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Ondes linéaires et leur instabilité dans le voisinage de la
céte de forme elliptique*

Shigehisa NAKAMURA**

Résumé: Par suite d’une note précédente sur des ondes linéaires le long d’une cbdte de forme
circulaire et d’une cbte curviligne approchée par un arc circulaire, la présente note est
consacrée a des ondes linéaires le long d’une céte de forme curviligne approchée par un arc
elliptique. Deux solutions sont obtenues, ’une périodique en temps et en espace mais "autre

unstable.
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Fig. 1. Abaque représentant la solution de 1’
équation de Mathieu par des zones hachées.
Les notations 4;* et 4:° sont des valeurs pro-
pres pour les solutions se; (7; 6%) et ce; (3.
6%) (d’aprés Terazawa 1960).
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Factors Affecting the Distribution of Heavy Metals
in the Sediments of Ise Bay (1 )*

Noburu TAKEMATSU**, Motoaki KISHINO** and Tsutomu OGAWA***

Abstract: The result of factor analysis of the horizontal distribution of heavy metals (Mn,
Fe, Ni, Cu, Zn and Pb) and ignition loss in the sediments of Ise Bay is interpreted on the
basis of their sorptive and thermodynamic data and field evidence for their behavior.

Five factors account for 92% of the variance of the data. Factor 1, with high positive
loadings of Cu and Pb, and significant positive loading of Ni, is a sedimentation factor of the
metals non-remobilized in the sediment. Factor 2 with high negative loadings of Mn and Ni
represents the distribution of the metals which are remobilized by diagenesis and precipitated
as oxides or with oxides in more oxidizing environments. The loading of Ni on both factor
1 and factor 2 indicates that Ni is less remobilized than Mn and more remobilized than Cu
and Pb. Factor 3 with high positive loading of Zn is an apparent factor because of the
differences in pollution sources of Zn. If the sources of Zn are the same as those of the
other metals, Zn will be included in factor 1. The isolation of ignition loss is controlled by
specific factors such as primary production in the overlying water and decomposition of

organic matter in the sediment.
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Varimax factor matrix of six element concentrations and ignition

loss (IL) in the sediments of Ise Bay.

Factor number 1 2 3 4 5
Sum squares down columns 2.069 1.268 1. 026 1.033 1.053
Variable Communality
No. Name 5 factors

1 L 0.970 0.130 —0.214 0. 086 0.037 0.948
2 Fe 0. 982 0.078 —0.087 0.070 0.981 0.041
3 Mn 0. 865 —0.142 —0.825 —0.011 0.210 0. 347
4 Ni 0. 867 0.570 —0.729 0.003 —0.101 —0. 006
5 Cu 0. 906 0. 950 —0.049 0.014 0.035 0.011
6 Zn 0. 996 0. 140 0. 008 0. 983 0.070 0.077
7 Pb 0. 862 0.883 —0.019 0.218 0.093 0. 161
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Table. 2. The distribution coefficients of transition metals for manganese
oxides, hydrated ferric oxide, Na-montmorillonite and red clay treated
with an acid-reducing reagent solution (m/g™!) (TAKEMATSU 1979a).

Mn Co Ni Cu Zn

Manganese oxides
7-MnOOH 3x10! 5%x10* 1x10% 8x10° 2% 10
7 A manganite 3% 108 8 10° 4x10* 7x10° 2x10°
3-MnO: 5% 107 2x108 3x10° 1x107 8x10°
Hydrated ferric oxide

2X10* 5x10* 1x10° 7% 10° 5X10°
Na-montmorillonite

4%10* 3%10? 5% 107 5%10* 2x10°
Red clay treated with
an acid-reducing reagent solution  6X10! 6x10? 3x102 3x10* 2x%10°
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EHLY O EE O M 2.9x10°M/L & L
(MOREL et al. 1975):

BT RRORE

S*+4H:0=8042"+8H*+8¢”

il

25°C, pH=8.1 tii 05D 8 1t & 7t & AL

* §27/8° rhombic DM BT\ BBA YT
% Eh & [S*] OBf:
Eh=—0.485—0.0295 log [5%"]
HIE XN T W5 (BERNER 1963),
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T T T 7T

Illllllll

-0.u -0.2 0.0 0.2 0.4 0.6 0.8

Fig. 1. Log molar concentration of Fe** in equi-
librium and log (T(Fe(II1)/T(Fe(II)) as a func-
tion of Eh at a pH of 8.1. Dashed line shows
the total concentration of Fe incuding the
complexes (T(Fe)).

{Eh) ik

Eh=—0.326+0.0074 log [SO. /[ 5% ]
(SO~ ]+ 2H,S=2.9%107? (1)

Thbd, ALYDE 1 35 L0 52 BEEERY, &
nFEh, pKi’=6.85 &I pKy'=13.46 (Nis-
SENBAUM ez al. 1972) 33 X G b1 4 v OIES)
BEA 7rs?=0.05 & L 72 (MURRAY et al.
1978),

REBEACHEL C3, 2RKBEREY Cr=2.35
X107 M Gl KR ORBE), REBEOHELR L O
W2 MEEEE Y, ThTh, pKu'=6.0 B L O
PK/=9.1 BIVCKEAAY ODFHEEH Y
Treos2 =0.021 & L 7= (BERNER 1965),

B2 ENCi  ZeE nEE FesOs (hematite)
Th by, REHEREY T T goethite (a—FeO-
OH) mEH ERhTWwb O ¢ (HEATH and
DYMOND 1977), E{bi¥eBEIC B\ TEE:
Bk FeOOH &1, ®RERMEYEEE KB

{LEE=gkE Lic, BEICERE T1x FeS L) FeSe
(pyrite) WXV RETHD, Lo T, FeSe
(pyrite) —FeOOH (goethite) NWEEHAY &
759, FeS—FeCO3—Fe(OH)s 0¥ E/n il A
FOFNREOHERIRCIVAR T 5 ThHh A
5, Fig. 1 iz, Fe(l) o4k s Fe(l) @
Fholh (TFe()/TFe(l)) KX EThD
B & Esich b Fe obhy sorce@gE (T
Fe)) LAV TRLTH D, Fe Dbk L T
stk o 22 B & ¥* 11 CRERAR and BARNES
1974) »BIHIHAL 72,

Fig. 2 w Eh & Mn 0OEE L OBEEY T,
BITMEE T MnCOs XD MnS 2042 5% © X
SRR ST %7235, REHERY ORIEKT T
VEARERIGIEE N AR D i X b — R E < 7
Bk (NISSENBAUM et al. 1972, MURRAY et
al. 1978), MnS X b MnCOs NWEEL D Th
A5, A riERT 74 viE (Loch Fyne, Scot-
land) ix, Mn ORBEEEENSECHEEL

0

log (M%)

=

-0.4 -0.2 0.0 0.2 0. 0.6 0.8
Eh (V)

Fig. 2. Log molar concentration of Mn** in equi-
librium as a function of Eh at a pH of 8.1.
Dashed line shows total concentration of Mn
(T(Mn)).

