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Nécrologie : Monsieur le Professeur Tadayoshi SASAKI,
le Président de la Société

SERE . S /S NIV e i

Monsieur le Professeur Tadayoshi SASAKI (1 mai 1910-11 octobre 1983)

Nous avons la douleur de vous faire part du décés de Monsieur le Professeur
Tadayoshi SASAKI, survenu le 11 octobre 1983.
La Société franco-japonaise d’océanographie

Carriére de Monsieur le Professeur Tadayoshi Sasaki

1910: né dans la Préfecture de Hiroshima. 1973: Président de 1'Université des Péches
1941: diplémé de la Faculté des Sciences de de Tokyo (jusqu’a 1979).

I’Université de Hokkaido. 1973: regu Chevalier de ’Ordre National de
1241: Professeur a I'Université de Keijo. la Légion d’honneur par le gouverne-
1953: Professeur a I'Université des Péches ment francais.

de Tokyo. 1981: regudeuxiéme classe de I’Ordre du Soleil
1960: Président de la Société franco-japonaise levant par le gouvernement japonais.

d’océanographie.
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Etats biochimiques du '“Ru accumulé dans le muscle
et le foie de la crevette, Penaeus japonicus*

Yoshiro IZUMO** et Akira TAKASE**

Résumé: Dans la précédente publication nous avons observé que I’accumulation et I’élimination
du "Ru (période: 368 jours) étaient différentes entre des souris ayant ingérées des aliments
contaminés, 3 savoir, la mixture du muscle et du foie de la crevette, Penaeus japonicus, ot il y a eu
accumulation du polluant et mélange du méme polluant sous forme inorganique, ces derniéres
servant de témoin. Le présent travail porte sur les états biochimiques de ce contaminant
présent dans les tissus et tente de définir la cause de ces différences. Les présences du '"Ru
dans des fractions séparées du muscle et du foie ayant accumulé le radioélément, dans les
échantillons de ces extraits par une solution d’éthanol & 80 % et analysés par chromatographie
en couche mince, et dans des fractions de protéines sarcoplasmiques et myofibrillaires du
muscle analysé par filtration sur colonne de Sephadex G-75, se sont avérées différentes de
celles des échantillons témoins respectifs. Il se confirme que ces différences ont provoquées
celles d’accumulation et d’élimination du !®Ru que pour les souris décrites précédemment.

1. Introduction

Le '%Ru (période: 368 jours) est un des prin-
cipaux radioéléments rejetés en milieu marin
provenant des installations de retraitement des
combustibles nucléaires irradiés (ANCELLIN et
al., 1979). Dans les précédentes expériences
(IzuMO et al., 1982) concernant [’évaluation de
doses irradiées a l’intérieur du corps humain,
introduite par ingestion des aliments contaminés,
nous avons observé que ’accumulation et 1’élimi-
nation du '%Ru étaient sensiblement différentes
entre des souris ayant ingérées ces aliments, a
savoir, la mixture du muscle et du foie de la
crevette, Penaeus japonicus, ou il y a eu accumu-
lation et mélange du méme polluant sous forme
inorganique, ces derniéres servant de témoin.
Nous avons alors supposé que ces différences
étaient lies A la présence du radicélément dans
les tissus.

Dans le présente travail, les états biochimiques
du %Ru accumulé dans les chairs ont été analy-
sés et comparés a ceux du radioélément mélangé
dans des chairs non-radioactives (témoins) afin
de tenter de définir la cause de ces différences.

* Manuscrit requ le 9 Février, 1983
** Institut National de la Santé Publique, Shiro-
kanédai 4-6-1, Minato-ku, Tokyo, 108 Japon

2. Matériels

La préparation du '%Ru sous formes complexes
nitrato-nitrosyl a été présentée dans la publi-
cation précédente (IZUMO et al., 1982). Les
crevettes, artificiéllement élevées a Yamaguchi-
kén, Japon, ont été transportées vivantes, par
avion, & mnotre laboratoire (Tokyo). Apres
préparation, décrite pour les expériences pré-
cédentes (IZUMO et al., 1982) (élevage dans
Peau de mer contaminée par le radioélément puis
prélévement du muscle et du foie des individus),
le muscle et le foie contenant le '%Ru ont été
conservés a moins 20°C.

3. Méthodes
(1) Présence du ' Ru dans des fractions
principalement protéiques
Les tissus (2 4 20 g en poids humide) contami-
nés ont d’abord été fractionnés selon la méthode
modifiée de HASHIMOTO et al. (1979). La distri-
bution de la radioactivité de ces fractions ex-
primée en pourcentage a été mesurée et com-
parée 4 celle des témoins, soit les tissus dans
lesquels du !%Ru avait été introduit sous forme
inorganique.
(2) Présence du ' Ru dans la fraction de
composés nitriques non-protéiques (CNNP)
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Les tissus (2 4 20 g) ayant accumulés le 1%Ru
ont été homogénéifiés avec cing volumes d’éthanol
froid a 809, et centrifugés a 4,000 tours par
minute pendant 30 minutes et 4 0°C. Les restes
ont subi le méme traitement a deux reprises.
Les solutions ont été recueillies, puis concen-
trées sous presse réduite, & moins 60°C, leurs
lipides extraits par 1’éther, et enfin reconcentrées
(transfert du '%Ru: 249 pour le muscle et 889,
pour le foie) pour procéder aux expériences
suivantes:

——Analyse par chromatographie en couche
mince de silicagel (CCMS) en utilisant comme
solvant le propanol normal-le hydroxyde d’am-
monium a 28 %, (BRENNER 1960).

——Les solutions du foie ont été analysées
par chromatographie modifiée d’aprés SATO et
al. (1977) sur colonne de résine cationique,
Dowex 50 W-X8, 100-200 mailles, les ions H™,
1.9% 35 cm et de résine anionique, Dowex 1-X8,
50 mailles, les ions CH3;CO,~, 3x5.5 cm, et par
filtration sur colonne de Sephadex G-15, 2.5X
47 cm. Les radioactivités des éluants ont été
mesurées.

(8) Présences du Ru dans la fraction de

protéine sarcoplasmique du muscle

Cette fraction, séparée au cours de I’expérience
précédente (3-(1)), est celle du précipité addi-
tionné d’acide trichlorique donnant lieu a une
protéine dénaturée., Cet échantillon a ainsi été
préparé comme les suivants. Le muscle (environ
3g) a d’abord été homogénéifié avec une solu-
tion tampon, 0.05M-acide de phosphate, pH
7.0. L’extrait a été prélevé dans un tube,
dialysé contre la solution tampon, et concentré
au moyen de glycol-polyéthyléne,

Cet échantillon a ensuite été séparé par filt-
ration sur colonne de Sephadex G-75, 1.9x35
cm, par passage de la solution tampon; la radio-
activité et la densité optique des filtrats ont été
mesurées. L’échantillon témoin (ici, le muscle
contenant le '%Ru sous forme inorganique) a
été examiné selon le méme procédé, les poids
moléculaires des protéines, trypsine (24,000) et
cytochrome C (12,000), ayant aussi fait I’objet
de mesures.

(4) Présence du '*®*Ru dans la fraction pro-

téique myofibrillaire du muscle

Cette fraction obtenue précédemment (3-(7)) a

été concentrée selon la méme méthode appliquée
a la fraction protéique sarcoplasmique, séparée
par filtration sur colonne de Sephadex (G-75 par
passage d’une solution 0.5 M-KCl dans la solu-
tion tampon de 0.05 M-acide de phosphate (pH
7.0). La radioactivité et la densité optique des
filtrats ont été mesurées.

(5)  Présence du " Ru accumulé dans le muscle
au moyen de la méthode de COHN et al.
(1950)

Le muscle (environ 15g) a été homogénéifié
avec la solution ‘“ACD” (COHN et al. 1950)
(transfert du “Ru: 629%. 6% dans le cas de
I’échantillon témoin). L’extrait de cette solu-
tion a été séparé en un certain nombre de
fractions, principalement a 1’aide de 1’éthanol,
et sa radioactivité mesurée.

(6) Mesures de la radioactiviié

——Sauf CCMS: La radioactivité a été évaluée
par comptage en spectrométrie gamma 0.4 a
0.7MeV du '%Ru-!'%Rh, de 1 a 10 minutes,
appareil équipé d’un détecteur a cristal-puits
(““Universal gamma counter’’, Aloka SA, Japon
et ‘“Aoto gamma counter’’, Packard SA, Les
Etats-Unis).

—-—CCMS: La radioactivité des chromato-
grammes obtenus a été évaluée par comptage
de beta-rayonnement en utilisant Q-gaz a ’aide
de TLC-2B, Aloka SA.

(7) L’analyse des éléments d’Hydrogéne de
charbon et d’azote a été faite par ’analyseur
Yanagimoto SA, MT-2, et celle de spectro-
métrie de masse et d’absorption de rayons
infra-rouge a été réalisée par les analyseurs
JMS-300 (Nippon Denshi SA, Japon) et Hitachi
215 (Hitachi SA, Japon), respectivement.

4. Reésultats et discussions
(1) 'SRy dans des fractions protéiques séparées
par la méthode modifiée de HASHIMOTO
et al. (1979)

On trouvera dans le tableau 1 les résultats
de la distribution du !%Ru dans les différentes
fractions, exprimée en pourcentages. Le pour-
centage est différent entre les tissus ou il y a
eu accumulation du polluant et ceux ol il y a
eu simple mélange sous forme inorganique
(témoin), notamment en ce qui concerne les
fractions de protéine sarcoplasmique pour le



Etats biochimiques du Ru accumulé dans le muscle et le foie de la crevette

Tableau 1.
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Distribution du '®Ru (%) dans des fractions séparées du muscle et du foie

de la crevette, Penaeus japonicus ayant accumulé le radioélément, par la méthode
modifiée de HASITIMOTO et al. (1979).

Muscle Foie
Témoin Témoin
Fraction Accumulé 'Ru (fnéﬂflrelgién:jgai?gsy Accumulé *Ru (?éfﬁggfnzjgaﬁgﬁ)
Moyenne + DS* Moyenne + DS Moyenne += DS Moyenne =+ DS
Lipide 3 + 1 0 18 + 4 1 + 1
Composés nitriques
non-protéiques 34 + 5 7 + 1 62 4 8 1
Proteine
sarcoplasmique 11 + 1 1 += 1 15 + 2 6 += 2
myofibrillaire 6 += 1 37 + 3 5 + 1 31 + 4
soluble a I'alcali 29 + 4 21 + 3 6 += 2 38 + 5
Stroma 16 += 2 37 + 3 2 + 1 18 + 2
Total 99 += A4 104 + 4 105 + 3 102 + 1
* Déviation standard.
muscle et de CNNP pour le foie. Cependant, 6007
les fractions de CNNP du muscle (environ 34 %) i Muscle
et du foie (62 %)) ayant accumulé ce radioélément,
présentent toujours la valeur la plus importante.
(2) YSRu dans la fraction de CNNP E
Afin de définir précisément la présence de a
106Ru dans la fraction de CNNP qui présente )
les valeurs les plus élevées, les échantillons
d’extraits du muscle et du foie réalisés avec g
I’éthanol a 809 ont été analysés par la méthode
de CCMS. vt
Les résultats des chromatogrammes sont re- >
présentés dans la figure 1. On trouvera égale- -
ment une différence notable entre les échantil- <‘()
lons des tissus ol il y a eu accumulation et
ceux ol il y a eu mélange du contaminant
(témoin), a savoir, 7 a 8 pics de radioactivité
pour les premiers et un seul pic aux points
originaires pour les seconds. Il se confirme
donc que le polluant accumulé dans ces tissus Valeur' de Rf
est au moins présent dans 6 & 7 constituants -
biochimiques. Fig. 1. Existence ‘du “"’Ru dans les extraits .du
(8) 'Ry dans les fractions de protéines muscle et cllu foie 01"1 1l-y a eu accumulation
( ) et mélange (témoin, -+ ) du polluant.

sarcoplasmiques et myofibrillaires du muscle
Afin de préciser la présence du !%Ru dans
des fractions de protéines sarcoplasmiques et
myofibrillaires du muscle, celles-ci ont été filtrées
sur colonne de Sephadex G-75 et les radio-

Ces extraits ont été obtenus dans ’éthanol a
80 % et ont été analysés par chromatographie
en couche mince de silicagel. Les taches re-
présentées en blanc et en hachuré indiquent
une réaction positive a la solution de ninhydrine.
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activité de leur filtrat mesurées.

Les résultats des chromatogrammes obtenus
ont été rassemblés dans la figure 2. Il vy a
aussi une différence sensible entre les échantil-
lons experimentaux (accumulation du polluant)
et témoins (mélange du polluant), ainsi qu’entre
ceux des protéines analysées avec 4 pics de
radioactivités qui exprimé en poids moléculaire
se trouvent supérieurs a 10,000 pour la fraction
de protéine sarcoplasmique et inférieurs a 10,000
pour celle de protéine myofibrillaire.

(4) %Ru dans fractions du muscle séparé

par la méthode de COHN et al.

Les études exposées dans les précédents para-
graphes ont été consacrées principalement aux
différentes distributions du !%Ru selon qu’il y
a eu accumulation ou mélange du radioélément
(témoin).
“ACD” du muscle dans lequel il y a eu accumu-
lation du !%Ru a été séparée en fractions par
la méthode de COHN et al. La distribution du
contaminant dans ces fractions a été mesurée et

Afin d’aller plus avant, la solution

exprimée en pourcentages.

D’aprés les résultats de ces expériences, le
106Ru a été principalement observé dans la frac-
tion IV-1 (379%) de CONN et al. (le précipité
bleu correspondant 4 1’alpha-1-lipo-protéine dans
le cas d’échantillons de plasma humain), dans
des fractions dialysables rassemblées (37 2,) et
dans la fraction VII (13 %) (polysaccharide).
Les pourcentages sont de 23, 23 et 8% de la

Densité
optique
3280 nm

Activité encpm.

0 0 20 | 30 a0 s0 6o
Numéro de fraction (2mt)

Fig. 2. Existence du !"Ru dans les échantillons
de protéines sarcoplasmiques ( ) et myofi-
brillaires (- - -) du muscle ot1 il y a eu accumu-
lation du polluant et celui ot il y a eu mélange
du meéme polluant sous forme inorganique

(reeree ) (séparation par filtration de Sephadex

G-75), et densités optiques des filtrats & 280 nm.

radioactivité totale dans ces tissus, respectivement.

En ce qui concerne I’échantillon du précipité
de la fraction IV-1, il a été en outre ajouté une
solution mixte de chloroforme-méthanol (2:1),
suivi d’un brassage et d’une centrifugation.
Selon les résultats le '%Ru n’a pas été décelé
dans I’extrait, mais la couleur de ce précipité
On peut ainsi supposer
que le radioélément s’associe a la partie protéique.

Si 'on considére la haute distribution com-

s’est changé en blanc.

parative de radioactivité représentée pour la
fraction VII, il semble que le '°Ru s’associe
facilement aux polyssacharides contenus dans le
muscle, comme dans le cas de la contamination
des algues (JONES, 1960).
(5) Ry dans I’extrait du foie par I’éthanol
a 80%

Les expériences ont portées sur la présence
du '%Ru dans la fraction de CNNP du foie pour
lesquels une radioactivité importante a été dé-
celée. L’extrait du foie par 1’éthanol 4 80 %
a été analysé par chromatographie sur colonne
de résine cationique.

Les résultats des chromatogrammes ont été
représentés sur la figure 3. Ceux-ci différent
selon qu’il s’agit des échantillons expérimentaux

48,
10007 gy, f(14°%)
1 (2% 3
£ :
aQ :
S ;
s L e
w 507
>
S
<
0 20 20 40 20 30 30
|—HZO—~— 05N ——1IN—F—2N 2N-HC 1
——— NH,OH —

Numéro de fraction(5ml)

Fig. 3. Distribution du '®Ru dans les extraits
du foie ol il y a eu accumulation (—) et
mélange (témoin, -+ ) du polluant. Extraits
traités a 1’éthanol a 80 % et analysés par chro-
matographie sur colonne de résine cationique,

50W-X8(H"*), 100-200 mailles, 1.9X

35cm. Les valuers en pourcentage entre paren-

Dowex

théses se rapportent a la radioactivité totale
dans le foie.
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|
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Fig. 4. Distribution du '“Ru dans les échantillons des fractions I (——) et IT (-eoee )
obtenues dans la figure 3 par chromatographie sur colonne de résine cationique,
Dowex 50W-X8 (H*), 100-200 mailles, 1.9X35cm. Les valeurs en pourcentage
entre parenthdses se rapportent 3 la radioactivité totale dans le foie.

ou témoins. De plus, le radioélément est a
509 sous forme anionique-neutre et a 50%
sous forme cationique (solutions développées:
eau distillée et 0.5 N-hydroxyde d’ammonium,
respectivement).

