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Fig. 1 Thin slice of nacreous pearl cultured by Pinctada fucata under polarized
light showing the relation of pearl structure to microprobe traverses of
Fig. 2. Arrow o shows periostracum-like organic membrane formed in
nacre. X 7.3
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Fig. 2 Microprobe line analyses between two lines indicated in Fig. 1.
Arrows s, 0 and b show pearl surface, periostracum-like membrane
and boundary of nacre and pearl nucleus, respectively.
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Fig. 3 Thin slice of prismatic pearl cultured by Pinctada fucata showing
the relation of pearl structure to microprobe traverses of Fig. 4.
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Fig. 6 Microprobe line analyses between two lines indicated in Fig. 5.
Arrows s and b show pearl surface and boundary of nacre and
pearl nucleus, respectively.
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Fig. 7 Microphotograph (left, x 9.5) and colour diagram (right, x 18)
of thin slice of nacreous pearl secreted by the pearl sac epithelium
derived from a graft which was prepared the pallial zone of mantle
of Hyriopsis schlegelii.
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Fig. 8 Microprobe line analyses between two lines 1nd1cated in Fig. 7.
Arrows s and o are pearl surface and organic material formed
in the center of pearl, respectively.
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S& Mg, CakNarCl, CadtMgeMn s-xCad P& F oflaldeT, 350
R EIC S B 5501 & B % Bk O & OB TENEN B X B4 70T F
74 FOMBI i ERT,

ST HE L e HER BRI, ST IRR B C EERO B IXH 650 1, FLEEEIXEBRIEK ©
T & % B LT REYE O SMINC % U E #9300 ¢ BB LT 5,

Ca RERHBMGTICE,»RBD b, HEEEE (KEIS) %X OREICHT 2 PP
TI12BWL3DOE -7 %D DR bEMT /T 8L, HEPTRIZE—EDS
WEZEIRT 25, £ OBAHEEEROTLTHEY, Fedhhomllcine —7 2Rt
bbb,

S BEXEEAMMcrz0Ro b, HEREICHET 5 L8N, HKPTREETE
<, EHRIERD OG- T, thidesd 2EBYWHE (KHo) htalds,

Mg REGREBRERHEICHET 5 L8, HEPCRAREROPLER &2 TiRIg—
TE DKMl E 7R T

Na BEREERICHET 5 L8N, HEbhTlReBcbl> TEHLARDL HIZE—
E DM RS,

Cl BEGEARMEMICA2RE DL, HERECELTELLBWC L ED, B
TR eBI b - TIRIF—ED BN EER R T,

Fig. 9 Microphotograph (left, x 14) and microradiogram (right, x 32) of
thin slice of nacreous pearl secreted by the pearl-sac epithelium
derived from a graft which was prepared from the central area
of mantle of Hyriopsis schlegelii.
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Fig. 10 Microprobe line analyses between two lines indicated in Fig. 9.
Arrows s and o show pearl surface and organic material formed in
the center of pearl, respectively.
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Mn @EEGEEMAGE TR Ca BESHEIISLARbAD bR, BHEERmICHET &
Hm, HEEPCTREHRERO P OOMmiICHWS LT 2ooknER L, BT
oY N[ kTN

PR EAMS P IC R0 R B, HEREICHET 5EAT O 100 # OFEFHTE L
<@L, BHEHRPTRLRICH > TEH LR b HI3IE—E DR\ EZ R,

FREERREERIICHET 5 LM, HEbhclRaeRichi > TRIE—ED M < KW il
R

3. HNERZO/NFEBMELTTSBREEERE Fig. 11 IR % 38 5
JEE Bk @ pearl sac—pearl preparation O%& BmEMEEGE & H 7 — 44 7 7 5 T, Fig. 12
& Fig. 11 KA L% 2 KOO THITE LI ifllligz b Lo 5 Lnsb, Ca
LS & Mg, CadkNarCl, Cad MgékMn %k-¥CalP&F pifindeT,
3TLHMM A Z BV D 5347 & I % FRE O MRS & ORI TR T i~ X it < 4
78T+ 54 FOMATERT,

STt U e R R RV, TR e RS HEER O b b 5 EHYVE i
#2100 . ERR L TR D, BHEHCERZBOBRERPEDDND,

Ca o/N& € —7 NEKEREICHET 2EAMCHEHLN DI HiWT, Ca EEIXEER KR
(RHIS) Ie4d 5 & aks, Bkt aragonite $& 523753 % prism @ A& CHafn,
GEYIE 2B x5 interprismatic wall @ f7 & T4, © 5 L7 prism & interprismatic
wall &b 2HHEEOMICE LB LWIEEZ bz Lasd, HBEERO
b - TRAICED, FNCH 2EHIE (KHI0) hTkiE< ErLrRd b
W,

SEEXHEGKRECHET 2EHINOMNHHTE LS &L, BB CREMRELET 5
prism @ fr& T, HEYE B it 5 interprismatic wall o i c#n, Ca A @k
Weel ¥OBMBRTHLIBEREEZ V1T,

Fig. 11 Microphotograph (left, x 7.3) and colour diagram (right, x 22) of
thin slice of prismatic pearl secreted by the pearl sac epithelium
derived from a graft which was prepared from the mantle edge
of Hyriopsis schlegelii.
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Mg 45 3 BBk R IC B3 5 P W HIPH & EERTERR @ hbsic & U e B CBZE T & W A3,
HERTRARC R > TRIE—ED KW EERRT,

Na B EERAICHET S &N, HEbhTraRicbic > TgE—ED KN
fiti% 7R3 _

P& CligEr, SEESH %y ABCHEEKERCETSHEIMTELIEL,
Rkt v prism O fi7{E T4, interprismatic wall @frE TN, SEEEFEUE
BIERO T C S 5EHRVETTHEELLIA,

Mn EEZEERTICHET S &2, HEREE»HIIF0r DES TRAMICEL,
FO OB EEERO HL A - THAD LEET 525, 900 #~1300 # QFEI T 500
Bine — 7 B5&bh, 2200KEFRAMPNE(LERT, C0Es» Mn O/NSieigne —7
RENENQ FHCED SN, chb Mn EBEQEMHNEE, BEEScBEEL
7= Ca JEEEZ b & 333 % 2%, Mn 2% prism thchgfn, interprismatic wall Tk
Lt 5,

F g EsgEmcHET 3 &M, EgPTrRaBbk > TRIE—EDMH KW EZ
KT

Fig. 12
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Fig. 12 Microprobe line analyses between two lines indicated in Fig. 11.
Arrows s and o show pearl surface and organic material formed
in the center of pearl, respectively.
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X#p=4 2787 F 74 FFCE > THBRYETICEREST 5RO EFBECONTIX
AR (FOM » 8%, 1976) TH U, ) LBl & > THBIZERCE~RTSE
CDFIRAD B, FTiobb, HBAHEBEEREKEDOMTA & V2 EELSHT 5B

®, ABAHICAHE LB 2FERZREELLVWTIY, LrbZBOEEIE & Mm%
&N —EDNMERI R AIEIC L D R bEBOIKEES S - RBEHBLTLL R 5
HEHKES, REERVE DR I2ERERGKEZSNT T LIcX D, ELROELILRE
EEECEEME L OMET X DFMCHIER R 5L, RUBERBET T I vY 11
calcite, 4 4 F 3 v #' 4 % aragonite 225 7x 0, EHNICEIE$ 5 TR O EATERER i)
FELOBHETHEETE B,

BEHEROMEBTREESH/INIY

1. WKERKLHEERKEOMICZON ZHE

TaAYHARE > CTHEIE LIRBEERE, 4175 F s 94X > TERE Lo KR
i<, Mg, Na, Cl, Sk rOorxnirEEErEL, HeMn EERA Xy F a9 440D
WIKFEEEKRT 2 ¥ 4 O BB b 5 BHEk# (Quadrula % Lamprotula 7 & O
KEZKEDO BBERELYHEC LA D) TEWEEYRT, & OERKKE_HKHE
MEEE K H & © AR S & I Ue /b5 8 (FIH « BEE, 1974) ©X#~4 27807

o mrmm.mmwwmmwﬁ PRSI »WW%
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+ 5 4 FAH (FIE - 55, 1976) ORRL—HL, EEREKOEZESBECHEOR
HEHOEBHAHPN L TCHBYHECEIN BTN LTROBECKBT 5EHARD 52 &%
REET B,

2. BEEOMBMBEHCET I ERBESH/ X Y OMHE

HRE BBTHEIE, BKEEO Mn 2RELSEIOMECTHANZETREER,
WKEBRLEBEBDCHS (F1H « 58, 19762 28R) S IUCHEKOEHETRMOM
BB R LTl - TRIE—ET, B+ 5L LT BLERHCELT 5HE
Bd b, LML Fig2 8L10rbbrbkik, JRTREESHKBEATEL EIL
THZEBHY,CORRE LUTREBEBAER LT, KKk & OBR S 5 \WIRBIKE
HEOEEOT NS 5FRUES, EREREERTEU R RER L ELIEHTE 5,

BiE SEFHREEOLER, 1 rFa v A BRBRED T2y A BREBE
5, S B prism & HKYIE 2D i % interprismatic wall &2 LEB N B
BEEOILABECEELTHRLEHT 2MGORBEANT 4 VERT, LrLIEEE
OLERBEREBEEEOBRESTEMLERE DL LILL VW, T/ibb, Mg, Na, Firox
BT a YA BEBERCHREBEETORESH 4 v ERTORTL, ThbOTT
RBESBN rF a3 MM BRBERCRBRBEEETO UABEL KR L BESH
s VB EbRARY, EeMn b T aY A4 BREBERTRESOLA#EEE K
T Lz BESMH 2 Y ERELIRY, hBERBECEREL TEMT 2 LEOBESH/C
2 VEBERBORSI Y - THhk VBT B, COB(LRBEREEZIES prism oK
X, interprismatic wall O, WMHEDOHHREDOEVIC L bin ) HEMEDOHINLE
b=, BEARERCH - CTHEEBEZUIAEENRG 3 EETHICELN S prism
& interprismatic wall O IREKELEET B LicE & LTERT %,

BEEERIE BHREERZ IRV LEESHORBEENRL 2 ERIENRERCE
BLiedbDT, ERUERT»Lbb0 L GYRRNBEN TS 5BRBRE TR ERC
ERLTWE D ENRE B, LicR->THRBT 2L, LSS % Ca, Mg,
Na, Mn, F EQRmBEII Ny 7 75 Y FCHYT 23— EOBL BWEELRL, &
ByE e 3ETS S, C, P hlonk, HeS e ClEESHATKLLEML LR
BERY—7 o THPRS,

3. AXFavHARKERKCLALNS Mn © AHMNEESHEL

EHERLbMA2 X5, REECHIELIZAAUNMEBER L3 0DA ¥ F avh
41 EBEFTO Mn BESHE, BNErk b B LERNEBbe 592 v ERT, 7
RbhbEEREDERERO T OO THN LB <2 vE2HbT, COFEER, B
® Mn 3# 3 L CHES ERMAEO Mn SR#E S 2023 iuho Mn R8s, Em
HDNETBEOEMHECKRE L CEPNCELT 3T RE 2 R%ET %, &8 Mn 3
BEREARKBETHER T 52020 TIRBEEBRRPTH 5,

ERBIVARCEINIBEXLRZOEREER

Mg : Mg R7av i1 FHREEROREBERMETE Ny 775 Y eI+ 5EE
LRI TES, Tt EEREET %S, BEBEEO interprismatic wall # g
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THEEBYMBETORARCE BNEBELEL2 OIS, SREEGKOREERNEDS 5D
DX, BREEEKO interprismatic wall OF#EYE & ok EUL, ERBOTHKE
B 24k B prism 1 interlamellar matrix < intercrystalline matrix & kg s 2
355, AEAEPORESO Mg REEKBRCE N 2EHREEORNRYE & 28
edlelipnz & (H - BE, KRR 2&rb, Mg REKLCHRCEIN5EH
HERBEREWIRE, ThbbuiEe LTEETBHERRTE S,

COXHe Mg Bt & LCEET 32, caldite »2bh 57 2 v 4 OBEBTKR
BEECSEN, RUBREBETOSI X F a v b4 O 5K aragonite 725 7 3B ET
1% aragonite 225 B EHKB L ARCBEEELRT, COFRR, Mg Ca tB#LT
calcite R PFICAD BT &%, calcite DEIAEEKE LTEET SRR RB T 5, L
UHEIER (FAHE « BEE, 1974; 1M« AH, 1976) THWUAL XS IcA®Z+FD Mg Bk S
BLEFCHWEHEELYRL, ChbORBEOEEDZELLNS,