* G DEEEERMORINR ALY OFEEREZED,
KESTER et al. (1975) 23 BALEZHW5 & TFe
(I)/Fe(ll) ¥k X TFe(l)/Fe(l) 14 CRERAR
and BARNES (1974) Ol O K& kb, Fh
DAVISON (1979) DfE% A% & TFe(l)/Fe(l)
I WEE TS D,
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Tww5b (MANHEIM 1961, CALVERT and PRICE
1970),

Fig. 1 & Fig. 2 #Fhns L (Fig. 3), Fe &
Mn DREOHEREEIEC S0 5 2B DERLHTE
VC%’Z) WAL NEET 5 X 5 ToE BB Tk

WL E LT, Mn i3RBELLTEFRE
hm&bﬂé# T OBEBETEME S, Bk
YIMEE LW Eh=—0.1V g it Fe 0%
EEMIREE L 0D, TOEMBEL Mo DL
CIEECT S B WE L e, Fe o BIRETKE
EE RO ERRI > T L, Fe(ll) 2 % &
L7c%n Eh=0.2V 225 0.2pg/l BEO—EE%
R —F, Mn OFEMEEIL Eh=0.3 2l kT

""" EE RS, < v VB O A (MnsOs—y
—MnOOH—0-MnOs) I T L Eh=0.6V
HBET Fe 0rhEXET D, LInioT, Mn
E2 s b IEW Eh @I TR WERE 2R
P, Fe WEWEEEA RTOIL FeCOs W &2ET
Eh @B bns, 2O TlL, Fe 0ER
0.5ppm #£EE, Mn OZfiL Sppm FEE L EHH
Ehd, T, REHBYOMEZKH T, Mn o
HEEZ 10ppm 2 E L, Fe o h i3z osno
1#2E ¢dh % (DUCHART et al. 1973, MURRAY
et al. 1978, ELDERFIELD et al. 1979), ¥+ —=
F ATLOHEREY Tk, Mn o@E T MnCOsiz

0 T 7 T T T T T T T T T
= TMn) 4
-5 = Y, -
E L |
e | / ]
o L T(Fe)
5 A
g
I 10 =
15
I i 1 1 1 1 i 1 L 1 1
-0.4 -0.2 0.0 0.2 0.4 0.6 0.8
Eh (V)
Fig. 3. Log(Fe) and log(Mn) as a function ot

Eh at a pH of 8.1.

B L C AR BAaF, Fe oy FeS wBiL ¢
ﬁ%m,FdDSK%LTFﬁfX%ﬁ*&ﬁﬁﬁ
LT % (MURRAY et al. 1978),
%ﬁﬁ%ﬁbfﬁ%%*@mﬁﬁﬁmﬁﬁbt
e i, TOBLEEND X5, HEBEIES
PNEAKEGE L TCHOCERBCET T 5% Th A
5o — K, Mn IEBLETEMNORE W EE T T
BL, Towmi®o Eh S U CEb & L ki
THTHA S FERIEHCIE S HEFFIC R 5 Fe
& Mn OEFHOERIERYHDO AL O T HE
DPESFEC B RS T W5, Mn HEE
CLEANTERFCEEY FEE ST, Zhi
XU C Fe OEELEXFI liﬁ:&i—/\h Th D
(CALVERT and PRICE 1970, BONATTI et al
1971, SKEI and PAUs 1979), Ziuii Mn ok
DK TH 5 DL T Fe DXk mna
ARFTHE ZEL—RTHDHN, HFEHTTE
WC Mn 3BEHL 5L, Fe I BE L%
WZ EERIRL TV B

N

Mn(ppm)

B 7o0<

600 ~ 700
500 ~ 600
400 ~ 500

Fig. 4. Horizontal distribution of Mn in the
sediments of Ise Bay (OGAWA et al. 1977).

* DAVISON (1979) ik i, HDBAKLE EK E
FeA FHVhE, FeCOs B L CTHRNITH 5,
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FEEoHERY IR CE, M B fuE
CRWTEDEEMEL, FOEITHCKTE
WKESfEEL TS (Fig. 4), 2hit, Moo
BEL TUWAERC RS LT, D &L HEREY
F£EoD Eh 28 0.4V PIkTHy (Fig. 2), o
MO R TR OB LB LB ME S, Mo 28
HREERRERAC X DB »D R Lz &
TEWERLCWh, Licds T, MnDE T3 T2
—HIERE L CESEN MEREHT X o CHEEY
mabLEHEL, WEBLSEFNRECSCTH
WBL, 37cbb, ESBEIAREEBE L H
FHERLTRFThHD,

Fe oB4w1d, Mn OBEEOE- S
BT, FoEpasvgw (Fig. b, = ik, Fe
LT BREERE L EEB®T S, £5 T
HBHEHE, BwhLEOHREYH D Eh 1L Fe o
BEiL B 0.2V gittHhHAH S5, Fe T2
CRENLUPESL Ty, Shid, 3Tk
72k, Fe xRN EREBET Y A
BIGW OB TORCHEEL, HEROZEBELZT
WOTETHLZ LCERT S, Lcdis T, Fe
OETAHHERT 41 WIH B TR ABEL TET

N

Fe(xlOappm)
40<

30~40
20~30
10~20

<10

Fig. 5. Horizontal distribution of Fe in the sedi-
ments of Ise Bay (OGAWA ‘et al. 1977).

AENIT A BEIYOUELZRL TR F Th
%o
4.2, Ni Bt Co

FEEmo iR o Co OESHITHEES 1
T, AERE X OB OHEFEREREIC K T
MItRTBELUDOZE L RTOT—HEL TR 5,

Fe 510 Mn PSAOESBILHEBEYHIC I
T e B & L CHEET S el din {, Fe
B IO Mn D&Y, 7 ABEEYH L ILE
HEYHECH > T (BEEES LT BESRT) 7
FETHEEZLRTWEDR, TALOTLEOHS
ST IERYTC R0 5 2RI ERT 5 —8)
L BDTE o TR T %,

Ni 8 L8 Co DFALMDOEMET Mn D%
W HATHIE S, Eh 23 —0.2V Ptk Ni
KL Co pRFEFEMIL, ThTh, KEB{tYs
FOIRBE T bOBERER Mo © 2 h LD
b —HREBES ., hic Eh W& /s tMeE
OEZEEMZ, Mn FEC, B Eicsd, L
nL, TNBHOBIYGOEBEEE Mn DL kb
mv (Fig. 6, 7).

MK O BEESBEREORE §l 13 4 7w
2%, Ni % Lot Co DR, i F i, 10~400 ppb
B IO 1~40ppb LG X Tu% (PRESLEY et
al. 1967, MANHEIM 1976, DUCHART et al.
1973), B DOEEME O EHEO BRE LD
1~2 HHEWETH D,

0 T T T T T T T T T T T
3 | K 1
| %
/ %5
[ f‘ Ten T
i et etetelelatetote .
N1(CH)
5 e .
: 1
=
= S
o d
g
10 —
| L A ) L L L L L L 1 1
Q 2 il 0.2 04 0.6 08

Eh (V)

Fig. 6. Log (Ni) — Eh diagram.
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0 T T T T T T T T T T
B TiCo)
[ . ]
CoC03
-~
&
)
=
o
=2
15 L L 1 L ! TR ' L L
-0.4 -0.2 0.0 0.2 0.4 C.6 0.8
Eh (V)

Fig. 7. Log (Co) — Eh diagram.

HT T A BT OB HERY T BT,
Ni 8100 Co 1t Mn & FEkEIC, HREYERBICH
ErEEIRTEY (BONATTI et al. 1971), =
NHOTEIBRIERAC - CHED T 2 B &
L, BbMy7c i@ mc s\ T Mn & L Fe
DB~ DOBITIC - T BT IBEE S ELD
AEntzs ExIRT, Ni & Co DHEEYIRERL
SADIEREMET Mn O FRICEML TR D,
A BETEHCIRYNE ST, Fekls Lot Mn
DELY, R TEML~ v N VIRBFCRE Sh
LI EPLHEMTED,

RS L O~ v v s Cid Mn—Co—
Ni o HEBERRH ShCwb (TUREKIAN and
IMBRIE 1966, CALVERT and PRICE 1970), %
7z, RBEW I HHRHBCHL T, REMEEYR
Y=y HvETD Mn, Co X% Ni i:JH /L
DEHZEEA v+ (TAKEMATSU 1978, 1979b),
Zh b ORI EETE LR 7 HERRREE T Mn,
Co BILO Ni ZRIUEBE® 752 &% RL T
L5, DEOHFEEEC BTt Ni Xt Co
& Mn OZEEOBEELEMEZHRES L T i
Wy SN s — DB T 4 s 0 VOHEREY T
3, Mn GREBCHERTRBICHEEREL W5
ChrrbbT, Ni 8L Co kizznk 5 /s
EmE I S ey (SKEL and PAUs 1979), #
EHETEY T LI ARE D Ni & Xt Co &M
oz, Mn LRICZEERRL T ThHEKRE