Sous ces deux formes, la solution du forme
anionique-neutre a été concentrée (moins 60°C)
et développée sur colonne de résine anionique.
Le chromatogramme a été mesuré et comparé
4 celui du témoin. Les résultats nous montrent
que les chromatogrammes sont conformes l'un
A Pautre. On peut ainsi supposer que le '%Ru
existe 4 [’état inorganique dans le foie.

D’autre part, la solution de forme cationique
a été concentrée, développée sur colonne de
Sephadex G-15 par passage de I’eau distillée et
par chromatogramme mesuré. Les résultats
nous montrent des pics binaires de radioactivité
pour les filtrats de 60 a 82ml(I) et de 84 a
110 ml (II). Les filtrats correspondant a ces pics
ont été ensuite concentrés et développés par
chromatographie sur colonne de résine cationi-
que. On trouvera dans la figure 4 les résultats
des chromatogrammes. Trois pics radioactifs
(A, B et C) ont été obtenus & partir de la frac-
tion I et un pic (D) & partir de la fraction II.

Par la suite, le filtrat du pic D a été concentré,
extrait par une solution d’éthanol a 90-95%,
et la partie de la solution alcoolique séchée.
Par cette opération nous avons obtenu un pré-
cipité coloré en blanc jaunatre d’environ 110 mg,
avec une radioactivité de 1.1 % de celle du foie
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Fig. 5. Analyse spectrométrique 2 infra-rouge
de la matiére isolée (——) et de la bétaine
authéntique (- ) sous forme d’acide chlorhyd-
rique, comprimés avec le bromure de potassium.

total (la concentration: 11 cpm par mg). Apres
purification d’environ 60 mg de ce précipité par
solution d’éthanol anhydre, environ 35mg de
précipité 4 I’état cristal blanc a pu étre obtenu.
L’analyse du dernier précipité a donné les résul-
tats suivants.

Concentration de la radioactivité: 13 cpm par
mg; poids physique du !%Ru: théoritiquement
1012 par rapport 4 celui du précipité total;
point de fusion: 241 & 243°C (décomposition).
Selon le développement de CCMS un seul pic
radioactif a été observé, ainsi qu’un seul point
coloré en rose par réaction de ninhydrine sur
la méme position Rf 0.4. Les pourcentages en
éléments de charbon, hydrogéne et nitrogéne
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sont de 47.78, 9.82 et 11.22 9%, respectivement,
correspondant aux 51.28, 9.40 et 11.969; ob-
tenus par calcul théorique pour la formule
chimique de CsH;;O:N.
spectrométrie de masse (m/e: 117*), la formule
moléculaire se révéle étre CsH;O:N. Les résul-
tats de ces analyses suggérent qu’il s’agit de
bétaine. Par la suite, un échantillon standard
de bétaine a été analysé par spectrométrie a
infra-rouge; les deux spectrogrammes ainsi
mesurés (figure 5).

On peut considérer que le !'%Ru accumulé
dans le foie coexiste avec la bétaine, bien que
la radioactivité de cette derniére ne soit que de
19, environ de celle du foie total.

D’aprés ces résultats, le '°Ru & 1’état bio-
chimique accumulé dans les tissus y est quanti-

Selon ’analyse de

tativement et qualitativement différent du méme
radioélément simplement mélangé sous forme
inorganique a ces tissus.

II se confirme que cette différence est liée a
la cause de l’accumulation et de I’élimination
du %Ru observé entre des souris ayant ingéré
le muscle et le fole de crevettes contaminées
par accumulation et des souris ayant ingéré les
méme aliments simplement mélangés au radio-
élément sous forme inorganique (IZUMO et al.,

1982).
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The Vertical Profiles of Carbon, Nitrogen, Phosphorus
and Biogenic Silica in Sediment from the Bering Sea*

Akiyoshi KAMATANI**

Abstract: A biogenic silica rich core sample from the central Bering Sea was analyzed for
total nitrogen and phosphorus, organic carbon and biogenic silica contents, and the results
were subjected to evaluate the decomposition rates of these bioelements during diagenesis.
Organic carbon, biogenic silica and total nitrogen contents decreased with depth. The content
of total phosphorus was roughly constant throughout the core sediment, which suggests that
phosphorus released to the overlying waters by way of the interstitial waters was sufficiently
small to be considered negligible. The dissolution rate constants of biogenic silica were in
the range of 1.2-2.8X107*yr™'. The mineralization rate constants of organic carbon, calculated
on biogenic silica-free basis, were 0.43-1.0X107"yr™', which were in fairly good agreement
with the rate constants reported by HEATH et al. (1977), but about two orders of magnitude
larger than those obtained by MULLER and MANGINI (1980) and WAPLES and SLOAN (1980).
This was mostly ascribed to the high efficiency of the poor adsorption capacity of biogenic
silica rich content of the Bering Sea sediment. There was a large inconsistency between the
flux of organic carbon and biogenic silica to the bottom; based on the primary production in
the euphotic zone, organic carbon flux was only 2%, whereas biogenic silica was 32-40 %.

1. Introduction

The vertical profiles of organic matter and
biogenic silica in sediment shed some light on
studying the cycle of bioelements as well as on
estimation of the paleoproductivity of the ocean.
In this case, the decomposition of these ele-
ments should be taken into consideration. The
overall rate of decomposition is in general de-
scribed by a simple first order reaction. The
rate constants of organic carbon in oxic sedi-
ments have been reported to range from 2-—
20x 107 yr~t (HEATH et al., 1977) to 1.72—
21x107%yr~* (MULLER and MANGINI, 1980).
These figures are about three orders of magni-
tude smaller than those obtained in anoxic sedi-
ments by TOTH and LERMAN (1977) and BER-
NER (1978). However, because kinetic studies
are very few, it is difficult to make definitive
comparisons.

Less is known about the kinetics of biogenic
silica dissolution in sediments, and its quantita-

* Received April 15, 1983
** Tokyo University of Fisheries, Konan-4, Minato-
ku, Tokyo, 108 Japan

tive importance is yet to be evaluated. Com-
pared with organic matter, biogenic silica has
a different pathway; organic matter decomposi-
tion is mostly influenced by biological activity
whereas silica is solely a physico-chemical proc-
ess. The ocean is essentially undersaturated
with respect to biogenic silica (e. g. HURD, 1972;
KAMATANI and RILEY, 1979). However, the
debris of silica skeletons are familiar in the
ocean floor, particularly abundant in the area
where diatoms play an important part of primary
producers. The uptake of dissolved silica by
diatoms and other siliceous organisms and their
postmorten dissolution play an important role
in controlling the silica budget of the ocean and
the abundance of siliceous ooze in bottom sedi-
ments. Accordingly, the dissolution mechanism
of biogenic silica has been of interest to marine
scientists,

The Bering Sea is characterized by high
productivity with diatom growth (MOTODA and
MINODA, 1974). As a result the fragments of
diatom silica frustules have a tendency to be
preserved in the sediments. Therefore, the
sediments of the sea are regarded as an ex-



Carbon, Nitrogen, Phosphorus and Biogenic Silica in Sediment from Bering Sea 199

cellent opportunity for studying the behavior of
biogenic silica and organic matter. The 10m
core on which this work is based was recovered
from the central part of the Bering Sea. The
core at 10 m has been dated by the radiocarbon
dating method at 20000 years B.P., and the
sedimentation rate has been estimated to range
from 37 to 90 cm/1000 yr (TANOUE and HANDA,
1980).

In this paper, I have carried out a chemical
analysis of bioelements in the core, and esti-
mated the decomposition rate constants for these
elements by using simple first order kinetics.

2. Sampling and Methodology

A core sediment sample was collected from
the Bering Sea from a depth of 3650m (57°
02.9’ N, 176°57.4’ W) during the cruise of the
Hakuho-Maru of the Ocean Research Institute,
University of Tokyo, and the lithological prop-
erties were described in the cruise report
(HATTORI, 1977). The core sample was cut
into 5cm intervals on board ship and kept in
refrigerator until analyzed. Prior to chemical
analysis, the samples were dried at room temper-
ature, and homogenized for each depth interval
to minimize the effect of sample inhomogeneity.

Organic carbon and total nitrogen were
determined by a dry combustion method using
a CHN analyzer (Model MST-2, Yanagimoto
Co.) after pretreatment of the sample with a
small excess of HCl to decompose carbonates.

Total silica in the sediments was determined
by a simple gravimetric method based on the
loss in weight that occurs when the sediments
were treated with HF and HySO; (EASTON,
1972).

Biogenic silica in sediments was extracted by
using 5% NapCOj; solution (KAMATANI, 1980).
Briefly, less than 50 mg of sediment was weighed
into a 50m/ polycarbonate centrifuge tube, 40
m! of the alkaline solution was added and the
mixture was digested at 100°C for 100 min in
a water bath. The tube was then removed
from the water bath, swirled gently by hand
and allowed to cool to room temperature by
After centri-
fugation (ca. 3000 rpm, 10 min), an aliquot of the
supernatant was used for the determination of

placing in a stream of tap water.

A blank determination was
carried out in parallel. Preliminary tests esti-
mated that the diatomaceous earth dissolved
completely and replicate samples (n=10) give a
precision of £2.5% (2SD). Thus, the hydro-
lysis method is considered to be specific for
biogenic silica.

reactive silica.

However, using a mixture of
biogenic silica and clay minerals, the added
amount of silica released from the clay minerals
led to an overestimation of biogenic silica. The
contribution of silica released from clay minerals
was estimated from the aluminum in the leachate
by using a converting factor of 2. 5. The method
estimating biogenic silica at adequate accuracy
is accordingly given by

SiO; (biogenic) =SiO; (extracted) — 2. 5ALO;,

where 2.5 AlQ; is the non-biogenic silica esti-
mated from the extracted amount of Al:Os.
A similar method was proposed by EGGIMAN
et al. (1980).

Aluminum in the extracts was measured by
graphite furnace atomic absorption spectrometer
(Perkin-Elmer Model 503).

Total phosphorus in the sediments was deter-
mined by using the residue left after the treat-
ment with HF and H:SOs; of sediment: the
residue was digested with 20m/ of 2N HCI in
a steam bath for about 60 minutes, after cooling
the resulting solution was neutralized with
0.5 N NaOH solution using p-dinitrophenol in-
dicator to adjust pH to 2.5-3.1, and then made
up to 100 m/ with distilled water. An aliquot
of the solution (2-5ml) was passed through a
cation exchange resin column (Amberlite IR-
120), which removes interfering cation while
allowing the phosphate ion to percolate through
the column. The eluate was neutralized with
0.5N NaOH solution prior to the phosphate
determination.

For the determinations of extractable phos-
phate and iron, the sediments were subjected
to the following scheme: approximately 0.5g
of the air-dried sediments were leached with
50m/ of 1NHCI for 16 hours by shaking at
room temperature. After centrifugation, the
clear supernatant was analyzed for dissolved
phosphate by the phosphomolybdate antimonyl
blue method of MURPHY and RILEY (1962).
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Iron was determined by the colorimetric method 3. Results
using o-phenanthroline and sodium acetate The analytical results are summarized in Table

1, and graphically presented in Figs. 1, 2, 3
and 4 as a function of depth. The vertical

solution to buffer to pH 4.6 (SANDELL, 1959).
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Table 1. Biogenic sediment composition and related elements.

Extracted with Extracted with

Sediment Total 592 NaxCOs 1N HCI
depth SiO: P N Org. C Si0e AlOs Si0x* P Fe
(em) (wt %) (mg/g)

5- 10 66. 55 0. 306 1.44 10.4 428 0.34 427 0.202 4.84
15- 20 65. 59 0. 389 1. 40 10.6 435 0.89 434 0.188 3.72
25- 30 65. 56 0.423 1.52 11.2 458 0.76 456 —_— —_
30- 35 67.60 0. 376 1.34 10.0 430 0.75 428 0.210 3.62
55- 60 68.20 0.449 1.16 9.40 421 0.69 419 0.281 4.39
75- 80 69. 27 0. 445 1.34 10.7 335 0.53 334 0.253 4.38

135-140 67.94 0.414 1.32 10.3 321 0.67 320 0.228 3.48
216-221 69. 89 0.643 0.97 7.20 376 0.64 374 0.433 5.10
271-276 66. 35 0.701 0.44 4.38 144 0.60 142 0. 462 4.61
310-316 63. 66 0.524 1.19 10.2 87.5 1.14 75.7 0.335 6.79
351-356 58.19 0.597 1.20 10.0 220 0.75 218 0.341 7.30
376-381 57.11 0.710 1.86 16.2 156 2.69 149 0.390 8.36
396-401 61.19 0.750 1.47 13.6 99.6 3.16 91.7 0.473 9.22
421-426 59. 64 0.694 1.50 13.5 61.4 3.72 57.6 0. 439 9.43
446-451 57.51 0. 657 1.24 11.1 94.6 2.79 87.9 0.437 8.03
471-476 61.67 0. 699 1.38 12.2 93.5 3.18 85.6 0. 448 10.9
491-496 62.43 0. 756 1.03 9.61 84.0 3.89 74.3 0.5632 11.3
511-516 62. 56 0.769 1.11 10.4 62. 4 3.7 53.0 0.492 11.7
539-544 61.99 0.755 1.04 9.48 62.0 3.29 53.8 0.524 13.0
564-569 61.89 0.715 0.83 8.22 58.4 3.34 50. 1 0.503 11.7
594-599 64. 83 0.757 0.71 6.60 61.3 3.78 51.9 0.505 11.4
614-619 63. 40 0.758 0.90 8.22 57.6 4.28 46.9 0.499 11.9
644-649 63. 47 0.682 0.94 8.88 78.4 4.18 68.0 0. 456 14.2
697-684 60.71 0.699 0.81 7.74 79.3 3.09 71.6 0. 546 13.1
719-724 61.63 0.749 0.85 8.00 60. 4 4,07 50.2 0.523 12.9
739-744 61. 43 0. 800 0.69 6.15 51.7 4.29 41.0 0.524 11.9
774779 62. 35 0.742 0.80 7.47 46.2 2.84 39.1 0.538 14.6
799-804 63. 80 0.763 0.84 7°26 45.9 3.52 37.1 0.519 13.7
839-844 62. 56 0.781 0.98 7.68 47.0 4.74 3b.2 0. 486 12.3
864-869 46. 46 0. 986 0.58 5.59 62.6 4.84 50.0 0. 709 9.32
947-952 64, 85 e 0.81 6. 98 36.5 4. 41 25.5 0. 306 11.8

* Biogenic silica and the calculation method is given in the text.

profiles of organic carbon and total nitrogen
show the same general trend; the concentration
maxima observed around 380cm, attaining
values up to 1.6 and 0.19% as dry weight,
respectively, while the minimum values of both
elements at about 275cm depth correspond to
a typical one of 31 volcanic ash layers identified
by TANOUE and HANDA (1980). Below 380 cm,
both elements diminish gradually with depth.
The layer exhibiting the highest concentration
of both elements corresponds fairly well to the
period of their highest accumulation rate.
However, the biogenic silica content does not

show such a peak and decreases monotonically
from the top to the bottom (Fig. 4). By micro-
scopical examination it was established that the
siliceous deposits were primarily diatoms with
only minor amounts of the other siliceous micro-
fossiles, in which genus Coscinodiscus was most
abundant.

In contrast to vertical profiles of carbon,
nitrogen and biogenic silica, the total phosphorus
content increases gradually with depth in the
core, as an unexpected result (Fig. 3). Fig. 5
shows that the total phosphorus content has a
good positive correlation with non-biogenic silica
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Fig. 5. Relationships between total phosphorus
and non-biogenic silica. Approximate relation-
ship is P=0.07+1.26 X107 SiOs.

(the difference between total SiO: and biogenic
SiOg), i.e. an inverse correlation between total
phosphorus and biogenic silica, which means
that biogenic silica has a small adsorptive capacity
for phosphate. This is supported by experi-
ments which show that phosphate was not ad-
sorbed on silica gel surface (STUMM and LECKIE,
1970; EDZWALD et al., 1976). In addition to
this, the contents of phosphorus and iron which
were extracted by the acid solution (Table 1)
suggest that about 64 (4-6) % of the total phos-
phorus is mainly held in the sediment as loosely
chemisorbed layer on metal hydroxide; plotting
of the data shows a good positive correlation
between phosphorus and iron as can be seen in
Fig. 6. A similar linear relationship has been
observed in the sediments from the vicinity of
the East Pacific Rise (BERNER, 1973; FROELICH
et al., 1977) and form the North Atlantic Ocean
(MORSE and COOK, 1978).

