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Amino acid composition of organic matrices in various

pearls cultured by Pinctada fucata™t
Koji Wada

Nacreous, prismatic and organic pearls (Nakahara and Machii, 1956; Wada,
1970), which are formed in pearl cultivation of Pinctada fucata, are very different
from each other in chemical composition and appearance. Of the pearls, the latter
two are without commercial value. Each of them is formed through a peculiar secre-
tive function of epithelial cells of pearl sac with different histological appearance
(Nakahara and Machii, 1956; Tsujii, 1960; Wada, 1970). We have not yet known
exactly what factors are involved in the formation of different kinds of pearl and
whether different secretions are produced by identical epithelial cell in different
conditions. ' ' o ‘

" In the :pearl cultivation; there are many interesting problems to be solved from
a biomineralogical viewpoint. Mechanism of crystal nucleation, polymorphism forma-
tion of calcium carbonate and differentiation of shell .structure are examples of such
problems. Besides, it is suspected that transplantation of a small piece of mantle
is one of very useful techniques to study the calcification in biological systems of
the mollusc. ' ' '

The present paper describes the results of a comparative study of amino acid
composition of the organic matrices in the different kinds of cultured pearl and
different structural units of the normal shell of Pinctada fucata.

Materials and Method

Pearls and shells of the pearl oyster, Pinctada fucata, which was cultivated at
a pearl farm in Ago Bay, were used as materials. Organic matrices of nacreous,
prismatic and organic pearls were prepared by demineralizing the pearls in 3 M
acetic acid solutions for 1 to 3 days. Organic matrices of nacre, prismatic layer
and ligament of the shells were isolated by the similar procedures. Periostracum

was obtained from mantle edges of the oysters.

* Koji Wada. Amino acid composition of organic matrices in various pearls cultured by
Pinctada fucata. Bull. Natl. Pearl Res. Lab. 20: 2209—2213. 1976.
1 Contribution No. 221 from the National Pearl Research Laboratory, Japan.
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About 4 mg of each organic matrix was put in a glass tube containing 2 ml! of
6 N hydrochloric acid. The glass tube was sealed, and the matrices were hydrolyzed
at 110 °C for 22 hr. The hydrolyzates were dried repeatedly on a water bath and
dissolved in 0.2 N citrate buffer of pH 2.2 for automatic amino acid analysis which
was carried out with a KLA-3 Hitachi Amino Acid Analyzer according to the usual
method.

Results

Amino acid composition determined is summarized in Table 1.

Table 1 Amino acid composition of the organic matrices in the cultured pearls and
shell of Pinctada fucata (amino acid residues per 1000 total residues)

Wterials Pearl Shell
Amino acicg\ Or%f;ic* Or%%ﬁc* ) ﬁfﬁlc Nacreous E:gg;.cum Prli:;tgtic’ Nacre ‘Ligament

Cysteic acid 9.5 22.3 7.6 11.9 + 14.0 11.1 21.9
Aspartic acid 86.7 99.9 51.6 | 133.8 81.8 71.9 | 128.7 | 118.3
Threonine 37.9 47.6 27.1 7.5 41.5 20.7 8.2 21.4
Serine 58.3 60.7 75.5 57.5 81.2 64.5 | 56.0 34.1
Glutamic acid 63.7 84.8 35.2 30.4 | 64.8 31.7 | 32.5 33.7
Proline 68.2 75.3 58.5 16.0 94.4 59.5 | 15.8 95.0
Glycine 140.5 111.5 | 241.9 | 221.3 | 122.0 230.0 | 239.3 | 224.2
Alanine 36.3 43.4 39.7 | 226.2 35.2 35.8 | 212.6 26.7
Cystine 11.4 + +

Valine 62.7 64.8 55.4 24.2 51.1 57.2 | 24.9 17.8
Methionine 5.7 9.3 + 6.8 +- 15.5 5.7 175.5
Isoleucine 61.5 65.9 68.3 13.9 42.8 60.2 | 15.8 90.4
Leucine 64.1 77.1 67 .4 83.2 46.5 63.5 | 80.7 9.8
Tyrosine 73.0 64.5 | 155.3 31.8 | 134.1 122.5 | 38.8 .3
Phenylalanine 81.1 50.3 44.6 33.5 48.9 44.9 30.9 13.7
Lysine 50.9 36.4 23.9 27.4 45.1 48.6 28.7 54.4
Histidine 18.8 14.7 14.8 1.9 40.2 20.3 + 20.8
Arginine 69.8 71.6 33.3 71.9 70.3 39.3 | 69.9 33.1

* The organic materials (1) and (2) of the organic pearls are made up of yellow-brown
thick tough layers and dark brown brittle masses, respectively.

The organic materials of the shell have relatively high amounts of aspartic acid
and glycine. A significant difference could be found in the amino acid composition
among the organic materials obtained from the periostracum, prismatic layer, nacre
and ligament. A particular characteristic of each organic material was high content
of alanine in the nacre, high contents of tyrosine in the prismatic layer and peri-
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ostracum, and high content of methionine in the ligament. In the periostracum,
prismatic layer and ligament relatively high contents of proline were found contrary
to only minor amount of the imino acid in the nacre. '

The organic materials of the pearls contain relatively large amounts of glycine
as those of the parent shell. Amino acid compositions of the organic matrices of the
prismatic and nacreous are very similar to those of the prismatic and nacreous
layers of the parent shell, respectively. However it is evident that the amino acid
composition of the organic materials of organic pearls does not correspond closely
to any one of organic matrices of the normal parent shell. The organic materials
of this kind of pearl are essentially similar in amino acid composition even when
the appearance is quite different.

Discussion

“Hare (1963) has reported that the amino acid composition of the organic matrix
differs with structural units of the single shell of My¢ilus californianus, and Beedham
(1958) pointed out that large amounts of proline and methionine found in the inner
ligament were related to a specialized function of this region. ~Tanaka et al. (1963)
showed that the organic matrix in pearl nacre of Pinctada fucata was very similar
in amino acid composition to that in the parent shell nacre.

The present study demonstrated that the organic matrices (conchiolin) in the
different structural units secreted by different parts of the mantle tissue, were dis-
similar to each other in amino acid composition. The periostracum is formed by the
basal cells located in the bottom of the periostracal groove and is not calcified. It
is made up of the protein having large amounts of proline, glycine and tyrosine, as
reported in the periostracum of other molluscs (Beedham, 1958 ; Hare, 1963 ; Wada,
1966 ; Meenakshi et al. 1969). The content of serine in the periostracum is relatively
high. The outer epithelium situated on the distal part of the outer mantle fold is
responsible for the formation of prismatic layer which possesses the interlaced struc-
ture consisting of the eosinophilic interprismatic wall and haematophilic interlamellar
sheet against haematoxylin-eosin staining (Wada, 1964). The organic wall is thick
and similar in stainability to the periostracum of many molluscs. The organic sheet
is delicate and appears to be less than the wall. The organic matrix of the prismatic
layer has large amounts of glycine and tyrosine and is similar in amino acid pattern
to that of the periostracum which is rich in quinone-tanned protein. The organic
matrix of nacre secreted by the epithelial cells on the outer surface of the pallial
part of mantle contains high amounts of aspartic acid, glycine and alanine. The
matrix shows metachromasia and is basophilic (Wada, 1964). The amino acid com-
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position of the organic material of ligament which is formed by the mantle isthmus
is characterized by large amounts of aspartic acid, proline, glycine and methionine
and small amounts of leucine and tyrosine.

The graft is cut off from the pallial part near the mantle edge and put together
with a calcareous ball in the gonad of another oyster. Most of the grafts, which
regenerated pearl sac, produce the nacreous pearl possessing the laminar structure
"and organic matrix similar to the nacreous layer of the parent shell. This fact
indicates that the regenerated epithelial cells may preserve the natural secretive
function in most cases (Aoki, 1959 ; Wada, 1959). The structure and amino acid
composition of the prismatic pearl which is rarely formed correspond to those of the
prismatic layer of the parent shell. However the organic materials of the organic
pearls which are sometimes formed are very different in appearance and amino acid
composition from the matrix of every structural unit of the normal parent shell, and
seem to be an abnormal occurrence.
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Summary

The amino acid composition of the organic matrices in nacreous, prismatic and
organic pearls cultured by the pearl oyster, Pinctada fucata, was investigated setting
against those of the parent shell to clarify the nature of the organic materials in the
pearls and suppose the condition of occurrence of each pearl.

The organic matrices of the nacreous and prismatic pearls were very similar in
amino acid composition and staining property to those of nacreous and prismatic
layers of the parent shell, respectively. On the contrary, the organic materials of
the organic pearl were conspicuously different in its apﬁearance and amino acid com-
position from any matrix of different structural units of the normal parent shell.
This fact suggests that the organic pearl is an abnormal occurrence secreted in
anomalous ‘conditions of the pearl sac epithelium.
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EEARIVEERO 2 BEOEBME TS 5, ABREREEEIR, MAKkEEHEKTE
S, BRLEODPEZEHROBRMEENARAT L O AERCEBL, SHRME R R
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mmﬁﬁ,%E&E@Ksmum2N71/@%ﬁﬁ®H2@KﬁﬁbﬁﬁwwkaT
I/BAWEKLA-3MBEYT I/ BAOFHE2FEBAL TR Rk,

* Koji Wada. Amino acid composition of anomalous organic materials secreted on the inner
shell surface of Pinctada fucata by the infection of polychaeta. With English summary,
p. 2217. Bull. Natl. Pearl Res. Lab. 20 ; 2214-2218, 1976.

T BB % No. 222 (EMEHBITERHE20 1 2214-2218. MAI514E 8 F)
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Fig. 1 AR TT 3/ RO L 2BE WP ORI %R . RBEOEKRYIEIL
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Fig. 1 Showing the superficial structures of abnormal organic materials secreted
on the inner surface of shell nacre of the infected oysters. x 120
A. Dark-brown organic material.
B. Yellow-brown material consisting of immature prismatic layer.

Table 1 Amino acid composition of anomalous organic materials secreted on the inner surface
of shell nacre of the infected shell (amino acid residues per 1000 total residues)

Wials | Anomalous organic Shell
- | materials
Amino acids\ | Yellow- Dark-brown Peri- | Prismatic Nacre Ligament
\‘ brown ostracum | layer

Cysteic acid 16.7 5.7 - 14.0 11.1 21.9
Aspartic acid 63.1 77.6 81.8 71.9 128.7 118.3
Threonine 30.6 38.7 41.5 207 8.2 21.4
Serine 68.0 65.1 81.2 64.5 56.0 34.1
Glutamic acid 46.7 61.2 64.8 81.9 32.5 33.7
Proline 73.6 77.5 94 .4 59.5 15.8 95.0
Glycine 201.3 158.9 122..0 230.0 239.3 224 .2
Alanine 41.0 40.7 352 35.8 212.6 26.7
Cystine 20.4

Valine 78.3 64.8 i | 57.2 24.9 17.8
Methionine + 8.3 +- 1555 5.7 175.5
Isoleucine i 66.5 42.8 60.2 15.8 90.4
Leucine 70,1 69.7 46.5 63.5 80.7 9.8
Tyrosine 105.6 92.3 134.1 122.5 38.8 9.3
Phenylalanine 40.7 48.6 48.9 44.9 30.9 18.7
Lysine 25.0 23.1 45.1 48.6 28.7 54.4
Histidine 9.1 13.3 40.2 20.3 + 20.8
Arginine 54.9 67.6 70,3 39.3 69.9 33.1
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R LALED, BOSLEL S REL 2.
tROEEHREYETIEBARIVEBROFERUBEOSIKE Y, 2ERERKI0005
PODOT I/ BEEKEILTC, TaYH 4 EREBENNLELEBRYMECT I/ BHEK
(Wada, 1976) &%t L ¢ Table 1 i/RL %o

Table 1 TH5 X 5k, BEBOEFHRYE  RBAOEBRYEREWCENUL 2T 3/
BER RN, EbbnlELEHBaOERMEABRERBEOREER LFEHIC
O LTI/ BERYRL, BBEOEHRMERRREBEN L DR LY OBREEHD
7 BEREDERDIEMNERT. LEZERESWMPR L ICETHCEED S Y v
veFuvyEEShh, BREOERYEDS ) vy EFr Yy BRABRBREEOER
LIBEENT A oL, BEAOEBNED S )V vy EFu vy OBENBERIEREE
EMOLr ORBEEA L DR B,

z 3

RGO T AV H 4 BENECLREL cBBROTRY B2 DT 5/ EBAE L
BRFEECEL, BREESREAERTIERS R LHUT I &%, & & Tsujii(1960)
NEBEEEYERT IERS EREI 2 VIEREY R L BB ERKEEZ S L
EERHCRLNBMBEREEUT DT L EREL TnD, FFERGEHNL L EHOH
ENRERER > CARNECAERL cEBROEBMERARNED 73/ BER» S A
THEBBEEY—RE, BEE, ENE, BB -0BBEELRERD, FHEEKD
EHBYMECIEFT UL (Wada, 1976), Tsujii (1960) EAK (1966) OFMEE2ZET %
LR BEESW E WX B,

COEBEORBRESWYE, BHEESE (FAK, 1966) LFEAL LI, BEEE»DX
TEONDELBZERYVEORAYEELDN, BELT I/ BEKTELERD DA,
FuvyETHKTSE, BRCERTE: VILLRBAEEOELELZRDR WS,
JVILDENERENLR D, BANECOMAEL LB THES 5, LieiisTREHW
WOT 3/ BMEIEARCHR D EYET 5 (Wada, 1976),

AEISH LieT ~TOFBIEIANEHTEDO N, Wi B B3y g pamm s b #Ek L
THED, ALBEZRCOELDECIE TSRV LML, ABEPRBONE R
BN SHWINEE N B, 2O LEELOFERYERERERTECHL 2515
FERLBERBEOREME (F1H,1958) b, ARLEROBRBOEREEZO T 3 /
Ersa Rk (Tanaka et al, 1963; Wada, 1976) & Bl 5 2 &b, E& UTHEYE®D
TETWBEELND ORI, TI¥H 4 OAEE DI ONE FRIELEERETH
ByEL2 W TE 5T L 2RET 5, Tsujii (1960) = Beedham (1965) 1% Anodonta O
BRELEERYR TR, SAEESNE LEESNECE U TAEZRBAENE SR X 04 -
BRODMEBHED 2L, AROERESWMOBHBEPHEREL W TS 5 22481 L
7o GEIORERE, 7Y N4 CHHNERANE LRESFARECHERKLOGHRIE LS
W BT EERRARICR LS, COERKIMOERMETEENCD, RIONKCd, K
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AHEXALGBREFR—Y LT 5 CIEEERES N,

E: #

1) ZEHOFENER R -TCTa v A ABRARCER L -BEEBYETOT I/
BRMERR & <, :

2) BREBOEHMWER HHREEKOETHNELEESCHEN LT I BERERT
25, BBEHRT 28K, BE, HRESICEENLERE OFREROT I/ B
REBRT S, 4

3) HBGOMUYRARCEKOBRREOTREBE LR LT I/ BERLERL,
FEBENDOTCHERMENI DB E\NE B, ‘

i i3

REk2Heh, KFRCERBRENCIEEL TS - R BAFEFNRE S FRTHE
CHATRHOBEEERT 5,

Summary

1) Amino acid analysis was made on dark-brown and yellow-brown organic mate-
rials abnormally secreted on the inner shell surface of Pinctada fucata by the infec-
tion of polychaeta.