Na, Cl:Narx Mg LA#ic, Ta ¥ 1 EREEROREFTRIEClI Ny 275 v
FREL MBTSAVWL, BREELKEO interprismatic wall ##E3 25 B8 (&
BERZRTHL, RS0 Na REMHLEELCEET LZ 2005, chiest LT
Clix, AREEKOERYECHHBEL O interpismatic wall #3555 HWE T
THEDEBECHRBINSRZT TR, ERPLERIN-ETTRYERCE, ¥R
RICAIBCRBICBREIR .00, kb0 Cl WEBEELEELCEATREEL
b3,

KR TIR S TRWA, B (1M « 5E, 1976) THEMBLELI K, TavH4
BgEgEYv A+ ABASE o Na & Cl BEEREVWKIEHBESRLASSE/T 5,
-4 & BBREEE TR halite KEHINTE D (A - BE, 1974), BERSOHBH
BBz, Towe and Thompson (1972) 2336# L7c & 5 i, Na & Cl ik BB ER#=> ara-
gonite #EREFICHAZINIABHNBEDA ¥ 7 v =Y 2 v EUTHEET 5 WML 5,

S:EBTCREHRS LERS 2B, AR S CLTHRI A FVERAE®RES
BWMT I/ BREBH BT LR (NHE - 5E, 1976) THEHLL, AHRTHREER
OEREEBYECPHAEBERK® interprismatic wall 2R T 2HBRUE»LRHL2E
Bo S, il (fiE, 1964) *EET 5L, ABOBELEEBEO interprismatic
wall ip S EEUC L I EBEHERELEWMT I/ BOS LE2bh 5,

P:A44rFavH4BRERE TR interprismatic wall RT3 5 _RMEDLTP &
BEREML, ¥27 2 v VA EREEROREERYTCHREBINDC &b, HEBthic
BERPHEETIE VLB, LHLT 2 v M BHEBEECREMHEELAT S prism th
TPEENEMLTEY, EEEEP NETESYOGIKILERCERNEY CTRRER
hTwsc & (Lowenstam, 1974) #*EET 5 &, 808 (FIH - 08, 1976) THERHL
XAk, EHEP RXREEBYO ARSERT O ELT 2SS 5,

Mn : Mo BERT 3 ¥+ 474 ERCREREORS, ThbbRkE_KARRERRE,
THEKOBADEHER LEEEE —ThAbbERSRIWM LTS — L DEN, Lrd
Mn BEASHE, T TRBRRLILICA rFa v 4 BERCRBENRELEZRT, 35
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K, Mn EER$IOH % prism cHINL, SBYE» DK% 5 interprismatic wall ¢
DT 2T EREREPLHATH D, T Mn BERFHREEROEFERYE P TR
Ny 205V FRBETH T &, ArFav4ABAKPELET S Mn O—HixAE
BYIE &85 % D » T B & & (Wada and Fujinuki, 1976; kF# %) &2 BET 3 &,
Mn R EBRCERFCECEBIEL LTEEL, TO—BREBRHLOBEETCEET S &
Eibha,

F!: 72+ 10 BEERCHREBERYMOERREHRT5EbrsL 5k, BR
PHEETOF REWHEEBELCEET S EELDNS,

HROBRERREHE :
B L OTURE (hIE - BTHE, 19565 B, 1666) MA/NEE (Tsujii, 1968;
Wada, 1970) 1, BHE, BHED 52V REFERYVEO VTR ESMT 5L » TH
WICE T bR TR, DMIheEEYEDT 2/ BMAK (Tanaka et al, 1963;
Wada, 1976) dEWCA S B b, LaLEESOSMKEEELEATT S &1,
BENDRL ERFEEAGLERLL O TRTRETH 5, £ 5T Wada and Fujinuki
(1976) XBE_MEAOANENEZLESIT L, NENEOERKS & % OB arago-
nite x5 H & calcite B fE2HEORITENRNC L, FLEBREHLELEE
DETHIREFHERXRL, ARMELEEXEIBESR /A VOFRES LB B~
WOBA £ Vv ERNT, BEEBROZRCEEENT 5 %R Lk,
AMELINETCORETCELNEZREND, “HEOAEEAT LRSI ERICH
e ZEEE F OO FTEREMES &L TOBER, ERTAUE— D b
WL AREEC L > TREMEET B LRV, BRPEEORKILE, H£EM
B I N /EiBMaiEE (Wada and Fujinuki, 1976) 0 b & TR 305, SR
BEREZHER LD, SMBELZRET AERPAKOBICS 508 5 23k T HET,
FRCEEINSBINCEREEOCNERFCBERIRERBELCE > T05, KRick
BERAKRILLTHEIRE Ca2*xCO2 Rt Renicfiid T & 508 5 pREKRIL
HECHERT B EERTE B, ‘

B #

1. Tax¥HABLEArFaobi4OKFEEEELRD pearl sac—pearl preparation
TOTRBESHAEXBA 70T+ 54 FOBITETHAN, EECHBRTOMRETHR
OHEAEERE X CEHEOREY AIKLER EOBETER Lz,

2. EBRPOTLRBESMH CF v IIEEOBBBECRMERCEELTEMLL, 5
E®m?ﬁﬁﬁﬁﬂﬁ/ﬁﬁﬁﬁﬁ#%b(EK%%%FWKKEUTJvﬁ4&4&%
a v H A O THEERELE U,

3. Mnix44Favf4BERCRERNRBESHREME BT Vv, Ho Mn R
BN FEREBEO Mn SWMABAERS 5 WERBREOSEHELCIER LU CERENE T
BB R R L, ”

4. ERCERTCEINIZEOBRBLROEAHMELHER L, Thbb
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Mg 2640 & OBECHAEL, TOBRERAERT 2RBEOMRICEEL < ¥
%o

Na & Mn R¥E W & oBECcHEAL, Na 37+ ABHSE0EEEEE®%
HEETE, EMEEhRrERTCHAIREABNKDOA v I v—Ya L
THEAET DT REWAD 5,

S, P %Xt Cl 7, EHIHLBEELLDD L, SUMEEELEDD & D 2 EMR
5,

F it L BEE Lic i < B OIRS T3 5,

e 5

MERBICES, BRENEL T @S TN EHEFEEEETMHEE,
X240 T+5AFGHRECHIe > TEROHNIETE » e BAERAKFE EPMA £[F
HEENIEBRBE, &b CERBNOTTEEL TS » e RBEEKERBEABAE
B & WEEREY v 2 —HIAEERMCHEATREOBR LR T %, T a v 1B
HEOMERRETI - R BNEE, RbOKA 7 Fa v 44 OMEANTFEHICHH TS
- RRERICEST B,

Summary

1) The distribution and content of calcium, magnesium, sodium, manganese,
chlorine, phosphorus, sulfur and fluorine in various pearls cultured by the fresh-
water bivalve, Hyriopsis schlegelii, and the marine bivalve, Pinctada fucata, were
investigated by electron microprobe analysis, microradiography and colour television
dkisplay for clarify the state of minor elements in pearls and the mineralization
patterns of pearls.

2) The distribution and content of the minor elements in pearls depended on
(1) structure, (2) composition (inorganic phase or organic phase) and (3) crystal
type (calcite or aragonite) of pearls, as reported in the preceding paper. Moreover
(4) the concentration of electrolytes in environment (freshwater or sea water), (5)
species of molluscs, and (6) physiological condition of organisms appear to influence
the content of some minor elements in pearls and shells.

3) Manganese in Hyriopsis pearls shows the periodical change in distribution
and concentration during the cultivation of pearls. This result obtained in the study
suggests that the manganese metabolism by pearl sac epithelium and/or organisms
periodically varies with the seasonal changes of physiological and environmental
conditions. ‘

4) It is assumed that the minor elements contained in pearls and shells are in
the following state.

Magnesium was found in the mineral phase and its content always depended on
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pearl and shell mineralogy. The ion seems to replace calcium ions in calcite and/or
occur as solid solution of calcite.

Most of sodium and manganese were detected in the mineral phase of pearls and
shells. It is possible that the greafer part of sodium exists in the inclusion of extra-
pallial fluid trapped in aragonite crystals of nacre of marine bivalves as well as in
chalky deposit of Crassostrea shell.

Sulfur, phosphorus and chlorine were found in not only mineral phase but also
organic phase, respectively.

Fluorine seems to be a minor element in mineral phase.
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ERBMTH 273 Y74 ORBE, BEKRCE > TR EELZT 5 (A, 1968

FEE, 1976) L2 BIKEXOMBRERNOSHN ERBCE b - TEME (LA « BE,
1957 ; HEA, 1958), AERYE (HT - H£ %, 1952) L OAKAH (FiE, 1972)
CREHEAREDENR 3,

MY v REEERCRENTRIBEELER L, RNEREEOEEN LD CICFEEN
EiLrm Yy v OMIRCRRT 5 2 Z2 505, ) Y EOWREMNEDERE L ¥
DX RARBERICS 2hEEBRTICHD, LOEHEMCOWTOEBMELHD
RBEREBOT, Tav A4 2EWTIIKE, MKERS L CRERIKOKE X OEH
LRI, |

MH&LUHE

RIBRANTREIBOEEHRAEHAN LA OBEET 1.5m B EHICNA L TE
TRELBIREEEORK 2EDT 2 v 4 2HWT, 19714 6 A 519734 3 AlchiF T
MEL (1971466 A23—25H, 7H 6—9H, 7A26H, 8H24—26H, 9 H27—30H,
10H21—238, 11822—26H, 12A14—17H, 19724 1 §288—2 A 3H, 4 A28H, 6
H268-—28H, 8 B25H, 11813H, 197341 H11—12B R LU 3 B 6 HICAIE L),
1ElOREI2—1IsR %A L, MEloERABCEYENEREE2 AL 5 ER
L, RBEHE»D 1 HBTRY, FH 8B —10BCREOECRML, TOBETEDILE
WO MERE R b e MBKERRER OFEAER L Tl ofe, MY ¥/ SBIKEHFBZTLER
LIEML, BEEKFALEYDE U C0HEANCRMETT Lie, RBEREERCHLL
s, BRANEACEHBEORESWMIRDLNEDORLIUVABRHKICRETAEERZRZLD
TR SR AB RS MCREEE Bbh 2 BB REER AL bR L,

MER#

MY v EEEE - — < MR ER (i) EC1H4ATL, EbCRELT, Y
— LR THRT Y YR (KR) WIS S LTNNREEE Lictk, #—4F3F 2

* Shoji Funakoshi. Seasonal changes of hemocyte counts, hemocyte constituents and size
of hemocytes in the pearl oyster, Pinctada fucata. With English summary, p. 2306 Bull.
Natl. Pear]l Res. Lab. 21 : 2299—-2308. .

T EERPERTER No. 228. (EEBFERHE 21 : 22992308, MEs24FE 8 A)



2300 E 3 & % o # FEAN 524

G TEE (Vv — VOERKEREERLFEEE LEd D) KANRTHE, TEBE
OTRenfifzEE (=2 v iz BM 40x10) camikFoz sl L,

MERHE R

AFAFANFAQLI BT V2 T IT € iK% 1 HIRYD, oLk IS
B2HATL, HRETI SBEE, 20—40 ORI DN 7 AGHELCITIATH /-
A5 Runld, BER/ 57 4V« SAHLTHUR, 1EOADWT 200 MEk% A
2% (=3 vfikds: BM 100X 10) CHZEL, M (1974) ONMR > TRIFRIMK, #H
RBHL M ER 38 X O H/NBRLIMER © 3 RIS T rhEh OBk @ k% HE Lic,
EHEFNMBRER

EFRLMER O ER O RIE I MK ERERE L F—E2 Ve, BEELcERRMRE
BELHETHD, BR~A 70 -2 —2HAVWTERLERZHE L T oFEEE M
KoOHEZEL, 1EQ RO WTEEREOBERNMEYRAIE L, £OTHEERTEY
EERLMRER & L,

RRBELUEE

PER, HRE&MEREE KO MmIRERK
UEHE & Bk B & X MERMAR OB FRE R L@ Fig. 1 X ¢ Table 1 Th b, K&
(BAES) &MBREEDFCmBkBAROBEKREZR LD Fig. 2 81 Fig. 3 €&

1 0' . Table 1. Hemocyte constituents (%) in hemolymph
between male and female of 3-year-old
ME L pear] oysters in summer (27°C) -
£ 4 : »
> Agranular COSEY  TRCY
;- o y hemocyte hemocyte
- Mean 95,7 1.9 2,1
g S.D.* 2.9 2.7 1.7
o) Male
P 5. SE.f 0.7 0.6 0.4
Q 4 © n} 16 16 16
b @© (s}
h [+
8 o o Mean 97.8 0.8 1.0
o
E @ S.D.* 1.5 0.9 1.1
o o Female
< % SEt 0.4 0.2 0.3
h ® n 13 13 13
* Standard deviation
@ % T Standard error

I Number of test animals
Fig. 1 Relationship between hemocyte o
counts and sex of 3-year-old
pearl oysters in summer (27°C).