The ratios of organic carbon to total nitrogen
based on the data ranged from 7.2 to 10.0 and
the mean value was 8.7+0.8 throughout the
column, which is slightly higher than the average
ratio given by REDFIELD et al. (1963) for living
plankton, but is quite similar to those reported
for other marine sediments in the range of 7.0
to 9.4, averaging about 8.6 (EMERY and RIT-
TENBERG, 1952; BORDOVSKIY, 1956). Observ-
ing in more detail, it is interesting to note that
a boundary of the C/N ratios is located at the
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Fig. 6. Correlation between acid-extractable
phosphorus and iron. The data follow the
equation: P=0.126+3.01 X 107% Fe (r=0.910).

depth of 221 cm: for the upper layer where
biogenic silica being rich, the ratio is 7.6+0.3
while for the lower layer being poor in biogenic
silica the ratio is 9.1=+0. 3,

The ratio of biogenic silica to organic carbon
(Si02/C) are about 40 for the top layer, de-
creasing to less than 9 at the bottom of the
core (Table 1). A comparison with the SiOy/C
ratios of suspended matter in surface waters
will be discussed in detail in the following
section. The ratios in the sediment are about
15 times high at the top layer and 3.5 times
high even at the bottom.

4. Discussion

The relationship between the net primary
production in the euphotic zone and the amount
of biogenic elements arriving at the bottom is
interesting for study. According to the data
published by several authors (TANIGUCHI, 1972;
McRoY and GOERING, 1974; SAINO et al.,
1979), primary production in the Bering Sea
varies between 200 and 250gCm=2yr~!. The
prime primary-producer of the Bering Sea has
been ascribed to diatoms (MOTODA and MINODA,
1974), although some observation indicates that
dinoflagellates may at time be significantly im-
portant (TANIGUCHI, 1969; SAINO et al., 1979).
The contribution of such dinoflagellates to the
primary production in the sea is not yet evalu-
ated with high accuracy. Thus, it should be a
reasonable estimate that most of the organic
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carbon produced in this region is ascribed to
diatom population.

Although the silica content in diatom cells
varies considerably not only from one species
to another but also within a given species by
the local environmental factors (PAASCIHE, 1980),
the quantity of silica fixed by diatoms has been
estimated by several workers on the basis of
photosynthesized carbon (LISITZIN, 1971; BER-
GER, 1976). Some workers (HARRISON et al.,
1977; DURBIN, 1977; PAASCHE, 1980) found
the SiOy/C ratio of living diatoms to be in the
range from 0.21 to 0.86, while LI1SITZIN (1969)
gave an average of Si0Oy/C in the suspended
matter from the Bering Sea as 2.5 by weight.
The high value of this ratioc may be caused
partly by the reason that Coscinodiscus, which
was found to dominate in the Bering Sea sedi-
In ad-
dition to this, the amount of non-biogenic silica

ments, is a strongly silicified diatom.

compounds such as aluminosilicates in the sus-
pension will probably have a large effect on the
SiOy/C ratio. Taking into account of these
considerations, a SiOy/C ratio of 2.0 appears
to be more reasonable for the present calcula-
tions. Using this ratio, the quantity of biogenic
silica fixed annually by phytoplankton in the
Bering Sea ranges from 400 to 500 g SiOem™2 yr~1.

The amount of organic carbon arriving an-
nually at the bottom per unit area was esti-
mated to be 4.0gCm™2yr~!, where the follow-
ing parameters were used: sedimentation rate
=50cm/1000 yr, the porosity = 0.80, and the
density of sediment = 2.4. The arriving amount
is equivalent to only ca. 2% of the organic
carbon produced in the surface waters. This
value is in reasonable agreement with many
earlier estimates that the arrival of organic
carbon at depth beyond 3000 m is about 1%, of
the net primary production in the surface water
(i.e. MENZEL, 1974; DEUSER and Ross, 1980;
IsEKI, 1981).

The mean annual sedimentation rate of bio-
genic silica can be estimated in a similar manner
as for organic carbon. The result was about
162 g SiOsm~?yr~!, corresponding to 32-40%
of biogenic silica produced in the euphotic zone.
The high amount of silica supplied to the sedi-
ment is in contrast with other authors’ conclu-

sion, viz. 90 to 99% of the biogenic silica pro-
duced in the surface waters dissolve before
reaching the sediment and as little as 1.0%
was actually preserved in the sedimentary re-
cord (BOGOYAVLENSKIY, 1967; LISITZIN et al.,
1967; HURD, 1973; HARPER and KNOLL, 1975;
NELSON and GOERING, 1977; NELSON and
GORDON, 1982). From these results, the Bering
Sea sediments do not seem to fit the general
pattern documented by other authors. This
inconsistency may be explained to some degree
by the cold surface waters of the sea, because
the dissolution of silica skeletons sharply depends
on temperature (HURD, 1972; KAMATANI, 1982).

The ratio of biogenic silica to organic carbon
(Si04/C) calculated from the mean annual sedi-
mentation rate is about 40, which is in fairly
good agreement with the ratio obtained from
the data of chemical analysis at the top layer
(Table 1). The results show that there are
large flux variations between organic carbon
and biogenic silica.

It is usually understood that during diagenesis,
biogenic silica (opal-A) dissolved, reprecipitated
as opal-A’, is transformed to opal-CT by crystal
growth in deep-sea sediments (CALVERT, 1971;
HEATH and MOBERLY, 1971; WISE et al., 1972;
VON RAD et al., 1977; REICH and VON RAD,
1979). HEIN ez al. (1978) reported that over
500 m of burial is necessary for initiation of
opal-CT from diatoms in the Bering Sea and
over 600 m for it to form in abundance. Actual-
ly, the presence of opal-A’ and opal-CT could
not be confirmed throughout the column used
in this study by X-ray analysis. This finding
is strongly indicative of a situation where the
disappeared silica skeletons after burial are con-
verted into dissolved silica at depth, then most of
the silica migrates upward through the interstitial
water, and finally diffused to the overlying
bottom waters.

The decrease in biogenic silica with depth
(Fig. 4) should not be disregarded in the kinetic
approach, and hence the concentration of the
other bioelements was recalculated on a biogenic
The results, together with the
non-corrected ones, are illustrated in Figs. 1,
2, and 3. We should pay attention to the fact
that the recalculated vertical profile of total

silica-free basis.
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phosphorus is roughly constant througout the
column (Fig. 3), suggesting that the flux of
phosphorus from sediment to the overlying
waters by way of the interstitial water is small
to be considered negligible and that phosphorus
is solely immobilized by adsorption on alumino-
silicates and/or hydroxides of some metals. On
the other hand, other bioelements exhibit a
straight line in semi-logarithmic plots which
can be described by simple first-order kinetics:

dC/dZ=—~kC.
Integration gives
kZ=—1n(Co—0C),

where k is the rate constant in cm™, Cj is
the concentration of organic carbon or other
elements undergoing decomposition at the top
of the column and C, the remaining concentra-
tion of organic carbon at any depth, Z, in cm.
The dimension of the rate constant (cm™!) can
be reciprocally displayed as a function of time
(yr™!) if one knows the sedimentation rate (cm/
yr). The sedimentation rate of the samples
ranged from 37 to 90 cm/1000 yr (TANOUE and
HaNDA, 1980).

The decomposition rate constants of organic
carbon were calculated by the above equation.
It was in the range of 0.43-1.0x107*yr!,
which is in fairly good agreement with the
values (0.2—2.2x10"*yr~!) calculated by HEA-
TH et al. (1977) for the core samples from the
North Pacific deep-sea. However, the rate
constants obtained here are about two orders
of magnitude higher than those values obtained
by MULLER and MANGINI (1980) for the sedi-
ment from southeast of the Hawaiian Islands
and by WAPLES and SLOAN (1980) for the long
core samples recovered on Leg 58 of the Deep
Sea Drilling Project.

The apparent dissolution rate constants of
biogenic silica were calculated in a similar
manner as for organic carbon. The results are
in the range of 1.2—2.8x10"*yr~! which cor-
respond to half-lives of 5.8%x10° and 2.5x10?
yrs. These values are about three times higher
than the rate constants of organic carbon;
after burial, biogenic silica disappears more

quickly than the organic matter. This fact
must be characterized as the decrease of SiOs/
C ratios with depth, being from 40 for the top
layer to less than 9 at the bottom of the core.
The dissolution rate constants of biogenic silica
calculated here are at least 3 orders of magnitude
smaller than those for large diatoms such as
Coscinodiscus obtained in the laboratory ex-
periments (KAMATANI, 1982).
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Comparisons of Cell Size of Bacteria from
Four Marine Localities*

Masachika MAEDA** and Nobuo TAGA**

Abstract: The cell sizes of bacteria collected at four stations in Tokyo Bay, Ohtsuchi Bay,
Sagami Bay and the Pacific Ocean were compared. Bacteria in Tokyo Bay and the Pacific
Ocean were smaller in the maximum length than those in Sagami and Ohtsuchi Bays. The

information contents, bit (H’), were evaluated from the histograms based on the bacterial cell
sizes and numbers using the formula of MACARTHUR and MACARTHUR (1961). H’ of the
bacterial population in the heavily eutrophic area (Tokyo Bay) and in oligotrophic area

(Pacific Ocean) were lower than H’ in mesotrophic areas (Ohtsuchi Bay and Sagami Bay).

I. Introduction

The direct count technique renders it possible
to estimate the hacterial biomass which is of
prime significance in providing basic information
to elucidate factors influencing microbial ecology
(HOBBIE et al. 1977, ZIMMERMANN 1977). The
bacterial standing crop, however, is not exactly
Recently we
reported the results of the quantitative determi-
nation of bacterial standing crop in the vertical
water columns in the sea using the chromogenic
assay method for lipopolysaccharide (MAEDA
and TAGA 1979, MAEDA et al. in press), in
which relationships were often
observed between the numbers and the volume
of bacterial cells in seawater. This discrepancy
might be caused by differences in cell sizes of

equivalent to bacterial number.

non-parallel

bacteria in seawater; in fact, various sizes of
cells were observed under the epifluorescent
microscope.
sons of the cell sizes of bacteria which occurred
in seawater of Tokyo Bay, Ohtsuchi Bay,
Sagami Bay and 100 km off Ogasawara Islands
in the Pacific Ocean, and discuss the diversity
index of bacterial populations on the basis of
bacterial cell sizes and numbers.

In this report we present compari-

2. Materials and methods
Seawater samples were obtained using the

* Received April 20, 1983
** Ocean Research Institute, University of Tokyo,
Nakano, Tokyo, 164 Japan

sterilized Niskin Sampler in Tokyo Bay (Station
T-2; 35°33’N, 139°44’E), Ontsuchi Bay (Station
0-6; 39°22'N, 141°57'E), Sagami Bay (Station
A-1; 35°00’N, 139°20’E) and the Pacific Ocean
(Station P-8; 27°34’N, 143°29’E). Formal-
dehyde (1 % final concentration) was added to
each sample after collecting and the samples
were kept at 4°C until the microscopic exami-
nation.

The method for staining and counting is the
same as descrihed by HOBBIE et al. (1977). In
order to keep an even distribution of bacteria
on the filter, the cylindrical filtration reservoir
on the filter support should have the identical
inside diameter, otherwise rim effects will inter-
fere with the count (ZIMMERMANN 1977). The
time span of staining with acridine orange was
more than ten minutes.

An epifluorescent microscope (Olympus BH
type) and Kodak Tri-X Pan film (ASA: 400)
were used for taking photographs of stained
bacteria. The maximum length and the area
of the bacterial cells printed on the photographic
print paper were determined by using an image
analyzer (Luzex-500, Nippon Regulator Ltd.)
which was calibrated in advance with the known
Shrinkage
of bacterial cells due to fixation by formaldehyde

length and area of several figures.

was negligible when we checked this using three
cultures grown in the laboratory.

The concentration of dissolved organic carbon
(DOC) in seawater was determined by the method
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Table 1. Size distribution of bacteria collected at four stations in different sea areas.

Station
(Area) <0.4 0.4-0.8
T-2 1.49 90.9 %
(Tokyo Bay)
A1 1.2 58.9
(Sagami Bay)
1.0 48.3

O-6
(Ohtsuchi Bay)

P-8 2.2 73.7
(Pacific Ocean)

Length (#m)

0.8-1.2 1.21.6 1.6-2.0 >2.0
6.9%  06% 0% 0%
29.4 9.1 1.6 0
37,4 9.4 2.4 1.4
22.6 1.6 0 0

Counted bacterial numbers were 272 at Station T-2, 265 at Station A-1, 211 at Station O-6 and 206 at

Station P-8.

of MENZEL and VACCARO (1964).

Based on the histograms which were drawn
from the data of the area of the bacterial cell
on the photographic print and the numbers of
bacteria, information content was calculated using

s
the formula H'= — 3 P; logs P; (Pi=n:/N) MAC-
i=1

ARTHUR and MACAR’I‘HUR, 1961), where #n; is the
bacterial number which occurred in the fraction
i, N is the total number of bacteria and S is the
total number of the fractions in which bacteria
distribute. The difference in cell size can be
amplified through the determination of area
rather than determining the cell length. This
is the reason the area of cell on the photo-
graphic print was adopted for expressing H’.

3. Results and d’'scussion

Bacterial aggregates were found to be few if
the fixed samples were shaken several times.
Even if aggregates or figures without the ap-
pearance of bacteria were seen on the photc-
graphic print, they could be eliminated mechani-
cally in the image analyzer.

Total numbers of bacteria were more than
10%/ml at Station T-2 (Tokyo Bay) and in the
range of 10'-10°/m/ at Stations A-1 (Sagami
Bay), O-6 (Ohtsuchi Bay) and P-8 (Pacific
Ocean). The bacterial sizes in these four regions
were considerably different (Table 1). At Stations
T-2 and P-8 about 91 and 74 % of cells were
in the range of 0.4-0.8m in the maximum
length. On the other hand, about 59 9% of cells
at Station A-1 and 48 %, of cells at Station O-1
were in the above size range; i.e., bacterial cell
sizes in these two regions were larger than

; A
g |

o Adi | I l ! | . . ey
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Fig. 1. Histograms of the size and number of
bacteria in the surface samples collectedZat
Station T-2 in Tokyo Bay (A) and at Station
O-6 in Ohtsuchi Bay (B).

A: H'=274. B: H'=3.90.

those in Tokyo Bay and the Pacific Ocean.
The histogram based on the bacterial sizes
and numbers in the sample collected at Station
T-2 (Tokyo Bay) shows a sharper peak compared
with that at Station O-6 (Ohtsuchi Bay) (Fig.
1). In the same way as shown in Fig. 1, the
histograms were made of the samples collected
from the four regions and the H’ (hit) values
of the bacterial populations in the samples were
determined. The H’ value expresses the shape
of the histogram, its height and length of the
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Fig. 2. Relationship between information content
(H') of bacterial population and concentration
of DOC at Stations P-8 (O), 0-6 (A), A-1
(1) and T-2 ().
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Fig. 3. Vertical profiles of information content
(H’) at Stations T-2 (Tokyo Bay), O-6 (Oh-
tsuchi Bay) and P-8 (Pacific Ocean).

base line. Consequently, the samples f{rom
Stations A-1 (Sagami Bay) and O-6 (Ohtsuchi
Bay) had high H’ values and those from Stations
T-2 (Tokyo Bay) and P-8 (Pacific Ocean) showed
lower values (Fig. 2). Dissolved organic carbon
(DOC) values in Fig. 2 are the averages of the
water samples collected from various depth,
which could represent trophic status of these
four regions. In the relationship between H’
and DOC, it is clear that the bacterial popu-
lations in the regions of very high or low DOC
(Tokyo Bay and Pacific Ocean) possessed lower
information contents (H’) than those in other
two regions (Ohtsuchi and Sagami Bays). In
addition, the H’ values decreased with increasing
depth in the vertical column of 3 stations investi-
gated (Fig. 3).