2) The dark-brown organic material was similar in amino acid composition to
the organic materials of organic pearls cultured by Pinctada fucata but differed
from any one of organic matrices in the different structural units of the shell.

3) The yellow-brown organic material had the very similar amino acid composi-
tion to the organic matrix of prismatic layer of the shell and prismatic pearl.

4) The present study suggested that the outer epithelial cells of the mantle
which form a nacre secrete abnormal organic materials under anomalous conditions
and are able to form a prismatic layer.
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REEFYMORABRPOUEXLREEERE X (1) EUER, 2 AREKEE, 3 ARavE
(calcite 2~ aragonite 23), WHBE PR3 E, GERREKOMWE (BAK1EEKD),
CERBEXKOREPHETREE RS L > THEIR, APNKRFCL > TERIN

2HH L, TEROMBZHNEFH ELERTIRBPEOHREEEL CREIHHERBICE
ZEER TSN (FIH « BEE, 1974),

REE»DEZ 2 &, BRUERAERAE LRARTELESh S I AEAK
extrapallial fluid 2543 %, AEAK XEREORARIEK T, EAE (Kobayashi,
1964a, Wada, 1967a, b), £ 2%k (Kobayashi, 1964b; F1fH « %45, 1971) HEE®B
(Crenshaw and Neff, 1969) #& %, D4 & VIREXEBENCH ZHBENTHEE I
T3 (Wada and Fujinuki, 1976), & 5 Ll hClBA 4 ¥ 24 4 Y RHE /R
LTAAYIRERL, 22 lOBA4 YEERE, »I5BE0EBERRE LiEY
T 50T, AROGRILETRREBCE T 2% 44 Y OBHIRIKIBECEZEA4 D
EEEELYL > THEERERT EELDND, &2 E Wada and Fujinuki (1976, K%
£) 13, ABARCEENS Zn, Cu, Fe k& DBELBTRIELES 4 0 SRk L8855
2T 5 REE R R Uiz,

REAECHBEBOEN»DEL 5 L, HBOHEMEESHYBERK X 5AEBN
HEEEEOSMERCHESN, ILLERRE > TRAZEOREIC X % 5T
ﬁ%?h,%mi@ﬂ%%%ﬁ%&&?éﬁ@ﬁ@ﬁﬁmEWMI¥&ﬁ%ﬁfméD
RN ERbRb,

WolE 5 EREBRENOEL D &, AEABROAA VEEREREI A VEEDELE
IR B BREKCESRKEZKA L BE_KA & THEHENRZ% 4T (Wada and Fujinuki,
1976), ThBEBRACEENSBBETROERECKIT @RS 5 FIH HKE, 1974,
I LI EL OB OBEELCH LT, AFLREREBRRANLERES OLBHE
fixA=RXLeBLTHTR) N FEEDCEROEERECL > THEVRET S,
7o & 2 ERBEREREIIA R LE U TCREKCED 3 BERSZERCIRDAR, SHEE

* Koji Wada and Shoichi Suga. The distribution of some elements in the shell of fresh.
water and marine bivalves by electron microprobe analysis. With English summary, p.
2239. Bull. Natl. Pear]l Res. Lab. 20: 2219-2240. 1976. '

T EEBRPTETEE No. 223 (B BTSRRI 20 | 2219-2240. HEFMS14£8 A)
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AEEERMREEELCERE, &38R, BRESREL2HUTHHE, ThboRBE
RBESLCEEOEEE L k- CEET 5. ¥ RkEEY A0 KEEEESY
DRBEFRANTO Sr 2 Mg OBER, BAERBOKBRESBECEELTELTSE
EBRFEI SN TWD (Chave, 1954 ; Lowenstam, 1961 ; Pilkey and Goodell, 1963 ; Dodd,
1965), S INT=BRANR BBRO GIRILETFREETEARBH 2 L0 RS, EALE
THBRHCAZPWERERHLRERLZ WS, REBOEHEAROETES L OMETH
BHEBCRER N LUARLOTHEELTE DL S RAZAENZNEDWT, BRSES
I OHHBENIE E 1 S ESRS EREEOME R BIRS X CREREE OB Lin & 45 B
CENDDH %o

AHITIE, BEOTLROSHE LBENBROAIK/LTIRPER Lic EROWAL, HikE
&, YRS LEARBRTENTS M, ¥ eaxRMEEOSHm L EEOHFREX K<
170735 4AFEE > CTHER, ARTeRT 2 HBETHKOEAEREE AR oL K{LETT
BRCETERBOTEOEHLTEL, % - ARORRKIGBRICR IS MR THE
WEA =R o, EHRGEENOUMETRZROXE, BHBT CORELREENH 4 YiICX
HEBENTS I CREBRITOMREELRE 2R TIEBER 2B LN LT 3,

MM LT E

=EHEY

AFFCFEH LBk D LD TH S,

T3 Y A4 Pinctada fucata 3 FEH, BEW 6cm, HHKMEMLEEEEERIZH
CRBLEZENLETHE L TCWed 0% 19694E108 30 5 IR,

73 %4 Pinctada fucata - MEH, BEW2cm, HEEHETS HEEEERIEN
CHEBLENLETHETORAGMAEL WD OX19734E10H 19 B K R 4E,

< i & Crassostrea gigas 2 FH, RN 4 cm, HEERFEHLEEEEERERIC
BB L eBOMIEAE L TOnkd DR19714F 9 A28 B IKRE,

t 4 ¥ Chlamys nobilis ~ $4EH, BEN 3 cm, ERWERS HEEEERERIC
HEFO T Y A ELT WD ORI19714E 9 280 IKIRE,

A4 F a9 H A Hyriopsis schlegelii 6 4EH, BEM12 om, PEEKERREOR
Bath GRE) ilB LCWiked O%19694E10F 2 Al BB RO X HKkeB L, FHA
30 i,

44 F a v H A Hyriopsis schlegelii WER, BENIcm, BEEKERBREOR
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Fig. 1 The distribution curve of calcium, magnesium and sulfur in the growth
front of shell of Crassostrea gigas (top) and Chlamys nobilis (bottom). Arrows
a and b show the outer mantle surface and inner shell surface, respectively.
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Fig. 2 Microradiogram (top) of the longitudinal section of mantle-shell prepara-
tion Pinctada fucata showing the relation of shell structure to microprobe
line analysis (bottom) of calcium and sulfur along the line AA’. x24
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Microradiogram 25420 % & 5 ic, i AT EHBICER 30 2B X BRI ERE L,
HEHHEE IR X > THAEEPRIR TR IN 5 NE & A ERBEI TR I 5 hEI
X3 IN 5o XRBEIXERE S BHEEL OBRTE LKL, prism iz %
BREEE interprismatic wall & (K23, HEk®E & 4 © prism & TlRKER .

X#=A 20T F 7 4AFOBOITICE 5L, CABNER S L ALK FTIEE A E KR
He&mwas, HEWE (RED T 3L 2f0nDBEREE LR 2RT. R LA
o Ca JBE, HURBEPCTEH LR bdInE—E, BiEEL oBRTHDT 3
PHEEBEP TS0 ERBEL BERIUCEE R, TODBEHLARNS G BIE—E
HART,

SHEEIANEBRESANH CHE RN 2R T, BR U2 H D SR, EBRANE DK
240 ¢ ¥ COEEMEE (WE) e X D EEOERESE (TE) Xoeem, Bk
XN 3 &L 250, BHEE DR CREEICET %,

Fig. 3 Microphotograph (top) and microradiogram (bottom) of the longitudinal
section of mantle-shell preparation of Pinctada fucata showing the relation
of shell structure to each microprobe traverse of Fig. 4. x29

Fig. 3 WMELET 3 v 44 @ Hi# R E [T D L TfE-> % mantle-shell prepa-
ration @ microradiogram & ¥ 6 @ifssEe cH v, Fig. 4 12 Fig. 3 kit A L7 BB # |-
TCatS& Mg CCflcCalkNagCl DD #F<Cad Mg & Mn, ¥2E5H
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Fig. 4 Microprobe line analyses along three lines BB/, CC’ and DD’ indicated
in Fig. 3 and another line. The value of CPS represents count par second
of each element. Arrows b and e show the inner shell surface and periostra-

cum, respectively.

2. =H#F  Fig. b BREH T L <E - 7z< # + ® mantle-shell preparation
OIS EMEEGE TH 0, Fig.6 1x Fig. 5 kit ALk AA’ g -cCa & S & Mg, BB #
k< Ca & NadkCl, CCHgETCa & Mg & Mn Ol &4® T, 3 TRMEMECARD

Fig. 5 Microphotograph of the longitudinal section of mantle-shell preparation
of Crassostrea gigas showing the relation of shell structure to each micro-
probe traverse of Fig. 6. x10
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T ALIE A IR S d CR TR W T h B o
% it L 7%= mantle-shell preparation 1%, AA’, BB, CC & TR &

EH N 233951 L B T\ e Bt N (Fig. 5 o A’ i) & 0 38R FE 5 532200 £ 2> 52300
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Fig. 6 Microprobe line analyses along three lines AA’,

BB’ and CC’ indicated

in Fig. 5. Arrows b and d show the inner shell surface and chalky deposit,

respectively.
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Fig. 7 Microphotographs (top, incident light; bottom, polarized light) of the
longitudinal section of mantle-shell preparation of Chlamys nobilis showing
the relation of shell structure to each microprobe traverse of Fig. 8. x28
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Fig. 8 Microprobe line analyses along three lines AA’. BB’ and CC’ indicated

in Fig. 7.
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Periostracum  Prismatic Nacre
4 fayer

Fig. 9 Microphotograhs (left, incident light; middle, polarized light) and micrc-
radiogram (right) of the longitudinal section of mantle-shell preparation of
Hyriopsis schlegelii showing the relation of shell structure to microprobe
line analysis (bottom) of calcium and sulfur along the line AA’. Arrows b,
¢ and e show inner shell surface, periostracum-like organic membrane
formed in nacre and periostracum formed in periostracal groove, respecti-
vely. x10
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Fig. 10 Microphotograph of the longitudinal section of mantle-shell preparation
of Hyriopsis schlegelii showing the relation of shell structure to each mi-
croprobe traverse of Fig. 11. x10
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Fig. 11 Microprobe line analyses along three lines BB/, CC’ and DD’ indicated
in Fig. 10. Arrows b and e show the inner shell surface and periostracum,
respectively.
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RKERBDOA 7 F a2 v 1k, BEBORB X Mg, Sr, Na, K, Cl, SO, 7z¥ %
ERICHT L & RHE (ME - BE, 1974) Tohid, 4EORRTIXERHO Mg,
Na, Cl, S 7x& ORRBESIM 4 v bMET 5, T7bb Mg, Na, Cl, S r¥oxm
B, A5 Fa v N4 CRSPRETTEREYRT C AR LARRKILE CIERET
BEE—CAHETHORNL, TavH4, w4+, ervFhsIBEREO RS CIHER
BE (EIE, B, BERARY) PER3Lph0E-RBERXRTIE,», BE—HBHEET
LRBL L > TEHT 5o

2, ARMBEERCET sMEBEXRBEESHZE

ABRTOUBTREEREBEEHN CrR VRN D, L2 ESEERAyrFav 4
RTIAYHT4OBETHAD LI, ERUTCHEBTCEHWELRT . ¢ OBAIRERERE
EOH Y bin % interprismatic wall TR D7, WoIE ) AKILETRDO Mg & S &
Bl 7avA4 AR CRBEREENEREEIVELLEL, A +ARCRARENR
ERBECERBELIVEL, EAVFABRCTRERBEIERID ZLIAY, ¥k
Na & Cl #E®R, 7a¥454 BB CREREEIBEBELVEL, eAVFARTE
EREEIDOEECHEWERNRS 5,

AR UABEEMoC ) LenRBESHER, GUE, ARUOERE, AKXt
EOHBEER Y L EBEEZRT %, bbb Mg & S EE R calcite [& 2% aragonite [&
I DELLEL, #ic Na k& ClEE L aragonite J§ 23 calcite [ X v mWE 2% 50 L
eio TR ZHBEENDMBABRTD, 414 FavF40L5 K aragonite ZiF b
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B2, wH+*0X K calcite X b BB TR, TEEEREL DHBEERT
DRI Bo

3. H—ARnEsh et s nREEEL
HHWOTRIFE— BB E T CHERENRBESHR 4 YERT LD 5,
BHEEBSCZABN 592 v HRABERIE ROEARELERBY O LI »C
EARMIChI %, BEEEOREAN B EREMY interprismatic wall 12X - TED
fu, interprismatic wall CHE & iz&4 @ prism It calcite R (Fa ¥ 4, <=4 +)
. B\ aragonite R (1 FF a vH4) bbb, TOX LD 2SS
hoTHRSMIE, interprismatic wall @A ¢ Ca BE IR (EL SEEIRE~OIIIL,
prism Q¥PAHTHIC Ca BEEEL SEEREBL, BREEcsT5Ca & SEESHO
s HEMEER, EYERGYMBCHrb DR B bh, BEEEN S ORMELEE
VIS H OB R R s (FIHE « BE, KHER.

