAE L, FHOLD (BEX 2.5~204 1§
2.5~12.5 ) OEREIMEL 20T 5B, I b OEME AT % BT DRI RE O 7%, FUER
IHEE T 5 2 LR TE VWD, BB BBLUT O b OB T TREENCBR SR, HDEVILEE
BBk, DX 3L ER Lich DLEEIR S, BIEEEME BRI KR
HRTORLAHEOL Ok, X 17.54 & 0p THOT, TR HLOEBEREDHMIL 2.5 IT0d O
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FILBOLFAERL T3, B

20005 KOG LTED 90% 5D S

© T2 NGO b 0 bR L TR 5
10001 &, TORFORITOREXIIEX LS
o W8 W0pThs, i, HEEMNR
500 PCER ST Ok E i3, B

g . SHIHFETE 5 LIFTH -,
o Q- TR B ORTF ORI A 53Rz,
2001 e o O REEEL L BERY 5%, 1E

O TR LIBATH 83% i,
too SR, Ehic 25, UFOL O ES TR

o 66%, [ETH 5% Hdid T3,
50 ‘e %o REGTORRE

304 ChETRE BRI ET Ok
N & S B BIRICET 5 % DTH
= ST, = BIRERSh B ECONTO
=z BRIZ bR Sitv, 27,
« BFOREIRIVEBLZERET BEHRE
5] W (@RY6, R=HTOEIHDE

4 1 i®) %%k®, Fhic Table 2 wRX

31 PR 5 U TR AR & L

27 Z DERELR L > TRFOkE
XL OBFREYRRT 5L, Fig. 10 ©
1 S0 15 20 25 30 LB Linh, OB XL,
SIZE OR PARTICLE IN M D HEEA~OERIC DG, B

Fig. 10. Relation between the size and the quantity of DR E S OEFFHREN TR, BT
charcoal particles inhaled in the oesophagus and DREVS DT EL OERENELL
transported into the tubule of digestive diver- WATH5EE2RLTWS, ¥, &

ticula., The volume was calculated by the fol-

. . ~ . BIZADIS DD 5 HLE(LEEMEN
lowing equation; Calculated volume = Ingestion

ratio shown in Table 2XxCubic volume (zR%6), EDAERBL OO/, KFOK
where R means length or width of particle. & RO ERENC ST SER
Open circles indicate particles inhaled to oe- fhiga R, dp BEDd oot

sophagus, their volume calculated from length

VRRITF 3 75 %k EEENE
of particle, solid circles the same but volume MFHRE ERMESE L

calculated from width, open triangles particles SHRT DA, Sp LT od owown
moved from oesophagus, their volume calculated T RTFAVNE L 5@ EH T
on length of particles, and solid triangles the TiLHANERESHEII LT 5, =

same but volume caluclated on width.

NITHER O 2.5 p LUF ORT OEH
BRELLE W EiERT 5,
BlEodit s IO A AT COER oKX & S 5B FEES L OEREBC 2T, FRLOERYIE
EHICHETT 5 L, EROXEXTHT AEANEROFD L S ENIh S:
ABFRERTFCEET AHMOAE SPEEBE—TES L RE LSS, EEARERIA BT
90% LIEXFEEX 27.5p 18 12.5¢ LT THOTC, MFINNIL LB LN TERIWAFZ S o
5o —, THODERE DV, FTOKRE Jed 5B RECHEN Tl AHOD Oz LB
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%l Bh, 2ED, EENRELD DB, EIFEBEOHEN THTFOAEO b DOEEMEN L DA
%<, —F, ERNOBCBRENDDEETT, FORTFIVPNIVEIEBADREIAREL LS EELDRD,
7ok, BEASLEEEMENCE VA ETRIHTD 75~83% 2, -MEEMENCERIhSEE
AETRTOL DN bu LITTHAHZ &b, BMNRATERATHLSMI VR, fl 2 &8k
XOME A TR ST A OOFER R AET XL bp LT THB LI B,

] -

ZhE TR SN IR ASEHOEMCET AR DS 1k, ThOLOHELHEER LUVEARAWIEEINL
EWH DT EY OB D, B IhcaYoBEYREL, ToROSIEFAILELOTH DT, £
BRIEABOEBEYC O TOREBEIME SR Tinieniad, £ b0 ROMBEBAFTREKhoL
PO~ AT LTV 2B E R SAVAGE™, R B LUK « Y pUfi~Tw3 k5, ZK
HoOBEORGEL L 20EMIEL LTTALDOFERORE X, BB IOCEHRIOFEEL ST I IR
Fanzb0bL+T54bE, “KREEOEEIET 2HANERBYMB oDy, ROl
AR T B R & B R OB oW COBREL, B EOEENCRA bRl b,