Basically the formula of MACARTHUR and
MACARTHUR (1961) expresses the species di-

versity index for assessing the level of stability
of natural ecosystems. For example, in the
heavily eutrophic area (Tokyo Bay) large amount
of organisms such as zoo- and phytoplankton
occur but the number of species was few, and
consequently in such an ecosystem the species
diversity index is low. Oligotrophic environ-
ments also present low species diversity indicies
In this
research we found that the H’ values based on
the bacterial sizes in Tokyo Bay and the Pacific
Ocean were low, corresponding with the fact
that species diversities of bacteria isolated by
the agar plate method in these regions were
lower than those in Sagami Bay (SIEBURTH
1971, SIMIDU et al. 1977). It might not be
suitable to say that the I1’ value based on
bacterial size is equivalent to bacterial species
diversity, because the bacterial cell size differs
with species as well as with physiological states

where ecosystems cannot be stable.

of bacteria. Bacterial cell sizes should, however,
be ruled by environmental stresses in the natural
ecosystem; i.e. the H’ value could evaluate, to
some extent, the characteristics of the bacterial
communities and might be useful for assessing
the environmental conditions of the sea.
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Influence combinée de temperature et de salinité sur la
croissance larvaire de Macrobrachium japonicum (b Haan)

(Crustacé, Décapodes, Palaemonidé)*

Hiroki YAGI** et Yutaka UNO***

Résumé: Les larves de Macrobrachium japonicum ont été élevées dans 25 combinaisons
différentes de température et de salinité. Le taux de métamorphose, la durée du stade larvaire
et la longueur de céphalothoracique des postlarves ont été mesurés. La température varie de
23,0 2 34,9°C et la salinité (en chlorinité) de 4,0 & 19,0 % Cl. On peut remarquer que cette
espéce se métamorphose dans 9 combinaisons étudiées. L’équation de Vant’'t Hoff est appli-
cable ici 4 la relation qui existe entre la durée du stade larvaire en jour (T) et la température
de I’eau en degrés absolus (H°K). Les valeurs de Qi sont de 1,115 & 1,474 pour des salinités
respectives de 7,7 & 19,0 %0 Cl. L’action de la température et de la salinité sur la longueur

de la carapace des postlarves métamorphosées n’est pas significative au risque de 5%. Le
taux de survie est estimé par la méthode de BOX et YOULE (1955).

1. Introduction

Macrobrachium japonicum est une espéce
d’eau douce des régions tempérées au sud du
Japon. Elle vit toujours dans des cours d’eau
a courants rapides, comme indiqué par KAMITA
(1961), 4 500m en amont de l’embouchure de
la riviere Mimitsugawa dans la préfecture de
Miyazaki, Japon. Jusqu’a présent, mis a part
des travaux taxonomiques et anatomiques, cette
espéce n’a pas été souvent etudiée, 4 cause des
difficultés d’élevage rencontrées en captivité.
Ses comportements nutritionnels, socilogiques
spécialement lors de la ponte et de la reproduc-
tion sont tous fort méconnus.

Il est trés intéressant de noter que 1’adaptation
des fonctions physiologiques de populations
appartenant a une méme espéce, aux caracté-
ristiques du milieu peut étre sensiblement dif-
férentes géographiquement et temporellement.
Les tolérances aux milieux sont aussi différentes

* Manuscrit recu le 2 Mai, 1983

** Laboratoire d’Ecologie Animale, Université des
Paches de Tokyo; Présent adresse: Station
Marine d’Endoume, rue Batterie des Lion, 13007
Marseille, France

*** Laboratoire d’Ecologie Animale, Université des
Péches de Tokyo, Konan-4, Minato-ku. Tokyo,
108 Japon

selon les espéces. En ce qui concerne les larves
de Macrobrachium, deux espéces ont été étu-
diées par nous-méme en fonction de l'influence
combinée des facteurs température et salinité
sur la croissance des larves chez M. rosenbergi
(UNO et YAGI, 1980) et M. nipponense (YAGI et
UNoO, 1981). Concernant cette derniére espéce,
OGASAWARA et al. (1979) montrent également
I’existance d'une action de la salinité différente
selon l'origine géographique de trois populations
locales d’un lac. Nous avons eu l'occasion
d’élever des larves de M. japonicum. Nous pré-

sentrons ici les résultats obtenus sur cette espéce.

2. Matériel et Méthodes

Les géniteurs de M. japonicum utilisés pour
cette expérience ont été capturés en riviére
Abékawa dans la préfecture de Shizuoka, Japon,
en 1977. Ils ont été transportés au laboratoire
immédiatement aprés la péche et mis en bac
pour la ponte. Pour collecter les larves, lors
de ’éclosion, les femelles gravides sont placées
dans un bac de 30/ avec une salinité (ou chlo-
rinité) de 10 a2 12%, Cl. L’expérience commence
immédiatement aprés 1’éclosion.

Les différentes élevages des larves ont été
réalisé dans le méme type d’aquarium en verre
de 50/ munis le systéme de double fond et d’un
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exhausteur a air. Ce systéeme fonctionne en
circuit fermé avec un débit d’eau d’environ
200 m/ par minute. Les larves ont été élevées
dans les filets de 0.0095mm de vide de maille
et suspendus sous l’exhausteur au milieu de
I’aquarium. Leur dimension est 180x153x 125
mm. L’expérience débute avec 50 larves re-
parties au hasard dans chacun des filets. Le
systéme décrit ci-dessus a été utilisé pour M.
rosenbergi (UNO et YAGI, 1980) et M. nippo-
nense (YAGI et UNO, 1981) avec succeés.

Les larves ont été nourries a 10:00 heures
chaque matin & ’aide de nauplii du brachiopode
Artemia salina juste éclos, dont les ceufs pro-
De la chair du clam
Tapes philippinarum a été aussi utilisée comme
nourriture adjuvante & partir du 3éme stade
larvaire.

Afin de préciser l'influence combinée de la
température et de la salinité sur la croissance
larvaire, nous avons réalisé les 25 combinaisons
indiquées au Tableau 1, et calculé chaque fois
le taux de métamorphose. Les températures,
23,0, 26,0, 28,9, 31,9 ou 34,9°C sont mainte-
nues constantes dans chaque aquarium grace a

venaient de San Francisco.

N

des résistances et des thermomeétres a contact,
et pour éviter I'influence climatique, un controle
est effectué chaque matin. Les salinités sont
de 4,0, 7,7, 11,6, 15,3 et 19,0% Cl; elles sont
ajoutées chaque jour en ajoutant ’eau douce
filtrée sur charbon.

La durée du stade larvaire en jours a été
également prise en compte.
mesurées

Les postlarves sont
vivantes immédiatement aprés la

métamorphose & 1’aide d’un microscope bino-

culaire. La longueur de carapace est prise de la
base du pédoncule oculaire au bout postérieur
du céphalothorax. Aprés la mesure, elles sont
conservées dans une solution a 8% de folmol

neutre.

3. Résultats

Mille deux cent cinquante larves au stade
zoé ont été placés juste aprés 1’éclosion dans 25
combinaisons de température et de salinité
Chaque filet
suspendu dans les aquarium recoit donc 50 lar-
ves. La température varie de 23,0 a 34,9°C
et la salinité de 4,0 a 19,0% Cl. Le Tableau
1 et la Figure 1 indiquent le taux de métamor-
phose. Lorsque la salinité est de 7,7 ou 11,6
%0 Cl, la température peut varier de 26,0 a
28,9°C. Pour des salinité de 15,3 et 19,0 %0
Cl, l'intervalle de température est de 26,0 a
31,9°C. Par contre, si la salinité est inféri-

comme indiquées au Tableau 1.

eure a 4,0% Cl, aucune larve ne se métamor-
phose. Pour une salinité de 7,7 % Cl, aucune
larve ne vit au dessus de 31,9°C et en dessous
de 23,0°C. Pour une salinité de 11,6% Cl, il
n’y a pas de survie en dessous de 26,0°C et
au dessus de 31,9°C, aux niveaux de 15,3 et
19,0%0 Cl, aucune larve ne vit au dessus de
34,9°C et en dessous de 23,0°C.

Les conditions favorables pour obtenir plus
de 509, de survie sont indiqués par des nom-
bres gothiques dans le Tableau 1. Si la salinité
est inférieur a 11,6%Cl, le pourcentage de
survie, quelque soit la température, n’excéde
jamais 50%,.

Le Tableau 2 représente les durées en jou.

Tableau 1. Influence combinée de la température et de la salinité sur la métamorphose chez les
larves de M. japonicum. PM, pourcentage (%) de métamorphose; T, durée larvaire en jour.

Température

Salinité (%o Cl)

) 4,00, 10 7,740, 10 11,640, 11 15,3£0,21 19,00, 1
23,00,1 EM o o v 0 o
26,0+0,3 0 34,04;0,0 2 i4,0r1, 41 36,0i1,41
28,9+0,2 IM 0 égjgﬂ, 97 Iligigil, 72 gg:gt?,, 60 gg:gi—2,78
31,9+0,2 M ¢ ¢ 0 ié:?i4,58 igi?il, 93

0 0 0 0

PM 0
34,9%0,4 T _




Influence combinée de température et de salinité sur la croissance larvaire de M. japonicum

du stade larvaire de 1’éclosion & la métamorphose
pour chacune des combinaisons de température
et de salinité. A mesure que la température
augmente, la durée moyenne du stade larvaire
diminue de méme que la variation (les ecarts-
types). Le nombre quotidien de métamorphoses
est indiqué dans la Figure 2.

L’équation de Van’t Hoff est applicable pour
calculer la relation qui existe entre la durée du
stade larvaire en jour (T) et la température
absolue (H) de ’eau. Nous avons d’abord cal-
culé la relation entre H et T avec les valeurs
de Tableau 2, puis la valeur du Qio:

pour une salinité de 7,4 %o Cl

—~logT=7,48—1,53H x 1073,
pour une salinité de 15,3 %, Cl

—logT=5,71—1,00H x 107% et
pour une salinité de 19, 0% Cl

~logT=4,19—0,55H x 1072,

Tableau 2.
naisons de température (a-e,
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Fig. 1. Influence combinée de la températurc
(°C) et de la salinité (%0 Cl) sur le taux de
métamorphose chez les larves de M. japoni-
cum.

Nombre des larves métamorphosées chez M. japonicum élevées dans 25 combi-
°C) et de salinité (%0 Cl). a, 23; b, 26; ¢, 29; d, 32; e, 35.
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Fig. 2. Nombre de postlarves métamorphosées

de M. japonicum dans 25 différentes combi-
naisons dont cing températures entre 25 et
35°C et cinq salinités entre 4,0 et 19,0 %o Cl.

Tableau 3.

Valeurs de Qo selon I’équation de

Van’t Hoff aux trois stade de salinite (%o Cl)

chez M. japonicum.

Salinité Qo
7,7 1,474
15,3 1,288
19,0 1,115

Les valeurs de Qi ont été calculés entre 25
35°C. Les résultats sont présentés au
Tableau 3. Pour M. japonicum, la valeur maxi-
male de Qio est de 1,474 pour une salinité de
7,7% Cl. Elle diminue quand la salinité aug-
mente. La valeur minimale est de 1,115 pour
une salinité de 19,0% Cl. Les combinaisons de
température et de salinité pour lesquelles la
survie dépasse 509 sont reportées ci-dessous:
pour une salinité de 15,3% Cl, la température
est de 28,3°C au minimum et de 30,4°C au
maximum, et pour une salinité de 19,0%0 Cl, la

et

°C ; !
40+ - ," R < ,,,,,,, [—

Macrobrachium
. japoncu

35 -

30

25F

TEMPERATURE

L i i
o] 5 10 15 20
Chlorinité, %o
Fig. 3. Estimation du taux de survie de M.
Jjaponicum par la méthode ‘‘surface de réponse
adjusté’’ d’aprés la survie observée dans 25
combinaisons de température et de salinité.

Tableau 4. Estimation des intervalles de température (°C) correspondant 3 diférents
taux (%) de métamorphose des larves de M. japonicum en fonction de la salinité

(%0 Cl). Max., température maximale; Min., température minimale.
Taux (%) de Salinité
métamorphose 4,0 7,7 11,6 15,3 19,0
Min.  Max. Min. Max Min. Max. Min. Max. Min.  Max.

10 29,0 29,0 27,7 30,3 26,3 34,3 26,6 34,3
20 —_— —_ e —_— —_— 26,8 33,4 27,3 33,4
30 _— — - -_ —_— —_— 27,3 32,4 27,8 32,4
40 e —_— - —_— —_— — 27,8 31,4 28, 4 30,7
50 —_— —_— _ — —_ _— 28,3 30,4 29,0 29,0
60 —_— _— —_ —_— _— _ 28,4 28,8 —_
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Tableau 5. Longueur (mm) de carapace des postlarves métamorphosés chez M.
Japonicum élevées dans 9 combinaisons différentes de température et de salinité.
e.t., ecarts types; m, longueur moyenne; N, nombre des échantillons.
Température Salinité (% Cl)
) 4,0 7,7 11,6 15,3 19,0
m et. N m et. N m et. N m et. N m et. N
26,0 _— — - 2,29 0,00 1 —_— — 2,06 0,12 2 2,29 0,06 2
28,9 _ — — 2,54 0,07 5 2,17 0,16 6 2,45 0,22 26 2,43 0,18 13
31,9 _— - —_— e — — 2,59 0,21 12 2,07 0,36 13
oc : °c
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35 35
& w -
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Fig. 4. Les trois différents seuils (a-c) de combinaison de température et de salinité qui
permettent aux larves de se métamorphoser dans trois espéces de Macrobrachium.

a, quelque soit le taux de survie;
métamorphose dépasse 50 % du survie.

température est de 29°C. Comme on peut le
voir au Tableau 4, le seuil convenable pour la
métamorphose est extrémement faible par rap-
port aux autres espéces de Macrobrachium.

On peut maintenant calculer le seuil qui a
été déja présenté ci-desus avec 1’équation de
Box et YOULE (1955). Les différents seuils sont
montrés dans la Figure 3.

Pour chaque combinaison de température et
de salinité permettant la métamorphose des
larves, les longueurs de carapace des postlarves
juste aprés la métamorphose ont été mesurées
et reportées dans le Tableau 5. Une analyse
de variance a4 deux facteurs montre que l'influ-
ence de la température et de la salinité ne sont
ni 'une ni 'autre significative a 5% de risque.

4. Discussion

Jusqu’a présent, nous avons continué les

b, les zones plus favorable;

¢, les seuils ou la

mémes types d’expérience sur trois espéces de
Macrobrachium. Les larves de chaque espéce,
M. rosenbergi (UNO et YAGI, 1980), M. nippo-
nense (YAGI et UNO, 1981) et M. japonicum
(présent travail) possédent des adaptations dif-
férentes aux variations des conditions du milieu.
Dans la Figure 4(a), on montre les trois dif-
férents seuils de combinaison de température et
de salinité qui permettent aux larves de se
métamorphoser, quelque soit le taux de survie,
et ceci chez les trois espéces. Les larves de
M. rosenbergi, peuvent se métamorphoser 4 des
températures allant de 26,1 a 31,9°C lorsque
le niveau de salinité est 4,5 % Cl, entre 26,1 et
35,0°C pour des salinités de 7,6 et 11,1%Cl,
de 29,1 a 31,9°C pour une salinité de 15 % Cl,
et enfin de 29,1 & 35,0°C pour une salinité de
18,4%0 Cl. Pour les larves de M. nipponense,
la métamorphose est possible de 23,8 a 34,9°C
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Tableau 6. Résultats d’analyse de la variance
sur la longueur de carapace chez les postlarves
de M. japonicum selon le Tableau 5. d.1., degré
de liberté; F, F ratio observé; Fo, F ratio
théorique; s.c., somme des carées; V, variance.

s.c. d.l. A% F Fo
Température 3,08 2 1,539 2,20 5,14
Salinité 5,15 3 1,717 2,46 4,76
Erreur 4,20 6 0,700
Totale 12,43 11

lorsque les niveaux de salinité 4,1 et 7,9 %0 Cl,
de 26,0 & 34,9°C pour une salinité de 11,9 %0 Cl,
et enfin de 26,0 a 32,0°C pour une salinité de
15,7 %0 Cl. En addition des résultats du présent
travail, on peut dire que les combinaisons de
température 25-32°C et de salinité 5-17 %0 Cl
correspondent a la condition commune pour les
trois espéces, permettant aux larves de se
métamorphoser. Dans la Figure 4(b), nous
montrons les trois zones les plus favorables des
combinaisons de température et de salinité lors de
la métamorphose chez chaque espéce. Les seuils
sont passablement réduits par rapport de la
figure précédente, mais ils sont clairement dis-
tinguable selon de I'espéce. Pour M. rosenbergi,
la condition optimale correspond a la combinai-
son de salinité 7-14%Cl et de température
28,0-32,0°C; pour M. nmipponense, cela cor-
respond 4 la combinaison de la salinité 4-7 %o Cl
et de la température 27,2-32,6°C. Par contre,
chez M. japonicum, la température de l'eau est
identique a celle des autres espéces mais la
salinité doit étre plus élevée. Les larves des
trois espéces se différencient en trois types:

type d’eau douce, type d’eau saumditre et type
de ’eau de mer, correspondant respectivement &
M. nipponense, M. rosenbergi et M. japonicum.