8 A ME—7 3 ¥ ¥ 4 OMIRY, MERERB LMk OKE X DRHE(L 2301
(]
£
> 10 ° 100, F
B o o®
; 4 < Ecb EDJD% a b ED@ o ®
@ o O
s
ot
c 2
= b
o Q
o £
5 o 504
o ° =
5 v 2
Q ° o g
O o ° o =
E o °© %0 0o ° g_ﬁ
[ 0% ®
T ° s o- 0.% ,«Aach)A/{%m QA
8 9 10 111213 14 1516 17 9 10 11 12 13 14 15 16 17
Wet flesh weight (an ‘ Wet flesh weight (o
Fig. 2 Relationship between hemocyte Fig. 3 Relatidnship between herriocyte
counts and wet flesh weight of constituents and wet flesh weight
3-year-old pearl oysters in sum- of 3-year-old pearl oysters in sum-
mer (27°C). mer (27°C).

[, agranular hemocyte
O, coarsely granular hemocyte
A\, finely granular hemocyte

%, Fig. 1 83 Table 1 iR Uiz X 5 B0 b e MBGERIC VR X 5 20
BHBIY, %k Fig 2 51 Fig. 3 KR LA LD IR b A MERER & K E
ORCEBIRAED b -ie, Lo T, RIS CRER s X ShECXE
B EERHE Uk,

o Bk %%

MER e % bh 5 EHiK gk Fig. 4 %X ¢° Appendix table 1 @R Lic, 19714
6 H23—25H /KiE23—24°Cic 38\~ T MBI FH 3,000/mm3 Th -, Dtk 7AHALA
VL RIBIE2T—28CIe LR LGS OIRAEER 8 A THECRE L L &, MmBkFE 7 A26
BciZ¥EHH 1,700/mm? & Din fn - 7248, 8 H24—26H O RIEMIETE 3,100/mm® T
THEIOHDRAEMIC S5RTEhoe, COEAEELT, MEKKEE  OMEEKETIX 700
—2,300/mm® ICEF » TWWizak, 4,000—8,000/mm? &\ 35 B EZRTEEKDL0% L
FHBRL e EEERFHEOBIA S BRTUENWERR LT ERBBIFbN 5, 94
27 H KR 24.5°C TIXEH 1,700/mm3 & W35 EWEZ R LA, TO®RMK» LKA
TKERTRT B ED - CHBREXIEML, 118 22—26 BKIE 16—17°C © & ¥
3,500/mm?, 127 14—17BKiE11—12°CCixEH 5,100/mm? & 7n D 197246 1 A 28H— 2
A 3 BAR 9—10°CTIREH 7,200/mm? N Uiz, HEKEN16.8Clc L7 LcLHR
BV (bR e BIE, 19492, b) @ 4 A28B I IMEREIFY 2,500/mme i gid L,
T OBEITTHIRF L 8 A25A/KE27°CTIREY 1,800/mmé LD, RNTHHABE
I CIBIERBICHM L, 197348 3 A 6 HAKE10°CTIREH 5,000/mm® & 75 -,
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Fig. 4 Seasonal changes in hemocyte counts of pearl oysters. Vertical lines
represent the 99 9 confidence limits.

19714£ 8 A fl— 9 A AIHL G CANECEETO T 2 ¥ 71 K KB (FRFH)
AHED, AEBREAKH28%DEIENRED b, F4E 8 A24—26H O HIERICENT, Hi
RO X 5 4, 000—8,000/mm?® & O MBI A O MBEKEREL L holhed, MBREIIMEIGE
WX BEEPKEn >, —H19728 8 A— 9 ABEIED X 5 REFXRRIEDLTH
ELABHOMERCEEF AWM EY D OBEEKRDRL Fe@EMOERED /NI 2
>72, B> T19714F 8 H24—26 H ORERBRIC BN TEE R E WM EE HroBikRE <
BELLC LB I CERHOERRKEN -l LRAOEENER R LER L BOHE
BB EEL D, MOICIITIE 8 A24—26H LHIE L kK BIEFEMIC 3513 5 BB D B
WARBEOZBRALTCELZBARLE, EOKBER LML LELCHTTOKRETRICED
5 MERBOE(IX1971, 19720HEESEALCHAERTLENMBLT, Tav¥HM0M
BRERERDL, MebREhFTHEL, TOREPLELCHTTRDTEIENGE
HmEETEENLEY,

MERER197TIE B L F1972FE L DL EFIIRIEE LWRIEER R LK, KHrbKks
B CORMOBERHREOKCHENRSD, tOFERELTEHEOROBEEHO LR
W I CI71EIIL 2EHTH 20T LIO7T2ER 1 EMS Lie 3FEREhoTWBE &I
I BESERELZ LRIV DT LD TIEASHRRET %, Yeager and Tauber (1935)
RBERERESYOL  OBBECO W TMERFEEZAEL, BAEOEERKEFVWE LE2R
®»Tk D, Narain (1973) RHEHOMRFRBEHEIC S bRTOHMRL, FEAEMHC
ERREAD BN DB ERRTNWDB, Tav 4 BENWTS Appendix table 1 E#HFZER
R L% X 5 I BRIk $ BRI OZERRS by, HIC19714F 8 f24—26H OIEHS
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DHE - 725 L OKE 9 —12°COKXBEF O MBI BEAMOERZI RS WHEAERL
o

I ERHA R

FavyH4OMY //\]&Epm&iﬂﬁ,ﬁﬁ*i[tuﬂz (Agranular hemocyte), KR MIK (Co-
arsely granular hemocyte) 38 Y OHUNERI Bk (Finely granular hemocyte) ® 3D

g
2
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Fig. 5 Seasonal changes in the ratio of coarsely granular hemocytes in the
hemocyte population of pearl oysters.

MIRAREBRD bR 5, HEBES & oMk Appendix table 1 WRLTH B L >
., BNEEEIMERAS MEKAERRIC 59 % K<, FAERHLYE U CEH0.8—2.8%T
P ASHELERD BT, - TMBRIER O /b X Bk & A8 KRR Bk O i o
AN B EROELE LTRD B,

R Bk A8 4 Bk i 5 % ek Fig. 5 KiRL T D, 19714 6 F23—25H K
E23—24CIEBNTEHE. 6 BTH -, TOHRKEBR2T—28CI AL, ThB8ATF
HETCHERELEEE, TH6—9BRIZFEH1.3%Ek 7 R26HICIETE 2.3 % LB\ H
R Uk, Lzl 8 A24—26HICiIM AR MIRO HFRILF-5 8.1 L —HE < k-7,
D% 9 A27H—30HKiR24.5°CIL BT 1.4 BLBENERZRL, LOROKEET
o T11H22—26HKE16—17°CTEE 4.9 BICEML, THEKBHAMETFLTT I ¥
H 4 BRRIRAE CNFK - B, 19492, b) AW - 7&128 14—17HKIRII—12°CTIRE
8.5 %, XBICIOT24E 1 B28F— 2 H 3 HKE 9—10°CTIZ 13, 8B ICHIER L,
RNTEEKEL6.8CE LR LAEKBEERVED 4 H28H BT HEREN RO H.
FITEH13.7% T, 1A28H—2A 3 HOUEME IZERBKREEZRLTCWRER, X0
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BOKE LRI LSRN FOLEITFEDL 8 A25HKR2TCTRIEE 1.8 % Lin-Te, ¥
%114 13 H /KR 19°CI B\ TR AN MEBK D KR IEFIH 3.8 Bl NL, TDORKEHT
BLTT 3 v 44 BLRREC S - 7219734 1 A11—12H 7KE 9.6 CTIREF122. 6% L&
CLWEIERL, &b 36 HARIOCTETEET. 1% & THINL T, 19714 8 A24
—26H O KRBER MBRkD BT 8.1 BT » St OEIRFROBHO S DI b
CEWEZRLTED, HRLAEL ) L OB ARERSEE T35, —H19724
8 H— 9 BB RIE ST, B4 8 A25HMEO AR IMIKO HEREZ P 1.8%
CIEL, F1971FE KL C1972E L S EOKE LRI &b i TREABER MBRO LRILE
TL, Rrb&KEHF TEREINT 3 &) EAREFHNER 2R LT LHb LT, 1971
& g i 24—268 ORERRIC 3 5K R M O B\ Rz RO EBEE R LIS
B L RWBENRD B EER B, > THRENMRERO ZHNEBLEETSCE > T
13, 197148 8 H24—26H OREMEEBR W TEL 5OXBTH 5 L Bbh 20T, HAM
KBk D4 MERTPI &5 3 BREEEL, MabKendTiRD, TORKEN L
BELIIU»5RE (16.8C) ¥ TRLOHEIFNELRON, EFCHTTOKELR
e HEWEDT B EWI FHENERT E0VE 5,

gt WK 0B A% I BRARAR I 5 > % Hiski% Appendix table 1 ic/R Lk X 5 i, MABEKIN
B F R & ELL, B bR THABER MO kRRE < 7250 LN
VA TR B O IR DR R L T B, Mo Tase Fig. 4 KRl
o b RIENFTREDHEMMBE > TH D, MY v iR P BB T 2 REN Mk X U0
KR MEROBIE & DML T B0 TH 543, I 1Bk O IO R 2 ABH I
BRI ¢ BN TEW D IR 5% 5 HRIZEXHCE D Uiz, 197145 8 ROEIEEIE L
<, EFCBT 5 AN MO BRIX19714E S X F19724E & SIGEU LT 548, s

)
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Fig. 6 Seasonal changes in mean agranular hemocyte diameters (MAHD)
of pearl oysters. ; .
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LACHTTOMMOBERHEOMICHEND 5, THIXFIRO MERMOBAE LR
BERMELICFESZLOBETHERITEMETE 2,
FHYESENmMEEZE (Mean agranular hemocyte diameter)
PERERIMRER &MY v P BT 5 BEMNRO PEN AR EI 2R 1

SR THD, TOZEHNAELY Fig. 6 %X ¢ Appendix table 1 R L, T

I TEET MR IR VL 19714E 6 A 23—25H /KiB23—24°CTIX ¥
7.9 Th-7etd, TOHRKIEN2T—28CIe ERLTT
NEE Lz 8 H24—268 OHIERICIZ I 7.0 # /&
oty WNTHLLRENMTTOKE TRIC LD
T OEEEERIMEBREREARE S RD, 19721 H286—2 4
3HKE 9—I0°CTEHB 5 in-Tz, BEKEN LA
LC16.8Clein-vc 4 A28BRIEEH 8.0 4 & X DEIRIK
TL, *OBREECHFTOKEFRCED RN I/
QT8 A2BEKEICTIXEL6.9¢ L, FIER
B BIEE LWEEZ R L, TOBRKNLLELLENLTTO
FHEER MREROMITAMELFERCRE b, 1973
F£3H6AKEBIOCCTIRTES. 61 Linot, ThbbE
BEENNRERIER/NE L, Krb&KehitCokiR
BTeonTAkEF R0, ErbERIFTOXKER LA
EHEARWNEI L BB LW HERSFHELRAD DR,
mYy v e M3 52 SN IO ERIX 4—13 0
HEICHD, TOREIITLOMBRERSHTR2EMT L
L+ 5 (Fig. 7), EZ07—8 ARERS— 64Ol
BH/NE O [1FR O HB R3O RIER  bRTEL,
BER9—10 # ® KA O MIkD BEEREI -2, £
DHBKPS LB TTOKE TR EDR>T, KEDOD
DOHBRAEL D, NEDODDODENHE L T -,
DL I CBENMROBERLCLAONEREITLOMNE
R BHELABD BN, TR EHRENMRERO S
gL THLTWSB E WL B,
TavHADIMY v P b B EER Mk,
EE4—13¢0BHETEBARKREZIDOSONFEKCHET
BT L AR LOERHEARENDIOENI N &
mEND, MY v PicERT 5 BEERNRITRARED
MECEL OREBEICD 2D ORAKICEL - TEEL
TW3LE2bND, —F, BEENT rlTodowring
eI, T—13¢DdORIEEEHRNSIERSEY
bhaz &b, ENMMRCEIERG 7 e 2BRELT
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ZREIVDREVDD LAIVDOO 2EBHOBRENC R 5MEREET 2THEDH D
(fnig, 1974), 7 3 ¥ 44 QBRI OMIER 72 b e AL EHAM R IC Dl
, FHEBENIRERO ZHRICORRLERT s H k- T1L, MKOTHRELHEE,
MmERDER L EROMOHEE, S5KBMKERAMN L ORETSERRI I NRTRER
B7r\n,