TE D, AW Eh BNMEL ~v #VEMLY
DEILIRENME G 7odie, Ni 8L Co 28 Mn
CRICEEZ LD ThrThb, BILIK
DBV~ v F vt Ni 8L Co e
T AN~ v FVICEAT 2 e D
(Table 2),

FEEERYTIC BT 5 NI o570’ T 8T
Tk, Nix Mn o325 F2E Cu kB L O
Pb o ETHHRF1OWAEESL TWw5 (Table
1, Fig. 8), Ni ERFER X OB ZHER
BT Mn WHEBIL TW52, Ni T~y
7 AR HERR R R R T A BRI
WT Mn ©oFR LD % 3V (Table 2), % 72,
Ni ABYC ST AEEEACKEVWTEH Mo ©
Tk vy (RAsHID 1974), & b, Hift=
o T IVOERMBEIT Mn OFi L D &5 F7 & W,
ERARS L R HEREEO Ni & Mo o 7 £ 1K
BEOMEYZEL K hulicbisws, EEio Ni
DPEB S L OB FIET s Nio»
Mn I bR CBEELEVZ L 2RL
Tbh, Lk T, NildEEy a2 Bail 5w
Mn :BEHLE Cu LU Pb & ohlErHE

Fig. 8. Horizontal distribution of Ni in the sedi-
ments of Ise Bay (OGAWA ez al. 1977).
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FRLIZEDEEZDLND,
4.3. Cu BXO Pb

B (b7 B BB R TR W B E e
Cu oft&#t, CuO (tenorite), Cus(CO3z)OH),
(malachite) ¥ X ¢ Cu(OH);Cl (atakamite) T
»%5 (Fig. 9, chbobd¥d, ToEKFEE
BB Tlkion, APEDBREYHIC IS W TRE
ERnTw5% (JEDWAB 1979) , L0 BEY R TR
EIntz Pb oftaé¥iz Pb(OH)CLl (laurionite)
ThHN, BIEEC PbCOs OF2 L H ZE
Thn (Fig. 10),

Cu BXO Pb IR EARYERLHVTFE
Thh, LAHACAHEMFEEL LD ERS NS
DR DI EERIRE S LT3 (ZIRINO
and YAMAMOTO 1972, DYRSSEN and WEDBORG
1974, LoNG and ANGINO 1977), ZIRINO and
YavamoTro (1972) % X ¢ DYRSSEN and
WEDBORG (1974) k% Cu & Pb oEZHGEK
tt, FhFh, Cu(OH):°(89%) & PbCO;°(81
%) B Xt Cu(OH)CI®°(65%) & PbCl:°(42%)
THFIELR LN, AT B0 4 v D

@

T T T T T

CUtoh)) 5Cly 5

S| s
Y

log (cu?*.

LA R R A B B A R R N BN A S B |

i 1 1 L il 1 1
0.2 0.4 9.6 0.8

ER V)

Fig. 9. Log (Cu) — Eh diagram.

HEZ, METECEE-HLTED, FIECE
Wit Cu=0.85% & Pb=1.5%, BT R T
1t Cu=0.7% & Pb=4.5% Th%, L1z -
T, BbriEAieRid 5 Cu 8L Pb 0ER
Bz 1x107°M/I TR L 75 %, IRRHEREY ORI
KA O REEEIBRED, WRKPorh I —HUE
Bl b LEEETS L, REHEBHTCRT
% Cu B X0 Pb o ME EELOLR XD —1f
IELAEL I BT Thb, L, BEEEYD
Bk o Cu DR, 10~400 ppb (0.2~6
X1078M) t# E&E N CHE D (DUCHART et al.
1973), —oOEWHDOEEIL, Cu OEELaYnc
BIL CHIB N E BERITH D, Cu EHEEO X
SInBEERM EKRER B R E KT 205
(MANTOURA et al. 1978), AT D Cu @i

o) DN EEERE LT EETDHZ ENXNED
FKRELTEZDRD,
Cu 1% Table 2 2BEELD X 5 ICHEFEYRERL

BAOWTFRC S EFCRE TS, T, Pbix
WL CoREIH A Cu X LN E X
5 (KINNIBURGH 1973), RO X 57z, #HA

0 T T T T T T T T

1

log (Pb2*)

TR N Y T R N |

=25
-C.4 -0.2 0.0 6.2 0.4 0.6 c.8&
Eh (V)

Fig. 10. Log (Pb) — Eh diagram.
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FT — 25 DO BERES B HIBTL T, Cu B
T O° Pb i3, HERRAEFICHE 5 2ERBL BT,
BYh A BEHLE TR THA I,
BROBEDIREAETLNEELZLND HT S
= A B O MERMEHERRYIC B\ TiE, Cu DR
Fe rRBCHBEFAC—ET (BONATTI et al.
197D, Cu MY HE2BHLE 2 L2 RL T
Who —Ji HEEZTCHBRED D VI
DHEFEYFIC BT, Cu B XU Pb iRk
HARTEBICHEEZECEREL T\ % (ERLENKEUSER
et al. 1974, FAA - #EH 1978, SKEI and PAUS
1979), zo Cu B XU Pb ORF~DEHERS
i3 Mn oFrhie—REBEHUL T2 08EE L £ <
BOBFCRAL Tb, Tiebb, FiFL Cu
BIO Pb WNERYTABE Lo bTF RO
BHEEEBL A0 THD, BEILT TR
7o X 5w kgL 7o Mn 2SR IERIC X » TRk
S, RIEKTEZBEIL, BILKERE TRty
CLUCHOERLBITLLHERAYRL T 5
(SKEI and Paus 1979),

BRSBTS Cu BIO Phb iz K 7
R X D AT ThAC DT 50m% L

Cu( ppm)

40 <
30~ 40
20~ 30
10~ 20
<10

Fig. 11. Horizontal distribution of Cu in the
sediments of Ise Bay (OGAWA et al. 1977).

TR Y (Fig. 11), = o541k HIRAIZUMI et al.
(1978) DEROMNRE LB THY, EHRH
AT ENWS ZENTED, Leh-T, Cu B
IO Pb 0B THRET 1 I MBESRIERT Lo
TROVBEL Do e THROUELTRHTHF &
Wi ZENTE D,
4.4, Zn

ANFEOBBY TR CTHEER TS Zn ©
{b&#% ZnCOs(smithsonite) 3 L 08 Zn(OH);
(CO3) 9.4 (hydrozincite) T3 % (JEDWAB 1979)
Zh b L&D BT % ERHE R Mn,
Co BXU Ni oz X viEW2, Cu BIT Pb
D kb EMNCE W (Fig. 12)*,

W X OHNPEHERRY ORRAKFR D Zn DJEEE

0 ﬁw/lllnnnlll

r no )L

log (zn2*)
=3

-0.4 -0.2 0.0 0.2 0.4 0.8 nsa
Eh (V)

Fig. 12. Log (Zn) — Eh diagram.