La Figure 4(c) représente donc les seuils ol
la métamorphose dépasse 50% du survie pour
chaque espéce. Ils faut savior si ces résultats
coincident avec la distribution des larves au
milieu naturel, considérant les facteurs tempér-
ature et salinité.

M. japonicum est une espéce vivant dans
les eaux douces des riviéres. D’aprés notre
étude, il se trouve que les larves préférent des
salinité trés élevées. On peut émettre 1’hypo-

thése selon laquelle, les ceufs éclosent dans le
cours d’eau, puis les zoés descendent jusqu’a la
A ce stade
de développement, une grande tolérance aux
fortes salinités est donc indispensable.

Enfin si on considére 1’action des deux
facteurs étudiés, la température et la salinité
agissent sur la longueur de carapace des post-
larves métamorphosées de fagon variable suivant
I’espéce considérée. Des travaux antérieurs
(ex. UNO et YAGI, 1980; YAGI et UNO, 1981)
ont montré que l’influence de la température
était importance dans le cas des especes M.
rosenbergi et M. nipponense et que la salinité
agissait la longueur de carapace de M. nippo-
nense seulement. Dans le cas de M. japonicum,
ni la température ni la salinité ne semblait
agir sur la longueur de carapace.

mer ou aura lieu la métamorphose.

5. Conclusion

1. Les larves de M. japonicum ont été
élevées dans 25 différentes combinaisons de
température et de salinité. Le taux de métamor-
phose, la durée du stade larvaire et la longueur
de carapace en fonction de la combinaison de
température et de salinité ont été observés.

2. Dans le seuil ott la métamorphose dépasse
50% pour M. japonicum, la salinité peut varier
entre 15,3 et 19,0%0 Cl et la températur peut
aussi varier entre 28,3 et 30,4°C.

3. Les valeurs de Q.o en fonction de la
salinité sont de 1,474 pour une salinité de
7,7%0 Cl, 1,288 pour 15,3% Cl et 1,115 pour
19,0 %0 Cl.

4. La longueur de carapace des postlarves
métamorphosées, ni 'influence de la température
et ni de la salinité ne sont significative a 5%
de risque.
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Numerical Simulation of Drift Cards Dispersion®

Tetsuo YANAGI**, Hideshi TSUKAMOTO*** Hiroo INOUE¥***
and Tomotoshi OKAICHT****

Abstract: A numerical model is developed to simulate the dispersion of drift cards in a
coastal sea. Drift cards are advected by the tidal current, the residual flow and the wind-
driven current and are scattered by the turbulence in the numerical model. The result of a
numerical experiment coincides well with that of a field experiment at Harima-Nada in the
Seto Inland Sea, Japan. This technique will be able to apply to the dispersion of pollutants

such as oil spill bounded to the sea surface.

1. Introduction

Drift cards have been frequently used for
investigating the transport and the diffusion of
fish eggs, larvae and pollutants such as oil spill
in the coastal sea. Most of drift cards released
offshore are recovered at coasts. Only their
initial and last positions are known, but their
paths are unknown in most cases. Information
obtained from drift cards is only their mean
direction of advection and apparent dispersion
coefficient., Other useful informations on the
response of water mass in the upper layer to
the variation of wind, the detailed structure of
dispersion phenomena and so on will be available
from drift cards observation if we could numeri-
cally simulate the movement of drift card.

2. Drift card experiment

A drift card experiment was carried out at
Harima-Nada in the Seto Inland Sea, Japan in
autumn, 1979 (Fig. 1). Plastic drift cards (Fig.
2) designed by NAKATA and HIRANO (1978)
were released at Stns. 1 and 2 shown by O and
A respectively in Fig. 1. A post card for
reporting the time and place of recovery and

* Received May 16, 1983
** Department of Ocean Engineering, Faculty of
Engineering, Ehime University, Matsuyama,
790 Japan
*** Harmonic Analysis Company, Sendagi 4-24-7,
Bunkyo-ku, Tokyo, 113 Japan
**%% Marine Research Laboratory, Faculty of Agri-
culture, Kagawa University, Miki-cho, Kido-gun,
Kagawa-ken, 761-07 Japan

light sinker to keep the card floating vertically
on the sea surface are enclosed in each plastic
case. Eight hundreds of drift cards were released
from Stns. 1 and 2 at various tidal states, 8:00
(ebb), 10:00 (L.W.), 13:00 (flood) and 16:00 (H.
W.) on 21 Oct., 1979. The number of the
cards recovered within 30 days after the release
is shown in Fig. 3. Most were recovered on
the western coast of Awajishima Island. The
total number of recovered cards was 103, about
139 of the total number of the cards released.

3. Numerical model experiment

(2) Basic equations

We consider the horizontal two-dimensional
dispersion of drift cards. Imagine that a labeled
drift card exists at a point (2%, y™) at time n.
Position of the drift card (z"*!, y**!) at time
n-+1, 4t time after, is traced by the following
formula,

x"“’l =x"+ {Ut"(x", ,yn) + LT?(xn, Z/”)
+ Uy, y)}dt+ Ry, (1)

Y=yt { Ve, g+ Vi, y)
+ Vela®, ")} dt+ Ry . (2)

Here x and y are Cartesian coordinates directed
eastward and westward, U,*(z", y") and V"
(", 4™ denote the tidal current velocity com-
ponent at time z in x and y direction, U(z", ¥™)
and V,(x", y*) the residual flow velocity and
Urw(x®, y™) and Vw(z", y*) the wind-driven cur-
rent velocity. Velocities of the tidal current,
the residual flow and the wind-driven current
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i L

Fig. 1. Harima-Nada. Numbers denote the depth in meter. Drift cards were released

from Stn. 1 (O) and Stn. 2 (A).

Tidal currents are predicted at Stns. A, B, and N

by the Hydrographic Department. Wind velocities are observed every hour at 10
stations, Akashi, Himeji, Mushiake, Tamano, Takamatsu, Hiketa, Nandan, Gunke,
Teshima and Uchiumi by the Meteorological Agency.

77 30)/})

ALY

transparent
plastic case

" sinker

Fig. 2. Drift card used in the field experiment.

at the point (z%, y®) of the drift card are inter-
polated from Eulerian velocities at four grid
points surrounding the drift card. Ry and Ry
are the movements due to the turbulence in z
and y direction, respectively. The drift card
stops drifting when it crosses the boundary be-

A oy

“wzq;
QA cms\i

e 4 |Card

HIKETA

0 20km
=

[t

Fig. 3. Dispersion of drift cards 30 days after
the release. @ denote drift cards released from
Stn. 1 and A those released from Stn. 2.

tween land and sea or the open boundary, that
is, Akashi, Naruto and Bisan Straits.

(2) Tidal current, residual flow, wind-driven
current and turbulence
The velocity field is calculated as follows.
As to the tidal current, the horizental two-
dimensional momentum equation of homogeneous
fluid and the continuity equation are
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P

5’;+(u-l7)u+fk><u
— g Dulul o
=—glt Tt +uw,  (3)

o7
a—f+7'{(H+§)u}=0. (4)

Here u is the depth-averaged velocity vector,
I the horizontal differential operator, ' (=8.0%
10-3s7!) the Coriolis parameter at 34°30’N, k
the locally vertical unit vector, g (=980 cm s72)
the gravitational acceleration, { the surface
elevation above the mean sea level, 752 (=2.6 X
107%) the bottom frictional coefficient, H the
local depth and v (=108 cm?s™!) the coefficient
of lateral eddy viscosity. Equations (3) and (4)
are approximated by finite-differences and are
solved by primitive method. The grid size is
2kmXx2km. The tidal currents at Bisan, Akashi
and Naruto Straits are predicted with use of
13 major harmonic constants which were ob-
tained from current measurements by HYDRO-
GRAPHIC DEPARTMENT OF JAPAN (1979). Tidal
currents from 21 Oct. to 21 Nov. are calculated
every 30 seconds with boundary conditions
calculated from the predicted tidal currents at
three stations, Stns. A, B and N shown in Fig.

BISAN STR. STN.B

fﬂir"/SA
Fig. 4. Predicted tidal current at Stn. B
by the hydrographic Department.

e
;

Fig. 5. Tidal current in ebb at 8:00
on 21 Oct. (spring tide).

1. The predicted tidal current at Stn. B which
is used as a boundary condition is shown in
Fig. 4. Figure 5 shows the calculated ebb tidal
current in spring tide at 8:00 on 21 Oct., 1979.
The flood tidal current flows in nearly opposite
direction with the same speed.

The residual flow is defined as the steady
part in the harmonic analysis of observed tidal
current. It is thought to be caused by the local
surface wind stress, the mean sea-level slopes,
the horizontal density gradient, and the non-
linearity of the tidal current, etc. According
to field current measurements (YANAGI and
HicucHi, 1980), the average residual flow
pattern in Harima-Nada is dominated by the
tidal residual flow due to the non-linearity of the
tidal current and the density current due to the
river discharge. However, the computing area
is not so wide that we can neither correctly
reproduce the tidal residual flow nor reproduce
the density current due to the river discharge
because the model is a borotropic one. The
model residual flow is interpolated from the
results of field observations (YANAGI and Hi-
GUCHI, 1980) by the spline technique (OONISHI,
1975) as shown in Fig. 6. There are two marked
residual circulations in Harima-Nada, a clock-
wise one in its northern part and a counter-
clockwise one in its southern part. The time
variation of the residual flow is not considered
in this numerical experiment.

The wind-driven current is supposed to be
given by the following formula,

van<x: ?/) = Cw‘ WU”('Z: Z/) b
Vw™z, y)=Cus WV, y) .

(5)

Here, Cu is a proportionality constant, WU™

Fig. 6. Residual flows.
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Fig. 7. Time series of wind velocity vector at four representative stations.

and WV" the wind speed at time n in x and y
direction, respectively. We do not consider the
deflection of the wind-driven current direction
due to the Coriolis force because the duration
of wind is short and the model sea is not so
deep. The surface wind velocity is estimated
by the linear interpolation using following for-
mula obtained from observation on land,

WUz, y)=ax+by+ci,
WVMa, y)=asx+by+ca.

(6)

Here, (a1, b1, ¢1) and (as, bs, ) satisfy the follow-
ing equations,

WUz, 1) x Y1 1\ fax
WUz, ys) | =\ x2 y2 L )| b
WU™Mxs, ys) xs ys UV e/,

®)
WV™ax1, y1) " x1 Y1 1\ /a:
WV™s, Y2) J: xs Yo 1| Do
WV™ s, ys)

x3 Ys 1/ Moo/

where WU™x1,v1), WUz, v2), ..., WVxs,
y2) and WV(x, y3) are the observed wind speeds
at three wind observation stations. The model
sea is covered with ten triangles formed by ten
wind observation stations as shown by dotted

(a)

1979.10.21.ih

(b)
1979.10.21.16h

Fig. 8. Horizontal distributions of wind
velocity at 1:00 on 21 Oct. (a) and
those at 16:00 on 21 Oct. (b).

line in Fig. 8(b). The wind speed and direction
were observed every hour from 21 Oct. to 21
Nov. The wind vector time series at repre-
sentative four stations are shown in Fig. 7. The
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land and sea breeze were predominant in the

first half period of the field experiment. Two (a)

examples of interpolated wind velocity fields are

shown in Figs. 8(a) and (b). The land breeze

prevails at 1:00 on 21 Oct. and the horizontal

wind velocity field converges in the central part o

of Harima-Nada. On the other hand, north- :

west wind prevails at 16:00 on 21 Oct. - 'm:oo
The turbulence is calculated by the following Cw=0.00 T L

formula, ) ]

Ry=ax v/2x 4t x K,
(8

R,=bx /2xdtxK, (5)
1 dR:* 1 dR? H—“IJU;T—HLH
K=— == (9) P L .

2 dt 2 dt i iL,,,,r{] e .
F’jﬂ‘ J_J—r
Here, @ and b denote the random numbers I .

whose mean values are zero and whose variances . i g I
are 1.0, and K the horizontal dispersion cocef- | = *__.JJT_YLW‘ i
ficient. sl 000 [
~ . . C0.02 1,
Both C» end K are prescribed in such a way 0
that the calculated dispersion of drift cards

agrees as closely as pessible with the observed

() =

(8) Results {W‘ L
At first numerical experiments with various -

values of Cy without the turbulence were carried. . |
Results are shown in Figs. 9(a), (b), (¢) and (d). P SR =
A drift card is released from Stn. 1 at 10:00 on b ) - jf“
21 Oct. in each numerical experiment. In the U gt 1000 . TN
case wkere Cy is zero, the drift card is advected w=0.03 L ‘
by the residual flow with swinging by the tidal o -
current and dces not resch at the cozst 30 days

after the release as shown in Fig. 9(z). In the

case where Cy is 0.02 or 0.04, drift cards reach

at the coasts of Ieshima Is. or Shoudoshima Is. (d) =
and can not reach at the western coast of
Awajishima Is. In the case where C, is 0.03, Mo e

the drift card reaches at the western coast of M T !

Lo s a
Awajishima Is. 7 days after the release. In the - T s T
field experiment, the first recovery of the drift

|
! F_H_LD B g
a / 1ishi o d - T .
card at the western ccast of Awajishima Is. I BT -

was on 25 Oct., 4 days after the release. This Cw=0.04 T s

L e ]

discrepancy is thought to he due to the turbu- -

lence which will be discussed below. These Fig. 9. Advection of a drift card released from
Stn. 1 at 10:00 on 21 Oct. in the case of
Cw:0.0 (él), Cw:OOZ (b), Cw:003 (C) and‘
Cw=0.04 (d>

results indicate 0.03 as a suitable valve for C,,

that is, the wind-driven current of 30 cms™! is

-occurred when the wind of 10 m s™' blows.
Figures 10(a) and (b) show the results of drift



Numerical Simulation of Drift Cards Dispersion 223

= I e
T I #eyin ‘
LT Iz o f
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w=0.03 K=10000 ——
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[ S t 1
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— i | ,
i T e o
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T 3
[ STN.1 - 10:00 T
(w=0.03  K=100000 -
100 CARDS e

Fig. 10. Dispersion of a hundred drift cards 4.5
days after the release at 10:00 on 21 Oct. from
Stn. 1 in the case of K=10'cm?®s™ (a) and
K=10°cm?s™! (b). Numbers denote the number
of drift card.

cards dispersion 4.5 days after the release in the
case where 100 drift cards were released from
Stn. 1 at 10:00 on 21 Oct. Drift cards do not
scatter in the case where K is 10*cm?s™t. On
the other hand, drift cards scatter and some of
them reach at the coasts of Ieshima Is. and Shou-
doshima Is. in the case where K is 10° cm?s™.
From these results we decide 10° cm?s™! as K.

One hundred of cards were released four
times at 8:00, 10:00, 15:00 and 18:00 on 21
Oct. from Stns. 1 and 2 with C,=0.03 and
K=10° cm?s~!. The dispersion of the drift cards
30 days after the release is shown in Fig. 11.
All drift cards reach at the coast or pass through
Naruto Straits and there is no drift card on the
sea surface in Harima-Nada. The dispersion
does not depend on where and when the cards
were released except that most of the drift cards
released from Stn. 2 at 8:00 on 21 Oct. reach
at the northern coast of Shodoshima Is. The
result of the numerical experiment shown in
Fig. 11 fairly well coincides with that of the
field experiment shown in Fig. 3 except the

—~ Bt
I 2 g "L,l_1
(T g —
—a —
— a )
I 5t 5
‘j o Or : 2 I
iy
oy — e .

a —
J T = T ‘L*]
LJ ¢« A 1eN<10 [
10N <100

@ A
' A 100€

Fig. 11. Dispersion of 800 drift cards 30 days
after the release on 21 Oct. ® denote the
cards released from Stn. 1 and A those
released from Stn. 2.

recovery in the northern coast of Awajishima
Is. Judging from recovered drift cards on the
sea surface in the southern part of Ieshima Ts.
and in the central part of IHarima-Nada in the
field experiment, we may consider that most of
drift cards were advected following the calcu-
lated path shown in Fig. 9(c).

4. Discussion

We develop a numerical model to simulate
the dispersion of drift cards. The wind drag
coefficient C,, used in this model, however, is a
little larger than the precize one because the
wind on the sea surface is interpolated using the
The wind
speed on the sea surface generally has the
strength of 1.5 or 2.0 times that on land
(YANAGI, 1980). The suitable value of Cu
might be 0.015 or 0.020 if the wind speed on
the sea surface could be correctly estimated. We
will have to consider the deflection of the wind-
driven current direction from the wind direction
in the case where the drift cards dispersion in

wind data on land in this model.

the deep sea such as that on the continental
shelf is considered.