B #

1) TavyF4oMBRBEEFTCHRL, KebEKBIATTOKEBETRHRICE D IRWE
mr, E»bLEFChrFTCOKELEFOoONTE D LE,

2) MARBERIMERAA MK R 5D 5 HERE, EFCEL, RrbLFiniFCOKE
BTreonTEL D, EFOKBPEBNVEROKEL. SCEIFIWTDH L0 HRIXF WIREE
THB L, TOBROEFRCHGCOKEEFICEDRNEL -1,

3) PHEFEHNINRERZEFCNEL, BHLLFLrFTOKETHI ZDRNVK
FLD, E»LEFCATTOKEERCONTHAI K>,

Summary

This study investigated the seasonal changes in the hemocyte counts, the hemo-
cyte constituents and the mean agranular hemocyte diameters in the hemolymph
withdrawn from the ventricle of the pearl oysters, Pinctada fucata (Gould), cultivated
~ in the Omura bay.

Mean agranular hemocyte diameter indicates the average size of agranular
hemocytes present within hemolymph. 60 agranular hemocytes per each oyster
were required for the determination of mean diameter of cells. 12-15 pearl oysters
were used for each experiment. ‘

The results are as follows:

1. Hemocyte counts increased from autumn to winter, and decreased from
spring to summer. - a

2. The ratio of coarsely granular hemocytes in hemocyte poptlation increased
with the decrese of water temperature from autumn to winter, and the relative
high ratio was kept yet in early spring (16.8 °C), but subsequently decreased with
the increase of water temperature. B ' ‘

3. With the seasonal chariges of water temperafure, mean agranular hemlocyte
diameter became larger from autumn to winter, and smaller from spring to summer.

x  #

ARG 1974, 7:vﬁ4®mﬁwbhf ESTEE 18 : 2140—2147,
BEEE 1976, Em%%m%#TK3657:%ﬁ4@@i%%ﬁnbUKT/% 7%%?%@%
EWERE DR, BB 20 : 2254—2275, '
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Appendix table 1 Seasonal changes in hemocyte counts, hemocyte constituents and mean
agranular hemocyte diameters of pearl oysters.

Number Hemocyte MAHDY Hemocyte constituents (%) Water
Date of test count/mm3 () Md-S* temperature

animals M+S* M+ S* AH} CGH” FGHY c)
Jun. 23-25, 71 12 30001600 7.9%+0,6 91.4+6.7 5.6+6.6 2.8+1,8 23-24
Jul. 6-9 , 12 2500+ 1400 7.4+0.3 96.6+2.5 1,3+1.7 2,0+1,2 27-28
Jul. 26 12 17001000 7.0%0.4 96.0£2.7 2,3%+2.3 1.6+1.1 27-28
Aug. 24-26, 15 310042400 7.040.4 89.8+5,8 8.1£5,2 1,94+1,6 28
Sep. 27-30, 15 17001100 7.5+0.4 97.7+2.0 1.,44+1,6 0.8+0.9 24,5
Oct. 21-23, 15 210021700 7.8+0,4 96.5+2,3 1,7%+1.8 1.6+1.4 22
Nov. 22-26, 15 350041700 8,1+0,2 92.2+4.,5 4.9+4.5 2.7£2,2 16-17
Dec. 14-17, 15 510044000 8,.240.4 89,413.8 8.,56+3,9 1.,9+1.2 11-12
Jan. 28-Feb. 3, /72 15 72002800 8.5%0.3 83.2+8.4 13.8%+8.5 2.8*+1,5 9-10
Apr. 28 , 15 25001 900 8.0%0.4 83.5+7.2 13.74+7.2 2,6%+0,9 16.8
Jun. 26-28, 14 1800+ 900 7.3+0.5 92.2+4,2 5,5+3.8 2.2+1,5 23-24
Aug. 25 , 15 18001600 6.9+0.3 96.7%3.1 1.8+2.6 1,3+1.,8 27
Nov. 13, 15(10)** 2300+ 900 7.51+0.4 94,8+3.7 3,61+3.8 1,3X+0.5 19
Jan. 11-12, 73 15 30001300 8.2:40.4 76.118.3 22,6*+7.9 1,1+0.6 9.6
Mar. 6 15 50002800 8,.6+0.4 71,14+9,7 27.118.8 1,6x1.5 10

* M : mean, S : standard deviation
T Mean agranular hemocyte diameter

1 Agranular hemocyte

 Coarsely granular hemocyte

{ Finely granular hemocyte
© % Number of test animals for hemocyte

count measurement
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MY Y RN ZEERL, AENBELERRRLEOARRELERL TR, &
ERECREET AHKOESBEOT/LICI WL TREBTS L O MEEIRICE(I AR
B (JI&, 1954; Gilles, 1972), KIBOZEAL & MIRERO Wi 2 B HsB 35 % (Feng,
1965) C EREMEINT WS, X B Bucephalus sp. % X U8 Minchinia nelsoni DEFEI
oY) v R OBE®T 3 BERICE (L HE & (Feng, Khairallah and Canzonier,
1970), ME® BANCERET S ek » CTIHERSENT 5 EXHEINT W B
(Feng, Burke and Khairallah, 1971), 2@ k 3 CBEERO /L x5 FcF o AR
M2 URINELICZ WL TR Y V79O R ESBBD BN B &\ MIRAELN
TEY, AARBHEERO 10T 3BRERZLXLVHT, ToRDEThicsdbic) M
BRER X CMBRERE OB oW T KEER AP T RVWRE Lo CTHET %,

5o &

EBEANTREBELERAEFRANIFIOBE T 2 mBCETEE LEREE
3 EATYA W, MBS X FMERERGHERERD IR E (BRRER) LXBEESE
DN (i, 1977) OT, HRBXEERCHEBLE, R)+F—20 AREAE
X ERNECREEOFRENABCHBIN TV B SO L RRHCRTAERZ X
U B EHRASABIHICZ 2 5\0Wb®w 5K BIZBRA Lk, ‘

SHEERIXI9744E 7 A20—25H I T\, HREABANE O BEYMEHRER, 17T/ BOF 7 A
K12l ogkE AR, ZohsEEZNAL T 18ERL, 68%2 ok, #RAR
K AN T, 24RRIIRFES REAREZTRY (KEROREBRRERL.3nl/l D L2E
o Tniz,), TO®HEKE LD B ERKBCERLZBE L, KERKE 77« V&
TREBILI T LERTCEHELL, BREOMARBIRERE L, AOERK
PRI X - TKEKOBRERZRILEHETARED L,

RER 0 (EBRELE), 1.5, 3, 458X CUBBRLCEFNEFNR 1 BFoORHR Lk, B
LT Vv—Ya YEFR-s CERERZEERR4.3mi/l P ER -7 1 BRED, 28K kic
WE L, BERZBREOMNBT 3AEOERBYHEAKLTYA v 75— BICXDREL -

* Shoji Funakoshi. Effect of dissolved oxygen contents on the hemocyte constituents and
heart rate of the pearl oyster, Pinctada fucata. With English summary, p. 2314 Bull. Natl.
Pearl Res. Lab. 21 : 2309—2314.

t ErEBRAICH A No. 229, (EZES%RFT#E2] © 2309—2314, HFs24E 8 7)
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oo FEAMARIHKEE Y & — % — /82T 27+0.5°C (BEEKR) TE- 7,

Bk #

DENSDRMUZILY v 2 EE b — < IEKETER (M) Le 1 B4TL, B
CRELT, Y+—Lvofthrel) iz (BhR) CHIOBEI S LCmEkEEE L
B, AN—HFRENFTUMEEEE (=2 YAHZE BM 40%10) CTomMBREEZRAEL
2o

In B8 A%

A5A4 KHFRAOLR S BTNV EMTAFE FEKEY 1THERY, okl ) ¥/ ¥%K
B2WHATL, ERGTIBIELEZE, 20402 DOKRION 7 R FREICIZIAT
HN—H5 REnF, BER/S57 47« SUHLATE UK, 1EOBIKDWT 200 ME
AME (=2 /A% BM 100X 10) ®$EL, PRI, HAEAIMER S X O NE
BBk D 3 BHEICS ST (i, 1974) TR LR ORBLEE Lk,

DB

F& LT Feng (1965) @O FECiE->C, FHEROLMEEEBE® &I % 5X10mm @
BEAHR B L CABRcEZRE, BMEEX2E20AVE I CERLTEDOBHONE
Bz IR Lictk, AR =RORARBHERE = —VvERZABBEEXN T YT T
7 CHEELTHNET %, DEoLES LicHE# - THARA S LEES 2B L, 85
O R R24MAKE R CEER, 1) HAELVWANBEEERS BT &, 2) EoOB
REBHCERLO3) HBEPH 7 RABORETERL ik LT3N BT 2D
Tehlc ERICHEL, 10—15EOMBEICET AP X by 7Y 4 v FTREL, EE/45
BB Lk,

K15 L 2 AN A 7 2k 9 BHXINAL, 0 (ZERBAKEE), 1, 2, 3, 4, 5 ®I
SR BRERER S OBEBEYNE L,

i S

BEREEORBNEL & MEER S MR ORI Fig. 1, Fig. 2 I
Table 1 iRk L, RERBIEHOBERZEIZ 4.383ml/l CTHY, Tavi4 OFERLKIE
B X - C 1.5 Bk 2.55 ml/l, 3WsR# 0.77mi/l, 4.5W5/% 0.28 ml/l % L T24Fs
Rtk 0. 11ml/l & HEBRERETE LB Lt —F L7 v— Y3 YTk - cE#ikes
K%k ORERKRIK 4.51 ml/l LARFREFBERSFELEL, OO MBS X CIMEkE
B ILERBAMAE OB L FRREERLTNBC 2206 LT, BERRBASCEET R
%Tfu%ﬁﬁuW®mmﬁ%ﬁ@m@w%&wlOTMWﬁxlaMWﬁmkﬁmﬂﬁ
FhVC EERRLTW 3,

m&&m%ﬁ@igm%%%%ﬁ®4%mul%lalsﬁﬁ&®2ﬁmul<m%h
FhEH 2,000, 1,800/mmd CEYLEERLTED, 3IRHBEAERRENERD LT
0.77 ml/l ¥ 75 - 7o I Bk Bk 2,500/mm?® & LR MOBEEZRLTHD, SDK 458
ﬁ&@ﬁﬁ@izmozmﬂﬂwﬁwbtﬁmm¢ﬁ43mmmﬁw&MLt LaaL24
BRRAEREERS DICEAD U 0. 11 ml/l 1 - R MEREIE T 2,600/mme. 1 -
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IMBREARLIC 5% % LR, BEBRRELE
DLTHENRK E S - B LDRT
30, 9—1.5% &\ 5 EWER R Lias,
S PEA Bk & ML AL I BR © He SR I3 A B
FEI—EELU TR LEEL Lk,
Flb bR EREEN 4.33, 2.55 B X
0.77 ml/l TR MBRIETH 91—93 %
BRULAEAREGHIRL, ¥FoERERI
FRIZTPE—T % CIEL L% R L,
RERZEN 0.23 ml/l CED LKk
R BER MBK O R ILFEH 16.7 % VCiééiJu
L, EEK Mk LB DL
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Fig. 1 Effect of dissolved oxygen contents on
the hemocyte counts of pearl oysters.
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Fig. 2 Effect of dissolved oxygen contents on.the ratjo.of coarsely granular hemocytes
in the hemocyte population of pearl oysters.
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82. 9% s - e, X DICHEEREERED
U 0.11 mi/l TRABRER MER D B IEX X
Ll L TEE20. 3%k D, EERIM
BRO BRI DD L TI8%I R » T,
D EE R (Fig. 3) RAERREL5.T7
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067085122 182 296334 471
Dissolved oxygen (ml /I )
85 4 3 2 1 0

Sampling time ( hr)

Fig. 3 Effect of dissolved oxygen contents
on the heart rate of pearl oysters.

ml/l X O 3.34 ml/l CUXEH 32,5 [E /53
ThH-Teh, TORBERIEORD K &
& ienEimL T, 1.82ml/l T¥x37.7M/5
CEBEERLL, TORIRAEBRRED
B EdLBEERRELL, BER
EEA0.85 ml/l TRLEE Bk B
3B.7TE/D LD, ILCEERIRENH
DLT0.67 ml/l Ok & LBEEIRILTE
14.1[8/5r EELWEDHERDLR, 0O
WRET CHE ORISR —F R E N EE
HKOEDI B 3H, ¥llbBoliEris
fimbhnlim-BENIHEDY B 1
BrhZhBg Ik, MikEs X Mk
MR OEAIIAGFEBRREREL 0.77 ml/l 225
0.23ml/l KB U D b I jz A%
(Fig. 1, Fig. 2, Table 1), = 0E:ORKE
BEROMEILLBEESERE LW EDER

Effect of dissolved oxygen contents on hemocyte constituents (%)

Table 1.

in hemocyte population of pearl oysters.