*Zn 1KoV TH WL D $EHEDOLEEHL MG X
nTw3 (ZIRINO and YAMAMOTO 1972, DYRS-
SEN and WEDBORG 1974, MANTOURA et al.
1978), ZIRINO and YAMAMOTO (1972) XX
DYRSSEN and WEDBORG (1974) 1< & #8812,
FhEh, Zn(OH):°(63%) %L X ZnClt(44%)
LR DH, kT A2HO1 4 OHEAR,
nFEh, 15% BIKX 16.1% TLL—HL TWw
%, L& L, MANTOURA et al. (1978) X iud,
BEMIT ZnCl*(18%) & ZnS0.(18%) T, B D
14 DEARWL 45% Th B, Fig. 12 T, ZoD
A% 15% L LTRERLTH B,
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13 10~600ppb & ¥E I T % (DUCHART et
al. 1973, /NE 1980), ZEESFAIEHENS, /NH
(1980) 1%, HMEEO HENE L, HREMAR
ERT, BROBERBEYEATVHHEHER
B R CiE, MBUKHR O Zn O JEES L R ESR B 4
DERBLC X » TKESHTHBAEENSL S &
BT B,

WA S B S &, Zn ik Cu ©EELL T
bo Tiebb, Zn ORWEFMFEL Cu DE R
X DRV, Zon WRHEBHREERERS OV i
SR L SBEE S b (Table 2),

74— VR A8 BTE, Zn 1% Cu
BIOC Pb LHUDEFH X R T, r AT VENL
AD T AGLEFER s DR BT B S b Ek T
1%, Zn 1% Cu s L O Pb & Ak 90% VI B2 KT
RCEAL, Zhbo 3xRIEEERYTICE
WCASHE UK - BEDIHERT, ZIn B L O
Pb & Cu o470 #EFARE 0.90 Pl ET
bbb, —F, Hikdo Mn, Co & kot Ni 2,
30~65% DEWAR T S 3, WIEHEREYG T DK
EAFRERIT S Mn, Co 3L Ni & Cu 04
BREE, FhFh, 0.10~0.66, —0.12~0.43
BIO 0.26~0.82 TH%H (MOREL et al. 1974,
‘GALLOWAY 1979), $ - &%, Mn kXU Com
FOCHEBFEEOEVC O, ko BEYETho
IHDLOTLHEBEN BEEBRYTO L ELVE
bish b eAd %, MOREL et al. (1974)
%, Fe, Zn, Ag, Cr, Cu Pb, Cd & Xt Hg
BTG ERST RV BE LW EL
T, CRBLOTERCHLT “EBEHIRH (no-
mobilization hypothesis) Z#HET T\ 5,

FEEHEREY TR 5 Zn OACESTRIE, Cu
K IO Pb LEERIC, TOBENGEENLHE
Chlo CTiRACBDT50M % L T\ 5 (Fig.
13)o Zn D534 ORFRHT T Zn O AT
DRFE L - THHIRTHBZ LT o T 5%
A L Zn OFFREN Cu BRI Pb L B
o ThBRDdTHS, bLEREARL Thh
1, Zn it Cu BXO Pb LEICEFLICET S
THAHJ, Zn NMRFLEENTIZHAHMEE 5 L

Zn{ppm)

" B eo-
120 ~ 160
80 ~ 120
40~ 80
L] <

Vi

Fig. 13. Horizontal distribution of Zn in the
sediments of Ise Bay (OGAWA et al. 1977).

TWABHT ER LT Pb M Zn 0BT 5EF 3
HLTWAHZ EREDZ EERET S, Liho
T, ZnDFET RT3 e BrdoEFTh b,
4.5, RIGEE (L)

wamaE (L) THBEYh O EBYeE0RE
ThHDHN, COBEYOREIAIINLRAT S
BEEBYIND T, BEDTFv 7 v
BOLDORNe ) OEEE DB THAH S, £
ThoHiebiE, IL OO, FhERoERCE
577 v bvORER, TOWMERXEET A
ZOWRO REER L OCHERBR O R ©
BEYST 5, LT, BEEERY b ©
IL oRFBATCR TR, IL IR T/
T B,

5. & El

HBEEEYTOESED 2, TOERDOE
BISOBEYZT LM, LORENTRED L
AT THRADT H0MHN BRI Th 5 (FaA-H##
H 1977, 1978, HIRAIZUMI et al. 1978), U H»
L, HEY» Gt ZEE 3 Fe 8 L O Mn ©
BitYrn REEREEOEVWBETEN (Eh)
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T EERL, HEBEOTELZ OBEMEN
HrbTibd, T, Mn, Co kXUt Niix
REESE 3 B\ NI L YD IR E N8 &
U7 A BRI & % \ L R E 3 5 I0E
TREN BRI N & W, —HEECIEREL -
SN DDOITLEEE Y DR RIK T Kk A
o THBUKF AL, MEAkhaREL,
ERKFCRHE TS, Fe &, £o Eh @ERE
FOTHEL VIS, HERU»LERTS, ER
AL 72 Mn % 208 Fe 13 X b B {big7ess
RICB TR E LB T %5, Co 8L Ni
AR L 72 Mn 8 L O Fe 0B IEE Sh T
BT TN D,

O X5 e ESROWER O BENIHER O
M D& TTROGEEIRIE L BRYIBE, HFchl
VBRI L - CHREhHLDEEZBNS, B
BYRBE N EAE S LESE Mn 2Kk 3K
e L THEELBE L WTHA S L, LY
BENMRBE 5 LFERIEAME ST (Eh o 2k
ST, EREIX HEEYILRER O REL i
LR BELINTHA D,

IO, FERBISESED HERECRKTS
BE AR 5 O FBEIER TH %, AHIE
T Ie D W HEE B 1770 - 122y, HERYTho®
BB O HFELRRE, HARR L KRR S, R
K oESLEEE, Eh, pH, REEBEEREY
W, INDOILEDBRD HRBREIC BT 5%
AT 5 0 END B,

b4 3
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Eutintinnus haslae n. sp., a New Ciliated Protozoa
from the Tropical Pacific and Indian Qceans*

Akira TANIGUCHI** and Yoshine HADA***

Résumé: Trente deux individus d’un nouveau Cilié Tintinnide ont été trouvés dans les
échantillons planctoniques collectés dans les eaux tropicales des Océans Pacifique et Indien. «
Apré une analyse détaillée, on a identifié cette espeéce d’aprés celle que Drs G.R. HASLE a
exposé en 1960 comme une espéce inconnue du genre Eutintinnus. On peut ainsi donner le

nom de Eutintinnus haslae i cette nouvelle espéce.

1. Intreduction

During the studies on microzooplankton com-
munities in the eastern Indian Ocean, many
loricae of an unclassified tintinnid species were
found in the water samples collected in 1976.
A few loricae of this species have been also
found in the samples collected from the Philip-
pine Sea in 1972. Close photomicroscopic ex-
amination of these loricae indicates that these
are of the same species with Euzintinnus sp.
reported from the tropical Pacific Ocean by
HasLE (1960), while her specimen seems to be
at an extreme of intraspecific variation of this
species.

In this paper, we report this species as a new
species Eutintinnus haslae, which is named for
Dr. G. R. HASLE of the University of Oslo,
with some relevant data on the distribution.

2. Materials

On two Cruises KH-72-1 and KH-76-5 of
the R. V. Hakuho Maru of the Ocean Research
Institute, University of Tokyo, one-liter water
samples were collected at 10 depth layers in the
upper 300m at 9 stations located in the Philip-
pine Sea and Celebes Sea in 1972 and at 9
stations in the eastern Indian Ocean in 1976
(Fig. 1). These samples, 180 in total, were
preserved just after samplings by adding 10 m!
of the neutralized formalin solution and brought
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#** Kairoen 3-5-22, Itsukaichi, Hiroshima, 738 Japan

Tohoku University,

back to the land laboratory. Microzooplankton
samples were concentrated to about 10-15m/ of
water and then examined under a Nikon MSDR
inverted microscope.

Data on environmental parameters were cited
from MARUMO (1975) and TAGA and NEMOTO
(unpublished).

3. Description of the New Species
Family Tintinnidae CLAPAREDE and LACH-
MANN, 1858
Subfamily Salpingellinae KOFOID and CAMP-
BELL, 1939
Genus Eutintinnus KOFOID and CAMPBELL,
1939

Eutintinnus KOFOID and CAMPBELL, 1939, pp.
358-375.