This numerical model may apply to the dis-
persion phenomena of some pollutants such as
oil spill floating on the sea surface.
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Fig. 1. Distribution géographique (région pointillés) des homards: Homarus americanus

(A) et Homarus gammarus (B). (modifié d’aprés COOPER et UZMANN (1980) avec

I’autorisation d’Academic Press Inc.)
TAY Y v TRE—(A) b3—a Ty BT RE— (B) OHIBERYSFr.

m
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10d G.ST.L
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Fig. 2. Districts (Tableau 1) de la péche du homard au Canada. A.I., Ile Anticosti; G. ST.

L, Golfe du St.-Laurent; M.I., lles de la Madelaine; NFLD, Terre-Neuve. ®, pécherie
hauturiére du homard (extérieure de la ligne reliée les points a, b, ¢, d, e et f); cantonne-
ment haché, zone interdite de péche. (d’aprés du document du Ministére des Péches et des
Océans du Canada revisé au 1 janvier 1979) # + Xl B 54 v —VEER. AL, 75
4 ARF 1B GST.L, Y« r—b Y2, M1, v/ &L vE; NFLD, = a—7 5 v
YEZYER @, Av—vmatl (@, boc,d e & f D6 ARBIRON) ; AHe, HEX.
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Tableau 1.

A+ EA - RRK (Fig. 2) BIMRER (B3

Tailles minimums et saisons de péche autorisées dans les districts (Fig. 2) de psche du homard.

VA — b B LS Y F) L OHRER I

Districts de

péche du homard Tailles minimums

Saisons de piche

1 8l mm (3 3/16"")
2 idem.

3 idem.

4 W, E idem.

5 a, idem.

6 a idem.

6b 69,9 mm (2 3/4’)
7 a 8l mm (3 3/16,")
7 b, bl 63,5mm (2 1/2"")
7c idem.

8 idem.

9a 76,2mm (3")
9b —

10 a 76,2mm (3')

10 b idem.

10 ¢ idem.

10d idem.

11 idem.

12 idem.

13 idem.

14 idem.

(A) idem.

2 éme mercredi, novembre-3 éme jeudi, juin
idem.

15 octobre-31 décembre, 1 mai-31 juillet
dernier mardi, novembre-31 juillet
20 avril-30 juin
20 mai-20 juillet

16 mai-15 juillet

1 mai-30 juin

idem.

idem.
10 aofit-10 octobre

10 mai-10 juillet

péche interdite dans le lagune

20 mai-31 juillet

15 juin-15 aofit

10 mai-27 juillet

1 mai-17 juillet
20 avril-5 juillet

5 mai-10 juillet
20 avril-15 juillet

20 avril-30 juin

9 mois de péche ouverte

N FEDA = — i, TR 24K DR
B L HR O G & DA 25K b Hiv T
% (Fig. 2), Zh FhofRic ki) 4k Lo~
REAEFRRE ERCL-TEL-TWE
(ﬂmmun BB OKER, BERETE 30m
ik, mE»S 0= AP@mERESIhTuv5ap
LB TIE 50-200m T B s, FH, MR X

o> THRETHHREOKFEIE LD, HBOEHIX
BRSU RN LA EL, ZoHEI4d ~—

ART Y= L, ERBRLEELOCL
(CHAPMAN et RICE, 1971; CoBB, 1977) %% %
LEMMBTELS, FEREBEY, /vrAzavT
WEROME T L, v b a—Uv v A
NEH, Vv A= Fy—FEBtoa—75Y
R4 w2 EDOBCHD )~V =5 FHElE
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~w$§vﬁ%%(%hlt@)tﬁbbﬂfb
L, Whb@LA v smELIEE TR, T4
U WARYSY (It N DRGSR g S R U
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WTEB RS T o A X B (Parlour &4
WEhzd) Lo 2REIbLD, BEDELEZ A,
FEICBAT 2P0 Lo EREIN I L 2 AN,
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BHELTRS Z EIERIENTRY 25 Th b,
FERICHRETLE4, LE»D 20[0 0584 i i
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Fig. 3.
de péche du homard (en bas).
Fv—EE (B) a4 =—nifh (F).

Casier 2 homard (en haut) et bateaux
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Fig. 4. Vue de la piche du homard (en haut)
et homards capturés (en bas) dans le Détroit
de Northumberland (Nouveau-Brunswick).
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Symposium on Ocean Monitoring held in Tallinn
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lems of ocean monitoring
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Summary Report and Recommendations of the First
International Symposium on Integrated Global
Ocean Monitoring™

The first International Symposium on Integ-
rated Global Ocean Monitoring (MONOC) was
held in Tallinn, USSR, October 2-10, 1983.
The Symposium was sponsored by the USSR
State Committee for Sciences and Technology,
USSR Academy of Sciences and USSR State
Committee for Hydrometeorology and Control
of Natural Environment with the support of
the United Nations Environment Programme
(UNEP), the World Meteorological Organization
(WMO) and the Intergovernmental Oceanog-
raphic Commission (IOC) of UNESCO.

Principal aims of the Symposium were:

(1) to review the scientific problems associated
with ecological and physical aspects of ocean
monitoring;

(2) to exchange information on the latest
achievements in this field and

(3) to discuss and recommend possible inter-
national scientific co-operation in integrated
global ocean monitoring.

The Symposium was attended by scientists
and experts from 26 countries as well as repre-
sentatives and observers of the following inter-
national organizations: United Nations Environ-
ment Programme (UNEP), World Meteorological
Organization (WMO), Intergovernmental Ocea-
nographic Commission (IOC), International Ma-
rine Organization (IMO), Food and Agricultural
Organization (FAQO) of United Nations, Inter-
national Council for Exploration of the Sea
(ICES), Helsinki Commission, the South Pacific
Commission (SPC) and International Atomic
Energy Agency (IAEA).

In accordance with the structure of the Sym-
posium the first two days were devoted to
plenary sessions and the rest of time to special
physical and ecological problems which were
discussed in parallel at two different sections.

The papers and subsequent discussions centered
around the problems of the ocean interaction

* Received October 14, 1983

with other spheres of the environment and
assessment of the role of the ocean in geochemi-
In the
Symposium the concept of assimilative capacity
of the marine environment was recognized taking
into account basic hydrodynamic, microbiological
and biosedimentary processes. The use of bio-
logical indicators in the studies of marine environ-
ment contamination (Mussel Watch was reviewed
and it was proposed to be expanded into a
global programme).

Ongoing and planned programmes of research
and monitoring, both national and international,
within the framework of various organizations
were also presented. The general impression
from these presentations was that in coastal
zones serious effects of human activities have
been detected. These effects should be taken
as strong warning signals that the open oceans
may also be affected. In the Symposium it was
also demonstrated that ongoing monitoring pro-
grammes, such as MAPMOPP (IOC), the
regional pollution studies in the framework of
UNEP’s Regional Seas Programme, ICES
Cooperative Monitoring Studies Programme and
the CSK (Cooperative Study of Kuroshio) Pro-
gramme have given many reliable results and
have provided much experience.

It was considered by the Symposium partici-
pants that fisheries and mariculture may con-
stitute significant anthropogenic impact on the

cal, geophysical and biological processes.

oceans.

Particular emphasis of the participants was
given to the methods of predicting the marine
ecosystems state and to the scientific motivation
of measures preventing negative impact of pol-
lutants on marine organisms.

The following problems were discussed:
—global ocean circulation modelling,
—large-scale ocean-atmosphere interaction,
—development of the World Ocean satellite

monitoring,

—carbon cycle in the atmosphere and ocean,
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—El-Nifio and southern oscillation,

—vphysical aspects of pollution distribution,

—modelling the hydrophysical and hydrochemical
processes in some seas.

The discussion showed that monitoring the
World Ocean hydrophysical characteristics is one
of the important but very difficult oceanological
problems. Since this problem is global in the
nature, it can be solved only on the basis of the
global oceanographic information which could
permit modelling general non-stationary circu-
lation and distribution of pollutants in the World
Ocean. As a first step towards the solution of
this complicated problem it is necessary to simu-
late the World Ocean climatic circulation with
a sufficient accuracy. Besides usual information
continuously received in WDC, an important
role in modelling the World Ocean stationary
and non-stationary circulation could be played
by the information obtained as a result of the
ongoing multi-national programme for investi-
gating the atmosphere-ocean interaction to study
short-term climate changes (‘“Sections’ Pro-
gramme), as well as planned international TOGA
and WOCE Programmes. It was noted that
besides fulfilling their formulated tasks these
three progrmmes also will form the basis for
testing monitoring schemes.

The Symposium stressed the necessity of
further development of global monitoring hydro-
physical and ecological processes making full
use of ‘‘Sections’’, TOGA and WOCE Pro-
grammes. ‘

The scientific basis of the ecological monitoring
was discussed. Special attention was given to
bioproductivity. The total biomass of the pelagic
biota and its special and temporal turnover were
estimated.

It was recognized that the most productive
coastal zones are already under the negative
influence of various pallutants. This influence
is observed in a number of biotopes, particularly
in neuston.

The participants of the Symposium emphasized
the important role of the marine microorganisms
in organic pollutant destruction in the World
Ocean. New microbiological and biochemical
indicator methods for assessing organic pollution
of water masses were noted. The potential of

marine microorganisms activity to determine
assimilative capacity of different World Ocean
areas was proposed,

Data on bicaccumulation and biosedimentation
of metals, organochlorine and polycyclic aromatic
hydrocarbons (PAH) in different ecological situ-
ations were presented.

Quantitative estimates of biosedimentation,
microbial oxidation of organic compound includ-
ing toxicants, as well as estimates of cycle
balances for carbon, benz(a)pyrene, petroleum
products, mercury and radionucleids were given.

Ecological consequences of the ocean pollution
and the role of atmospheric transfer and depo-
sition of chemical toxicants in the ocean were
considered.

The efforts of international organizations and
active research in many countries helped to
provide new information on many global pro-
In this
connection the desirability of establishing an
integrated global monitoring system was stressed.

The participants of the Symposium felt that
the Symposium played an important role in
promoting World Ocean research and identifying
ways to develop an Integrated Global Ocean
Monitoring Programme.

The participants noted the substantial contri-
bution made by the USSR State Committee for
Science and Technology, USSR State Committee
for Hydrometeorology and Control of Natural
Environment, USSR Academy of Sciences to
the organization of the symposium.

Special thanks were conveyed to the Council
of Ministers of the Estonian SSR and Academy
of Sciences of the Estonian SSR for providing
excellent accomodation for the Symposium and
their warm hospitality.

The participants also expressed their gratitude
to the sponsoring international organizations:

UNEP, WMO and I0OC,

blems considered at the Symposium.

RECOMMENDATIONS
1. It was obvious from numerous presentations
at the Symposium that the concept of integ-
rated global ocean monitoring must be developed.
There is the need to carefully explore all aspects
of such monitoring and to develop a sound
scientific basis for establishing an Integrated
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Inter-
national experts should be brought together
within the framework of the United Nations
system to discuss the development of such a
programme.

Taking note of the past activities of GESAMP,
in particular its recent report on Review of the
Health of the Oceans, the meeting recommended
that GESAMP be requested to develop the as-
pects of Integrated Global Ocean Monitoring
(IGOM) related to marine pollution and the
protection of the marine environment, as part
of UNEP’s Global Environmental Monitoring
System (GEMS). In developing the concept
GESAMP should be requested to examine the
scientific rationale for IGOM, as well as its
methodological feasibility, structure (elements)
and the support required for its implementation.

UNEP was invited to take the initiative to
bring the matter to GESAMP’s attention and
to provide support for the preparation of the
conceptual framework of IGOM through GE-
SAMP.

The climatic aspects of IGOM would be devel-
oped in the framework of the World Climate
Research Programme of the World Climatic
Programe.

Global Ocean Monitoring Programme.

2. Considering the importance of climatic and
physical processes in evaluating the ocean state
and noting that several programmes have been
initiated such as the ongoing programme ‘‘Sec-
tions”’ (Programme of investigations of the air-
sea interaction for exploration of the short-range
climatic variations), planning programmes TOGA
and WOCE and exploratory time series, the
Symposium strongly recommends that the pro-
grammes be supported. In this connection rele-
vant biological projects could also be considered
along with these programmes.

3. The Symposium noted that it was feasible
to utilize mussels (Mytilus sp.) as indicator
organisms for monitoring the level of pollutants
in the marine environment. The Symposium
recommended that the competent international
organizations consider the possibility of expand-
ing current Mussel Watch activities to determin-
ing organochalogen compound levels in mussels,
particularly in tropical and semi-tropical areas
of the Southern Hemisphere.

4. Noting that the concept of integrated global
ocean monitoring and other elements, including
assessment methodologies, biological and ecolog-
ical indicators, assimilative or receiving capa-
city need further research and development;
that monitoring should only be developed in a
gradual way and in close contact with research;
that intercalibration exercises must be included
in order to ensure intercomparability of data.
5. Eutrophication of the ocean can be monitored
microbiologically and biochemically by measuring
parameters that have a direct relationship with
the turnover rate of biological elements, The
technique for measurement can be applied in
any country for global monitoring. It is re-
commended that monitoring for sanitary-micro-
biological indices be encouraged, with special
reference to eutrophication.
6. Noting that the information on contami-
nation levels in the World Ocean provided by
GIPME needs to be enhanced, the Symposium
recommends that programmes be deviced for
baseline studies of selected contaminants in the
It is further recommended that
after the programmes have been deviced by
relevent experts, they be supported on an inter-
national basis and their results be presented at the
Second International Symposium on MONOC.
7. Considering the many important results
presented at the Symposium the concepts devel-
oped, the exchange of information and the
great importance of the subject it is recommend-
ed that the proceedings be published in Russian
and English.
8. Regarding the many important results on
the ecological situation in the World Ocean,
obvious value of the exchange of scientific infor-
mation related to the development of the integ-
rated global ocean monitoring it is recommended
that the Second International Symposium on
the Integrated Global Ocean Monitoring be held
in 3-4 years.
9. The symposium recognized the success of
monitoring activities undertaken by regional seas
programme. The symposium supported the
regional approach to environmental research and
monitoring as a vital element in the achieve-
ment of integrated global ocean monitoring.
(Symposium Secretariat)

open ocean.
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WCHRFKERS O FERBERCELL LA LT £,

(E I HEHE)

Foreword

The study of chemical compounds such as proteins, nucleic acids, lipids has extensively
progressed in many biochemical disciplines. However, much of the knowledge has not yet
been applied in the studies on aquatic environments. Extensive application would con-
tribute to further progress in the science of aquatic ecosystems. Studies on the cycling of
the chemical compounds in natural waters may give us a possible deep insight into the inter-
actions between producers and consumers. Quantitative and qualitative researches on the
compounds may, furthermore, explain physiological conditions of phytoplankton cells in
natural waters. For these reassons, we have reviewed the studies on the biologically impor-
tant compounds of phytoplankton in the present symposium.

We are grateful to Drs. H. SEKI and H. SUDO for their help to make this symposium
possible.

Tatsuo MIYAZAKI
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1. Cycle of Organic Matter in Deep Water

Eiichiro TANOUE*

Abstract: Fatty acid and monosaccharide compositions of sinking particles collected with
sediment traps and particulate matter collected by filtration of seawater were compared and
discussed. Organic materials in sinking particles from 0.1 through 5.25km depths were
mainly derived from phytoplankton in euphotic layers. These organic materials were high'y
susceptible to biological degradation and played a major active role in biological cycles even
in intermediate and deep water layers. Rates of degradation of organic matter in the deep
water layer estimated by the sediment trap method were found to be almost comparable to
those obtained from the dissolved oxygen consumption rates reported in deep waters of
various oceanic areas. Particulate organic matter in the intermediate and deep water layers
was not simply residual organic matter of marine organisms and was supposed to be a
complex mixture of organic materials including those of terrestrial and dissolved origin.
These organic materials were resistant or inert to biological activity and were only slowly
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altered and degraded in seawater.