Dissolved

—
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N
]
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.
~p (=]
wn
[Ts) 0
o ~
b~
o~ o
. .
[« o
1)
o~ 0
. .
(=] i
-~
—
(=] ~
N
by
§Q S
— ~
o3 2
B=
g\/ m-a-vv
4]

AH CGH FGH

95.0

AH CGH FGH

91.5

AH CGH FGH

AH CGH FGH

93.4

AH CGH FGH

82.9 16.7

AH* CGHt FGH}

1.9
1.6

15

2.8

3.0
15

1.3
0.8

6.9
6.7
15 15

6.6 0.9
12,5 12,4 0.9
15

92.3

1.5
1.3

4.9
6.5
13 13

1,1

1.3
1.0

15

Mean
S.D.”
n{

%

78.1 20.3

3.2
15

6.9
15

6.3
13

1.0
14

10.8 12.6
14

6.4 6.6
15 15

BF524F

15

15

14

Standard deviation

S.D.:

1”

AH: Agranular hemocyte
T CGH: Coarsely granular hemocyte

I FGH: Finely granular hemocyte

Number of test animals

n:
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TaYHAORBEER LIEKTORERREOBHRICONT, F (1948) REERE
BRO0.5ml/I UTTHRREBELE LI BDTHEHELTRD, ER « AL (1967) &
BEBREN 1.5—1ml/l ATTRANEENZHCEL L, IHBORMER 1.5
—1ml/l PTCIRMAREL AV EREEREML, 0.5ml/I Y TFCEEGESHOH AN
HERRDONLL R LWELL, COL) CHRECRRRBBEENREHT 2HORE
BRBCETOEERZON3 0D, BEBREN D HEUTCHEDT % & FRA B
SHETL, ¥cAROEAESHCSHLMIREMIREE L2BD T35, KERIC
BOWTHEEBRREN 0.85 ml/l 55 0.67 ml/l WHD UleBIC DB B E L\ jgid
% &7t L ERIC OB S O BRI E R 0 OO IEA R B It B KRB Lk 28,
COT &MY VNEOERREREL A3 L LEKRCHOEARE LI BB LR &
BERLTWS, ¥BEBREEMN 0.77 ml/l 55 0.23 ml/l WD Lz mBEO 1 8%
YN & MERAARR D EAL B ED b e, 4EOKEAERTRELRNERECHRERR
BRBALTHRY, BEREEOMDBRC 1 sEEINEE, SRISHLOMEREH
CHENRD Bz, H 2EBORREEMICHBERE T3 2R TEAV, fiRo®Eb»
B, kiE26—27.6COBBETTETEBELTH T a v 4 2B WkERER (ki
27£0.5C) ©HWT, BREBRRE0.85—0.67 ml/l L\ 5 EWHEOHE 1 DOBRKTH
BriBbholk, Thbbl CEERE L CEEEHRARCETL, MEREKE—1
T % L &b CMEBREROE(DE DD EEL B,

HIER (##R, 1977) ©BWT, REBEFLHSE > ikiis X CLHPEKETCORDOED
FELETLRWH® 5K BHICAEROEA & AR MO & MEkERDOE/L
BEPEEREL - TNBH, COBRRETIYHIOBENOELNET EFREBERETKCE
WTIIEBRE S bbb 1002 -V THBLEL DR, BcEAER Mk KB
ROEMHBEFEEIND, LALERE UTMHREROE(LED bk, MEKOBiEs
FHIED EFAETENARBCOWCTIESBRITININEHETH 5,

B #

1. EFKB26—27.6CORETCETEBELCH>Ta ¥ H 1 2L, KEAER
(KR 2720.5C) X > TAERZBOB T ED A LEHEEE, MRS X FMmbk

OB BT,
2. BREBRZEEN0.85 ml/l 75 0.67 mi/l WIAET Licks, DIESEHEEREFLIBAL
e

3. BEBREEN 0.77 ml/l 536 0.23 ml/l WIET Ulcly, MEk¥o—KAHEMNEHK
B Bk MR AR 1T 5% 5 WER DI INAE - 72,
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Summary

This paper deals with the effect of dissolved oxygen contents on the heart rates,
total hemocyte counts and hemocyte constituents of pearl oysters, Pinctada fucata
(Gould), under laboratory condition (water temperature of 27+0.5 °Q).

The results are as follows: ‘

1. When dissolved oxygen contents decreased from 0.85 ml/l to 0.67 ml/l, heart
rates decreased remarkably.

2. When dissolved oxygen contents decreased from 0.76 ml/l to 0.23 ml/l, the
increase of the hemocyte counts and ratio of coarsely granular hemocytes in the
hemocyte population was observed respectively.

X o

Feng, S. Y. 1965. Heart rate and leucocyte circulation in Crassostrea virginica (Gmelin). Biol.
Bull,, 128 (2) : 198-210.

Feng, S. Y., Khairallah, E. A. and Canzonier, W. J. 1970. Hemolymph-free amino acids and
related nitrogenous compounds of Crassostrea virginica infected with Bucephalus sp. and
Minchinia nelsoni. Comp. Biochem. Physiol,, 84 : 547—556.

Feng, S. Y, Feng, J. S., Burke, C. N. and Khairallah, L. H. 1971. Light and electron micro-
scopy of the leucocytes of Crassostrea virginica (Mollusca : Pelecypoda). Z. Zellforsch.
Mikrosk. Anat., 120 :222.245,

WA 1974, T2 YA 4 OMERICDONT, EIEHRPHER 18 : 2140—2147,

MRS 1977, T2 Y A4 OmBREL, MBRMARE XUMmROKE & OFHE L. @SZEHEBWE 21:
2299—2308.

Gilles, R. 1972. Osmoregulation in three molluscs : Acanthochitona discrepans (Brown) Glyc-
ymeris glycymeris (L.) and Mytilus edulis (L.). Biol. Bull, 142 : 25-35.

NARIEZ 1954, 7Y W4 QBT FR¥EKPICHD 2ARKOKAETEICHENT, BK
3 20(4):273—2786.

ERMK « AILEE 1967, EEBSR¥EKD C%’U%T:ﬂ?ﬁxf@@??ﬁ%ﬁ&ﬁ%ﬁ?j} RIGRKBT
$ 21:139—144,

# E— 1948, BFE O ¥kcho 7 av 44 O (F#). R¥E 15 (1—4):52—54,



T2 HA OES & BEER D
ZHNEE & DBIfRICT OV

W - &% .-% B HE B
B R HW RN

EE, 2ENTEEL LT, ERBERBCSTET v 1 OBFETHELL k-
TW3A, ZRIERD bEITHEROSEY - REOETL AR 5d0THY, R
Lo TRECLRBERTNEMELE LTRERBELAERON, TOoOMERERNTN 5B,
BOBEZ L T2LLICHEROLHE - REMERH 5D OBBEBENAREZHELT B
ik, ¥THOBENOBMRBIBT I NERD 5, HRBRELCRSWTT 3+ 74 XERN
BIUOABHRGPERCZE L BEBE T CAREL TS0 THD, TODHIC
REEREEREO»0HLOOS L TREZEDBIRETHILELDNS,

Wk, TaYA4 ORER L CEFEHRR L BEER & OB W TIREZ O
FbhEREESF TN 55, AOBHNERCHEINBRIERYE, FcRE LB
BRERECOVWTIHEHTNIMESARE{EIRTWE L) TH 5,

TODXDRBEND, 1973~19764E0D 4 £, BEBEHEROEHEHLTa v V10
& EOEELHRIINCER L THRET 5, ¥k, bb¥ TCHOEEDO—KIOW
- THER LI, -

S, BRENR X CEORECH A WRE Wk LI E, MEEERRAK
B#T 5, ’

=B AE

BRUEANEANOEREAN TREBMEL BN T, 1973FENB 19766 X TO 4 £
bl TEE LR, RERST 2RERARIXI9734F L 1975412 7 B2 5128 FcD 6 8 H
B, 1974ER X 19765 6 AN I2E ¥ TCO 7HAMTH %,

BEERFEAR, KB, ERE, BRERIE, BREYWE, /son7y rvag (1974,
'75, 'T64EFEHE) 3k COD (1975, '764EEM) OKEER L VI, BIE7THERET
FRIIOB R L & UCHNZ ER Uk, BHIEZ0, 1.5m, EF (FHKE3mM) Thb
HEDOETETS 5 1.5m BEOWTOXRR L, FHEOWEHLRZKOED TS 5,

JKiB ¥ X ' FEE : Electronic Switchgear ##i4-1) /) » — & — MC 5 &%,

* Kazuto Yamaguchi and Masumi Hasuo. Relation between activity of pearl oyster and
seasonal changes of environmental factors in culture ground. Bull. Natl. Pearl Res. Lab.
21 : 2315—2324. . '

T EEBRARRT £ No. 230 (EIEBH# 21 : 2315—2324, FRFN524E8 A)



2316 B v B % W #® fns24E

BEBRE U4V 7 5 —BIXo7,
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B RAH30CL L FRL, 8 A LAnhD 9 A TACLT CTI1228~29CE%2R L, &
KEOEGHMIZ4ED ) bTREDELINTOAC b > e OREEINTH -, 19764
VRET 3 I I L CKBO LR ERFL, 7TARETRLPERT, 8 B LAKKR-T27
Tz, MI0HMIITE28~20CERRLEEW, 0CEMBL B ko, RELDIC
9 A LHAUBO KB TRORBE & - etk, 1975F MO 3 FI LB L TRREWE
maR b,

2. HFE HREBOL(E Fig. 2 KRLk, RELDILTH»D 9 HErFTiRE
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Fig. 1 Seasonal changes of water temperature (°C) at 1.5 meter depths from 1973 to 1976.
Fig. 2 Seasonal changes of chlorinity (%) at 1.5 meter depths from 1973 to 1976.
Fig. 3 Seasonal changes of dissolved oxygen (ml/1) at 1.5 meter depths from 1973 to 1976.
Fig. 4 Seasonal changes of chlorophyll-a (mg/nf) at 1.5 meter depths from 1974 to 1976.
Fig. 5 Seasonal changes of dry weight of suspended matter (mg/1) at 1.5 meter depths

from 1973 to 1976. .
Fig. 6 Seasonal changes of COD (O; ml/1) at 1.5 meter depths in 1975 and 1976. °
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CRNETCHRE Lk,

4. /mu 7 vag 197T4FENDBIITEEE TO 3 FECb i AERREICONWTDORD,
7unz a0 % Fig. 4 WRLE, HFELDITAPD 8 AL THRENWE
#RL, 9 AU Ao EmA LB, 1974k 9 AR BWTH 1ng/m
EDEERTITE b ove, —F, 19758 9 A FALHF TR 4ng/dB%ERL, 10
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5. MEYE KEWEOZE%® Fig. b KRlk, FELd K, BEVEBOEHODIE
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mg/l, B X CI9764E13 0.47~7.03 g/l DEREFX R Lic, & ICI9734EX 7 Aha~DB12
ETHECo2PMYBL THO3ELD SBENETHEE L TN30REL-> 2, FHY
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Teo 19744E, 1975FEVIHERBIMGE D 9 A LA E i 9 FTAFEF TR bTFHOHED,
EFRRBERRL, BEAEBEVWE VWL L RIRETH -2, FRFh g Ah, T
AL ERRD b, 1976F MO 3E X VRPN EN8 AT agndbERDH
MAEILY, o ABCET3HEDAS Nk,