Tintinnus SCHRANK, 1803, p. 317 (part) (fide
Koroib and CAMPBELL, 1929); JORGENSEN,
1924, pp. 9-13 (part); KOFOID and CAMPBELL,
1929, pp. 328-342 (part) (Non Tintinnus:
KoFoiD and CAMPBELL, 1939).

Remarks to the genus: Generic name of Eutin-
tinnus was introduced by KOFOID and CAMP-
BELL (1939) as a new name for the large and
dominant but very confused genus Tintinnus;
the latter which had been established by
SCHRANK (1803) was splitted into many genera
and emended by JORGENSEN (1924) and by
themselves (KoroID and CAMPBELL, 1929).
Then, Tintinnus was replaced to a small genus
represented by the type species T'. inquilinus
(MULLER, 1776) designated by APSTEIN (1915)
(cited from KoroiD and CAMPBELL, 1939).
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Before this replacement this species had been
transferred from genus Tintinnus to genus
Tintinnidium by FAURE-FREMIET (1908). Since
synonymical history of these and the other
related genera are quite complicated, one must
consult reviews by KOFOID and CAMPBELL
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Fig. 1. Location of stations from which water
samples were collected. Stns. 1-6 and 22-24
were occupied on the Cruise KH-72-1, and
Stns. 8-16 onthe Cruise KH-76-5 of the R.
V. Hakuho Maru.

Fig. 2. Eutintinnus haslae n. sp.
44 of HASLE (1960). b-i, Indian Ocean specimens; b, collected at

49m at Stn. 9: ¢, 98m at Stn. 9: d, 75m at Stn. 12:
at Stn. 10: f, 49m at Stn. 12:
Stn., 13: i, 100m at Stn. 16.

(1939) and BALEcCH (1959) to get better com-
prehension.

Characteristics of the genus: Loricae of genus
Eutintinnus are narrow, cylindrical or nearly so
in shape and equally open at both ends some-
times with oral and aboral flarings. Wall of the

loricae is hyaline and usually structureless.

Eutintinnus haslae n. sp.
(Fig. 2a-1)
Eutintinnus sp., HASLE, 1960, p. 44, fig. 44.

Description: One of smallest species of Eutin-
tinnus. Lorica very small and short tapering
truncated cone with a low but broad median
bulge. Oral region well developing into a wide
funnel-like suboral flaring. Below the bulge,
slope of a contour gradually decreasing or pos-
terior end often terminating into a narrow aboral
cylinder; length of the cylinder variable.

Wall hyaline, uniform in thickness or some-
times very slightly thicker at a throat.

An animalcule usually fills some 80% of lorica
volume after preservation with formalin.

Dimensions: Oral diameter (Do), aboral dia-
meter (Da), total length (Lt), ratio of oral dia-

a, Pacific specimen redrawn from Fig.

e, 102m

g, 98m at Stn. 9: h, 153m at

Scale=20 gm.
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meter to aboral diameter (Do/Da), and ratio of
total length to oral diameter (Lt/Do) are usually
used to describe the dimension of Eutintinnus
loricae. Those of the tropical Pacific specimen
reported by HASLE (1960) were measured on
her figure by the present authors as follows;
Do 35pm, Da 6 #m, Lt 46 yum, Do/Da 5.8 and
Lt/Do 1.3.

Dimensions of the present 3 loricae collected
from the Philippine Sea were Do 27-30 pm, Lt
40-43pm and Lt/Do 1.3-1.5 (Da was not
measured).

Size of 29 loricae from the Indian Ocean were
measured as Do 25-33 #m, Da 8-12 ym, Lt 33-

Table 1.

62 ym, Do/Da 2. 3-3.4 and Lt/Do 1.1-2.2 (Table
1). Lorica volume calculated from the mean
values of these dimensions (Table 1) is about
12,700 pm?® and consequently body volume of
an animalcule, 80% of the lorica volume, is
calculated as about 10,200 gm?.

Iconotype: Fig. 2h.

Type locality: Station 13, equatorial area of
the eastern Indian Ocean.

Remarks: This species is likely to have the
closest affinity with Eutintinnus pacificus
(Koroip and CAMPBELL, 1929). Loricae of the
present species are very similar to those, es-
pecially to smaller and shorter ones, of the

Size and condition of loricae of Eutintinnus haslae n. sp. collected
from the eastern Indian Ocean.

Station Depth No. of Size of loricae (#m) Condition of loricae
No. (m) loricae Oral Aboral Total
collected diam. diam. length
(No./D) (Do) (Da) (Lt)
9 50 2 28 8 37 Empty
30 - - Empty
100 3 27 10 47 Empty
32 10 40 Empty
33 10 50 With an animalcule
10 50 1 25 10 33 Empty
100 2 25 10 42 With an animalcule
30 - 40 With an animalcule
11 30 2 26 10 43 With an animalcule
32 12 47 Empty
75 1 32 10 50 With an animalcule
100 1 27 10 35 With an animalcule
150 1 27 10 47 With an animalcule
12 50 1 27 8 47 Empty
75 1 25 8 42 Empty
100 2 27 10 37 Empty
27 10 37 With an animalcule
13 100 2 30 10 33 Wounded
32 10 40 With an animalcule
150 1 27 10 47 Empty
14 0 1 27 12 43 With an animalcule
50 1 28 - - Empty
75 3 27 10 35 Empty
27 10 37 Empty
27 10 47 Empty
150 1 - - - Heavily wounded
15 75 1 - - - Heavily wounded
16 75 1 25 10 43 Empty
100 1 28 10 62 Empty
Mean 2842 10+1 427
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latter species being also stout and furnished
with an oral flaring and a high medium bulge.
However, E. pacificus has a less developed
suboral funnel and smaller Do/Da ratio (1.5-
2.1) (after KOFOID and CAMPBELL, 1939).

Some small loricae of E. apertus (KOFOID
and CAMPBELL, 1929) are also similar to this
species, but are distinguishable from the latter
in having an abrupt contraction in the aboral
region, very slight oral flaring and no median
bulge.

The contour of the largest lorica of this
species (Fig. 2i) shows some resemblances to
loricae of E. stramentus (KOFOID and CAMP-
BELL, 1929), but the latter is quite different in
having very large Lt/Do ratio (4.4-7.4) (after
Hapa, 1938; KoroiD and CAMPBELL, 1939)
and no median bulge.

Distribution: This species was originally re-
ported as Eutintinnus sp. by HASLE (1960) from
the equatorial area (0-2°N, 145°W) of the
eastern Pacific. We found 3 specimens at 2
stations in the Philippine Sea; 2 at 96 m depth
at Stn. 2, and 1 at 66m depth at Stn. 5.
Temperature of 22.2-27.1°C, salinity of 34.80
-35.19% and chlorophyll a concentration of
0.28-0. 46 pg/l were recorded there (¢f. TANI-
GUCHI, 1977).

In the eastern Indian Ocean this species was
widely distributed throughout the subsurface
chlorophyll maximum layers together with other
tintinnids (TANIGUCHI, unpublished) (Table 1).
The loricae were collected from midlayers
between 30 and 150 m depth, where temperature,
salinity and chlorophyll @ concentration varied
in the range of 15.9-28.4°C, 33.77-35.67 %o
and 0.02-0.31 ug/l, respectively, with an ex-
ception of the surface water at Stn. 14 (27.1°C,
33.64 %0, 0.06 #g/l). In the low salinity surface
water at Stns. 15 and 16 in the Bay of Bengal

(less than 33.50 down to 31.50%), probably
diluted with land drainages, no loricae of this
species occurred. These facts indicate that
Eutintinnus haslae is primarily a tropical oceanic
species and prefers shade conditions.
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Mass Production of the Young Banana Prawn
Penaeus merguiensis bpE MAN*

Makoto TERAZAKI**

Abstract: Mass production of the young banana prawn Penaeus merguiensis was carried out
in four rectangular concrete tanks in 1974. The survival rate of nauplius, zoea, mysis and
postlarvae stages was 19.9-96.1, 64.0-89.5, 55.9-100 and 16.1-85.7 %, respectively. The post-
larvae grown to the stages of Pio_s3 were harvested and the survival rate from nauplius stage

to the shrimp fry ranged from 9.4 to 28.5 %.