AV FQERBELCALN L2 v bAy FEABREA, b, WEE DCES#EE.
57 % (Kobayashi, 1971), A CeA v ¥ HBRRNEOBETFHEMEFRCL 5L, 18
L NEBEAEKKE T 5 calcite & R OBIRERNERRT, B0 calite EROFILE
WERIRCTHEBERL S Wk ABREORBER ERKT 5 (FH, KRR . AHET
PEAL K, Mgl SEERABOER#EENTREOEREEIDIELIBL, ¥k
Mg @ B#AE & 030 ¢ ¥ COAB—ANERE Of BEWSER T 2N —CHLEERE
RT. COBEEE, BEBEE0RE2ERT A CHEBBECERANRELYE
2ERVEEOSMARDOEINERORIRTH 5 2 2HRT 5,

BRERBHNERT 592 VA7 F av A4 ARERBE TR L B REEREER
EAVXFEBREBE TELOBRCHERLLEERERY TR, Ca izt &, #
CSEEFRELLEV. Flvh+HARERBETCERLzE2E Tk Mg, Na, C,
ShEYOTEREENAHOEABEIVEL, Ca BENEV, COXILEENRS 54
RETNCERT 52, bAEOTRBEATEEL - 2B EET 5, NEBRSE LR
DL WMBREE(L A # = XL BARERBREE NN, 415 Fa v 4 CRBESEREENE
BEEDE, ¥ehFECRABENER BECHEREE DB L RHEH R T 5,

PRIz 02 YOI, H5BOTLRERE—MEBESOWNE» AT B
BN 598 v bl » THEEE O T34 vinERD %,

BT TOETEOEERRE

Mg :Ca :BE# L CEMEE (Ca, Mg) CO;s & LT RBAVY T AERETRENS Mg
X E# % (calcite 2» aragonite ) & BB L CRERRE 5@, ABATHHRT
O Mg 812 SELIFEFE W FHEEE2RL (fIHE - BE, 1974, MgSO, OELEXRE
3 %o

Na, Cl:Na & Cl 1% aragonite [§C calcite B & b SEEZRTHEANS 575, H—

* o ff UG LR Ot aragonite TH B,
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MBBEPCOMTROBESH 2 Y XENBLHBBEL L > TEb %, k2 ET
AXYHARA S F avH4 BRBREESE TR, NaEEr prism TE<{ interprismatic
wall ¢{&E<L, #ic Cl BE L interprismatic wall -¢&E< prism TEW, & OIEEI,
A5 Favi4ABBREACl OBREYEL T bR T, Clo—MHung iy & B
LCEET AT L2 RBT 5, ¥z Na & Cl g halite nEET 34+ HBEEE (M
H o BEE, 1974) TMg ® S LLBLCEBELRTY, v H+ERe 4 vFHRERBE
TREWKIE- &0 LeBlERR LCESHT %,

S SEEREEY» DL LR interprismatic wall TELLBWC &0, HK
SHEETHEEZ DN D, HRTPOEMS K2 BEFDDN, 475 F a vi4 Bk
HESEREECRRRIAFVEER TV BEFELEL, BRLCIERZ X F1vIiXe
LA KRBTSR (FIE « &4, 1970) o

LTATA T Favi4 ARBRFLERBEDELRBELOSH T I/ BEEROAF X
KRERWES hbbT, BEOSEERCPS HL THEEEEON I SERT. X
T A7 BT F AL BEREEMMTRAON 500 REER, BEALEERY»
binh, HEEEINSEOHINEN 5 BOERIL b kD, BUNERbD OB H
MBRERCER BT L, FARMBEARICMTCIEEZRRE Wed, BFRFEE
TARE—ATINLIEB—CREREYET AL LRI BLEEL DS,

Pl R LB S BORKAT, TI ¥ K4, 7aFavid, v~ EQHRH
HEERTY Y, Yy aHAREQHBCEENBS OREDTEBRRIEL UCHEET
BEMEINTHD (JBO, 1959b), RiBD L3 Mg LOBBBIERZEZ Bh5,

P 1 3EO (1959b) EBTOPREBRP L LTCERET B L%, WW-IE5 Kado (1960)
1% Ostrea gigas T, F1H « BE (1974) B3t e 3 v X BB CTEBEP OFELEOTHE
Ha et L, Kobayashi (1975) XEBRHOPEESH 4 YEEBTELL BEh st e
BB Lk, Tav 4 CARTOPRBENFREECGME 0HH LW ARBERCR N
LOAEOHRER, TNOOREXYEETSE, ElLERO2 BEOP NARTCELT
BT ERRET B, '

F:IF@¥y 2 0TI EERTEDYOBEEGTCERES 2V IHRE L LTEL &
3 5 &5 Lowenstam (1974) Ik » TIEE IR TW B, Glas (1962) 134 » BF = +
A VI, ¥7e Sugaetal (1975) 124 V&4 =2 A WFxF 2 VICHLBY OEF <
ANEOEBECEEOFZRIBL, ThOLOBEAKRT T+ 4 VP EALEMET - -
* wgr hydroxylapatite & (327 b fluorapatite 2s b7 52 & #HEE L 7z, Suga et al.
REALAABAREOBE _KE2HAT LT WeREMI CHEER L bkt L
YEET 5L, HRLAEEF 5 A VOFEEZRAYEOEND I BT A2, B
B (RBRIE) LHF (BBRE) LoUMEREBVWERTALEEL BN S, ‘

Mn, Cu, Zn: zhvbOELBIRBAENE L ABRYE R ~BME I 2R EEYET
By, APECX > TEHRES—N, &, AB—CEAr % F0HE « BEE, 1974), Wada
and Fujinuki (1976, R%E%) X 5L, RKER X OBEKEOAENK heEET
% Cu, Zn, Fe o b OBRERES L EFHL L L, BRES L OBFETERbT
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WMOAENBFEEERD 5. CRIETLAEAE TO Mn @ 227D OBIZ A A &1L T
BEBETHEELLN, AXFavi4BRCEENSMn O REBAHINRBREL UTEET
% & Q% (JBO, 1959c; FIEE, 1973) & HBE U -CHEBREW,

L2 L0.% ppm 22 53010 ppm LS ERWikE TR (JBIS, 1959a,b,c; FIH « B
&, 1974) OHBPCORERER, XBv4 707+ 514 TVORRRAYEL 5%
2bNBDT, CROUETLESEHBREB CREG—TBEST % vERTEO4HD
RREARE SRR B,

Ky BRTOTRRENH/INY Y ,
AEBEOS WK, BREMTERS LT TR ALERORBTREL 200, HEY
BRT 2EBBECH LY, MBBELELUYBLREDE, A¥ X, £oRE, §
BEEOHESE, SYHELEBREE OSTRER CRERHCERTI NS, LirdiE
BRAPAZNEPCEE I AR, EVERERSLIB2A0 L, HERBEKD
O EHEEIEELEDERAOA 4 VEERASCRBERS L BERL, ¥R ofsEIRE
TX-TdEL (Wada and Fujinuki, 1976, RHFXK), RT3 RBIEO MR Bk
ok ErEBT 5, TORE, ARTOMETREEST v 2 VIERET OBK
REL, ERBREKOWECEKOABE/NERIT %,

ARILEHRCH DN TREREDHIST
AFETIEBRS,LBEET 2Cl e SEEXMLELEARARCELTEWERZRL,
¥ Ca BERHBARCET2LAML, AEADL244 ETOEI TV - kABDLE
Db 57 ML TIRE—EBICE Lz, dLThb 3 TR0 BRERIATRICE T 5
BESHENNERTHDLTHL, ABOARIL—REROBERSBFSCVEEL TER
By— b e RECRBLCER LB I C— AR NEOEL B CET 5L
BIRET Do '

z #

1. %@ o _# H® mantle-shell preparation hOTRBESHLXKR<A 70T+ 5
1 F ORATIETHEN, ARTOUBETROEALES LOAR/IBRCTHETERER
RRFEEN SN TRBERPARORAENEnEER L,

2. HERTHERITESEE0ELEE, HBEELEISUBLEEOE, K&],
EHRE, AREROECE, GUHEEREE oATREREYERCRLY, thbd
DERLHEBELTEDLIMBTRBESH/ Y2 VICENE OBMIET 5,

3. MBBECHYEIRT TS, BIHOUBTRBEBAEREOR L 5RIBTHR
INEBHETER 2EMERS 5.

4, BBRTOWBTLRBESH 2 V%, A X Favi4 LBEZKALOTER S,

5. B HEEEO interprismatic wall ¢, S Cl BEIZE < Ca BEE I,

6. Cl, Skt Ca mHBRAKILAR TR ERBEDH 2 YERT,
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&!x

B

BrkshEs, AREEFORRLEL OEEYE L bV EKKENEHKER
g, BREABELT S » EHMEFRYE RCHRRIECICEES TSN ERER
BREEFEARECEATRHORERT 5, X1 2707F 54 o CH k-
TEROBIET & » L HAEHKE EPMA XEHRAZ/NIEHBE, ZERBUOHT
EELRECHIT S » cHBRKERBRB RN ZRZIICEHRT 5,

e B AR RO—ILBWKEEN RN FERBAAEGEC L 5XEARETE 5,

Summary

1) The distribution of calcium, magnesium, sodium, manganese, copper, zinc,
chlorine, phosphorus, sulfur and fluorine in the shells of the freshwater bivalve,
Hyriopsis schlegelii, and the marine bivalves, Pinctada fucata, Crassostrea gigas and
Chlamys nobilis, was investigated by electron microprobe analysis. '

2) The distribution and content of minor elements such as magnesium, sodium,
chlorine and sulfur in the shells depended on shell structure and mineral which
were characterized in each species.

3) Magnesium content was very different between middle and outer layers
which consisted of same structure and mineral in Chlamys shell.

4) Sulfur and chlorine contents were rich in thick conchiolin such as perios-
tracum and interprismatic wall of prismatic structure.

5)  The count par second of manganese, copper, zinc and fluorine was low and
nearly constant with fluctuation in all calcified layers.

X 78
iR 1973, ERMEBEBIRIC L ZRRRBH VY Y sthO~ V5 v OREREOHE, EE
OWEBRASKET 2 YRV Y 4] BEES pp. 1721 GEREEH).
Chave, K. E. 1954. Aspect of the biochemistry of magnesium. 1. Calcareous marine organ-
isms. J. Geol. 62 : 266-283.
Chrenshaw, M. A. and Neff, J. M. 1969. Decalcification at the mantle-shell interface in molluscs.
Amer. Zool. 9 : 881-885.
Dodd, J. R. 1965. Environmental control of strontium and magnesium in Mpy#ilus. Geochim.
Cosmochim. Acta 29 : 385-398.
Glas, J.E. 1962. Studies on the ultrastructure of dental enamel. VI Crystal chemistry of shark’s
teeth. Odont. Revy, 13 : 315-326.
BOEE 19568, TavHA1BLUA T F 3 o84 OEENFHE—VII, BROBEBERSICONT
(Fd1). HKEE 25:392-396,
BOFEE 1959b, Tav¥HABIOA T Fa 954 OEAFHTE— IX. HBOBMERSICONT
(2o 2). Bk 25 :397-401,
BOEE 1959c. Ta¥YHA4ABIXTA4 75 Fa o4 OE{LENHE—X., %P0 Mn OFREIC DN
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T. HiKEE 25 :675-679,

Lowenstam, H. A. 1961. Mineralogy, O16/018 ratios and strontium and magnesium contents of
recent and fossil brachiopods and their bearing on the history of the oceans. J. Geol. 69:
241-260.

Lowenstam, H. A. 1974. Impact of life on chemical and physical processes. in ‘The Sea Vol. IT’
(ed. by Edward D. Goldberg) John Wiley & Sons Inc. pp. 715-796.

Kado, Y. 1960. Studies on shell formation in molluscs. J. Sci. Hiroshima Univ., Ser. S, 19 : 163~
210.

Kobayashi, I. 1971. Internal shell microstructure of recent bivalvian molluscs. Sci. Rep. Niigata
Univ. Ser. E, 2 : 27-50.

Kobayashi, I. 1975. Preliminary study on the distribution of some elements in the shell of some
bivalvian molluscs by the electron microprobe analyser. Sci. Rep. Niigata Univ. Ser. E, 8: 41-
50.

Kobayashi, S. 1964a. Studies on shell formation. X. A study of the proteins of the extrapallial
fluid in some molluscan species. Biol. Bull. 128 : 414-422.
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Omura, A., Konishi, K., Nakanishi, T. and Sakanoue, M. 1973. Heterogeneities of uranium dis-
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Geol. Geograph. XLIII : 1-20. .

KEE—, $358, KHEH 1965. RABMAARO=I AV L, ANYDIL, VYV, FIYTLBL
OHh Yo reE, BHiLE 86 1254-1258. . ,
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TaAYHANEROBRREICETEIN 50E"T

o B

B v B % o %

AR (RE, w%)mxmf EERTIY VI ORI BERESROEKELIELIE
FRINTHSBERORY Ty 5 ¥+ FryeBllehns/ 4 FEENXSEN
TWBTEERELM Lz, WolE), £ OMEFRAR % OEKBRER S C KRR
BB IZNE NN EBERESOAE R & 2 SRIcin - o8 (EHS) kKk-
THMEBEINS - & 2HELT\W5 (Tsujii, 1960; B, 1968; F1M, 1972; Wilbur,
1972), - T, BEBRBIVCEROERBHICERINCEELOEYLEETNTWEH
o/ 4 FRERNEEOBRBEHLEWCARI NS b OLBRINS, AERBERE
HEERI N EBEORYTOInF ) 4 FEREAEEE OBRREHLM T 2D,
T aAY A A ONER, BCERELSWERT 3RERCEERIIvF /) 4 FERZR
ﬂbt%@f&éo

, MEETS, x%wﬁﬁﬁ%%o%lﬁﬁ%ﬁnﬁhﬁL%M§iommm#
%ﬁi,ﬁm%%ﬁimﬂb,%Eté@ﬂ®a%§?éo

£ B 5 &

#Hel 1 7Y A4 Pinctada fucata GEEBNTETERINCIFERL 4 FER%R
FEHLUE. BEOAEECERBELZ WKL Ch2BEBZ0 WD R Lz,
BROSERE  AEROBRERZAMS T by L FRICERL, T2 bV ICBHEL
ERTERIETOCIU T CRIERE L TRl T — 7 VICERE Lk, 8 bhiciiEli%
FHEE LD, 10% KOH # 4 / — VIR THr v, Ry vtz EHT —F VvickERE
B, ANIBITNIFHFLCBEIRALZ /- TN EE (119 CTERELTS
EL, Z2bIHI 323 BERSELEFT CTRIRRA =7 PV ERAIELL, X bREBZROH
FlBE L, Partition test (0% » 2/ —, BT —FTL) LB B/ n< 457 4+ —T
O REEOHE R 2T %o BB/ 0= b5 74— ANIBY Y I VGEREA
L, T MY sn-~+3VOIEE (1:4) CEBE%ZT- o

BFRRBBIUTCEE
TaAY AANEBEORBEL LB OENRy VYO H 7 57 0= b 757 4 —BEE

* Jsao Yano. An acetone soluble pigment in the paliial zone of the mantle tissue of the pearl
oyster, Pinctada fucata (Gould). With English summary, p. 2243. Bull. Natl. Pearl Res. Lab.
20 : 2241-2243.

T ENEBRRRITEE No. 224 (EIZEBKFIHR 20 | 2241-2243. FEFIS14E8 A)
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DIXRZFOHRBF DL, SbE B/ o~ 5774 —OWTHABKIKLIARY PO
RBE b, B bhic®m# ik Partition test OFERTEMLZRL, BE/av 5 7
4 —TO RI fE130.14Ch » o F7z, Table 1 LR LK, BbhitEORINEXR
Bhaes) 4 FaEO0—FE7 5 F+4 v F v 0O Fh(Kuhn and Brockmann, 1932 ; Karrer

Table 1. Comparison of absorption properties of an acetone soluble yellow
pigment extracted from the pallial zone of the mantle tissue in the
pearl oyster, Pinctada fucata with those of flavoxanthin.