2. WERBREE WEZREEBOE{LE Fig. 8 WRLKk, 1973FERERER O
WIRIEZI0A R ETHE, TRRRILATHE CHE L, 197446, 1975EEThEh
8ATH, IATHETCRAHBIRESE, THhUBEE Lk, 197654127, 8 ALBWTSH
LI RALSEBIREDLN, 9 PAUREMO 3FE LD SHBERNLU S LD
RETH

3. HREHER NHEAEEOZ(% Fig. 9 ©RUk, 197662 RE, 8 5 H &
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T Lic, D/WHEOZE%E Fig. 10 R Lk, 19737 Ab st 9 A4
i CRERCIETL, D/ W=9.2 ¥THD DL, ThPEKRI0HPRFEORESRR
Lz, LALIBL2ATHE CRP2PE W HEL R -l TACRBECTHE &t - 7%,
197443 7 AL A»LTRE RO 9 A LAKIE, D/ W=8.9 ¥THPL, +nllKl12
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T

h Weight of crystalline
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Month Month
Fig. 7 Seasonal changes of wet weight of meat (g) from 1973 to 1976.
Fig. 8 Seasonal changes of dry weight of meat (g) from 1973 to 1976.
Fig. 9 Seasonal changes of 'weight of crystalline style (mg) from 1973 to 1976.
Fig. 10 Seasonal changes of ratio of wet meat weight to dry meat weight (D/W) from
1973 to 1976.

AhAE R T oBbEMLL, 197551 7 TA»LEE S TR S 2T
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LZeds, BB TaEF &R, 1976FE 7 A LArb 8 AhAE TR EMETH 12
B, TOBTHESEARD ARG D/ W=11.2 Lok, IR TAMLDIEEASE
O RECEWEERT IO CADILA LA D/ W=16 B¢ kD, FhDIBITET
WORBEIR L, 20X, D/ WHEOHBIREL X > TR » @R RS,
{FERPBUCEBERBERE 8 Al BRERRECHINCNI S RD, BAKBEOKE
FELDIACEBEY R L, T, 1976F 10 UBOAKBSD R L CBEERERTH
5.. BEFEER MEEOE(E Tablel wRlic, Tihbh, FIE > TEERCERNR
BDObNeHR, FELDITIATHACALDEENEYLSX KD, RECHEML 9 5
winsd LAt 528, 108LBRELOBEARBD BN, LK, 27°CLLOEKER
B U BRRC 313 5 RIEEEERIE, 19736413 1.0 %, 19744F13.5.8 %, 19754F1% 9.6
%, 1976812 4.5 B &> TR, 19B3FEREDEERRXIEL, 19ERHIEIL -k,
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Table 1. Death rate of pearl oyster, from 1973 to 1976.

(1973) (1975)
Number of Number of
pearl oyster Death rate pearl oyster Death rate
. Present| Accum- . Present| Accum-
Life Death time |ulation Life Death time | ulation
Jul. 17| 200 0 0 % 0 % Jul. 8| 200 0 0 % 0 %
24 | 200 0 0 0 15| 199 1 0.50 0.50
Aug. 1| 200 0 0 0 23| 199 0 0 0.50
9| 193*% 1 0.52 0.52 29 | 199 0 0 0,50
20 | 192 1 0.52 1.03 Aug. 5| 194 5 2.51 3.00
28 | 192 0 0 1.03 12| 192 2 1.03 4,00
Sep. 4| 192 0 0 1.03 19 | 191 1 0.52 4,50
111 192 0 0 1.03 26| 191 0 0 4,50
18 | 192 0 0 1,03 Sep. 2| 184 7 3,67 8.00
25| 191 1 0.52 1,55 10 | 182% 1 0,54 8.54
Oct. 5| 191 0 0 1.55 16 | 179 3 1,65 | 10,05
11| 191 0 0 1.55 23| 179 0 0 10.05
16 | 191 0 0 1.55 29 | 179 0 0 10,05
23| 190 1 0.52 2,06 Oct. 6| 173 6 3.35 | 13.07
30 | 189 1 0.53 2,58 13| 171 2 1,16 | 14,07
Nov. 6| 189 0 0 2,58 20 | 169 2 1,17 | 15,08
13| 189 0 0 2.58 29 | 169 0 0 15,08
20 | 189 0 0 2.58 Nov. 5| 169 0 0 15,08
27 | 189 0 0 2,58 12| 168 1 0.59 | 15.58
Dec. 4| 189 0 0 2,58 17 | 168 0 0 15,58
11} 189 0 0 2,58 25| 167 1 0.60 | 16,08
18 | 189 0 0 2,58 Dec. 1| 165 2 1.20 | 17,09
251 189 0 ¢ 2,58 8| 165 0 0 17.09
15| 164 1 0.61 | 17.59
* 6 pearl oyster fall. 24 | 164 0 0 17.59
* 1.
(1974 1 pearl oyster fal
Jun. 4| 200 0 0o % o % (1976)
12| 200 0 0 0
19 | 200 0 0 0 Jun. 22| 200 0 0 % 0 %
25| 200 0 0 0 28 | 200 0 0 -0
Jul. 2| 198 2 1,00 1.00 Jul. 6| 200 0 0 0
9| 198 0 0 1,00 12| 200 0 0 0
23| 198 0 0 1.00 21| 200 0 0 0
31| 198 0 0 1.00 26 | 200 0 0 0
Aug. 6| 198 0 0 1.00 Aug. 2| 198 2 1,00 1.00
12| 197 1 0.51 1,50 9| 198 0 0 1,00
21| 195 2 1.02 2,50 16 | 196 2 1,01 2.00
27 | 193 2 1.03 3.50 24 | 19 0 0 2,00
Sep. 4| 189% 4 2,07 5,50 31| 194 2 1,02 3,00
10 | 187 2 1.06 6.50 Sep. 6| 194 0 0 3,00
18 | 178 9 4,81 | 11.00 14| 191 3 1,55 4,50
24| 175 3 1.69 | 12.50 20| 190 1 0.52 5,00
Oct. - 1| 172 3 1,71 | 14,00 27 | 189 1 0,53 5,50
8| 169 3 1,74 | 15.50 Oct. 4| 189 0 0 5,50
15| 168 1 0.59 | 16.00 12 | 189 0 0 5,50
23 | 165 3 1,79 | 17,50 18 | 188 1 0,53 6.00
Nov. 5| 164 1 0.61 | 18,00 25 188 0 0 6.00
12 164 0 0 18.00 Nov. 1 188 0 0 6,00
19 | 163 1 0.61 | 18.50 8| 187 1 0.53 6.50
26.| 163 0 0 18.50 16 | 187 0 0 6.50
Dec. 3| 161 2 1.23 | 19,50 24 | 187 0 0 6.50
9| 159 2 1.24 | 20.50 30 | 187 0 0 6.50
17 | 158 1 0.63 | 21.00 Dec. 14| 187 0 0 6.50
23| 157 1 0.63 | 21.50 21| 186 1 0,53 7.00

* 2 pearl oyster fall.
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TaAYHAOBROERE, KELBRHEELOBERLL2TCAFCELT S LIEE
LTwd (FEAR, 1968) 25, ARBRICEWTIREEL ST CU LORKERHEL TH
BT, TA¥YHAOFHCH L TCEEELZRIE L LEALMTHD, Tk, ZOF
B LROEARER L > TRE-TWHhdD, FEOBREDFC L - TEEREL
T LRHERETES,

BREOZHI—BK, BRECEEBINDLLABKREN, 6 A0b IAETORE
WEY X5 L, 197358 Tl 712.2m, 197442 553.0m, 19754E1% 999.5 mn, 19764Ei%
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Biomineralization'in bivalve molluscs with emphasis
on the chemical composition of the extrapallial fluid

Koji Wada and Tadashi Fujinuki

Abstract-This study considers the mechanism of biomineralization
in molluscs with an emphasis on chemical composition of the extra-
pallial fluid. The actual concentrations of major constituents
in the extrapallial fluid were found to be markedly different
between freshwater and marine bivalves. This may be caused by
physiological control related to the environmental medium. The
extrapallial fluid of freshwater species had a much higher con-
tent of given inorganic constituents than the environmental water.
In contrast, the concentrations of major constituents in the
fluid of marine species were not much different from the environ-
mental water. The calcium concentration was lower whereas the
bicarbonate concentration was higher in freshwater species than
in marine species. Concentration ratios of heavy metals differed
between species. The heavy metals form complexes with proteins
and/or acid mucopolysaccharides secreted by the outer mantle
epithelium. No significant difference between the fluids form-
ing aragonitic or calcitic shell has been found. The activity

in metabolism of shell formation differs among species and is
influenced by temperature and physiological conditions. The
different activities are accompanied by formation and dissolu-
tion of shell minerals and exhibit seasonal variations and
physiological differences in calcium and carbonate concentra-
tions in the extrapallial fluid.

The determination of the degree of saturation of mineral species
in biological systems is very important with respect to the mechanism
of nucleation and crystal growth. However, relatively few studies
have been reported in this field. The main reasons for this seem to
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be the difficulties in collecting the solution which will produce the
mineral phase and of estimating interactions between ions, and pro-
teins or polysaccharides under physiological conditions.

In molluscs, the shell minerals aragonite and calcite are depos-
ited from the solution termed the extrapallial fluid (de Waele, 1930)
which is secreted by the outer mantle epithelium. The fluid contains
proteins and polysaccharides and is regarded as supersaturated with
respect to the shell minerals. Naturally, the extrapallial fluid of
freshwater species is a far more dilute solution of electrolytes in
comparison with marine species. Recently, Wada and Fujinuki (1974)
have investigated the chemical composition of extrapallial fluid in
freshwater and marine bivalves. It was shown that the concentrations
of electrolytes in the freshwater species were much higher than the
environmental water, while in the marine species the concentrations
were similar to those in sea water, except for heavy metal ions. How-
ever, the bicarbonate ion was not determined at that time. In both
freshwater and marine species, mineralization of shell occurs under
physiologically controlled concentrations of calecium and carbonate.
Heterogeneous nucleation of shell minerals can be found on the organic
matrix, which appears to be an acid glycoprotein with sulfuric ester
(Wada and Furuhashi, 1970). The degree of supersatuartion required
for the new crystals to grow in contact with the crystals already
formed may not be as high as that for the heterogeneous nucleation on
the organic matrix (Wada, 1972).

The present study attempts to consider shell formation on the
basis of the chemical composition of the extrapallial fluid.

MATERIALS AND METHODS

Preparation of Materials

This study was carried out on 2 species of freshwater bivalves
from the Nishinoko Swamp near Lake Biwa, Shiga Prefecture, and 4
species of marine bivalves from the Tatokujima waters of Ago Bay, Mie
Prefecture, during the period of May, 1973 to May, 1974. The fresh-
water species, Hyriopsis schlegeli and Cristaria plicata, were kept
separately in net baskets hung at a depth of about 0.5 m from a bamboo
shelf in the swamp. Each of the marine species, Pinctada fucata,
Pinna attenuata, Crassostrea gigas and Chlamys nobilis, was maintained
in a net basket suspended from a wooden raft in the sea at a depth of
about 2 m.

After slightly opening the valves with a shell-opener, extra-
pallial fluid was carefully collected by inserting a long needle
through the pallial attachment into the central area between the mantle
and shell., More than 20 ml of the fluid was required for the deter-
mination of the chemical composition. Numbers of specimens used at
each time were 5 for H. schlegeli and C. plicata, about 260 for P.
fucata, 10 for P. attenuata, 90 for C. gigas and 60 for C. nobilis.
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Chemical composition of extrapallial fluid

The extrapallial fluid was preserved at 5°C for a few days until
analyses were carried out, except for bicarbonate ion which was
determined immediately after collection.