1. FG®IC

BREOFMCIE, MW7 5 v 7 b v DRI HE
THERYE, WP REEERLCh b IS
BERMENRD D, LHFE~ORBAREC L 285BHO
G812 10°%C/yr (RYTHER, 1969) O A4 ~4&—& R
Bboh Tk, BEFEHE#Y O 10"gC/yr (HANDA,
1977) IKHERTHEENICKE Y, Uiehis T, HEELk
TOERNLEERY OB, AEAEECE 2y 7
FVI b OEBYNFLHNREARLCNDEDEH
HINd, Lhrl, BBEECHIEHED I SKFICK
EEINTEY, EEYT I 7 b v OFERY DRSS
RAEYFRIEMC X » TR INERLT S, T
REOEENT»B, F7T5 v L vORBRE D
7an 7 4 vERREERE I, PEBCTET
LEBYOIFIHE P ZOBRCOW TRk AR
HELNTEDLT, RBCARINEYR T 7 v 7 v
PELFEOFEY S, DEBKPOHHEBERICES 5
BRI ONWTIRFEATH - 720

AT, HKE7 4 VE—THFBL B LIS
WRTEEDA Y Py P TREIREEBHETFOR
* ME R AR ER Graduate School of

Science and Technology, Kobe University

Baic oW BB S & OB R IREL, £ B0
FEREZEEICHEST 5 Lick b, RERKDOHERE
RICBIS T 2 BB OBHFELHEE L/,

2. BEBRIT ORI R KU EERER

BFH AR AR B A Bl KH-78-3 IRALBIC &
W, AR 2 D B Stn. 3(47°55.1°N, 176°20.67
E) THLNCBBER T 3L CHM 75 v 7 + v D5
BRiEmk A Table 1 L% 2 IR Lic, ¥R 200m DIk
BB DNIEER T T, KB 16(Ck) BL 18
(Cis) O AREIANENTBR A FAZE 38D B R ERIE IR
YT v r v B EEREENTEKD (Table
2), WICHEEOBEN T 51K I & ik 0, 72,
POC/Chl. a {fiZ, BB TOEEMICHD MM T 5
YO VBEBMOEEERMIBZEEE LTENTDH B,
% T, POC/Chl. a L EEN T OLEHRICH 2
KRENREROEA & OBF% Fig. 1IOR Uik, @&
HOMBEERT T Lnd, REOBEN FLCHADLND
FEHFRRIRL, W77 v 7 + v O REMIEHRICE
BHET D e 0bhrdb, Y75 v v 200m L)
o BN F O RIS MRLER ., SRERCOWTHE
BRAEMAERL, MEED Cu BX O Cu IBHBROE
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Table 1. Fatty acid compositions of particulate
matter collected from the surface through
deep water layers at Stn. 3 (47°55.1 N;
176°20.6’E) in the northern North Pacific.

Fatty acid® Depth (m)
0 10 20 500 2,500
weight percent
isoP14:0 nd.¢ tr.¢ tr. nd. nd.
14:0 24 26 26 6.2 0.48
anteisoP15:0 tr. nd. nd. nd. nd.
iso 15:0 2.3 1.0 1.0 tr. tr.
15:0 1.7 1.2 1.6 21 1.8
16:unsat.® 9.7 8.6 81 nd. nd.
16:0 23 34 35 45 57
iso 17:0 nd. tr. tr. tr. tr.
17:0 nd. tr. tr. 2.1 1.6
18:unsat. 15 19 21 nd. nd.
18:0 7.7 4.8 7.4 34 35
19:0 0.52 1.1 tr. tr. tr.
20:unsat. 6.6 nd. tr. nd. nd.
20:0 tr. 1.4 tr. 1.8 2.7
22:unsat. 5.6 nd. nd. =nd. nd
22:0 2.1 nd. nd. 6.1 nd.
23:0 tr. nd. nd. nd. nd
24 :unsat. 1.2 nd. nd. nd. nd.
24:0 tr. tr. tr. 1.8 1.3

a=All fatty acids are given by carbon chain length:
number of double bond.

b=Branched fatty acid

c=Not detected

d=Trace

e=Unsaturated fatty acids

AWE L, Cis JRROEE MR, JRIRRIERD Zh
ORI, HEOCRPBH R ORME D —HT 5
(KATES and VOLCANI, 1966; ACKMAN et al., 1964,
1968; DE MORT et al., 1972), DL L. OKHR 5B L
T, 200m DR CH LK BB FOREHRIL, MY
FVI Y, RCEFORBRCESEBKRT 203
Zbhd,

PR 500m 3 3 OF 2, 000m TH B B\ RL F OB
MR T, FfafiEliBA gL e, BROBEN
FrEY T I/ br0EN D LR ASSHEEL &
(Table 1 X 2), REFERHERIL, EY¥EMRIE
AR LTEDDLIAREETHHZ L (RHEAD e al.,
1971) #:35, RIFHHH - BEAEZHRBECE VT
BIRICIEE L DD LR T 52 L AR TH
B, LL, - REOBEN 12, SRR R
CENTHRFOMBR T LIZAEHES S,
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Fig. 1 Correlation between POC/Chl. @ and the
percent of the unsaturated fatty acids in the
particulate matter collected from the eupho-
tic layer. Closed and open circles represent
the data obtained at Stn. 3 in the northern
North Pacific (Table 1) and Stn. 4 in the
Bering Sea (HANDA and TANOUE, 1980),
respectively.

JeH AL KPR L TR — Y v 7 TE b sk T
DEILBNPENRTH D Cuy (3 Y 2F VER), Cie (#¥v
SFUB) KX Cis (RAFT Y VER) NEHBROBE &
SRRIAMRIC M4 2E4% Table 3 KX EDTEL A,
NV FVBREBLOATT ) VEBOEAZ, b EBEc
FBWTHEMST 22, HFCA77 ) YBOMNREETH
b, £TT, BEOBMENTOAF T vEROKEILS
WCEET L, YT 57 v (Table 2), ¥PEiNE
(PARKER et al., 1967), B# 75 » 7 } . (JEFFRIES,
1970; ACKMAN and HOOPER, 1970) ¥ X ¢f 1 ¥
(BISHOP et al., 1976) 75& OEEEM DB T,
2FTY VBRI LANIERAS Th D, Lichs T,
WBEAYCERENLRTS 277 ) VEBRE, EEOBREN
FABIRWICEN I 2 W EMIRE 2 Shity, —7,
HeFE® h O JRIAERHLER O SR TE 4y 75 (FARRINGTON et al.
1977) HAEMEY Spartina altermiflora @ ﬁﬁﬁ%%ﬁ,
(SCHULTZ and QUINN, 1973) 70 & 25 ki34 5% &,
SV FVRERT T Y v ERD YT A BRI 113
LAVSHBRIZAD bRV, Thbb, BEOEENT
CRD N7 T VBRIL, XKFOWHM TS v+ v
PRRER T OMEHEBEIC VT, fholghmRR
MICHRRERT 2 Lk ), HANCERBLTHIZH
ENHDTRBNELTEL T S,

THEAFTY VBRI, FOBEENEETIE 0.042~
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Table 2. Fatty acid compositions of sinking particles collected with sediment traps
at Stn. 3 in the northern North Pacific and naturally occurring phytoplankton.

Fatty acid® Depth (km) . Phytoplankton
0.1 1.1 2.2 4.4 5.25
B — —— weight percent
isoP14:0 tr.© 0.92 tr. 1.4 tr. nd.d
14:unsat.® tr. 1.2 tr. 1.8 tr. tr.
14:0 13 12 13 14 18 23
anteiso?15:0 0.28 1.1 0.98 3.9 0.56 0.68
iso 15:0 0.86 2.3 1.7 4.8 1.4 0.36
15:0 1.5 3.5 2.8 2.9 2.8 0.50
16:unsat. 5.2 8.9 4.8 7.1 9.1 19
anteiso 17:0 0. 46 2.4 2.5 1.6 0.68 0.81
iso 17:0 0.74 2.3 2.0 1.0 1.3 0.81
17:0 0.83 1.2 0.6 1.3 1.4 0.34
18:unsat. 7.8 8.2 8.4 8.2 11 17
18:0 12 8.1 8.5 12 10 1.8
anteiso 19:0 tr. nd. nd. nd. nd. nd.
iso 19:0 tr. nd. nd. nd. nd. nd.
19:0 tr. tr. tr. 0.99 0.41 nd.
20: unsat. 3.2 .9 3.1 2.7 4.7 15
20:0 1.6 1.4 3.6 2.4 2.4 2.7
22:unsat. 1.8 1.5 1.9 tr. 2.8 1.2
22:0 1.3 .5 2.4 tr. 2.3 0.31
23:0 tr. tr. tr. tr. tr. nd.
24:0 0.74 2.9 2.0 tr. 1.3 0.91
25:0 tr. tr. tr. tr. tr. nd.
26:0 tr. tr. 1.3 tr. tr. nd.
28:0 nd. tr. tr. tr. tr. nd.

a=All fatty acids are given by carbon chain length:

b=Branched fatty acid
c=Trace

d=Not detected
e=Unsaturated fatty acids

0.50 #gC/l DHEPHR TR I DI L T, 500m [
BT 0.30~0.89 ugC/l DEHE LD, ZOHIEIR
WInL 7z (Table 3), T OBBAKSRRE, F-BEKPICk
WOREBR TR T 7T YBBFH LB IhTn S
ZLERLTOND, BT DEEYAMT B A0 FE I
BHLUCEEN L4 2 RSB S T 5 (RILEY,
1970), WBEOHB T, T LI AR FERRIMES T
W5 EEMELFIZRE SRV, BN FE RO R
1%, Cu~Cis DHEFAEIHERIC D\ CHEBRN T~D I ER
BT VFVEBEVWIEA & { (MEYERS and QUINN,

1973), KAMKER W WEERTIEIR 7T ) VERIZ
SRV F VRICHENT3 BEEICEREN FNRET 5 C
& (BARCELONA and ATWOOD, 1979) 75 & 3#i& X
nTW5b, Bl L XY v T EEE K B I1E Cla~Cae

number of double bond.

OWH ORI I, TORNTATT Y YRR
SIRIRRO 10~16% % 5, v I F VRO 26~29%
CRS EERRS Th- e (HE, RER), DEOK
B DRANICHET 27 51, th - EROBEK TO
NRWIRRIE, ZOREHBEFET HIRBRICHRK L Tk
b, EhbOWERGIEE KT O IR ERER A A3
DENLEZ BRD,

MBI AT L IN— Y v 7 TR LR BB T
DR, FOMBERE S LT TROERICEN
THI7va— A0 EHEBLT\W5 (Table 4, HLEL -
B, RKFRERF—4), TOWBORBORENTOHE
BIRE, FO 50~T75% MW7 50 v vREREE
%z bbbk (TANOUE and HANDA, 1979), i
BERSERMLAR O RS H7n & 2 HHIBT L ¢, RE ORI TIC
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FAHLNBISva— %, COHETHET MY TS
VIONVTHLIHEDOI BN EE D B-1,3-7vh v
(HANDA, 1969) &Ez bhd, - EEOMEN T T
2, AFNVRY =R = ROEEBBIL, 7
VO — ZDEESRECEINT AMEACH D, ST —2R
T EEBRESETIEHEOS D, 8-1,3-0vn ik
FEEOBER TPERICEEND T L IRBEIR~<, L

Table 3. Concentrations of three major satur
ated fatty acids in the particulate matter
collected from the surface through deep
water layers at Stn. 3 in the northern North
Pacific and Stn. 4 in the Bering Sea

Depth Myristic acid  Palmitic acid ~ Stearic acid
(m) (C14:0) (C16:0) (C18:0)

pgC/ll———
northern North Pacific (47°55.1’N; 176°20.6’E)

0 1.0 (23)* 0.96(23) 0.32(7.7)

10 1.3 (29) 15 (23) 0.21(4.8)

20 1.1 (26) 1.4 (35) 0.30(4.7)
500 0.055(6.2) 0. 40(45) 0.30(34)
2,500 6.6x107%0.48) 0.79(57) 0. 48(35)

Bering Sea (53°25.5'N; 177°01.1'E)
1 0.88(18) 1.3 (27) 0.25(5.0)
50 0.42(14) 1.3 (41) 0.042(1.4)

110 0.14(10) 0.44(31) 0.18(13)
177 0.26(9.6) 0.97(36) 0.50(19)
500 0.16(6.7) 0.80(34) 0.89(58)
2,000 0.23(7.4) 1.2 (38) 0.86(28)
Phytoplonkton
— (23 — (16) — (1.8

* Values in parentheses indicate percent of the
total fatty acid composition.

Table 4.

2L, B-1,3-7 0 V3KEETH D, Fioid TR
A iR 2 TN BIERT D C EBAbR
TWw% (HANDA, 1969), #L T, HREOBEN T TO
B-1,3-7 v v DEI&IR, KD 2% LT e
EHEIXINTW5S (HANDA et al., 1972), L7 T, 7
VA~ ZREE R TH B, b BEORER
FTORKCGERBO Th & 3B E N2 R D
HDEEZEND, DTV H v ELTR, a-1,4-7 v
HYBLIKT LT VR REIBRATCNS, TDHH
a-1,4- 79 VidKEMTH D, AYEasRERCH
LTHBDTAREETH D, f-1,4-7 v v i3ESEE P
KPR, BERIUHEIRE OWEREOMESEL LT
HONTHED, Kcligite, SUERCE L TLET
BB, LicdisT, REOBENFLEDBND VI
— 2 EL R E LT, 0 p-1,4-7 v h v ik
SHENRLLVWEREEZ L LNTES, TOFEH
B FOESMY O 2o — X Pk (PARSONS and
STRICKLAND, 1962) ICHizE4 2 & D0y, & L I3HEE
WA ED A o — XMEELEE (HANDA and
YANAGI, 1969) Wliskd % DN ARHTH B, L 2
L, BEWiBoBA ERkK, RKLYOER»D S, H
cEBOBEBERTOEEML, REOMYM T b
PIRFHIR SN 2 WE CTHOPER 220 Db, £D&K
HERER LD L IEE 2,

3. LBERITF DHSRAER & KU BEEE R

e e AEE D BUALE Stn. 3 (47°55.1'N, 176°20.6'
E) s\ T, #khxited ah FAbITER % &
AV LTy TREDEEBRL, COBRYHRE
MLz,

Monosaccharide compositions of particulate matter collected from the surface through

deep water layers at Stn. 3 in the northern North Pacific and Stn. 4 in the Bering Sea

(TANOUE and HANDA, unpublished).

S northern North Pacific Bering Sea
near om 20m  500m 2,500m  lm  50m  110m  177m  500m 2,000m
— - Mol. percent -
Rhamnose 7.8 5.3 4.1 1.7 tr. 7.0 6.1 4.0 3.0 1.1 0.65
Fucose 4.0 2.5 4.3 tr. tr. 4.1 3.0 1.7 1.4 1.2 0.95
Ribose 2.7 4.8 4.5 nd. nd. tr. 1.9 tr. tr. nd. nd.
Arabinose 5.7 7.1 4.0 1.3 2.1 2.1 2.0 2.0 1.5 1.6 tr.
Xylose 10 15 6.5 11 21% 4.6 3.4 5.4 10 8.2 8.2
Mannose 18 9.4 12 7.9 15 12 11 6.3 9.7 17 3.9
Galactose 14 9.6 15 5.1 4.2 11 10 11 11 2.8 1.1
Glucose 38 46 49 73 58 59 63 70 64 68 85

* Tentative identification.
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B 0.1km 55 5.25km ES5ETEONKIL
BERL T D BRIAERM L L, REIC & 2L REMIZED B
T, WTFROBE BT S BRI Tk Cu Bk
O Cis JBIERZS, &7 AFIRRIFER TIE Cu 8L T Cus
RENGER AR~ Bl 214y CTdH - &£ (Table 2), Th b
ORBIL, |- BEEOBEBNFOERE e < B
D, LLOGRBEOBENTFCEY T 7 v 7 + v ORaliB
R OKEME —FT % (Table 1 8L 2), FTBX
ToRRIC, RERBRIAER LAY WERIC X » TESITSHY
fEH%&T 5 (Fig. Do ZNHORSH - FE CTH B
Nrcrb BB FICBHE il Dhc T &1, thB FORE
WBAEBORBEBR T LSBT v 7 + VIcESE
HRLTED, ThHORBICHEBmAEINALT &ER
LT A,

TR F D IR DN Cid, BBk E LT A 5
WY p— AR = ZARFD DI, ~NFY—~ZTIR
vV ) —ARBIT ST — 2 e 5 (Table 5, H
- H, RRERF—4), TRHOBREHBOEER,
RBBCr ) OB H 50, HEEWC bR S LI
BB\, R F O B RO L L TR, 2&
BonwCH@LTv Y /) — AL T/ v a— RARFEHE
TR L CEDIND, T, JR—2H
FOTIE/ —20EEHR, WThOBREEICEWLTHE
HAED 10% %23, HEHN S Ao By CTd 2 43
D OB, e BEOBBR L5 REBE,D
LB ENT, b0 T lcrhBhrF O
MEEZ D, BERFOBBHEBICA BID TN DO
B, RGBS LEEE, o - EEOMER T O B

7a—2x,

Table 5. Monosaccharide compositions of sinking
particles collected with the sediment trap from
the depths of 0.1km through 5.25km at
Stn. 3 in the northern North Pacific (TANO-
UE and HANDA, unpublished).