Absorption maxima (nm)

Solvents

: in mantle tissue flavoxanthin
Carbon disulfide | 418, 446, 470 420, 447, 478
Benzene 433, 460 430, 458
Chloroform 434, 460 429, 458
-Petroleum-benzin 420, 451 ’ 422, 450
n-Hexane 425, 450 422, 450
Ethanol’ 424, 450 421, 448
Methanol 421, 446 420, 447

et al, 1942 ; Karrer and Jucker, 1943; Karrer and Rutschmann, 1944 ; Karrer et al.,
1945) BB L Cniz, I EHOA v F/ 4 PR ©l, £E, HRTOoMmOn
R D WT £ X offFse (Comfort, 1951 ; Fox, 1966; 7&kb, 19683, b, ¢, d, e ;
Goodwin, 1972) 2% D, AEBICOWTIEEKD (1968e) OHMERD %, BEKDEA
YA OHAEREEDTL, B-haFy, vFA4Y, 2533V FUyBIVCERF VILOXY
YIPTANZRFUREENDLEEHREL TS, ThICHERT, Ta v 1 AEED
BESCEbLT» 1BEOAIF ) A FULARDONRh >, 2O LR, RERTI
AuF /A FPERERELEENTODB L EL BN BAERER ORI LIRNT, BRI
DEREFF LickdE Bbhd, S4EOERICID T I¥H A B \T, EREL DU
Kt 2 AEROBRBECHBCRE LR BRORY O nF/ 4 FERAUEEOBR
BB bl € & FEHE PR N BB E RN T O BRI EEORBEHCERS
NTNBTERERT 5, AEBEOH T/ 4 FEREOK AT 3 REBREICOWTIR
SBOMETHD 5,

= #

T aY 4 Pinctada fucata OHNEE, B ERBLIWERT 5REBCE D
0¥ ) 4 FAREZEEBICN S L7 07 057 4 — TNk,

NEROBRELNE T2 Y CTHELEBRORT VLG TV + 4 5 A THERBD 1
SE ST BN, BRI Partition test OB ETEHEZRL, Y I X NVGRERER &
Lic#Eruo<w 0574 —CO RIEfEIR0, U TH»7eo iz, THREFIXR <7 D
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Summary

An acetone soluble pigment in the pallial zone of the mantle tissue of the pearl oyster,
Pinctada fucata, was investigated by means of column and thin-layer chromatography.
The absorption maxima of the yellow pigment extracted from the ballial zone of the
mantle tissue are shown in Table 1. The pigment was identified to be flavoxanthin
like carotenoid.

X 2
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285-301.
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FEERE 1972, EHSO Ca fEHE & Hko REBE . BB 16 1 19492027,

Wilbur, K. M. 1972. Shell formation and regeneration. in ‘Chemical Zoology VII' (ed. by Florkin,
M. and Scheer, B. T., Academic Press, New York) pp. 103-145.

& W 1975, Tav A4 BB IUCHBOERREMCE: hWERERTORARRE. EIE
BERFER 19 @ 2149-2151,
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Tav A4 OBHEEERERL F) eolcld, FTFRALLNEBTFLERDRE
REAZRERE S, ABOBWHAER, ENFRCIVERLINEBFIDITRbIL TN
B0, ENFERCEKRTIBAREL, TORAO 1 oMK ORE ORE S 2 H 1
BId, Licho THEBORCENZRCEE L TR L RINPEF2RELESER
PERTBCEREEN, FRATERECAR S ek - T, BHOREN»OFERLEEE
NRTCEFBLIRADT, 2O btREEREORRERLY OMEFELIEELRC
ETE %o .

“KREOEBEORBCEET HARBEER L LT, chi ckii, BRKEM, Sk,
BRELUCHERERBTFLNRTWER (&4, 1973 £H, 1974), ZTOHTHKER
BdISHADRTNE, KBRS DWIRECERL TNBEOT, REDEBEZHBE
DR ERET DT B L1, ENEFTRIEECHELWTES 5, RRCHEST 5 NIE
R LT, hoBEHEEYCESBYTEETH S & INTNWEFIVE YRMREIBRE
CoWTIE, KA TIRERE+Sbh - Tkl (Antheunisse, 1963 ; Mori, 1968, 1969) o
Liedio THRADEEZIGHEORIILE 35 L LT, RRLAPCETEES 20
ISEETE, 40LerkKBERHBLTHET2C2ID, b2BERREZ 2 Y to—
WTEDHT ENR, AxRKE2 FHA ThhoTs (Loosanoff and Davis, 1952 ; Sastry -
and Blake, 1971), 72+ 44 Tk, KEREREOREKC S 5B OWT, #AD
BXEORBKR (ZEKE, 1949; /M, 1951) PEEBINZHOEEEOHME (A&
O, 1959) OHFTHEINTNB, ¥ =EHRAH (B4 - 6k - FIH, 1974) T, &F
(1~38) 7av W41 2KECELOKEDS LCHBEL T, AMEORR & RITK
BEEESENCEEL, £33 T TARBIRB C LRAHTES C ERHE Lz, 46
ESIIC BRI O 21T » RENFERRE R L E~EORRIH O KE & 0B Rz ik
LU, BMEORBREEEKEORFZE LVE &,

AXCABCELL, EEOKEEWERWEEARCHFES X OCEARERE, #R
EOBEHT Wil WicHiHIAMEBEEL BB L ET S,

* Katsuhiko T. Wada. Temperature requirement for maturation of gonads in Japanese pearl
oyster. With English summary, pp.2251-2252. Bull. Natl. Pearl Res. Lab. 20 : 2244-2253. 1976.
T B EBERERE No. 225 (B EBIER20 | 2244-2253. FBFI514E8H)
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Vil &

CTTREWEERIE, 1969~19754E (X L19T4EX K<) OECBEEMTOKEER
DD ATIR -T2, T ¥ H 4 Pinctada fucata OFENERER R ICHRE OB IN
TN EROBH OKBILETE 5. ENFERCAVWRRR, 2THENDEEELZREE
HEOMFHEBERBEOBREET, KE2MBLETEEIN T 2dDOTHD, LU
T2 E, —~H%3FEODDTH%, AROEERE COEIINART~8ATHSH, LO
BHCEEEREZHBEIL T, SREEORRAZC X VRAOBELHE, TROMERKS
ZVREBACENFRLZITR - 2o

ENFHER, KEYEAB RIS EENMC XD, RICBRD 2 DOFEDOND
Rk flnic, D16 £ AOBBKEIK12£ ogKk OkBM25°C) &4 B EE~HE
ZRAEL, BEFHEBR L0 HREL THrbARCEKEOKE OFMEKLERIE,
KBRH0CFIEI R, BERAONSE TR, BERALNEE, BEbCEREE
13 %, RIMEER BB bR D, H47 5 Y CEFEIMPRRL, BKL SR THEE
KEHRT 5, COMBRENTHITI®ILDTHS, (LthconkrEHNCREN
BRELTD. @2 AOxy MefREY 2 Bk (MHER 1 EE) AL T25CTHEIK
PHELTHE, BOBMBYHALTHD, K0COFEKYHEL CUKEL LR 3®, K
BRELNBBEKREEEL, KN, BEOMERE T 27Ny bbby 4 74 ¥ THI
L, BKSZMHHTS (COFEXDREMNZERELTT. hB0, @Ldr, HEA
REREZTRIEOL ~2 HECBREE X D 01T, FBEEMELKREL, 20~23Cl
Beo e KEINAL, BLBERLTHY (BRME), HFRETE 305N EL P
BHIETHLHEL L,

BEIEROBEIRO L 5 hEBECREIL 2. OBIIDHRES Lind - 2Fd, @K
BORD - 2B, OBIN, HRELER, BELRVWHSDVWERERERRE L BT
BE, OB, BRLIET 0, SRR REORERES, ORBOREIERT,
M LHDRYEE CRTEA  RENEALIES, k¥, ARXT [HI] &2, &
R LEERRNEE, LEOO X RBA W THV,

EIEE OKE G, SEFNIIE~2EBEOMcHREOETETH 2 2 mETHAI
NedbDTHB, RALEZHLCONWTIE, TORBEORX VERHCELEbDELT
HEEME R F N 2o

i ES

ENSRER Table ] REEOEHOENBERERYE LD dOTH b, 196941%
EHBERBEOREITR, 1970FENB B ECL CTHRAIBRESHA L. RCIEH
OHERER B AR Lieat, EINBRICHI LiEA O Eniie T OBKISHINGE L &
W BRTIEARV, BEAE DBA, ChbARREEKKO b—EIRINE 2 XHE L
TR FT EFRVR, BHEEBIESCEHE LR D - oo 1973F1E, EERORRBE TR
A23 8 PRI BRCRINF RERIG S HEAPBBA L T3 L 5 Ch » es, BIERSEOT
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Table 1 Annual variation in the results of artificial spawning induction of the
pearl oyster for crossing or selection experiments.

Year 1969 1970 1971 1972 1973 1975
Methods* ’
\ Mass | Mass | Indi. | Mass | Indi. | Mass | Indi. | Mass | Indi. | Mass | Indi.

Date

July 14 030
15 Q12
16 :
17 @30 Q29
18 | @15 o117
19 | @15
20 | @30
21 | @30 O43
22 @30 o1
23 | O30 930 Q24
24 Q22 @20
25 | 029 @30 @30 022
26 | @30 @30 ©30 022
27 ©22 | O21 | ©21
28 @34 | Q13 @30 | ©17
29 ,30 ®is | O44
30 | @30 @55 | O7 Q20 | Q11 | Q14
31 | @6 @30 @40 | A34

August 1 @30 ) €©20
2 ©30 ©20 020
3 Q30 | ©30
4 | O30 A6 @20 | @20
5
6 A13 | O24
7 @30 | @30
8 @30 | @30
9 | Als | Al0 030 | O30
10 O1s @30
11 | @30 | O30 O30
12
13 | A30 | O30
14
15
16 Q30 | O30

§pa;§vrfifng,r .214 .214 .500 .261 778 .818

Note, @ : Not spawned, @ : Only male spawned, A : Male and female spawned but not fertilized
or low fertilization rate, A : Spawned and fertilized embryos abnormally developed, O : Spawned
and fertilized embryos normally developed (Successful spawning). Figures mean the number
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of individuals induced. * Mass: Induced in the mass, * Indi.: Pairs of male and female were
induced separately with some exceptions. t Rate of spawning = (Number of Q) / (Total
number of O, ©, A\, A and @). Marks connected by line mean the same specimens were

induced repeatedly.
By, TNE THERNTE R - o ,
Table 1 LR LAk X 5 i, RIFOMBRECL VEFHHRE LV, £1EORINEILON
TA% &, 19754E0 7 A14H L1973ED 8 FI0R L TR 1 r HOER S B0 ¥ 7z, B
BELFEC L DELLEY, BINCHI L% (Rate of Spawning) 1%, 1975, 19734
AREL, 19694, 19704, 19726EAE\V, HFIC19724E0 7 A ERH L =B RITL TEKK
Koo i 7T ACBIFATRERFIXRIENEL, 8 AT B FERIERIIEREL &
SEMERL TWND,
BEDE~EDKEELL FED3 H~8 ADKBENEEFEAETRLLDOHR Fig. 1
BIUFig.2 Thb, thbDRICIXIITAER R 19694E~19754E0 6 RO L EL H
BICR Lz BEEOKBOEIZEKROBEY T 5.

30 1
°c

'69 | 70 | m

TEMPERAT URE

.............................................

MAR. APR. MAY JUN. JUL. AUG. MAR. APR, MAY JUN. J"IL. AUG. MAR. APR. MAY JUN. JUL. AUG.

Fig. 1 Mor{thly changes in sea water temperature at the nursery farm in 1969,
1970 and 1971. Data are plotted by the mean values during the following
four terms in each month; First: 1st-7th, Second: 8th-14th, Third: 15th-
21st, Fourth : 22nd-last day of month. Dotted line shows the mean value in
1969-1975 except for 1974,

1. 19694 3 b6 AZ TOXKBOLRRIEATH Y, Brs A6 Arz6 £EoFE
BIVEDCRBALTND, LnL, 6 ATE~ 7T ATGRENHETSEN > et EBE
HLTHEESKTEHED, THTALKR-T, o b R Lk, COFEOBEKILC OER
BOEWERTH S, ‘

2. 19704F Z OFX, 4E#EAXZ6EMDI B TH, BIKBIMEIBBLEZETE S,
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Thbb, 3A»L8HOBREL2HMEZEUT, FHIVWICTEDT, bTFr5AT
HEEL > TWBEBETHB, 6~TADERAORWERE L, EOoBEESKEIMEWE
LHEEHEND, .

3. 19714 6 EHOTHCHESULELL LTV 5EH, EOKEKENEDTH S OMN
EEHINS, BRHPOEEIZZ LAV,

72 f“

304
°c

73

n
‘O‘

TEMPERATURE

104

................................................ TTTYT T T T ORI T T T

MAR. APR, MAY JUN. JUul. AUG. MAR APR. MAY JUN. JuL. AUG. MAR. APR. MAY JUN. Jul, AUG.

Fig. 2 Monthly changes in sea water temperature at the nursery farm in 1972,
1973 and 1975. Plotting of data and dotted line are same as in Fig. 1.

4. 19726 3 B b5 AR E COEMIIEECH %25, s AT4E, 6 ATH, TAT
&b 5 EE NGB TH S, 8 Bl A » Talic FERAL NI,

5. 19734 6 FhAOE»ORE L, 7TATHO I HHETEZRL &, 2BNcTEE
DEDCRBLEETH D, BRICLHEERE > ZbNT, 6 And7A~0AL
ERELL, THAE1BeBECBCEEL TR, EOBKRLLOILTEARL EHE -1
FEEY ZET WS,

6. 19754 6 A OMBEMPOBEHERPLLREVE, FHIVDI~2TCTIEVE ¥ TORE
THo, BRHETO LA HBENEL, LORIIEHC LR LLET, EOFEKERE
{Ebh, TATH~8ATALE > T3, 2BNCATEHI D EDIER LiET
H5o

E~BOREKELENFTRERLOBR BEKEE L TREHOKESBI3CE R
UhfExBELed 0 S(Ti—13C) Vi, Ti<130HIIX 0L LCHE LR, 13CI,
T A H A DDA EENIER X, KT 5 5 BT 5 FROKEE SRTW 50N
Moo BEER, 1959), MEMOER OB R EEI AR 0R Fig. 3 Tk 5, R I3EINGE
RIERREHCRLTH %, 272 L, Tablel RLAED DD %, FUHCERERL
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1973 1975 1969 1971 1972 1970

10004

900

DAYS

800+

DEGREE

700+

Fig.3 Changes in daily exposure temperature above 13.0°C in degree-days
(32(T:-13.0°C)) at the nursery farm and the results of artificial spawning
i

induction shown by the same marks as in Table 1. Marks are plotted
at the day when animals were transferred into the tank from the farm.