High production was recorded in two tanks

and the number of the shrimp fry per ton of water exceeded ten thousands. The formulated
food was excellent in the feed efficiency and the mean FQ value was 2.7 %.

1. Introduction

In most countries, modern shrimp culture is non-
existent, or at best, in the experimental stages, but
some species have been cultivated in southeast
Asia for five centuries or more (BARDACH et al.
1972). The methods in use are crude, often con-
sisting of no more than trapping and confinement
of young shrimp in brackish water ponds for
several months before harvesting. In most
southeast Asian countries, the production of
shrimp has long been incidental to the culture
of brackish water fish, but monoculture of
shrimp, with concurrent technological advances,
is emerging in a number of countries.

HUDINAGA (1942) reported success in rearing
Kuruma shrimp Penaeus japonicus from egg
throughout beyond metamorphosis. This work
has established the technical basis for the recently
developed shrimp culture in Japan and other
countries. It gave an enormous impetus to the
artificial propagation of many other penaeid
species.

A preliminary study of the artificial propaga-
tion of banana prawn Penaeus merguiensis was
started in Thailand in 1969, and NAKAYAMA
et al. (1971) succeeded in breeding of this species
from egg to postlarva. Then, the mass produc-
tion of young banana prawn had been tried in
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large concrete tanks, but a number of trials
and errors were repeated again and again for
the betterment of technical processes during
those four years. Finally, more than one million
of shrimp fry were produced for a year in 1974,
and the production reached ten thousand in-
dividuals per ton of tank water at the harvest
time, which is a standard number of P. japonicus
in Japan. In this paper, the author intends to
summarize the mass production of young banana
prawn in Thailand.

2. Materials and methods

The present experiments were carried out
from August to October 1974. Four rectangular
concrete tanks, with a depth of 1.6 m, holding
capacities of 15m® (Tank Nos. 1 and 2) and
30m?® (Tank Nos. 3 and 4) at the Rayong
Marine Fisheries Station were used. These tanks
were covered with a transparent roof and
equipped with apparatus for suppling seawater
The root-blower installed in
another room was adopted for this purpose.

and aeration.

The machine sent out compressed air which
was led through a polyvinyl chloride pipe to
the tanks. From the pipe a number of small
tubes were branched out into the tanks, each
tube ending in an air-diffuser which'was weighted
by a sinker. The air-diffusers were scattered
on the tamk bottom,siotie for every 1.5m? of
bottom: area. i

The live shrimp were collected from the off-
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shore water of Klong Yai area in the Gulf of
Thailand during the daytime on August 31 —
September 4, 1974, by the operation of the
trammel type of gill nets. They were landed
on Klong Yai port and immediately put into
the containers made of the stainless steel with
aerated installation and controlled water temper-
ature at 25-26°C. These containers were then
loaded on the truck and taken to the Rayong
Marine Fisheries Station. Upon arrival of the
live shrimp, the breeding tank was filled with
seawater to a depth of 0.6m after filtered
through a plankton net of 0.119 or 0.165mm
in mesh opening. For the selection of gravid
females, the shrimp were examined one by one
whether the ovary is thick, dark green in color
and clear in contour — the indication of matura-
tion all visible through a translucent body. Total
81 individuals of the gravid females were placed
in the breeding tank. The average body size
was 40g in weight.

The females were kept in the tank for two
nights, because the actual spawning took place
during the night and lasted for several minutes.
All the shrimp were taken out of the tank by
a scoop net early in the morning of the third
day. Dead shrimp were taken out of the tank
immediately.

‘When the nauplii were confirmed swimming
in the water, fertilizers were applied to accelerate
growth of diatoms on which zoea larvae depended.
The chemical fertilizers applied are potassium
nitrate (KNQOs), potassium phosphate (K:HPOy),
sodium silicate (NaeSiO3) and Clewat 32 in the
concentrations of 10—20, 1—3, 1—3 and
0.2—0.3ppm, respectively (dissolved in the
total volume of tank water). Clewat 32 contains
iron, manganese, zinc, copper, molybdenum,
boron, cobalt and EDTA. For the proper
population growth of diatoms the application of
the chemicals is made every morning until the
larvae grew to the stage of Py (postlarvae 10
days old).

Estimation of the number of larvae in the
breeding tank was done by counting the larvae
in one liter of water sampled from six locations
in the tank. The larvae were then returned
to the tank. The counting was conducted rou-
tinely every morning until the stage of P; was

reached. After this stage, the counting was
ceased, because it was difficult to scoop up the
larvae by a beaker.

Diatoms in the breeding tank were identified
upto the species and the cell number per m/
of water was counted under a microscope,
everyday. Upon the appearance of mysis larvae,
new seawater was added daily to the tank so
that the depth of the water rose to 1.6m by
the time of the appearance of P3. Therefore,
water level in the tank rose at a rate of about
15¢cm a day.

For feeding postlarvae which succeed mysis,
the brine shrimp (Artemia salina) nauplii were
applied to the water on the day of the final
stage of mysis. The hatching of brine shrimp
eggs was made in a small container and kept
under strong aeration. The nauplii hatched out
completely in 48hr under these conditions.
The brine shrimp nauplii were given, as a rule,
everyday until the shrimp larvae reached the
stage of Pj. The hatching rate of the brine
shrimp eggs used in this experiment was about
709 and the nauplii hatched from 3—35g of
eggs were applied to one ton of tank water.

When the banana prawn larvae reached the
P; stage, the feeding was shifted to the formu-
lated food which was developed by Kagoshima
Prefecture Fisheries Research Station, Japan
(DESHIMARU and SHIGUENO 1972). The formu-
lated food was applied to the water four times
a day, and the amount was adjusted on the
basis_of the population of the larvae. The ration
was increased according to the growth of the
larvae. The tank water refreshed by new water,
daily additions amounting to 20 —40% of the
tank water. The adding was started about the
same time as the formulated food feeding. The
draining of tank water was done with a siphon,
the end of which was inserted into a strainer
made of a square frame backed by synthetic
cloth of 60— 80 mesh and hung on the inner
wall of the tank. The strainer prevented the
larvae from being sucked up by the siphon.
With growth of the postlarvae the adding of
water was practiced continuously during the
daytime, so that the tank water was kept flow-
ing slowly.

The postlarvae grown to the stage of Pig_on
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were harvested. Prior to the harvest, the water
in the tank was drained out by a siphon
attached to strainer to a depth of about 0.5m.
Then, a plankton net with coarse meshes was
tied to the outlet pipe of the tank which was
opened in the collecting pool. The larvae com-
ing out from the net opening were received by
a water-filled bucket held by man. At the
harvest time, the counting was made by putting
the larvae one by one into a bucket containing
seawater. The bucket holding 2,000 larvae was
used as an indicator for estimating the number
of larvae, i.e. a sample of 2,000 larvae. The
larvae were then moved from the stock into
bucket after bucket, each bucket being compared
to the sample bucket as to the density of the
larvae. The error due to this method was at
most 5%. At the same time, the mean body
weight of the postlarvae in each tanks was
obtained by using 100 samples.

The value of food consumed was expressed
by FQ, a reciprocal of the conversion rate
indicating the amount of food required for a

Table 1.

unit of growth, which was obtained with the
following equation;

F

FO=w-w,

where W) is the initial body weight in average
in grams, W is the final body weight in aver-
age in grams, and F is the total amount of
feed in grams.