Environmental water for chemical analyses was collected at the
depth of cultivation and filtered through a 0.45 um membrane filter,
except samples for the determination of bicarbonate. Temperature of
environmental water was measured at 10 a.m. in the Nishinoko Swamp
and at about 11 a.m. in the Tatokujima waters.

The pH of extrapallial fluid and environmental water was measured
using a glass electrode immediately after sampling.

Determination of Shell Growth Rate

For investigating the growth rate of shell of each species during
the experimental period, the under-water weight of the bivalves was
measured following the technique employed in the previous work (Wada,
1972). The ratio shell weight/total weight under water was about
0.95 for H. schlegeli and about 0.90 for C. plicata. In P. fucata,
the under-water weight of the animals roughly corresponds to that of
the shell, and the dry shell weight S can be estimated from the under-
water weight of the animal W according to the equation of S = 1.7286W
+ 0.246 (Nishii, 1965). Each of 10 specimens of each species was
weighed monthly in a plastic vessel containing the environmental
water.

Analytical Techniques

Analyses for alkali metals, alkaline earth metals and heavy met-
als were carried out by atomic absorption spectrometry using an air-
acetylene flame at wavelengths of 589.0 nm (sodium), 766.4 nm (potas-
sium), 670.7 nm (lithium), 422.6 nm (calcium), 285.2 nm (magnesium),
460.7 nm (strontium), 324.7 nm (copper), 213.8 nm (zinc), 248.3 nm
(iron) and 279.4 nm (manganese). A series of standard solutions
having a composition similar to the sample solutions was prepared
for making calibration curves. The concentrations of anions were
determined by gravimetry, volumetry, and spectrophotometry.

Sea Water

Sodium, magnesium, potassium and calcium: The sample was diluted
with distilled water to 1,000 times for sodium, to 200 times for mag-
nesium, to 100 times for potassium and calcium, and the absorption
of the dilute sample solution was measured at the appropriate wave-
length. . :

Lithium and strontium: The sample was aspirated directly into
an atomic absorption spectrometer without dilution.

Copper, zinc, iron and manganese: TFive liters of the sample were
passed through a column (1 cm x 6 cm) of ion exchange resin. Adsorbed
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metals were eluted with 2 N nitric acid. Three ml of perchloric acid
were added to the eluate and evaporated to dryness. The residue was
dissolved in 5 ml of 0.3 N hydrochloric acid and submitted for atomic
absorption spectrometry.

Bicarbonate: The content was determined by standard 0.01 N
sulfuric acid titratiom using methyl red - bromcresol green as the
indicator (Japanese Industrial Standard K 0101, 1966).

Chloride: Titration method was used with standard 0.1 N silver
nitrate solution using potassium chromate solution as the indicator.

Sulfate: The sample was warmed to 60-70°C and allowed to stand
overnight after the addition of 5 ml hot barium chloride solution
(10%). The precipitated barium sulfate was filtered, ignited, and
weighed.

Phosphorus: Ten ml of aluminum chloride solution (5%) were
added to a 300 ml of the sample. Dilute ammonia solution (1.5 N)
was added dropwise to the solution until a white precipitate had
formed with stirring, and the precipitate was filtered and dissolved
in 10 ml of hot 1.2 N hydrochloric acid. Ammonium molybdate and
stannous chloride solutions were added and diluted with water and
mixed well, and phosphorus in the developed solution was measured at
750 nm.

Swamp Water
Sodium, potassium, calcium and magnesium: The contents were

determined by aspirating the sample directly into an atomic absorp-
tion spectrometer.

Copper, zinc, iron, manganese and bicarbonate: They were deter-
mined in the same way as in the sea water.

Chloride: Spectrophotometric measurement was carried out at 460
nm on a 25-ml sample to which mercuric thiocyanate and ferric sulfate
solutions had been added, diluted with water and allowed to stand 15
minutes.

- Sulfate: To a 5-ml sample, a suspension of barium chromate,
ammonia solution containing calcium chloride and ethyl alcohol were
added. After filtration, sulfate was measured at 420 nm.

Phosphorus: Five ml of nitric acid were added to a 500-ml sample
and evaporated to dryness. Then 5 ml of hydrochloric acid were added,
evaporated to dryness again, and the residue was dissolved in 10 ml
of hot 1.2 N hydrochloric acid. This was followed by the same pro-
cedure as in the sea water analysis.
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Chemical composition of extrapallial fluid

Extrapallial Fluid

For the analyses of all the ions except bicarbonate and chloride,
organic substances were first decomposed completely by heating with
nitric acid and perchloric acid and evaporated to dryness. The dried
residue was dissolved in 0.3 N hydrochloric acid corresponding to the
volume of pipetted sample.

Cationg: TFor the determination of sodium, potassium, calcium
and magnesium in marine bivalves, the treated sample solution was
diluted with distilled water in the same proportion as described for
the sea water. In freshwater bivalves, the dilution was 10 times for
potassium, calcium and magnesium, and 100 times for sodium. Lithium,
strontium and heavy metals were determined in both marine and fresh-
water species by aspirating the treated sample solution directly into
an atomic absorption spectrometer.

Bicarbonate and chloride: They were analyzed following the pro-
cedures mentioned for the sea water, except the concentration of the
standard silver nitrate solution was 0.1 N for marine species and
0.01' N for freshwater species in chloride analysis.

Sulfate and phosphorus: Analysis was carried out in both marine
and freshwater species in the same way as described for the sea and
swamp waters,

RESULTS

Freshwater Bivalves

Typical trends in the increases of the under-water weight in A.
schlegeli and C. plicata are shown in Figure 1. These curves repre-
sent the growth of the shell since the tissues have a density approxi-
mately the same as the medium. Changes in slope of the growth curves
indicate that the weight of both species increased from April to
October at temperatures from 15-31°C. The growth rate decreased in
summer at temperatures above 30°C. Also, the rate differed between
increasing and decreasing temperatures at approximately the same
temperature. Little increase in weight occurred from the middle of
November to the middle of March at temperatures below 10°C.

Table 1 presents the results of the chemical analyses of extra-
pallial fluid of the freshwater species together with environmental
water for comparison. Extrapallial fluid and environmental water were
collected on the dates marked. by arrows in Figure 1: on May 28,August
27, October 29 in 1973, February 25 and May 27 in 1974. Taking into
account the changes in the slope of the growth curves, it is conven-
ient to divide the sampling months into two periods of growth and rest.
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May, August and October are grouped in the period of growth and Feb-
ruary in the period of rest. The mean values of the samples of May,
August, October in 1973 and May in 1974 are shown in the column of
growth in Table 1. The extrapallial fluids of H. schlegeli and C.
plicata show similar features not only in the chemical composition
but also in seasonal changes of actual concentrations of major con-
stituents, although the concentration ratios of each constituent
differed somewhat from one another. Much higher concentrations of
all given constituents occurred in the fluids of both freshwater spe-
cies as compared to their environmental water. Environmental swamp
water from Nishinoko contained 10.2 (* 1.5) ppm of calcium ion and 39
(x 6) ppm of bicarbonate ion during this experiment. In the extra-
pallial fluids, calcium was about 11 to 16 times and bicarbonate was
about 14 to 17 times higher than the water. Table 1 also shows dif-
ferences in the concentrations of major constituents between the
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Chemical composition of extrapallial fluid

Table 1
Chemical composition of extrapallial fluid of freshwater bivalves (ppm)

Environmental Hyriopsis schlegeli Cristaria plicata
Ion ‘water¥ Growth Rest Growth Rest
Na 8.7 509 508 523 524
K 3.1 22.5 20.9 22.4 19.7
Ca 10.2 163 132 155 119
Mg 4,2 15.3 18.1 16.1 15.0
Sr 0.000 . 0.38 0.27 0.44 0.30
Cu 0.002 0.33 0.35 0.25 0.23
Zn 0.039 1.46 1.57 1.27 0.93
Fe 0.009 3.15 1.70 1.79 0.81
Mn 0.038 2.98 2.30 1.80 2.07
HCO4 39 640 560 680 610
Ccl 14.9 531 638 529 659
SOy 20 500 345 545 285
P 0.03 3.9 5.1 4,4 5.3
PH 7.47 8.15 8.23 7.97 8.33

*Mean value of ions in the water from the Nishinoko Swamp.

periods of growth and rest. Specifically, calcium, bicarbonate, and
sulfate contents were relatively higher during the growth than during
rest, whereas chloride content was higher in the period of rest for
both species.

Heavy metals seem to form complexes with organic substances
secreted by the outer mantle epithelium (Wada and Fujinuki, unpub-
lished). This is also suggested by the data shown in Table 2, in
which zinc, copper, manganese, and iron ions were reduced markedly in
the extrapallial fluid after filtering through a 0.45 um membrane
filter and dialyzed by collodion membrane. Phosphorus and sulfate
contents were reduced considerably in the fluid after dialysis.

From Table 1 the ionic strength (I) of the extrapallial fluid
was calculated as 0.04y (growth), 0.04¢ (rest) for H. schlegeli; 0.045
(growth), 0.039 (rest) for C. plicata, by considering only inorganic
chemical constituents dissolved in the fluid (Table 3). Fach value
of the ionic strength of the extrapallial fluids was about 20 times
as much as the environmental water's value (I = 0.002). The ionic
strength of the fluid was somewhat higher in the period of growth.
The ion product of the fluid was about 1,000 times higher than the
water, but no difference was found between the growth and the rest
(Table 3).

In order to examine the relation between the activity product or
ion product and the formation of shell minerals, the chemical compo-
sition of extrapallial fluid from each individual of the freshwater
bivalves was analyzed on one hand (Table 4), and the aragonite crystals

181



K. Wada and T. Fujinuki

Table 2

Comparisqn of minor element content in the untreated, filtered and dialyzed
extrapallial fluids extracted from a single individual (ppm)

Hyriopsis schlegeli Cristaria plicata
Ion A B C A B c
Cu 0.25 0.10 0.02 0.33 0.12 0.01
Zn 1.55 0.50 0.06 1.48 0.55 0.04
Fe 3.76 2.74 0.90 1.70 1.20 0.44
Mn 1.67 1.15 0.54 1.23 0.78 0.14
SOy 4.98 4.95 3.68 4.15 2.88 2,70
P 6.24 4.50 1.45 2.50 2.50 0.94

A=Untreated, B=Filtered by 0.45 um membrane filter, C=Dialyzed by collodion
membrane after filtration.

Table 3
Tonilc strength Jand ion product mCa2+,T'7KC023" of extrapallial fluid of
freshwater blvalves calculated from the experimental data in Table 1

Hyriopsis schlegeli Cristaria plicata
Environmental
water Growth Rest Growth Rest
I 0.002 0.04s 0.040  0.045 0.039
mCaZ""T.'”(co%— 10-9-6 10~6+6 10~6.7 10~6+7 10+6- 6

MCaz*',Fthe molality of total calcium ion. Calcium is present in the extra-
pallial fluid as a free ion, ion pairs, and complexed. The total amount of
calcium in these forms is expressed in relation to the total calcium iomn
(Caz+,T);'nlC0%'=the molality of carbomnate ion.

Table 4
Analysis of extrapallial fluid extracted from each individual of freshwater bivalves (ppm)

Hyriopsis schlegeli Cristaria plicata
Aug.27,'73  Feb.25,'74  May 27,'74 Feb.25,'74 May 27, '74

Ion Normal Normal Normal Normal Normal Unhealthy

Na 506 495 512 509 508 276

K 21.0 20.5 13.4 15.9 21.0 29,2

Ca 139 137 140 116 131 676

Mg 16.8 17.8 13.3 10.6 15.6 11.3

Sr 0.43 0.27 0.40 0.29 0.45 0.85

Cu 0.29 0.42 0.30 0.04 0.38 0.12

Zn 1.68 1.83 1.5 0.25 2.0 0.5

Fe 4.30 1.18 1.58 . 0.15 3.20 1.30
. Mn 1.28 2,25 3.12 1.72 2.15 3.06

HCO3 610 560 610 590 670 1440

Cl 511 638 589 592 525 315

80, 320 350 650 270 870 510

P 5.1 4.9 2,5 4.0 4.1 8.1

PH 8.21 8.2¢ 8.23 8. 32 7.97 7.64
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deposited on the nacre bathed in the fluid were observed on the other
(Figs. 2-7). 1In normal individuals of H. schlegeli and C. plicata,
the differences in the concentrations of calcium, bicarbonate, chlo-
ride, and sulfate between the periods of growth (August and May) and
rest (February) were similar except in case of sulfate in H. schlegeli
(see Table 1). However, the unhealthy individual of (. plicata was
markedly different from the normal one analyzed at the same time.
(Individuals, which reacted slowly to stimulation and had a cloudy
extrapallial fluid, were designated "unhealthy"). Calcium and bicar-
bonate concentrations were considerably higher in the fluid of the
unhealthy individual, whereas sodium, chloride and sulfate concentra-
tions were lower. The pH of the fluid was also lower in the unhealthy
animals.