FREROWMIE TR~ BEE, L0 bEBOLI Lo %2R Lk, EnBERERT,
HREA2BFE» DL EFeARTmy PLTHB50T, Table 1 0FERLTR->7HE
—HLEWEADH B, RICABNB X I, IVRMED &5 - 7e19734F & 19754 1R E
KBAMEDEDRERKHICHE L CEL, BEOEMN > /219694, 197043 X CX19724R 11L&
W, BTN LR % & 0 e B £ COREKEMIE, 19694810.6, 1970
££904,0, 19714E872.9, 197242897.9, 19734E905.5% X LN19754E741.32 ' 50 HEDBHI D
FREIE T CORERE, 19704E789.5% X (f19724E791.1C, MiDEDEY BRI
P CORERERBIIODDOE—EK LTz,

z 2

4B OHEET, ENFRORDEXLENRORER, KORERERE 2D LRI
i, BrbERrTOKBERES BEINICEBbhsfk, FNOLREHL CA
BERDE IR B, D3 A~T7EOKBHFEEL D LBHICEDICREE U 7o EIERIR
BREL, BEDDEERB N, OERIEVNL L KEBEOLE®EN, HIIHbEN DL
IR EED X < A\ (19694F, 19704F% X UF19724E), MRHIOKE L oEERE L,
ERNCE OBKIRICTHE D FRRIIERE R X\ (19734, 19754R), @IINEIIREEKE
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;ﬂ%ﬂﬁnaw&wwwmﬁ5C5m&ﬁi5%,%®$®%@@ﬁwaifmﬁﬁﬁ
%, BE~EDKBELRENEBNERAE RBERRABN B, WETHHELLEADED
5L ZDEOHERICELICHKI Lz H ¥ COEBMEIXT40~800FE Th 5 (EEBAROE
Nicl19734F & REREI RO WI9TIER KR Do

TavH 4 ORBPEINCE 2 2KEOEBLCONWTIE, ThETEH OBRERRIN
T3 ZEAR (1949) XX, MEAORAER X7 A OKEREVEEECRD,
CH AR L CPHOKERBWERESRIFTH 5L LT W05, E7/Mk (1951) 1%, #
HOBXIOWTZOED 7B OKEE OBECEQHBEL2RD g, FIFED 8 5 OKiE
LOMICBEOMEEANEL T3, o ORI, BREk L OCEINSKEIRES
HEINHEREELON BN, OB TWB L5, HEOEBXZENEONE,
HAOEBCHRELERLTED, ThbicE: 2KEBEOEEBLEL BN L, LT,
B OB OARE2 5 KEORER, HACENXE OBRO X 5 R EFENREE T,
BB AREETH 5, HAD (1959) kXhif, Z2HKEOBWERCERIhTHY
B, ZORCAREORERZ LI, 4 BICI3S0%BEOMEELS, BESEIL I
NEERAREBETE 2MBRECRAL TV LW,

DL, tNIETTIYTHA OEBEEORBMCEET 5BELZGEOP TS, KEX
B RERBEHLBRLTNST & Kb TN b, SEOHETSE~E OKE R
ERINHEEL D, BIIRELIEL AR LN, e, FBO=E/KE(1949)
B X Ok (1951) 233805 L7z 7 A O/KIE & ATEE O #ds X OCBEINE ORI L, AER
TH BB AR D bhie, | |

TRITHI (BA - BHR - ME, 1974) T, & (1~3 A) LKl CEED—EK
Bobre7avi40RBLRS BRKECHTINCHOERERGER KRL, f
IR, B LR d Aoz b &#fHiE L. T OKERIZILC, 18°C, 22°C, 26°C
BEU0CO5RTHEZHEL, 30BHB L UB0ARCENENERX 20K OLETEE 248
m%%mﬁﬁbté@fﬁéoa@%%lb,ﬁﬁmﬁgxﬂ—mr)ké@%@ﬁ%g
DEFEE KD TR, Tihbb, BBEAE LTS IOCEFORBOEDEZEALEL Y
LESHBIVHIMOK-E 6 HIche5d DR RS, FOED EAEEKERS X
CRE T LICERDE, 30RRICENTIE, 22°CXT23%, 26CK C63%, 30°CK T73%,
ILKE0HBEBWTWE, 18CRT, 10%, 22CRTE5%TH-%k (BAL (1974) ©
Fig. 7 ). /£, 30K L U50HBDOI4CK T, FXLLEOBRBIE CRBAL M
KBRS N, FR0HBD26CK B L US0CK T, —EENLCECRBALT
AR RBAS LU CHEEREER YR Lckd, thbie2Thilik, Do 5l T
BN RBABEKOEAELEEKEEL OBFRE 7y F Lo Fig. 4 Th 5, ki,
BEKBZKEROKBRBIE-ELETN L KELTEHRLE (BAD (1974) O
Fig.2 2, c 0BRINSEERNBERLE 2k 50, REEEKOHE (%) vy, BE
~mﬁ?ﬂ}dﬂn%Xk?ékY=me—%Akkéom@agmmﬁ%fécm
BGMBERIYT 2L IRET 5L, y=1000 L $x==735 27D, 1004 OREEBEHRT 20K
B ATEEEE 735 LHEIN B, CHIHBENC AR B S ORBICET sBER T
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Fig. 4 The relation between the percent of histologically matured animals
reared in the laboratory and degree-days exposure above 13.0°C. (Data
from Figs. 2 and 7 in Kuwatani et al. (1974)).

B Do AEIFEE L ENSFRCMD TR L H ¥ CORBEKENRTLI0~800TH - &
a%ﬁ?éa,T:vﬁ4®¢ﬁ%@,Eﬁmﬁgwh~w%)ﬁmm4mﬁﬁuimm
o THRECET 3L HEIN 3,

B #

1. BMEKBET2Y 51 OREE OBBREHEANLD, EEBEZEEKC I 519694
~19754 (1974F %K< ) © 6 FRHOF~EOKETLHE L, T TCHEINTWRADE
ERER (FRWEO D ORIIERE) * Lk,

2. EH~HEOKBPEE (6 FHOFH) X DEDICKEB U FRRIEER L, &
W QFEIINERI OKEBEHE & BE L CHRIRESE W,

3. EEINORENEETH 5L ) hENGRCRIT 5HE COoRBKE Z(T—
13C) 13, 740~900% £EIC X DEBNS - foo HRTTHM D TENBFRCIE U H 2T
OREMICT 5 LT740~800L 78 Bo HIMORB KA TERLRLEELT, 73 ¥H4
DT R OBRICET HHFAR D(Ti—13T) %700~8008) k& #EE Lo

Summary

The purpose of this article is to estimate the temperature requirement for matura-
tion of gonads in Japanese pearl oyster Pinctada fucata (Gould).

A lot of pearl oysters reared at the nursery farm in Ago Bay have been artificially
induced to spawn for crossing or selection experiments at the spawning season every
year (1969-1975 except for 1974). The results of artificial spawning induction have
been fluctuated annually (Table 1). The data were analyzed in regard to the annual
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variation in the results of the artificial spawning induction and in the sea water
temperature of nursery farm at the season of gonadal development and spawning. The
spawning was induced by thermal stimulus heating water from 25°C to 30°C. The
animals were held in the tank for one or two days before induction at temperature of

' 20-23°C, and taken out of water to expose to the air for about an hour before induction.
Both of these treatments were for an additional spawning stimulus.

The results obtained were summarized as follows.

1. The spawning season was earlier and the spawning induction were more
successful in 1973 and 1975 than in the other years. In these years, the sea water
temperature from March to August were higher than in the others. (Table 1 and
Figs. 1 and 2)

2. Sum of the daily exposure temperature above 13.0°C in degree-days (X (T
13.0°C)) calculated when the first successful spawning (Note in Table 1) was induced
in each year was varied between 740 and 900. Temperature exposure in degree-days
was varied between 740 and 800, being calculated when only male or both male and
female spawned by induction firstly in each year (Fig. 3).

3. On the basis of the results of the previous paper by the author, the relation
between the rate of matured animals (observed histologically) and sum of daily
exposure temperature in degree-days was estimated (Fig. 4), and it was deduced that
735 degree-days were required for all (100%) animals to mature histologically.

4. Jugding from the results above, it was concluded that more than 700-800
degree-days seemed to be required for Japanese pearl oyster gonad to mature in Ago
Bay.
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NEOERBIERB OB R AEEEXTR ) 12T, MREME D HYEOHER
BOMCT B EREETH B, £ORDIE, Tav 4, Pinctada fucata, DR D
EREPEAT S ERAKRETH 555, REBEOSHNREG S 2AEL 2Pz (EA.
1970, B8. 1972) o KRFE T, 1973ENBIEED 3 pELLRYD, REHRBORERS
BEICEF LETIYHAOBENBE LT vE= THEEREMEOZHNAZ/LEL D &
LT, REE, WERS L OKE & OHEBRICOWTIRIT L ko

RECIEZE, AROHMACHBZ Y > e EHEELCEHORLYERT 5. T,
MEZRTCHIZD, KIBTHERWEEWEKEZHENHREEE, SEEOEEY W
ROMARERE, BOoFAN, BEOKELEEOBRAEZBRAW L ZFIHB P FE
CELS BIBELE T %,

£ B F K

HARCHBPM H#HRALLTI v 4 BRARERBE L 2H (NAT &) &AL
REc X »EERARKEAE 3 4 (ART: LEEFD) Th 5.

Table 1. Pearl oyster and experimental periods

Experimental periods Materials remarks
July-December 1973 NAT* 4 years old unknown
May-December 1974 NAT 3 years old Ehime

ART3* 3 years old Tatokujima, Ago Bay
June-December 1975 NAT 3 years old -Ehime

* NAT indicates the oyster of spat collection in the field, ART 3 the 3rd generation
of the combined oyster of spat collection in the laboratory.

* Katsuhiko Itoh. Relations of oxygen consumption and ammonia nitrogen excreted to body
size and to water temperature in the adult of pearl oyster, Pinctada fucata (Gould). With
English Summary, pp. 2273~2275. Bull. Natl. Pearl Res. Lab. 20 : 2254~2275. 1976.

t BB No. 226 (EYEBHI 20 : 2254-2275 WRISIE 8 A)
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BECBT 5 RBRIRE R B Table 1 KRLAEERD TH %, Tibb, 19734
IiENAT4 EHEOWT 7THbI12H ¥ T 6 nHM, 19744EcANAT 3 £8 & ART;
3EARDWTE AnbI2E ETO8 A, 19754Fkik, NAT3IH£HKDOWT 6 A
BLI2AETO 7T AMERBET - 2o
HBRAE HBRARREELSEEOERIEMEEEREMEOC RBRENDEET 0.5,
2, BXOTmOEBLET Lice BBREAREL HTOFHKERXLI6n TH %,

REENERAORAAREABE S LeE#H 2L (BFBIOWT, 19734 7 @K, 1974
EE30ME K, 19754E50MEK) , h b OEHBMAE O H 5 NAT 1k 5 Mk, ART: X104k
BIEZET LOLERHMELE L CR—EFC O WTRBEXRE Lk, &k, AEH
OHEA R RBEER T TNV L 2B/, EREROTHEAVELLEDOLLE
BEINEULTWAERZBUORMA L. MELLEORIE, 19730 0.5mE D H T2 Hik,
2m/E 1Mk, 19740 NAT 0.5m/EO R T2 Bk, ART:0.5m/E 1 Bk, 2mfE3 M
&, TmE2 MK, 197FEQ0.5nBEOR T EE, 2mE2HEKTH B,

HNEARSEOEANER CERAERR, JICEBRET LR ~IEKOLEE,
BABEBICEREAEEZAIEL, ThE0BAER LA2EEBON, KIUCHRAER
LBAEE QO ENLHEEL o

EEDOMER, FAELTEA L HT- .

RHFEONE RBFEOMEFHERLcEKE, BEEREEOBEF2 m2bBKL,
EHBTCFELI0, 50pRL 50— ) vy PRFBBCTRBEYELBR WD DT
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Fig. 1 Schematic diagram of running sea water system for measurement of metabolic rate.
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b Bo iz, HEEKEIBEROKEBEECE2E, L CREOHBRTRbIRI > T,

WERBRERTVIFEELRBEBY=— VT L5 LIRON S AT, 20 £RFAKEA B

oEFHARE L (Fig. Do

HERBREHELL, TOBKERNERR?DLHET 2EKOBERREHAMEK

OEEREBROBRIOBBLT 5L L2dRTRLTAI Ja—3y JETHEM L (B

KB LT 16~451/hr), EEROBDERGIES BERETH > ko HAARMERRC
Table 2. ‘Relation of oxygen consumption to time in hours after the entrance into

water bottle for the metabolic rate measurement. Water temperature:
24.1 °C, Specific gravity (sigma-15) : 23.2, Total weight of oyster: 40.2 g.

Oxygen consumption

Time (hrs) (ug atoms / hr / individ)
0.5 91.7
1.5 131.4
3.5 158.2
45 112.7

20.0 202.1
21.5 202.6
47.0 201.8
49.0 194.4
53.0 200.6
71.0 163.6
73.0 170.3

NE#HLESS GREANBEEHSE DB S (Table 2), 4.5 B2 b20MOoM @
REAREL TN B, 20805 HE3HME AT CRIERELEBRTEEELRLET
b, BRARHESORMBLERBEIVEES Lty by, BERBRORNERRKT
WAL, 18U EBEKEHETEE W eDbHRAKERHKOBERERE LT ve=THE
EXEXUWEL, RACIOBRRAMERE (vg atoms/hr/individ) &7 €= 7RERDE
& (pg atoms/hr/individ.) %Kiz,

‘ _ _BAKOBRERER) — ChHA T OBEERR) | 5 ia
BEHEEE b (ﬁ%@@%{) X KR
7 v =7 N = AR OT Y 2 2 TRER)_(AKEOT V2 = TN, 5

BRER, WERZEDCRREOFEDESLS Y Lk, MERI M2 EEHAL
Uizo
BEBRZZOWUERY « ¥ 7 -1 (/200 HE D NaxS:0: IR <HEE) , TvE=
THREZEZEE L Soldrzano (1969) 7 =/ —wn4 B 7154 PERE - 720

BREOHEN TABELLT, 3 20Fbhd RBRELEEFO0,2,5 8L 7TnEoKk
BEHBEXEBRAEL, 1975FKC1E, chiBEERREBY ML . ¥, EREBT 54

HE OHERIE, HREKOKE, WELSICBERRELHIEL .
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Fig. 2 Seasonal and vertical distributions of water temperature c)
and specific gravity (sigma-15) in 1973, 1974 and 1975.
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19744 iz (Fig. 2), /KL 7 A DHICEE T28Ch C X 728, £ Ok, 24~26°C TR
BL, THOTHXV28CYULOBEKBRHRE L. 9 AMUBRBLCET Lz, LER
PNTE, 6 AND TRATTELD CHEREHERK (BE T 0159.0, 2 mTL6~
18, 7m T18~20) MNHHEL, CZOMEOELE/NOEMIEBE TH I, 8AH
AECORMICDZ >, %O, EHEEK (01519) % 9 ARICEBIBCHA L it

19754E 1% (Fig. 2), KBWR 7 AHa»5 9 A TARAFT T2 n/BTH 28°CLL DA
ﬁhkaﬁkiﬁm@mw)@sﬂkm57ﬂnuba,9E$m5mﬂMU@(mlm
G CHRA L. BREBRER R (Fig. 3), 98 1zUnics mEMEK 7ml/l (BRIET
#110%) YLoBEBSHE LM, 7mEix4ml/l (W60%) UTFTH-ko E0DHK, 10
REHGREERN DBRL BRI LBEDI (7 mETHEMES%), 1031 HIiX0.5
nETH4m/IPT, 2mBATRImYI BT (#fE40~50%) ik - izo
REERAEBOKE, HEALTVICHREHRNE 19734k T sREBENEROKE, &
B b BRMMES Fig. 4 WR Lk, JKIEIET7 Bhan b 8 HE % CIgIgesCli