During the experiments, the daily changes of
environmental factors such as water temperature,
salinity and pH in the breeding tank were
measured. :

3. Results and discussion

The mean body weight of the gravid females
used in the experiment was 40g, and P.
merguiensis of 40g normally produce an average
of 300,000 eggs, (HUTASINGHA et al., un-
published data). The gravid females had fully
matured ovaries but the hatching rate of nauplii
was 12.6—32.2 95 (Table 1). Usually, the hatch-
ing rate of P. japonicus was 50 — 60% (HUDI-
NAGA and KITTAKA 1967, SHIGUENO 1975).

Hatching rate of the nauplii of Penaeus merguiensis.

Tank Number of gravid Estimated number Estimated number Hatching rate

No. females of eggs of nauplii (%)

1 13 3, 900, 000 495, 000 12.7

2 16 4, 800, 000 600, 000 12.5

3 27 8, 100, 000 1,730, 000 21.4

4 25 7,500, 000 2,413,000 32.2

Table 2. Records for survival of shrimp larvae bred in tanks traced by stages.
Gravid females stocked Tank Estimated number of larvae Harvest Number
No. Capacity (x10% stage of
Year Date Number (m?®) N; Z M; P* shrimp fry

1974 Aug. 31 13 1 15 495 98 84 84 Pas 72,000
1974 Sept. 2 16 2 15 600 600 537 300 P 171, 000
1974 Sept. 3 27 3 30 1,730 1,663 1,448 1,008 Py 321, 000
1974 Sept. 4 25 4 30 2,413 1,731 1,344 1,000 Py 162, 000

* Postlarvae on the first day of the stage

Table 3. Survival rate (%) of the larvae in various stages.
Tank No. Nauplius Zoea Mysis Postlarvae Fry to nauplius
1 19.9 64.0 100 85.7 14.5
2 100 89.5 55.9 57.0 28.5
3 96. 1 87.1 69.6 16.1 9.4
4 71.7 77.6 74.4 32.1 13.3
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The time required for the transportation of the
gravid females was about 5hr. Therefore, the
low hatching rate might have been caused by
lowering the vital power after a long distance
transportation.

The estimated number and survival rate of
the shrimp larvae at various stages are shown
in Tables 2 and 3. The mass mortality caused
by the occurrence of deformed individuals was
observed in tank No. 1 during the nauplius
stage, and the survival rate of this stage was
only 19.9%. These deformed nauplii lost the
swimming ability, because very many diatoms
and other solid particles attached to the body,
and then they died out. The mass mortality
of the nauplii resulted in the low production of
the shrimp fry, although the high survival rate
was obtained during other stages.

In the afternoon of the second day of applic-
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ation of fertilizers, the tank water began to
acquire a brownish color due to the growth of
diatoms, and the density of diatoms in each
breeding tanks exceeded 10,000 cells per m/ of
water (Fig. 1). The pH value of the tank water
read higher during the earlier half of the breed-
ing when diatoms multiplied intensively, but
declined toward normal after the appearance of
the postlarvae and the adding of fresh seawater
(Fig. 2). More than 10 species of diatoms
appeared in the breeding tanks; Nitzschia
closterium, N. longissima, Chaetoceros didymus,
C. affinis and C. pseudocurvisetus were dominant
species. Except these species, Skeletonema
costatum and Thalassiosira condensata were
abundant in tank No. 4 and tank No. 3, re-
spectively. Coscinodiscus asteromphalus, Rhizo-
solenia spp. and Pleurosigma spp. were also
identified from the breeding tanks. These species
except N. closterium belong to the small-sized
diatom (less than 100z in maximum cell length)
and have no long and thick setae, which hinder
the feeding of the zoea larvae. Therefore, these
diatoms become utilizable as food by the zoea
and mysis stages of the shrimp larvae. Generally,
the blooming condition of diatoms in the 15 m?®
tank was better than that in the 30 m?® tank.
The survival rate during the zoea and mysis
stages was 64.0—89.5 and 55.9 —100%, re-
spectively (Table 3). According to LIAO and
HUANG (1973), the survival rate at the zoea
stage of Penaeus monodon, P. semisulcatus,
Metapenaeus monoceros and M. joyneri was 5.8
—92.8, 5.5—76.7, 33.5—36.2 and 65.9%,
respectively. It is clear that the high survival
rate during the zcea and mysis stages was
obtianed by the good blooming of afore-said
diatoms in the breeding tanks. For example in
tank No. 3 the density of diatoms was 10,000
— 15,000 cells / m/ during mysis stage and it
was the lowest among the four tanks, but the
food density per mysis larva was above 70,000
cells.

The records of water temperature and salinity
in tank No. 1 during the experiment was shown
in Fig. 3 The daily changes of both factors
were small, and the range was 28.3 — 31.3°C
in water temperature and 29.4— 32.5% in

salinity. [Especially, the variation during the
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zoea and mysis stages was 2°C and 1.5%, re-
spectively. In addition to the good blooming
of diatoms, it is conceivable that the stability
in these environmental factors contributed to
the high survival rate of the zoea and mysis
larvae.

The survival rate of the postlarvae was very
low compared to the other stages (see Table 3).
The estimated number of larvae at P; stage
was 9,600 inds. /ton in tank No. 1, 20,000 in
tank No. 2, 33,600 in tank No. 3 and 33,000
in tank No. 4. But the survival rate was in-
verse to the larval density.

The FQ value was 1.01—6.53 (Table 4).

When the minced clam meat was supplied, the

value was always more than 5 (TERAZAKI,
unpublished data). Therefore, the formulated
food is far better than the clam meat in the
feed efficiency. At the harvest time, the fair
amount of the residual food was deposited at
the bottom of tanks No. 3 and No. 4, and the
several parts of the bottom were blackened by
the production of the hydrogen sulfide. It may
be concluded that the water pollution by the
residual food caused mass mortality of the
postlarvae that were bred under a high density.
In the case of P. japonicus, the postlarvae had
the high survival rate compared to the other stages
(HUDINAGA and KITTAKA 1967, SHIGUENO
1975). High water temperature in the tropics
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Table 4. Amount of food during the postlarvae stage and the FQ value.

Tank  Period of Average body weight (g) Total weight (g) Amount of
No. postlarvae food FQ
(days) Initial Final Initial Final (g)
1 23 0.001 0.013 84 936 864 1.01
2 20 0.001 0.013 300 2,223 2,703 1.41
3 20 0.001 0.012 1,008 1,944 6,110 6.53
4 19 0. 001 0.012 1, 000 3,852 5,220 1,83
Table 5. Some records on the production of penaeid shrimps in Asia.
SpecirYegr o Copgoty of Harvest Number o ey Reterences
P. japonicus 1964 200 Px 1,045 HUDINAGA and KITTAKA (1967)
1964 200 Pss 3,550 R
1964 200 Pso 5,005 ’s
1969 62 Pis 21,774 SHIGUENO (1975)
1969 62 P2 13,548 .
1969 62 Pas 9,853 "
1969 62 Pos 9, 823 '
P. semisulcatus 1970 1 Pu 3,907 .. LiAa0 .and HUANG (1973)
1970 1 " Pi 3,738 .,
1970 1 Pqs 5,781 s
P. merguiensis 1972 37 Ps 2,414 RUANGPANIT and CHAIYAKUM (1973)
1972 37 Pio 1,299 ),
1974 30 Py 10, 700 Present study
1974 15 Pa 11, 400 .,
1974 30 P2 5,400 .
1974 15 Pos 4, 800
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often prevents to keep constant quality of tank
water when the food is supplied, because the
decomposition proceeds rapidly.