Table 5 shows ionic strength and ion products of calcium and
carbonate for the normal and unhealthy individuals. 1In H. schlegeli,
the ion product was similar among those analyzed at different months.
However, the product varied in (. plicata, and the unhealthy individ-
ual indicated the maximum of all the values.

The aragonite crystals on the surface of the nacre of H. schlegeli
sampled in August, 1973 indicated etching (Fig. 2), a little growth
in February, 1974 (Fig. 3), and initiation of new growth in May, 1974
(Fig. 4). On the other hand, in C. plicata the formation of new
crystals already occurred in February, 1974 (Fig. 5). In the shell
of May, 1974, active growth of aragonite crystals was observed on the
nacre of the normal individual (Fig. 6), but in the unhealthy individ-
ual, the original outline of crystals had completely disappeared by
natural dissolution (Fig. 7).

Marine Bivalves

Figure 8 shows the growth curves of shells of marine bivalves in
under-water weight. They indicate that the effects of temperature
from 8-30°C on the growth of shell varied considerably among species
and even between individuals of the same species. In the summer,
shells of P. attenuata and C. gigas grew a little in this experiment.

Table 5 -
Ionic strength-z and ion product 7npaZ+,T:”\CO%‘ of extrapallial fluid calculated from the

experimental data in Table 4

Hyriopsis schlegeli Cristaria plicata
Aug.27,'73 Feb.25,'74 May 27,'74 Feb.25,'74 May 27, '74
Normal Normal Normal Normal Normal Unhealthy
I 0.039 0.040 0.047 0.037 0.050 0.068
' - 6.6 6.6 —-6.9 6.1
Meaz*,1- Moy~ 10-6-8 1067 10-% 10 10 10
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Figure 2. An electron micrograph showing natural etching of aragonite
crystals on the surface of shell nacre of a normal H. schlegeli in
August 1973 (ion product = 107¢.6, pH 8.21, 28°C). X 3,700

Figure 3. Hexagonal crystals with different sized (110) and (010)
faces grown on the surface of shell nacre of a normal H. schlegeli
in February 1974 (ion product = 10767, pH 8.26, 7°C). X 3,700

Figure 4. Large aragonite crystals grown on the surface of shell
nacre of a normal H. schlegeli in May 1974 (ion product = 10™0.6 pH
8.23, 21°C). X 3,300

Figure 5. Surface of shell nacre of a normal C. plicata showing the
formation of new small aragonite crystals in February 1974 (ion pro-
duct = 1076-6  pH 8.32, 7°C). X 3,700

Figure 6. Aragonite crystals grown on the surface of shell nacre of
a normal C. plicata in May 1974 (ion product = 1076.9, pH 7.97, 21°C).
X 3,700

Figure 7. Naturally dissolved surface of shell nacre of an unhealthy
C. plicata in May 1974 (ion product = 1078l pH 7.64, 21°C).X 3,700
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Figure 8. Growth curve of the marine bivalves Pinctada fucata, Pinna
attenuata, Crassostrea gigas and Chlamys nobilis. Arrows show the
months extrapallial fluid was collected.

But in 1968, the shell weight of C. gigas decreased (open circles in
Fig. 8). P. fucata and C. nobilis increased their shell weight in
the summer although the growth rate of the shell was somewhat reduced
at temperatures above 28°C. 1In the winter, the increase of shell
weight completely stopped at about 13°C in P. fucata and P. attenuata
and at about 11°C in (. nobilis. 1In these species, shell weight de-
creased with further decline of temperature. The weight loss of P.
fucata continued until early July, 1974, when the temperature reached
about 22°C, but continued until early April in normal years when the
temperature reached about 16°C. The shell weight of P. attenuata and
C. nobilis also decreased until February, 1974, and the animals died
at about 8°C. The weight loss seems to be caused by dissolution of
shell minerals. On the contrary, the shell weight of C. gigas in-
creased sharply from October, 1973 to May, 1974 including February
when the temperature went down to the minimum of 7.5°C. The arrows
in Figure 8 represent the time extrapallial fluid and environmental
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Table 6
Chemical composition of extrapallial fluid of marine bivalves (ppm)

Environmental Pinctada fucata Pinna attenuata Crassostrea gigas Chlamys nobilis
Ion wat:er* Growth Rest Growth Rest Growth Rest Growth Rest
Na 10410 9920 10050 9720 10050 9880 10550 9780 10550
K 351 495 450 375 345 423 357 428 375
L1 0.15 0.20 0.35 0.15 0.17 0.17 0.12 0.19 0.14
Ca 410 387 439 387 420 382 415 398 420
Mg 1245 1233 1217 1180 1225 1196 1255 1183 1290
Sr 7.4 7.8 6.6 8.6 7.0 7.4 9.2 8.1 6.9
Cu 0.018 0.19 0.27 0.07 0.06 1.28 0.52 0.09 0.09
Zn 0.088 11.5 25.0 25.7 10.1 13.7 5.7 1.05 0.60
Fe 0.013 1.25 1.26 0.40 0.88 1.17 0.70 0.75 1.05
Mn 0.017 0.24 0.23 .09 0.08 0.21 0.15 0.08 0.06
HCO4 135 223 303 146 167 317 156 227 -
Ccl 18900 18580 19480 18470 19500 19170 18860 18440 19590

S0, 2635 2685 3200 2530 2740 2740 2735 2515 2855
P 0.05 47.7 25.4 6.3 0.3 8.9 9.6 16.3 15.9

pH 8.20 7.40 7.54 7.43 7.83 7.56 7.33 7.50 -

*
Mean value of lons in the sea water from Tatokujima in Ago Bay.

water were sampled. Based on the slopes of growth, we regarded the
period of rest as February and May, 1974 for P. fucata, February for
P. attenuata and C. nobilis, and August for (. gigas.

Table 6 shows the chemical composition of the extrapallial fluids
of the marine species and the environmental sea water. The concen-
trations of major constituents such as sodium, magnesium, and chloride
were generally lower than those in the environmental water. Potassium,
however, was always at higher levels in the normal individuals than
in the environmental water. The concentrations of these major con-
stituents in the fluids tended to vary depending on those in the en-
vironmental sea water. Calcium and bicarbonate concentrations in the
fluids fluctuated in close relation to the formation and dissolution
of shell minerals and were independent of those in the environmental
water. For instance, P. fucata and P. attenuata had higher concentra-
tions when shell weight decreased in the period of rest. Phosphorus
content appeared to depend on the organic substances secreted through
the outer mantle epithelium and varied from species to species. Sig-
nificant differences were also demonstrated in concentration ratios
of heavy metals of extrapallial fluid to sea water among species:
higher ratio of zinc for P. fucata and P. attenuata, higher ratio of
copper for C. gigas, and lower ratio of those heavy metals for C.
nobilis.

The ionic strength of extrapallial fluid of the marine species
ranged from 0.65 to 0.69 and was similar to the mean value of the
environmental water (I = 0.68) (Table 7). The values of the fluids
had a tendency to be a little higher in the period of rest than during
growth. Table 7 also shows that the values of the ion product in
marine bivalves were usually higher than those of normal individuals
of freshwater bivalves (Table 3). The values are higher during rest
than growth in P. fucata and P. attenuata, whereas those for C. gigas
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Table 7
Ionic strength I and ion product m0a2+,T'mCO%" of extrapallial fluid of marine bivalves calculated from the
experimental data in Table 6

Environmental Pinctada fucata Pinna attenuata Crassostrea gigas Chlamys nobilis
water Growth Rest Growth Rest Growth Rest Growth
I 0.68 0.66 0.69 0.65 0.68 0.67 0.68 0.65
I”lCa2+,T"mCOZ3' 10~6.8 10~7.5 10-7-2 10-7.6 10-7.2 10°7.2 10-7-6 10773

are about 2.5 times greater during growth than rest. The difference
may be caused by formation or dissolution of shell minerals, as was
pointed out previously.

DISCUSSION

The actual concentrations of major constituents in the extrapal-
lial fluid were markedly different in freshwater and marine bivalves
and may be physiologically controlled in close interrelation with the
actual concentrations of electrolytes in the environmental water. The
fluid of freshwater species had much higher amounts of all constitu-
ents than the Nishinoko Swamp water. Although evident differences
were found between the extrapallial fluids of marine species and their
environmental sea water, as Wilbur (1972) has discussed, they were
small compared to those between the freshwater species and their en-
vironment. Calcium concentration in freshwater bivalves was about
half that of the marine species, whereas bicarbonate concentration in
freshwater species was about 2-5 times that of marine species. The
carbonate content calculated from the bicarbonate concentrations and
the pH values in Tables 1, 4, and 6 was 4.2 x 102 mM - 9.3 x 1072 mM
for freshwater species and 2.2 x 1073 mM - 7.9 x 10”3 mM for marine
species, the former being about 10 times as high as the later.

The activity in metabolism of shell formation, which differed
among species, was influenced by environmental factors, especially
temperature, and was reflected in seasonal variations in the extra-—
pallial fluid. The calcium and bicarbonate concentrations of the
extrapallial fluid varied depending on formation and dissolution of
shell minerals and were relatively lower during rest when etched crys-
tals were not observed but higher during rest when shell weight de-
creased. Etched crystals were not observed during growth but were
present in the period of rest when shell weight decreased. The con-
spicuous changes of the fluid seemed to follow closely physiological
differences between individuals. The pH of fluid of unhealthy indi-
viduals of C. plicata decreased, presumably with the increases of
metabolites, probably carbon dioxide and organic acids, as Crenshaw
and Neff (1969) have demonstrated; and then calcium and bicarbonate
concentrations in the fluid increased by dissolution of shell minerals.
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In synthetic systems in which calcium carbonate is precipitated,
large amounts of magnesium ion in solution promote the formation of
aragonite (Kitano, 1962). However, shell mineral of the freshwater
bivalves is in the form of aragonite and yet no significant difference
was found between the actual concentrations of given inorganic con-
stituents and the extrapallial fluids of marine bivalves which form
aragonitic or calcitic shell (aragonite in P. fucata and P. attenuata;
calcite in C. gigas and C. nobilis).

The content of heavy metals was reduced in accordance with the
decrement of phosphorus and sulfate content after filtration and di-
alysis of extrapallial fluids, as seen in Table 2. Wada and Furuhashi
(1971) have detected sulfuric ester in the acid mucopolysaccharide or
acid mucopolysaccharide-protein complex contained in the fluid of
Pinctada fucata. A large quantity of phosphorus also seems to be a
component of the organic substances. It was evident from these facts
that heavy metals in the extrapallial fluid form complexes with pro-
teins and/or acid mucopolysaccharides produced by the outer mantle
epithelium. The heavy metal-protein and/or -acid mucopolysaccharide
complexes seem to be stable during filtration and dialysis.

Extrapallial fluid is a mixed solution of electrolytes and con-
tains proteins and mucopolysaccharides. In a complex solution such
as the extrapallial fiuid, the interaction between charged ions and
the complex between calcium and proteins or mucovolysaccharides or
metabolic acids may reduce the effective concentration of calcium
and carbonate ions, as discussed on the formation of bone mineral by
Neuman and Neuman (1958). The present study has demonstrated that the
ionic strength of the extrapallial fluid, which is physiologically
controlled, varied between 0.036 and 0.050 for normal individuals of
freshwater bivalves and between 0.64 and 0.71 for normal individuals
of marine species. The values of the ion product mCazJ',T-%CO%_ were
higher in marine bivalves than .in freshwater species, whereas the
values of the activity product aCa2+'aCO%‘ in the marine species may
be much smaller than those in freshwater species. Since the chemical
composition of organic chemical species in the extrapallial fluids
have not been determined in this study, the activity product of cal-
cium and carbonate dissolved in the fluid could not be estimated.
Therefore, it was not possible to calculate the actual degree of sat-
uration with respect to shell minerals. However, it can be postulated
that the biomineralization in bivalve molluscs occurs under saturation
or low supersaturation, which is physiologically controlled, with

respect to shell minerals.
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