N
1973 1974
301
O__0/0/0\0/0\0
©20 \o\
Water Temperature O\H\o
o 10 R \ . ' : 2
o Specific Gravity °
o
€25 00"
& 24# /o\o ' .
. 1 1
100 |
Oxygen Saturation
o g . 0/0—0/0

1975

Fig. 4 Seasonal changes of water temperature, specific gravity and oxygen saturation
in the experiments of metabolic rate in 1973, 1974 and 1975.
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BRU, 9BDBMBRLICET Lico BERATOMME LB LT o5 25 HEDETEH » o
BEMNER, TA»DIATHE CI5~85%Th - it 107 LIS~ - feo

1974411t (Fig. 4), KiEIR5 BRCH»018CrbERL, 8 ArU» k28T hicis
S, TOBET L. HER 7 AharD 8 A-LAKMLY o5 2171tk E7 D, 9AD
e FAIIELERK (015 19) BMHBRL 2R, oM Tk o5 24~25 ORICH -
oo BREMFE 7 Bhd, 8 A TAA LRI AHGRIBBUTICKR » 2, 0o
BHAIZ80 B L Td - Teo '

1975411y (Fig. 4), XKEwke6 A -/ (23C) »bLEFRL, 8 ARK29CKEL, £0D
BT L. HEX6 A (01524.8) 25 9IADRUYD (01523.3) W TETL,
D, 1051 01523 I7n - fefhid 015 24~25 ORI H - oo MARMFBE R 6 F12IZT0~
80BTH - 7ehs, 7THANBLIVA L DIHTE0BFIHRICT: - oo 108 TALKEIIR0SBLL
it » 7o ‘

DEokirkw, #EBEKEAREZBEETORE LS T 5 &, 1973F1 19754 X
TO3INEOHRBKOKBLEER, BRERREET 2 n EoBREOH S ONTEE
LTWzEE2 X 5. UL, 19754E DX QERAITH 525, #EEKOBRMNE AR
HETHEE (2nE) 010~20%EWE (BHCI30%) &/ -> T3,
BEEEELEKE HOBRZINEE LEKE LOBEFRLOWTE, Fig.b kRL7=Z &
<, KiR26.8C, FHREE 12.22 OB OMENEER X, BKE 22~33 1/hr T 96~116
vg atoms/hr/individ., /ki824.3°C, WEE 3.6g OHx, ®KE 16.5~35,51/hr ¢ 50

'5 T ] ! {
ok i
[ o
2 A 20 Avvg -
200} .
ETTL aq L
(52
o
o X i
Q | |
gso- ® @ g =
=3,
S [ o &

0. i [ 1 1

) i 20 30 40 50

Fiow Rate

Fig. 5 Relations of oxygen consumption (u#g atoms/hr/individ) to flow rate (1/hr).
A\ water temperature 26.8 °C, wet meat weight 12.2g. O: 21.8°%C, 18.0¢g.
V:218°C, 154g. @:243°C, 36g. []: 118, 157¢g.
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pg atoms Fik & D IRIE—EDOERXRL T3S,
BT IBEHEEREKBELCEEINTWEWE WL %,
BEHEEOEHEL 1973FLET 372 v 51 OREBEE OZHE /L% Fig. 61TR

Lz,

o
1

@
T

Gxyaen Consumption

=] o
— T

o
— T T

s
g r ZO.Sm
a [ 2m
810}5——’% * 7m
§ [°—o kA\ NAT
;~ -
3 \K
T T T T T y\1
J (o] N D

n
o

Oxygen Consumption
w

=]

o

5

o

O 05m

ARTs

Oxygen Consumption

S
——

L)

-~ O 05m
A 2m L4
® Tm L\'%
NAT
T T T S T O T N T D 1
1875

Fig. 6 Seasonal changes of oxygen consump-

tion (g atoms/hr/g wet weight) of
pearl oyster, NAT and ART3, cul-
tured at 0.5, 2, and 7 meter depths in
1973, 1974 and 1975. Each mark of
NAT and ART 3 isfollowed in Table 1.
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Fig. 7 Seasonal changes of ammonia nitrogen

excreted of NAT and ART; (ug atoms/
hr/g wet weight) cultured at 0.5, 2 and
7 meter depths in 1973, 1974 and 1975.
Each mark of NAT and ARTj; is
followed in Table 1.
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LdL UEBEBRANOKIE 28.3C, 10~12 pg atoms/hr/g wet weight) %23, % D1,
KBOETONTHED U,

197404 (Fig. 6), £BO NAT z3hd 5 EnbBmMLiUs», 68t (24
°C, 10~11.6 pg atoms), 8 A L4 (28.4°C, 11.3~12.2 g atoms), 9 A4 (22.5
°C> 8.4~9.5 ug atoms) KREFBEOPEI# R L%k, ART: OBREZEHEERKEDE
& LU TE L,

1975 g4 (Fig.6), 7 HXk (28.4°C, 11.2~12.3 pg atoms) & 8 A3k (29°C,
8.5~11.0 ug atoms) KEWBRABEROCL I 2HD .
FUOELTRERHHREOSEHEL TavYH I OBOREMHERERT VE=TETH S
e (. 1972), HBEICEFLLAOT ve=TEEZREMBEOEHENE 3 »
FblDRIE Lk, 1973054 (Fig.7), £BLd 8 AR DR eh»ikitE GUE
BBERNOKIE 28.3°C, 0.37~0.66 #g atoms/hr/g wet weight) %R Lic2s, FO% ki
BB Uiz, - '

197440 NAT ot E% B0 &1z Fig.7), 2m & TmORIZEdIC 8 Al ks
& (28.4°C, 0.63~0.76 ug atoms) R LADKITL, 0.5m®BCEBECENERZED
s, = OBEARE LA TRV, 8 A TALKE, HHERBRED L. ART: 054,
7TRBEL DS HAEHI T Tl WiHEEZH D% (26~28°C, 0.52~0.90 #g atoms),

1975054 (Fig. 7), BB 7 AR \WiE (28.2°C, 0.76~0.78 #g atoms)
BRL, FOBREBDOLER, IFRUDPLELRT L WERZ Tm DR TRLE (29°C,
1.0 p#g atoms),,

RHBBATAOHAR L ZOMDOERREIOBRREEOES ARBBORAERE, ZERIRM
BERELTCTCEFIRTEA—EELER LN, NEARKEORE EFohoEHRE O
B EDEVRIITAELIIBEL D WTRE L, EREBE LK TRICRIT 54EE0K
FHETHERT 5L, 19740 NAT <©iz, RBENER0RRtohod 0Di98%,
"ART, TIEHI97%, 1975FED NAT TRITHTH %o DT L1E, REBAEHORD
REERZOMDOD DL BRTEMBEB T2 ~3 5@ EDRhoc E®2RL TN
5, COBREORREOEVWAHEDOHORBMICENTHELBCTREOE B LB LG
TWEPEHEELTIERL, 4%, RIEFTEDIDOTEH 5,

BEEEE, NEEFIUKELOBRE 19731 HIBED I M EHOTa Y 44 OB
REEBOWERLEND, HERNBOEZ WKESRHE (T) TOHOBRRHFEE (R) &AW
BEE (W) 0BR%b LR W TOBEGRED LD,

BABEE LAELORKRIZ

R=aW?° (1)
THEbIN %, 2T, REBENEMILZY OBREEE, WIHER, aBXUbEE
BTH 5,
RERRHD, KiE28.0, 23.3, 19,5, 15.08 L F10.8CORBETL R ARER S
MENEE L OBEFEER (1) K- Td &, Fig. 8, Table3 2B, EH b 11k
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Fig. 8 Relationships between oxygen consumption (g¢g atoms/hr/individ) and wet
weight of tissue (g/individ) under the different water temperatures in
the adult of pearl oyster.

Table 3. Regression equations of oxygen consumption (R: pg atoms/hr/individ)
on weight of tissue (W: g/individ) in the adult of pearl oyster under
the different water temperatures (°C).

Water temperature Weight of tissue
©) Wet weight Dry weight
28.0 (27.3—28.5) log R=0.,857 log W+1,232 log R’=0,941 log W’+1.907
23.3 (22.5—23.4) log R=0.857 log W+1.032 log R’=0,941 log W’'+1.732
. 19.5 (19.0—20.0) log R=0.857 log W+-0.834 log R’=0.941 log W’+1.553
15.0 (14.7—15.3) log R=0.857 log W+0.543 log R’=0.941 log W’+1.166
10.8 (10.2—11.5) log R=0.857 log W+0.277 log R’=0.941 log W’+0,890

ROEMCBERR —EER & 58, EF “a” BEMLL, ZoxtEE loga” LkED
K%fE Slog T” & officir (Fig. 9)

loga = 2,217 log T—2,023
OBFRBRD BN LEeM->T, 7av¥H4 01k, BENEEEzd ORIEEE
(R: pg atoms/hr/individ.), BREEW: g), k& (T: C) oKk

log R = 2,217 log T—2,023+0,857 log W (2)
Tibb
R = 0,00948 T2.217 Wo.887

DOREBRREET %o
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Fig. 9 Relation of log a to log water temperature.
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Fig. 10 Relationships between oxygen consumption (g atoms/hr/individ) and
dry weight of tissue (g/individ).
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ARk, wERAEE (W) LBAFEEE R) kiR & oBFk (Fig. 10,11, Table 3)
log R’ = 2.636 log T—1,899+0,941 log W’
R/ j— 0.0126 T2,636 WO,QM
THRbIN 5,

2.0k O/ 4

’
o
-
1

log a

G5 -

e |

1.0 1.5
fog T

Fig. 11 Relation of log a’ to log water temperature.

HEHERE, NEERKUKBELORE HHERBELAER L ORREEKREGTIC
Td &z (Fig. 12, 13, Table4), KB IR LD Lk i, HHERE (E: vg
atoms/hr/individ.), BREE (W: g) &bk (T: C) oMK,

Table 4. Regression equations of ammonia nitrogen excreted (E: pg atoms/hr/
individ) on weight of tissue (W : g/individ) in the adult of pearl oyster
under the different water temperatures (°C).

Weight of tissue

Water temperature
C Wet weight

Dry weight

28.5 (28.0—29.1)
24.0 (23.6—24.5)
19.5 (19.0—20.0)
15.0 (14.7—15.3)
11.0 (10.8—11.4)

log E=0.941 log W—0.149
log E=0.941 log W—0.400
log E=0.941 log W—0.578
log E=0.941 log W—0.947
log E=0.941 log W—1,123

log E’=0.912 log W’+0.611
log E’=0.912 log W/+0.358
log E’=0,912 log W’'+4-0.158
log E’'=0.912 log W’—0.205
log E'=0.912 log W'—0.,676
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log E = 0,941 log W+log k
logk = —3,706+2,428 log T

o
o

NHs—N excreted
(@]

-05 |

t L t L I '

05 .0 15
iog Wet Weight of Tissue

ol

Fig. 12 Relationships between ammonia nitrogen excreted (pg atoms/hr/individ)
and wet weight of tissue (g/individ) under the different water temperatures
in the adult.

(@)
—

/]

log k

log T

Fig. 13 Relation of log k to log water temperature.
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Thbb
log E = 2,428 log T—3.706+0,941 log W (3)
E = 0,000197 T2.428 Wo.e41

OBERBEEL oo

e, ZRAEE (W) LHERE (B) LKkE L oBFZE: (Fig 14,15 Table 4)

log E' = 3,000 log T—3,770+0,912 log W'
E’ = 0,000170 T3.000 Wro.e12

TEbIN B,

log NH3z—N sxcreted

o os
iog Dry Weight of Tissue

Fig. 14 Relationships between ammonia nitrogen excreted (xg atoms/hr/individ) and
dry weight of tissue (g/individ) under the different water temperatures.

z =3

ARERICBT BBKEHETTOT ¥ 44 ORFBHEERR IR 2RBEREBELRDL T
Wi RS i B, Littorina littorea, Mytilus edulis, Patella vulgata 7t & OB FEN
EHBELHOEESRELOBEEND, MEBCERT 2 HECIENSHFE KRR BEE
LIEREOBRABBVAVEELEL, BEROREBRREOECZWLELL EET
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Fig. 15 Relation of log K’ to log water temperature.

B0V, EEEOS DR EOEFHREL /AR VIS Hfnd 5 Newell and
Pye. 1970'a, b; 1971 a, b; Davies. 1966, ’67), %hiciz\wL, #H=o—F Carcinus
maenas & BRED Patella vulgata o \WTC, EEBICIWCORBFETERELCELAIN,
EEROBE LN RENEPT 5LV HEbH 5 (Davies and Tribe. 1969), ¥ 7,
Bayne (1973) 12, BENBEC I DOV RVRED, TRHIEERDO DO, EEEO
SORLUEHEODOTH D, BN ER > v ¥ —EREBL LOBELY THIEERE
OR# LAY, TRLUTCEIVANLL0E CTERERED L ANV IN DS LOTWDS, B
OBRFEHBERELCOVWTZOX I MAHED 5235, REBLHTHALCEFEHHEOD D L&
BREEOLDEVEET I LRTFACELDLN S, T, CCTHELETITYHAD
REBITEKEETCTORETH D, BEHLEERLLHT Tl LTS bk
B, FHREKHTCORMETH T LnLEEBRTD LD RBER, 8L bL, Bayne
DIEBLEEERORBLERL TN EDDENL L H,

B0 NERBECE WL RN TFORMUL2ABR L CAEELTCHBLEELZLNS
LEnb, YOLIREBETERI 2EORBENEREN DO ED 5T &3O
LW, 22T, 2z TR, B-%RE, T4bb0.5, 2, BIFTmOREILCETLL
RoRBEZFHNABEEEL (T TikiR, LE, BERBREE) ORBODd LTHE
L, %ﬂB®E®ﬁﬂEkW§Ek@%ﬁ%%*h%#?ﬁf%&bf OB FEY
BZRBEET BT 2EE O EORBMBE L2 L,

B (1972) BBLAEBRFENEARC I > TCTav 54 (B3 ER) OBRBENEBELT
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vE=THREREREZFBHANAKELILOD ETRAIE L. WE, BicX aREEBNE
RHOKRLBAER LSS, N (2) & (3) CLARVWREELD DT, ThbOHE
LEAME L 2 HIR Lie. TOME, 55 OREHOTHKE 19.5C, FHEAER.2¢
T, EAEELRBEEEOLIBRENEE TL.65~1.75, 7 ve=7HEELRIME T0.83,
8 H ®/Kif28.1C, WEE13.0g TN FN0,83~1,01+0.95, 10H ©kiE20.0°C,
WER15.48 TIrx1.06~1.13%0.88, 11 Fa»HI128 FAOKIRL3.1°C, WERI6.48
TiX1.156~1.10&1.10&72 D, 5 A OMEKELBRIER (2) & (3) REAME &<
—5T %,

RN (2) & B)RRLEXIE, TavHM1 ORBBEAEE L /KE L CHEEBRR
D, X (1) OB b’ B—EEL & 5, DB 2WT, lkeda (1974) 28T, |
B, BEROOCERBEROSBHY S v/ b VEOBRENERELERKBETLA
BEZKHETTO LR, EH b’ BEFHOLORKEL, AFRKL2) LOh
TN e, b7 & Ya” 2t blekBeiMErd o L2EH L. ik,
Talorchestia % Emerita o \T, BRECBWCEBERE T Cd & ReW.T O
BT, KBAELS R B1EE b’ 12 KE L - 7= (Newell. 1970),

Yo RWT 0Bfxd &» skedic, £, BIBETCTEBELCNLBYL
DO, EECERL CWeREKBL ZRETCEERECHT 2REBLAEL T
% (AR, 1968), L7chi->T, KECAEWT 2HUORBRIECEL WEWEAET S L
W5 faE (Newell and Pye. 1970 a) 2% %5 & 5 ¢, G CKIEZ ABKICHE L /25
HTFCd e RW-T 0BRREMOEERB OFRBLIEERT 25 2L THITEARV.