A large difference was not recognized in the
production of the shrimp fry between 15m?
tank and 30 m?® tank. The survival rate from
the nauplius stage to the shrimp fry ranged
from 9.4 to 28.5% (see Table 3). The pro-
duction of the shrimp fry in tanks No. 2 and
No. 4 amounted 11,400 and 10,700/ton, re-
spectively. These values definitely surpass the
previous reports in the southeast Asia (LIAO
and HUANG 1973, RUANGPANIT and CHAIYA-
KUM 1973), and stand comparison with the
records of P. japonicus (Table 5).

The present study proved the possibility of
mass production of the young banana prawn in
the southeast Asia. Advancement of the hatch-
ing rate of the nauplii and the operation tech-
nique during the postlarvae stage become
serious problems to obtain a high production.
Both items are the subject for a future study.
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1977 Sumbawa Tsunami in a Scope of Numerical Experiment*

Shigehisa NAKAMURA**

Abstract: A possibility for reproduction of 1977 Sumbawa Tsunami was studied on the basis
of a numerical model by using a finite difference method for long waves in coastal zone.
With some combination of the selected factors characterizing the tsunami source, numerical
computation gave a result to estimate what combination was more reasonable to help an
understanding of the data reported by the Institute of Meteorology and Geophysics in
Indonesia. Time-stepped propagation of the leading wave was studied, and the computed
crest height and arrival time of the leading wave at a station were characterized in terms

of the factors.
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leading wave and parameters characterizing
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Trajectoire d’une bouée dérivante suivie par le systéme Argos*

Kenzo TAKANO**

Résumé: Une bouée dérivante a été lichée prés d’un lieu prévu pour immersion de déchets

radioactifs dans ’océan Pacifique du Nord-ouest.

Elle est la premiére bouée japonaise suivie

par le systéme Argos. Les données du vent au-dessus de la bouée suggérent que sa dérive

est due principalement au mouvement de l’eau de mer.

premiers jours est 28,6cm/s.

> &

Argos “(WBHRTERB LU T —F2INE” v AT A
el THER S & B L—FTHh b,

BRI A 05 B Fe {2 281% Electronique Marcel
Dassault (EMD) ##<c, Tha4E 319.4cm,
S1% 30.6.cm OMFEROFAETC K I DI, D
FREEE Y v &y 7 s — s M E Ly v F
A v g0 FW (Filament windding) %14 7
T, BoE X 2.8cm Thb, Fig. 1 2VURT &
54 bk (77 vY) bbb, &L
HorE GHER) ZLOb A bFy POk
DOTT VY, EFEOEIRLY G xDELE,
oo 2oDKNERSL BARIL, FHROETECMH
BAFDLIDDCHIERERD 2 S H Th 5
Ny FORITEHL TR, FHROHEITIZR
EROENM) FvLEHME VY BTN ERDDT
TFNTW5H, B FEHOAEREDOTIA 4 7, A4
TADTEABEE 6mm, EXSm DOVt e
— RO TNT, FOTIH 1.8m, Hfo5m D
B @iz —5 4 v /70, X 0.4mm oOE

* 19804118 6 H=ZF Manuscrit regu le 6 Novem-
bre 1980

O R FEAEYRIER, T305 KISURBIGEARAMN
Institut Biologique, Université de Tsukuba,
Sakura-mura, Ibaraki, 305 Japon

La vitesse moyenne dans les 135

sea
surface

nylon rope

stabilizer

~«— lead

<— swivel

wire rope

vinylon

steel pipe

sheet

steel pipe
Fig. 1. Vue générale.
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Satellite-Tracked Drifting Buoy Trajectory from March to July 1980

Deployment:
Mean Speed‘ZS 6 cm/sec

30.053°N 146. 763°E on November 23, 1979
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Fig. 2. Trajectoire de la bouée.

Les chiffres en italique désignent les jours de ’année 1980.
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Fig. 3. Position du cadre de la figure 2 dans ’océan Pacifique du Nord-ouest.
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On the other hand, oceanographers are still
cautious about the capabilities offered by presenly
available drifting buoys particularly with respect
to current and sea temperature measurement,
and felt it was premature to consider any rou-
tine operational proogramme in the near future,

&ii'/{) ES

The response of the buoys to wind waves
and ocean current remains an important issue
to understand before ocean currents can be in-
ferred from drifting buoy tracks.
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Art. 1

Art. 2

Arxt. 3

Art. 4

Art. 5

Art. 6

Art. 7

Art. 8

Status de la Société franco-japonaise d’ccéanographie

Il est formé une Société qui prend le nom

de la “‘Société franco-japonaise d’océano-

graphie”’.

La Société franco-japonaise d’océanographie

a pour but de resserrer les relations entre

océanographes francaise et japonais ainsi

qu’entre spécialistes des produits maritimes.

A cette fin, la Société se propose:

a) d’organiser des conférences,

b) de diffuser
concernant les

les traductions d’ouvrages

études océanographiques,

c) d’introduire dans chacun des deux pays et
d’y diffuser les techniques et les matériels
océanographiques des deux pays,

d) de promouvoir les études ou recherches
communes parmi les savants des leux
pays et d’en publier les résultats par
publications écrites et par cinéma,

e) de promouvoir 1’échange réciproque de
savants,

f) d’organiser des réunions amicales entre
savants des deux pays, a l’occasion de
leurs visites mutuelles,

g) de publier un bulletin scientifique,

h) et, généralement, d’exercer toutes activi-
tés conformes a son but.

sections

spécialisées dans un domaine particulier.
Ces sections ne

La Société peut comporter des
peuvent se constituer
qu'en vertu d’une décision du Conseil d’

Administration.

Le sidge social est fixé & la Maison franco-

japonaise, 3, 2-chome, Kanda-Surugadai,
Chiyoda-ku, Tokyo 101.

Des sections locales de la Société peuvent

&tre constituées par
d’ Administration.

décision du Conseil
Toute personne s’intéressant aux activités
de la Société peut s’inscrire comme mem-
bre. Tout membre doit acquitter sa coti-
sation.

Les membres de la Société se composent
de membres
donateurs.

ordinaires et de membres
Le montant de la contisation est fixé comme
suit:
—membre ordinaire: 4,500 yens par an.
—membre donateur: 10,000 yens par an,
ou un multiple de cette somme.
Ce montant peut étre
I’ Assemblée générale.

modifié par

Art.

Art. 11 Le

Art. 12 Le président,

Art. 13 L’Assemblée générale est

9 Le

Conseil d’Administration gere les af-
faires de la Société. Les membres du Con-
seil d’Administration sont élus pour deux
ans par }’Assemblée générale, composée de
tous les membres de la Société.

rééligibles.

Ils sont

Art. 10 Les membres du Conseil d’Administration

élisent parmi eux:
.
—un président
—des vice-présidents
—cing administrateurs-délégués
—des administrateurs
—deux commissaires aux comptes

Conseil d’Administration

peut, avec
I’accord du président, désigner certaines
personnes comme présidents d’honneur,
membres honoraires ou conseillers de la
Sociéteé.

Le directeur frangais 4 la Maison franco-
japonaise est désigné comme président d’
honneur.
représentant de la Société,
préside 1’Assemblée et le Conseil d’Admi-
nistration.

Il peut-tre remplacé & la présidence d’
une séance par un vice-président.

Les administrateurs-délégués ont pour
fonction d’assurer la liaison et la coordi-
nation entre les activités de la Société et
celles de ses sections spécialisées ainsi que
de ses
finances de la Société.

sections locales et de gérer les
Les commissaires s’occupent de la com-

ptabilité.

convoquée une

fois par an pour entendre le rapport du

Conseil d’Administration et pour délibérer

sur les questions

la Société.

importantes concernant

Tous les membres peuvent participer aux
décisions de 1’Assemblée générale en s’y
faisant représenter par un autre membre
ou en votant par correspondance.

Le président peut éventuellement convo-
quer I’Assemblée générale pour des sessions
supplémentaires, avec la décision du Conseil
d’ Administration.

Art. 14 Les présents statuts peuvent étre modifiés

par I’Assemblée générale.
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