KEML7 2 v 5 1 OEBAE L EEEKBE CRWEIh S THREDOEEFROKE KT XL, #
BINFROAE XL 66~255p (RX) TIEOL DR EBERALCEMCH B EBXTRD, i
Z O 180090 2 OEFRIEOM R 1O 360 4 OBEEABIR L ERLB L T 5, FLTEB
H e 3L 13 b v 1 Fulvia mutice DBPEACLSECHEINCTEEYORE SLHEL, B3k
BRECS OFHRTHNBEORC L 0 ER IR S X 5T, TOHEART 200~300 2 (1 THB E LT
Bo ARBITR T, 72 ¥YH 1 OBRNERINRIED 90% UEAEX 27.54, 1§ 125 LT
DPFEDEDTH2T, Lnb/pNEOL DIREEOBIRIE ko> Tin%, EiloWsRE AR, Ho
MENRLD, Tk VEHLERZ W TOREINE v Tunin 7o, REBROBRESE T2 2 &
EHREETH B2, WTHROBEICL 2 ) RBOEAA LA ABCEBIRIATCWEZ &b, “HRAEDMH
LB IT 2 RIPLEIL T UL BB S 0Tk, EROBREEDCSE, oKD, ik
BHGOLERE Lo TELT 25 OTRkbhE ORMED RS, LonLiciib, PFEobonRLb
IERINDLEVSEEIEAEY B I ORERICEVGTHLNERD bh, L 2HEOBEERSDLE L
Th, FREEEL L TFORE ILHT 22 FEREAO ERAE(T 53 0 TH 2T, ERIIIET
DR EIFPFEESAIERERERT DL EL b,

BRI ADTER D5 B, R ETEE T30 DRBESERE SR T Lo/ ST &0, B’A
BIOBAEGE TS DR A L LD T ORBTCEEANOEILTEIEN, T 6D 5 bk
b ODOLZNELEEEE YR THENGE Y A Th, WFEfcERsh s, iTEfaNcERsn:
WFOREIXRHBOLED, BIF 5u UTTHLT, FREFW R7a2vFAim>nT% O amaebocyte
¥ X ¥ phagocyte DkE X0 HEBIORTOAE XL 2~5p¢ (L TRARE 10 BENELTHLEHETE
Lz & —8T 5, 2D ki, BHYRFoldes TRt X 5, SRRl ko cuticula
Tkt 0% < OEEEDN SR AEEERNIT % 5L 5p T oM Protozoa O &AMEREL
EMBHLDOEWEIND, ¥, ATHC IS TREYHAET 2856 0EER L OB ORT X 5
BFET ARENRD L EBbR 5,

KRB % plankton LS OEEY BRI LT, WK A2 v~ SOE#TE L O THE T
# A Patinopecten yessoensis (JAY) OB OSBRI Lz &, FBAY 20k I KT OBERSE
Brdo>T7avhA4 OFBREH Ll & Eoh, TR IAFEY THTERIHMRR IR S
hDtExXbH3D, ¥, BAYLOR and SUTCLIFFEY N7 54 v . ) v Artemia seling 1o &> TCHE
Hdick 5, KOS Lo THRRE Sh7cKPEFEERDE L 8L EHE LTERLTV 3L
D LB b, PETERSEN 1911, MoorE 1913, BLEGBAD 1914, CoE and Fox 1944 %5 X t® KORRINGAY
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R B\ CikE 7o plankton (X4 2% DM OELS 2o L CEMC A TR i3 S BEE AR
DTULWEWEDBEREIMANTE D, FAPRCENTH I VABOL DR LD XERShSZ LTl
LTHD, ThbDZ b, BRpRE (detritus) OFHRER S L 0 OMBEECET 558
KADOEEBEOMBPD L bbb S BCBRINCEERFEE VL X 5,

B #

7 2 ¥ A OEEDR OB ENREE B L ORI BV 2 RBEEEEA ML 1ok, B 4.5~5.5¢cm
O VEREX B, KERTHERBL IS Lic, £0% 30 2MRESRE L VBT, BECLLAD>T
RF7 4 PR L, MR OB ST 5 RERTORELEEL, ThbokE IOEE MY
PR ERE Ui,

1. RO & bie ) FMAORFENT ORBIZ OO L B VHES h 5, EFOKER 21~22°C
THDl,

() BEACEI ARDRICRERNTOS b, NEOL OILRFEESEHE 1~2 BETEORTHTDE D
PRRGEOBRY L Bbh ARz ToTEER B,

(b) ZhbLOERSMEEEMESED AT I 5 DI RERLGH 2~4 BT, BRBINL 3~3.5
R CH B,

(c) RIERTZEUHHRRPEEHNL S D O KEEEE SEHEUETH 5,

(d) BEBEROBHE- & Eh 5 REMT OEIRERESH 2.5~3.5 BEEKALRL, ZibOHE
GREEES D IEME TR A ERBORTOATHD, TOK, BHOERE &L CkE I Bob
DOENRKE L Teb,

2. BEAESMTBRBRTFORE SEEE LBRIZSEDLE Y TH B,

(a) BHEINICRBFEMEORTORKD DILES 52.54, 18 20 ¢ T, REPICERIAICH T DR
KObORE 30y 5 17.5 4 T, RFONBOL OF FERENEV,

(b) MLBEEMERCE Y ANBRICLDODRADE XL 17.5, fEiX 102 T, BFO/NEOL DR
CERENE . £, BEIRBIVEERVT 252 DT D FhFREED 66 X8 5% &5
BT 5,

(c) BIRFRORIRIVEYERE TAREREY RS, HToXEIJERELHETLE, B
DOHFEHENTIXRFOREVS ORBIREN L V{5, L1, MEEMRNICERIhZKEID
HEE 5 UFTH 2T, MENCHHT 5L U T ORTF Ot EEROBMTL ity
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