B ORJIEHC I NT 2REFEFOAE IR 51013, —BICBEERE (Qu)
BRWLN 5, BERBRRIALCI DIz bh5

10

Qlo = (%)m (4)

TR S RBBE G, & OBORINEEYEHLT,

A (1968) BEREH T TISTHBIZCETCOEEOKRETCOTI VYA 1 OMBE
HEEYD LD, FKEMTO Qu EXBRHFL, QuEREBEEOLACESRVEL RS
2%, 33CHCX BEETT A L&IEH L, Lnl, BEEECTHRRBIEESR LT
EFELTOREITE, QuEORELCES R EHOKE, BWERERE Qu BIEEL,
HEO LRIEONTEL /5 &5 (Davies. 1966 ; Davies and Tribe. 1969), ¥,
R (2) & (3) b, BENBEBLUMERELOWT Q EXERETTRELL
(Table 5), 73 ¥ #14 QEEHKIE L VHNB16°CH 528 COMO Qu EIXBRATEER
T2.8, BEMERET3.1 RSB, IHEHELLE, BAKRLABBE QuBEEL &,
e, TAYHA OEFEHEKBEOTRELTOIOC~4COMTRENL R, 64277
BRT. L, KEMSNCEZLTHRX (2) & (3) EREBALERFIRD TR
Qu ER/NIL o35 ke s, TOHDEFKED FRIMIGEENCEELD
nac b, ThAEoKkETER (2) & (3) BEREYRLRZTHEL T, T,
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Table 5. Temperature coefficients (Q;,) for the metabolic rate
estimated from equations (2) and (3).

Water temperature (°C) 10-14 14-18 18-22 22-26 26-30 16-28
Q10 (02) 6.4 4.0 3.0 2.5 2.2 2.8
Q10 (NH3-N) 7.7 4.6 3.4 2.7 2.4 3.1
Uemoto (1968) (13-15) (15-18) (18-21) (21-24) (24-27) (27-30)
Q10 (02) 1.8 1.9 2.2 2.0 2.8 4.2

AL X BREBECRT B Qu HOER & OE WO NWTIER, ERCTREBLREL B
DOKBEEZWT 5 EORBARCERT 20 LEL BN DR, TOREOIVWTE, 48K,
ILERETIXRERE B, WiShicgk, X (1) OFH b’ BA—EEixLtaz il
BREEERNTES 5,

B2 ORBEOREHRLETHKELERAERYS LR (2) & (3) LRKELE
BEHEELEMNEZEL TN OOEAE L KR L, *0hoZHEMCOWTHKRE L,

&2 OMEBBOENE Rn) LHEM R Lo Rn/R) 0BHiZ/L% Fig. 16 1©
Flko EWRLEL S, 19734E11E Ru/R, B k& mE(LIERD B\, 19744
L19T54ETE, 6 BB 7T AN T Ry B8R #8BEL b EboTWB, —7F, 1975
FQIAMBIVBRBEHEIL R B Re T2 T35, .

Tav A4 OB ORRERE L L COBRRY, AEE, BzotzZRELLEER
BRER AW) LL2REE MW) Lol AW/MW) oFHiZ s s (Fig. 17), 1973
F17TARUD T TRAREEORIEERE b » Thiel, 197440 NAT & ART; @
EEEORBAME e Andb 7 AT, 1975FECRe Anb 7TARUDETLHEINSD
T, MED Ru/R HIEOWT 6 AnD 7TALEDDONIBHE Ta Y A1 OEBEDOR
BERERAP B CAEHE—HT B, LicdoT, OB LERBOBETCRERFER
bl &8 bhb, ik, 19750 9 A 5108 © Ra/R. o8 & 13, Fig.
IR L2 L 5 CRBRETOREBREBESZE L B LTV 0.5m & 2 m THRE
BRI EB0~T70%, TmT30%) L—FBTsrL, LA TmEBOETCCOHIMNNEL &S
T, BEKFORERREN 1.5~1.0ml/l PFehsE7avri4ORRBEEEN
BFFHCE(EAN AL 1966; EW. 1970), BRRAFERLBEORERRZRE LOMK
FEOHBERES &5 REFOIERH(EPN AL 1966k DE[H), %EH (Abarenicola paci-
fica & Lumbrineris zonata) ChATT5BBOBREMNELENLOMRZNEE L O
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Fig. 16 Comparison of each actual measurement of oxygen consumption (Rm) and
ammonia nitrogen excreted (Em) with the estimations (Re and E¢) from
equations (2) and (3) on the water temperature and meat weight at each
experiment.

O: 05 meter NAT, A: 2 meter NAT, []: 7 meter NAT, @: 0.5 meter
ART3, A: 2meter ARTs, B: 7 meter ART;. '
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Fig. 17 Seasonal variations on the ratio, (I.W/M.W), wet weight of internal organs
(ILW) without gill, mantle and adductor muscle etc. to total wet weight of
tissue (M.W) of pearl oysters cultured at each depth in ‘1973 1974 and 1975.
Each mark is followed in Fig. 16. .
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logR = 2,217 log T—2.023+0.857 log W
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logE = 2.428 log T—3.706-+-0.941 log W
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Summary

Seasonal variations in the oxygen consumption and ammonia nitrogen excreted
of pearl oyster, Pinctada fucata (Gould), cultured under the conditions of 0.5, 2 and
7 meter depths were determined from 1973 to 1975. One of these pearl oysters in
this experiment were ones which cultured at the nursery ground after the spat collec-
tion in the field (NAT), the others were 3rd generation of the combined oysters
which were collected in the laboratory (ARTS).

Relations of the oxygen consumption and the ammonia nitrogen excreted to the
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weight of tissue under the different water temperatures were analysed, based on the
seasonal variations in these metabolic rates.

Some of the marked animals of NAT (5 animals) and of ART; (10 animals) at
each cultured layer were used for the determinations on the metabolic rate. The
weight of tissue of them was estimated from the ratio, meat weight to total weight
of other animals cultured at each depths.

Water temperature and specific gravity of sea water at 15°C were regularly
observed at 0. 2, 5 and 7 meter depths (Fig.2). Seasonal and temporal variations
in water temperature and specific gravity were very remarkable at 0.5 meter depth,
intermediate at 2 meter and relatively stable at 7 meter.

Sea water which was used to determined the metabolic rate was pumped up
from 2 meter depth and filtered through the cartridge filters with 100, 50 and 5 ¢
pore size. The metabolic rates were determined under the conditions of running
water and the seasonal changes of water temperature. It is probable that the
metabolic rate shows the routine level. The metabolic rate seasonally changed with
water temperature (Fig. 6 and 7).

Relationships between the metabolic rate, wet weight of tissue, and water
temperature in the adult, are following (Fig. 8,9, 12 and 13) ;

log R = 2,217 log T—2,203+0,857 log W
R = 0,00948 T2.217 Wo.857

log E = 2,428 log T—3.706+0,941 log W
E = 0,000197 T2.428 Wo.o41

where R and E indicate the oxygen consumption (g atoms/hr/individ) and the
ammonia nitrogen excreted (ug atoms/hr/individ), W and T respectively wet weight
of tissue (g/individ) and water temperature (°C).

Temperature coefficient (Qi,) of the oxygen uptake and nitrogen excretion by
the pearl oyster between 10 and 28°C indicates the normal pattern that it is high
at low temperature, and becomes lower with the increase of the temperature (Table 5).

On . the basis of the comparisons of each measuremnt of the metabolic rates
with the estimation from equations (2) and (3) on the water temperature and the
meat weight at each measurement, both of oxygen uptake and nitrogen excretion
of pearl oyster cultured at each depth at June to July in 1974 and 1975 are higher
than the metabolic rates in the other seasons (Fig. 16). These months are cor-
responded to the maturing season of gonad (Fig.17). The oxygen consumption of
7 meter depth oyster at September to October in 1975 is lower than the usual value,
while the excretory nitrogen is higher. It is probable that these phenomena result
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from the decrease of oxygen content in the field for a long time.

It is concluded that these relationships reflect the real metabolic rate of pearl
oyster in the field conditions without the maturing season of gonad and the abnormal
conditions such as the remarkable decrease of oxygen content for a long time.

X L

Bayne, B.L. 1973. Physiological changes in Mytilus edulis L. induced by temperature and
nutritive stress. J. mar. biol. Ass. U.K., 58: 39-58.
Davies, P.S. 1966. Physiological ecology of Patella. 1. The effect of body size and temperature
on metabolic rate. ibid. 46 : 647-658.
. 1967. Physiological ecology of Paiella. II. Effect of environmental acclimation of
the metabolic rate. ibid. 47: 61-74.
. and M. A. Tribe, 1969. Temperature dependence of metabolic rate in animals.
Nature, 224 : 723-724.
Ikeda, T. 1974. Nutritional ecology of marine zooplankton. Mem. Fac. Fish. Hokkaido Univ.,
22: 1-97. .
May, D.R. 1972. The effects of oxygen concentration and anoxia on respiration of Abarenicola
pacifica and Lumbrineris zonata (Polychaeta). Biol. Bull, 142: 71-83.
BRfck 1970, Ta YA OFIHELICEIT 255, HiciEiEE L UToR%ER & BRI
DT . EHEMRES® 9 1—-221.
BERHE - AILEE 1966, BEBREBKTCBUETavY i1 OBRNER - ARED. RIOKER
., 21 139—144,
Newell, R.C. 1970. Biology of intertidal animals. pp. 555. Elek, London.
and V.I. Pye, 1970a. Seasonal changes in the effect of temperature on the consump-
- tion of the winkle Littorina littorea (L.) and the mussel Mytilus edilis L. Comp. Biochem.
Physiol., 34: 367-383. .
e . 1970b. The influence of thermal acclimation on the relation between
oxygen consumption and temperature in Littorina littorea (L.) and Mytilus edulis L. ibid.
84: 385-397.

1971a. Quantitative aspects of the relationship between metabolism and
temperature 1n the winkle Littorina littorea (L.). ibid. Ser B, 38: 635-650.

e . 1971b. Variations in the relationship between oxygen consumption, body
size and summated tissue metabolism in the winkle Littorina littorea (L.). J. mar. biol.
Ass. U.K., 51: 315-338.

B Bk 1972, BIERBEICHBU BT a¥ N4, Pinctada fucate, DRRH SUHKRGRICEE LR
FTHRERICET 2K, SEEKEHH. 132149,

Soldrzano, L. 1969. Determination of ammonia in natural water by the Phenolhypochlorite
method. Limnol. Oceanogr., 14: 799-801.

EAKEE 1968, Tav 4 OBRNEBRLKEREDBRIONWT., E7EHPER. 13 1617—1623,




H# Jap. Jour, Malac. (VENUS)
Vol. 35, No. 1 (1976): 9-14

7 2v¥ #14 Pinctada fucata (GOULD)

2 #h FH D Gk o ¥ & B

F0 ] W B
(B ST BB BTEERT)

Number and Gross Morphology of Chromosomes
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Collected from Two Regions of Japan*
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Abstract

The number and gross morphology of chromosomes in the pearl oyster, Pinctada
fucate (GOULD), collected from two regions of Japan, Koshiki Island and Ago Bay,
are reported. Eggs were prepared using the aceto-orcein squash method. Fourteen
bivalents during meiosis and 28 chromosomes during mitosis were observed in the just
fertilized or cleaving eggs. About four pairs may be classified as subtelocentrics and
the others as meta- or submetacentrics in the tentative arrangements of colchicine-
metaphase mitotic chromosomes. Though no difference in the chromosome number was
observed between samples from the two local regions, it was impossible to determine
whether or not differences in chromosomal morphology exist between them.

Introduction

OJiMA and MAEKI (1955) reported the haploid chromosome number of
Pinctada martensic (DUNKER) to be 18 as seen in spermatocytes. TRANTER (1958)
reported the haploid number of the Australian pearl oyster Pincteda albing
(LAMARCK) to be about ten. Both of these studies were made from sectioned
materials. Recently there have appeared some studies on the chromosomes of
marine pelecypod mollusks which have been made from squashes of fixed and
stained eggs and zygotes. Using such method INABA and IEYAMA (1978) reported
the haploid number as 14 (2 ) and the diploid number as 28 (somatic cell) in
P. fucata. Chromosome morphology of pelecypod mollusks, however, has been

* Contribution from the National Pearl Research Laboratory. No. 210.
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Text-fig. 1. Pinctada fucata (Gould) from two regions in Japan.
a, b: from Ago Bay, x0.4; c, d: from Koshiki Island, XxO0.5.

described in only a few species (MENZEL and MENZEL, 1965; AHMED and SPARKS,
1967; LONGWELL et al., 1967; IEYAMA and INABA, 1974).
This paper deals with the number and gross morphology of the chromosomes
in the pearl oyster, Pinctada fucata (GOULD), collected from two regions in Japan.
The writer offers his sincere thanks to Prof. Akihiko INABA of Hiroshima
University for his kind advice and for correcting the manuscript and to Prof.

Yoshio OJiMA of Kwansei Gakuin University for his kind suggestions.

Material and Methods

The specimens of Pinctada fucata used in this study came from a cultured
population in Ago Bay, Mie Prefecture and from a wild population in Namako
Lagoon at Koshiki Island, Kagoshima Prefecture (Text-fig. 1). All observations
on the chromosomes were made from spawned, unfertilized or fertilized eggs
and early cleavage embryos. Sexually mature mollusks were induced to spawn
by thermal stimulation. The eggs and zygotes were fixed at intervals in Carnoy
(3:1) and stored at a temperature of about —20°C. For induction of colchicine
metaphases, fertilized eggs were treated with sea water containing 0.02%
colchicine for 15-30 minutes (after LONGWELL et al., 1967). Squash preparation
of the eggs and embryos were made as follows: Several eggs or embryos were
placed on a slide and flamed; they were then stained with aceto-orcein for two
to five minutes, and finally squashed under a coverslip. The preparation was
either examined at once or sealed with euparal for later use. Chromosome sets
were observed and photographed using an Olympus photomicroscope equipped
with a 100 X phase-contrast objective.
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Text-fig. 2. Fourteen Metaphase I chromosomes of a fertilized egg.
(Specimen from Ago Bay, Scale: 5x)
3. Fourteen Metaphase II chromosomes and a first polar
body nucleus. (Specimen from Ago Bay, Scale: 10 x)

Observations
Samples from Ago Bay: Unfertilized eggs just after spawning were primary
oocytes at Prophase of the first meiotic division. After fertilization the eggs
proceeded to complete meiosis. Diakinesis or Metaphase I was observed in eggs
ten to twenty minutes after fertilization (Text-fig. 2). About twenty to thirty
minutes after fertilization eggs were at Metaphase II (Text-fig. 3). Fourteen

Text-fig. 4. A-D; Colchicine-metaphase chromosomes of first cleavages
in P. fucata from Ago Bay. (Scale: 10 p)
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Text-fig. 5. Tentative arrangements of colchicine-metaphase chromosomes of

first cleavages in P. fucata from Ago Bay (A) and Koshiki Island

(B). Arrangements are according to length and arm ratio as

observed in the photographic prints. (Scale: 10 p)
chromosomes were counted in the plates of Metaphase I or II. The first polar
body was not observed to divide until at least 95 minutes after fertilization.
Also, male pronuclei in the eggs were not seen to separate into individually
distinguishable chromosomes. Thirty to sixty minutes after fertilization the first
and second polar bodies and the mitotic chromosomes of the first cleavage were
observed in the embryo. Twenty-eight chromosomes were generally counted
at mitotic metaphase in well spread preparations of colchicine-treated embryos
(Text-fig. 4).

The 28 chromosomes in colchicine metaphase were arranged into pairs,
and the pairs were tentatively arranged according to decreasing length (Text-
fig. 5A). Total measured length, measured arm ratios, and general morphological
appearance of chromosomes in photographic prints were the criteria used
for pairing. The length of colchicine-metaphase chromosomes in first-cleavage
embryos measured from 9.5+2.3 n to 2.7x0.6 pn (mean-and standard deviation
of the four tentative arrangements from Text-fig. 4). About four pairs may
be classified as subtelocentrics and the others as meta- or submetacentrics
(LEVAN et al., 1964). These groupings, however, are not definite as the variation
in arm ratio of chromosomes in some pairs was very large.

Samples from Koshiki Island: Fourteen chromosomes at meiotic metaphase
I or II and twenty-eight mitotic ones were also observed in the specimens from
Koshiki Island. Text-fig. 5B shows a tentative arrangement of colchicine mitotic
metaphase chromosomes in first-cleavage embryos. The mean length of each
chromosome pair ranged from 9.8+1.6 p to 2.720.2 n in the photographic prints
of four tentative arrangements. In these preparations also there occurred vari-

ations in chromosome morphology.

Discussion
OJiMA and MAEKI (1955) observed 18 haploid chromosomes in both primary
and secondary spermatocytes of Pinctada martensit (=P. fucata). TRANTER
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(1958) counted about ten haploid chromosomes in both male and female gonad
sections of P. albina. Recently INABA and IEYAMA (1973) reported the haploid
number to be 14 (2 ) and the diploid number 28 (somatic cell) in P. fucate as
observed in air-dried squashes.

Present observations on the mitotic and meiotic chromosomes of fertilized
eggs indicate that the diploid number of P. fucate is 28. The haploid chromosome
number of 14 was observed in Metaphase I or II during meiosis of the oocyte;
the diploid number (2n=28) was observed at mitotic metaphase in the cleavage
eggs. Meiosis of the male germ cell was not observed in the present study.
LONGWELL and STILES (1968) counted the male chromosomes in the eggs of
Crassostrea virginice, AHMED and SPARKS (1970) in the eggs of Mytilus edulis
and M. califorinianus. The individual chromosomes of the male gamete, however,
were not observable in the fertilized eggs of P. fucata.

The longest colchicine-metaphase mitotic chromosomes were clearly dis-
tinguishable from the shortest, but between these extremes were several chromo-
somes whose lengths differed only slightly. So it was difficult to designate any
one chromosome complement as standard for P. fucata. It was also difficult to
measure and describe the chromosome morphology. Further critical chromosome
observations on P. fucata should be conducted to determine the standard
karyotype.

The pear] oysters collected from Koshiki Island were identified as P. fucata
(GOULD), not P. martensii (DUNKER) (cf. KURODA, 1930; KIRA, 1959). The shells
of these samples are mostly dark greenish on the outside, relatively small in size
and thin in thickness. Shell width (convexity) is relatively large. HABE (1961,
1967) and KURODA et al. (1971) pointed out that P. martensii was the synonym
of P. fucata. No difference was observed in the chromosome number between
specimens collected from Ago Bay and Koshiki Island; fourteen haploid chromo-
somes at meiotic metaphase I, IT of the oocyte and twenty-eight diploid chromo-
somes at cleavage mitosis were observed in specimens collected from both areas.
It is, however, impossible at present to determine whether or not differences in
chromosomal morphology exist between these two local types.

Z A

7 2% %4 Pinctada fucata (GOULD) DIEMLDORE YO Y, SEBIHEEEE LR LR
B (Oreaih) EOBEMIOWT, BHEINEHEINBROMOF LoLs LERATHE L, i
27 (BEBE L : =5/ —n3) CTEELEBRA V2l v TRAEEB LOS UEERE L,

BINE NI LRI ORI & VIR T T 50, Bl - g2HBo b K T
n =14 AR BE IRl (Textfigs. 2, 3), PEBEOMFHASHAD 2 e vhIBE T2 n
=28 5% ¢ DM bhie (Textfig. 4, ‘

TG ED b D2 T DIFEIREFHI DO F G2 b HRIREEE T IF - THBE Lo B % ke
TAHZ LR TR Aol LHELAIMWDHMAED L DD 3~ 4 WORWMHERE4AIN L Bbhs o
HdY, ML ECRRPEBEARCH - e (Textfig, 5), Licho THEEEESEEEDHE
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Short Paper

Amino Acid Composition of Dark Brown
Secretion Formed in Organ Culture of
Mantle Tissue of the Pearl Oyster*

The tissue culture of invertebrates has pro-
gressed in recent years but their organ culture has
not as much. The authors have been able to
maintain mantle tissues of the pearl oyster in the
culture medium!’ shown in Table 1, and noticed
that dark brown secretion was formed during
culture.

Table 1. Culture medium for mantle tissue!!

Tc Med 199 10X 1.00 m/
Salt supplementary solution 26.00
Kanamycin (100 ug/ml) ' 0.10
Fetal calf serum 10.00
Water 62.52
7.5% NaHCO3 0.28
1.49% NaH:PO4-2H20 0.10

The tissue-piece of the pearl oyster, Pinctada
fucata, in Ago Bay, Mie, Japan, was removed
with scissors from the so-called pallial zone of
right side mantle tissue and washed in the balanced
salt solution for clam and squid containing Kana-
mycin (400 ug/m/). The mucus on the surface of
the tissue-piece was carefully wiped with gauze
immersed in the balanced salt solution. The
tissue was then cut into tiny pieces of 2 X2 mm
with a razor and washed eight times in the balanced
salt solution. Cultures were made for 14 days in
an incubator gassed with 59 COs at 26°C. Every
4 days, the old culture medium was replaced
with the medium freshly made. The pH of the

Fig. 1. Fourteen day culture showing surface
deposition of dark brown secretion.
x 8.

medium was kept to be 7.6-7.8 during incubation.
On the 15th day, the tissues were removed from
the medium and washed successively in the
balanced salt solution and redistilled water. The
dark brown secretion formed (Fig. 1) was care-
fully removed from the cultured tissue with a
pincette, hydrolyzed in 6 N HCI at 110°C for 22 hr
in a sealed tube, and analyzed with a Hitachi
model KLA-5 amino acid analyzer.

Results obtained are as follows (residues/1000
total residues): Asp 92.2, Thr 46.5, Ser 37.4, Glu
114.2, Pro 45.6, Gly 67.0, Ala 51.9, Val 214.1,
Ile 46.9, Leu 73.9, Phe 18.0, Lys 33.9, His 70.6,
and Arg 87.2. Met, Cys and Tyr were not detect-
ed. The major amino acids are Val, Glu, Asp,
Arg, His, Leu and Gly. Val and Glu, and the
seven amino acids noted above account for about
339 and 729% of the total amino acid residues,
respectively. Thus, amino acid composition of
the secretion formed in vitro was dissimilar to
that of any of the conchiolins2~%' in the perios-
tracum, prismatic layer and the nacre of the shell
or of the pearls of the bivalve molluscs which have
hitherto been reported.

We thank Professor Emeritus Shinjiro KoBA-
vasHl of Hokkaido University for revising the
manuscript.

Isao YANO and Akira MAcCHII
National Pearl Research Laboratory
Kashikojima, Mie, Japan
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An Electron Microscope Study on the Calcification of
the Exoskeleton in a Shore Crab** .~

Isao YaNO*?

(Received July 10, 1975)

The early phase of calcification of the endocuticle newly formed after molting in the
. shore crab, Gaetice depressus, was studied by electron microscopy. In endocuticle matrix
near the outer surface of the epidermal cell in which the calcification has begun, a number
of small or large granular crystallites, 2-150 mu in diameter, were found to be deposited
in the fibrils. The fibrils, about 30-80 my thick, are dispersed randomly in the ground
substance. In each elliptical border of the pore canals situated between the fibrils, the
small granular crystallites, 2-26 mu in diameter, are often deposited in minute spaces.
With the advancement of calcification, small or large gramilar crystallites deposited in the
fibrils begin to join with one another and gradually form the band-shaped clusters of
crystallites. On the other hand, the small granular crystallites deposited in each border
~ of the pore canals do not form any crystallite clusters even with the advancement of
calcification. . - :

Recently, several studles on the ultrastructure of the crustacean exoskeleton have
been reported =% though most of them involve the decalcified tissues except only a paper"
which concerns nondecalcified ones. - A fine structural aspect of calcifying cuticles is of
importance for further understanding of formation mechanism of the crustacean exoskele-
ton. This paper deals with the process of calcification of the endocuticle newly formed
after molting in a shore crab under an electron microscope.

‘Material and Methods

Five males of Gaetice depressus of 5-6 mm in carapace length at the postmolt stage
B*3, 32 hours after molting, were used as material.
Small shell-pieces removed from the cardiac
region (Fig. 1) of the carapace of each specimen
were fixed with cold 4% glutaraldehyde in phos-
phate buffer (pH 7.4) for 2 hours and then post-
fixed with 19, osmium tetroxide for 1 hour. After
embedding these pieces in Epon epoxy resin
mixture, those were sectioned with a Porter-Blum

microtome. Only the endocuticle portion (Fig. . . .
Fig. 1. Diagram of the carapace showing

2) of nondecalcified exoskeleton was examined in the part observed. The square
. . . . represents the cardiac region re-
this study. Ultrathin sections were examined moved. Cr: Cardiac region..

*E S EBRBERT R No. 220
*2 National Pearl Research Laboratory, Kashikojima, Mle Japan (Z% 8 ExxEHRTERD
*3'stage of. the molting cycle according to Drach® . ‘
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Fig. 2. Diagrammatic representation of a cross-section of the newly forming exoskeleton of
the crab at the postmolt stage B. Ep: Epicuticle; Ex: Exocuticle; En: Endocuticle; La:
Lamella; Pc: Pore canal; Ec: Epidermal cell.

unstained under the electron microscope of Hitachi HS-7.

-Observation

Fig. 3 represents a slightly oblique section of the endocuticle newly formed in the 32th
hour following molting. This figure shows a proceeding phase of calcification in the endo-
cuticle. The formation of mineral crystals was found to occur at a site shortly distant
from the outer surface of the epidermal cell. Namely, a number of small or large granular
crystallites of 2-150 mu in diameter are detected in the fibrils, about 30-80 mu thick,
iivhi'ch_are dispersed randomly in the ground substance. In each elliptical border of the
pore canals placed between the fibrils, the small granular crystallites of 2-26 mu in diameter
are often found to be deposited in minute spaces. In contrast, in these borders of the
pore canals any fibrils are not recognizable, but the canals appear to be bounded by cyto-
plasmic membranes. The crystallites deposited in both of the fibrils and the borders of
pore canals are regarded as crystalline CaCO, from their characteristic contour and also
from the fact that most of mineral salts in the exoskeleton of G. depressus are CaCO;
under chemical analysis (unpublished). TrAvis" has demonstrated by X-ray diffraction
that the greater part of the crystalline CaCO, deposited in a cuticular matrix of a cray-
fish is calcite. With the advancement of the calcification, small or large granular crystal-
lites deposited in the fibrils begin to join with one another and gradually become to form
the band-shaped clusters of crystallites. On the other hand, the small granular crystal-
lites deposited in the border of the pore canals do not form any crystallite clusters even
with the advancement of the calcification.

Discussion

Many workers have noticed by light microscopic observation that the endocuticle
begins to calcify subsequently to the formation of matrix after molting.**® The present
electron migroscopic observation has clearly shown that in earlier calcification of the
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Fig. 3a. Slightly oblique section of calcifying endocuticle of the shore crab exoskeleton. Note
that small or large granular crystallites scattered in both fibrils and elliptical borders of
the pore canals of the matrix in which the calcification has begun. In the upper layer of
the endocuticle, the band-shaped clusters of crystallites are deposited in the fibrils. P:
Pore canal; F: Fibril. no stain. % 34700.

Fig. 3b. Higher magnification of enclosed area in Fig. 3a. In each elliptical border of the pore
canals placed between the fibrils, the small granular crystallites are often deposited in
minute spaces. P: Pore canal. no stain. X 63100.
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endocuticle matrix newly formed after molting, a number of mineral crystallites deposit
in the fibrils. This suggests that the nucleation of crystalline CaCQ; in the endocuticle
may be related to fibrils. In this respect, Travis¥ has shown in a crayfish, Orconectes
virilis that calcification is initiated in the matrices by the deposition of small mineral
crystallites in close association with the filaments or fibers. However, in the exoskeleton
of a shore crab, G. depressus, any fibrils are not recognizable in the borders of the pore
canals in which the small granular crystallites are deposited. At present, it is impossible
to decide whether the fibrils are related or not to the nucleation of crystalline CaCOs.
Further studies are necessary for understanding the nucleation of crystalline CaCQO; in
the crustacean exoskeleton. With the advancement of the calcification, a number of the
band-shaped clusters of crystallites are found to form in the upper layer of the endocuticle.
This morphological evidence shows that growth of granular crystallites occurs even in the
matrix which is distant from the outer surface of the epidermal cell. It is clear from the
present observation that the innumerable pore canals, in which the cytoplasmic membranes
are observed, enter transversely into the exoskeleton and the small granular crystallites
are deposited in their borders. GREEN and NEFF" have shown in a fiddler crab that the
microvilli of the epidermal cells enter into the pore canals of the exoskeleton. The author'®
have demonstrated in a shore crab, G. depressus that the epidermal cells lined the exoskele-
ton have a close relation to the cuticle calcification under histochemical observation.
These evidences imply the possibility that with further calcification of the exoskeleton,
the pore canal system may play an important role in transportation of calcium salts from

the epidermal cells to the matrix of the endocuticle.
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