Sugar 0‘%{ 1.1 2.2 4.4 5.25
m km km km km
Mol. percent
Rhamnose 8.7 17 9.1 9.7 10
Fucose 6.2 8.1 3.8 4.9 2.6
Ribose 5.7 1.4 1.6 3.1 3.4
Arabinose 5.0 8.6 4.2 7.4 9.5
Xylose 36* 8.0 9.7 18 22
Mannose 23 17 15 20 35
Galactose 5.0 17 24 15 5.0
Glucose 11 23 33 23 13

* Tentative identification

U A
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Table 6. Monosaccharide compositions of the
naturally occurring phytoplankton and of its
extractable and residuous carbohydrate frac-
tions (TANOUE and HANDA, unpublished).

Fraction
Sugar Residuous Extractable Whole cell
—Mol. percent-———-—--
Rhamnose 18 nd. 4.5
Fucose 9.4 nd. 2.3
Ribose nd. 12 8.7
Arabinose 6.4 nd. 1.6
Xylose 13 nd. 3.3
Mannose 24 2.8 8.0
Galactose 22 10 13
Glucose 6.9 75 58
Pl w -

MR LR, BLARBOBEN FoEHY T 7 7
by OBBHERORME —BT 5, LaL, thBERT &
KREOBERN FICHEBLCFEREO<TY /) — 28X T
Jova—2AQEEE, METRLS, BI'b, mEERFO
Pk, BB FICENRT, ZOMRERL LT
V)= RAWELR T VA — ARSI\, T, kBT
KD ENBETY /) —ZADRBBFERODWTELET B,
FORD and PERCIVAL (1965) |13 EEEETE DR 2 43
v/ — AT EREEL TS v m ) vy ST
BBHLERE LK, Hic, HANDA (1969) 2 MEEEEEE
DR 2 WA U 72 BE, KAEMES et S
WD B-1,3-7vH VA, RAMEAS I HERLEES R
HRY, FOTEBREER Y/ —ATHHILER
Wik, R TEONLES TS v 7 b v &K THHE
L, ZOHREHBRARE L (Table 6, HLE - ¥H,
KFERF—2), TOWR, WMY7 77+ vOLERK
b T3, ZOBEEHE L/ va—2A RNERT 5
B, Jv A — 2D KISy BKEMES D, RIEME
Gt~ v S — ARRIRNICT - 2o UL EORKERNLS,
BN FORKIR, RIEOWY T 7~ 7 + VAl bE
HMOXE U CHRESHEICHRT S 2 Liibhs T,

4. BRRIROTIZv IR

EURA YTy T THEIN BN T OERSH
BOMERBD, REFOXWEECI BT 77+
REHYI, KEAFHEERERZD D & S
HigEShicob, ®EKT ComERRCESEES L
TWB T R, ke ORI, Bie 0w cEH
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INIHBRED 7 5 v 7 ZAHBEFOERAE LT
% Z & (SUEsS, 1980), R—WRIC I\ T, HBAEED
ZHEBPRENERBRAD bR WEE, bR
BADEBRZED T T v 7 AT B35 Z & (DEUSER
and Ross, 1980) 7t ¥ OEIHIER L FHE LIV,

e EEOBBRTFADIR, EBOEM ST b
CHEERRTLIERYRNE L AL RHR bk, 2D
T &R, BEANRERE IR OB, %
BAPICHET 2T &0, ZoFETHBRER TS
BAFRBOBED L 0 BRI LD KA BRSEINT
Rt 230LE2 N5, BILKFHETHEAIN
T ERFEORIE T 5 » 7 A% Table 7 (H.E - 2H,
KFERF—F) WKL, BN TFICX » TE#HAS
N OBEEK P CONMBRER, BE 1.1km k
LN 5.25km TDT7 5 v 7 ZADEND, 4.89mgC/m?/
day ERFED S ENTE D, ATERADHE ST % ILH
Bimersvick - TEMTA kb, A OHEIR

Table 7. Organic carbon flux observed by the
sediment trap experiment and estimated re-
lative abundance to particulate and dissolved
organic carbons at Stn. 3 in the northern
North Pacific (TANOUE and HANDA, un-

DRIBKPTORGFRFEOMBAESAE b T 3
(Table 8), Zh HOEEEHYOHEELICHRET S
&, BEKTTOEBY O S EEE X 2. 3~14mgC/m’
/day EHEIND, TOER, KR FO77 v 7R
HOLEEUIEBYONREE LI1ENE S LS DT
ERTE D, ETHZ, BE»bAHCHEREIN
MM S 0 b vEEERYE, B BEKDIRET S
VHEBBRICEERS L, BNOLK LT E8MICE LI
BEZRL WA LD EHFIND,

5. £ &8

EBOSEKNFOERYIZ, FOCFNME b 5T
L, M PN BERCE L CRETHD, BREF
BYCBGAREYICHRT 230D BB EMLEAK S
EZbNhD, Lkkdi- T, EEOREN TOEBYIL,
Hic ARl 2FBY Oy BRERER L TE
BREINAHDLRBZEY, BEEBRYO “C 4 i 5
1600~66004E D FiPH T4 I T % (BADA and LEE,
1977) T & BEMTTIIE, Th S DEEYITERKT
KRN h, CTHET 30 EEZ NG, LKL,
BEMERDE RO NIERR S & RIS, BENT
DFENBEAREL H &S 5 (HANDA and TANOUE,

published). 1979; TANOUE and HANDA, 1980) & :inb, THb
aJ = 4 Y5
Depth mFlCu/x . POC DOC Flu/}i:)oc Fh}}f)oc DEBYID D bR EY & LK blEINS
(km) Jday ©#gC/l pgC/I % L0, TREZSAVWBDEBELDN D, LIt 5
s TG B el 7 ) - o 2N iz
L1 7 o7 20.1 490 0.36 0.015 T, REOBBN TOEBYIZ, KERIEY ’C%b %3
2.2 7.30 21.8 525 0.33  0.014 BRr—1Dd LIERAEE R L O RFALZ0 T
4.4 2.70 12.7 530 0.21 0. 005 W30 EEZbNG,
526 238 816 510 008 0.004 WRER TOB YR, EWERNCESCHRS D,
Table 8. Deep water oxygen consumption rate and organic carbon decomposition rate.
Oxygen Intergrated organic carbon
Author consumption rate decomposition rate Water mass
ul/l/yr mgC/m?/day
Calculated by A-D model
MUNK (1966) 4 (2.7-5.3) 13.5%(1-4km) Central Pacific
ARONS & STOMMEL (1967) 2-2.5 7.6*(1-4km) North Atlantic
Craic (1971) 4 13.5*(1~4 km) South Pacific

TSUNOGATI (1972) 1-3
KROOPNICK (1974)
HANDA & MATSUNAGA (1976) 6

Range

Present study

13.7 (1-4.5km)
2.3-11.4*(1-4.5km)
26 (0.855-4.774km)
2.3-26

North Pacific
East Pacific
North Pacific

Observed by sediment trap

4.89 (1.1-5.25km) northern North Pacific

* Organic carbon decomposition rate was calculated by using the ratio of 106 carbon:

(REDFIELD et al., 1963).

—276 oxygen
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FOREIR, RBOWHT 7 V7 v REHICHERE
ENicdbD L HIEIND, BN T OLREEE % 100m/
day (SMAYDA, 1969) &{REL T, FERRKHZED7 7 v
IANDLZOBHGFREZMET S &, £DEIL23.8~73.0
peC/m® 7%, Th DML, BER TR X CAFE
DEBYORIFEDE 4 0.08~0.36% L 0.004~
0.014% 1CAE244 % (Table 7), HEBKTICRT BhkE
NFoFBYOREFERER, RETIERBTPRERED
BB TRDT/NIVWZ L RELNTHD, L
L, R TFOEBHRIZENCERRA r —rvDd IR
BTN IR 3 X O RERENEIT L, To itk
Higic b BN b EBEAK O EERC LR E A 5
LTW33DEHfEEINS,
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H3, Bl CREETCE 2, M7 7 v r
DEBEIRTIEESR LU\ E T EIBEIC X THE
BEINTWBI LR, E9A YTy TERITE
S THRD TR BT 5 Ty

B MEREK - 4% BhieRKThD, BFECE
T BB OEIRER < Ik D EHED L 5 DR
R TH B T LBV, S, DOC & POC
LOBE, HHWE POCOHFETEEDA VS o7
WD L DB D EZ D THRWHD & DBIRICEY
WERED LS ICES LTV SR IcHEINRS
TERMIFEN D, 2o, MEOES SR T
KTCHDEVWIBERICH AT IWAFIIRER AL
B 7s -, TWnW5b,

K ot @

i R

2. Carbohydrates in Natural Waters — Especially in Lake Suwa

Takeo HAMA*

Abstract: The diurnal variation of organic constituents of particulate matter was determin-
ed in Lake Suwa, one of the most eutrophic lakes in Japan. The concentrations of POC and
PON showed a distinctive diurnal change, increasing in the daytime and decreasing in the
nighttime. The higher amplitude of POC relative to that of PON caused a marked diurnal

change in C/N ratio of particulate matter.

This was caused by the exclusive accumulation

of storage carbohydrates in Microcystis aeruginosa due to photosynthesis in the daytime, and

* ZHERFEKBERFMZHT  Water Research Institute, Nagoya University
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the consumption of reserve carbohydrates as the substrate of algal respiration in the night-

time.
by the tracer experiment.

B2, WHR ERFC BT 2EBMERIZ, TolF
MEEELCHEYT S V7 F Y OXRABRRIC L 5HE A
BEIRNTW5S, SARIKE VI AFhikAR,
M7 5 v L ORI EEERT S OF®Y, T
bbb, Rk, 208, IBESCHIEIN, i
HEINEBYMO L, MEAEEYE L THMS
hs (Fig. 1), TOX50EBEYE, TORMICLD,
FXBCRFOSNTFRICLY, W75V 0+ Y EA
TOXBHBRICL, s 7Y 7H50WEMDIERI
T AEEELCBNTHBENIED BRTN 5D,
W75 7 b VOEEICRNT, & BITiE, K5
RATOYWHBRBSL CZRICES = 5 v F— Ik
W, BHEEARELEL THEEEHO—DIRK
{k¥ckh A5 (HANDA, 1969; HAUG e al., 1973;
GIBSON, 1978; HITCHCOCK, 1978; MORRIS and
SKEA, 1978), W%~ 7 v 7 » v iR&EHERT 5 KK
1%, O Y DBEMNRAKLY & EEER KL &
KRBENE, 20D b, TrrvF—RBICENTERE
RREERLTH20RE, WEERKEHTHES, O
X O IR O A BT, ARIC L DEE, BX U

€O, . HCO; . CO&~

Inorganic '

carbon |
Photosynthesis|
Particulate ﬂ%
organic I Y : i
matter :

(Phytoplankton)l | Zarhohydrates| Proteins] Lipids [Others

—
%\

Dissolved *+ =4 ~-Carbohydrates
organic =4 -I-Proteins Others
tter |
ma . Organic acids
Fig. 1. Schematic diagram of production of

particulate and dissolved organic matter by
algal photosynthesis and excretion

The importance of reserve carbohydrates as photosynthetic products was also confirmed

WICk AHBREETHL 0D, BRICKT 29H
DERIVELELDH D L BHEINS, LT,
BRI T H 5 REBROWMEN 1T » ILEBR R LR
b, BEZbYDwold HAMA and HANDA
(in press) ZBDHIHTH 5,

19795 8 H 8 ~9 HILEWTIT- B H O E R %
Figs. 2~51oRd, BUAE, FEHHTILs ~ & Micro-
cystis aeruginosa O [KDTE | BFEL Chic, BiERE
FHRFZ (POC) &, HHEHEML, REBRL TS
WL HEE(LE R U (Fig. 2), —F4, BRETHRE
F#(PON) dABOZE(LER L 72id, ZDEBIEIL POC
LU NI T, FDD, BEEEEND C/N H
13, 120F IR ME 6.8, O2BEICH/ME 5.4 DB E L
HIEZELE R L, 20X 5% C/N hoZEHiz, BR
CEWTHIT 7 V7 b v ROFBIRRICEN D 5
T EHRIRBEL TV D,
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Fig. 2. The diurnal variations of particulate
organic carbon (POC), particulate organic
nitrogen (PON) and C/N ratio at the water
depth of 0.5m in Lake Suwa (Aug. 8-9,
1979) (after HAMA and HANDA, in press).
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LHUL AZ L% R Lk (Fig. 3), 2 b, C/N o
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ETHHOIA LT, RALYIH PN L &I
B3 5L WIENMERT L CRAT S &AL
ThHb, BEBRERAKCHE, BKMHCL 5 T, HHH
4y (PWCC) & RS & W U, NTE TR
YA BT, BB SR EN K LB i 3
% (HANDA, 1969), Hrii:RAK(ILI34 KL @
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T, T ORFERME AR 0 CRERIC & D THER
Ihaziicr b, 2RKMEHEOETEZ ERNTND
TEEFLTNS,

Ok S IBERICE W THE R E AR TR EHK

e——e PCC [ s PPC °
4r o-=--0 PWCC o-—-0 PWPC
*
L]
/\\ s 5
° I
. /!
/
3 r 1
]
= |
- o A ,C"
% ’o“\)\\ // \ ,’
£ o |/ NS ‘\ )
= ! \O/ \ !
c ! \ |
2 K ‘\' LY
g 2F o \ ./ ,’
o ! \ / ! /'
o ! ]
ﬁ 3o — C\\ ° b
21/ N~/
L ]
i P
S \ o
1+ \ /
]
O=~0= ~g- ="~ ~g- =0~ ~o. e
o-” oo A
O e e’
0 o BN S ) s e

04 08 12 16 20 00 04 08

Aug. 8 } 9
Time

Fig. 3. The diurnal variations of particulate
carbohydrates carbon (PCC), particulate water-
extractable carbohydrates carbon (PWCC), par-
ticulate proteins carbon.(PPC) and particulate
water-extractable proteins carbon (PWPC) (after
HAMA and HANDA, in press).
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Fig. 4. The diurnal variations of the concentra-
tions of the monosaccharides of particulate
carbohydrates upon acid hydrolysis (after
HAMA and HANDA, in press).
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ne /57 40— DAL Uk (Fig. 4), HE,
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OffakIZ, ok 3z e UTHRERA LD ED
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BKHHIC X » TH OB OEBYIL, 7757
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Fig. 5.

The diurnal change in the elution pattern of particulate water-extractable organic

matter on Sephadex G-25 gel-filtration (after HAMA and HANDA, in press).
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RN LERPEL IO LB bR S, 06K HI2IKI
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R ARAEREIND (Fig. 5-a,b), LAL, 18
RRIC 3\ C, B BRI L I2EE S AW ESHIE
NI, EHEEIRI2BOMED 70% FHEOHEIKT
FTHA L (Fig. 5¢) TDR®D, 06 & 128 RN
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WIS DE - PN ES RS ERL 2T
EERTBLTWS, TOLIILT, 18I\ TER
INE - DERES, WO ETIRIE, T0IEEA
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7575 7z (Fig. 5-d),

INETORRND, Y77 V7 + v OFEBRS I
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LICHEBAE T OWREBS TR Y, DERE KL TE
ks = x v F KRBTSO CEREREHLRL W
BT LBEENCH S e TORRICHZ T, HEHOD
HEE - JHBKOWT, XDENTHEICERL, ¥19804
8 HOREIU K M. aeruginosa O B \HHIFIC b I/~“f%&
AW EREIT- o

b L —H— A2 T OERIZ06RICHBL, SKRI
L EFRT S LICL D, EEBRYOEEDRMN
BBEES ik & - o BEHZ, Lleral. (1980) I
X BB HREC A 4 v BEBIEER AT sk
D, BERLUOSTEXRT 2EBYOLERY, *
NENEHT BT ERFAHE & e - o (Fig. 6)o
SERHOEEROBBEY Fig. 7 TR, &4
BRI, 188 % THIMARED, 188 LK, BHDO06% %
TERAL, HHE & HIBEENL 2, tARAEEY L
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L, Tk, BRECRT 2RIDIZEA Y RRRY
TEDBR T\, M. aeruginosa® T D X 5 I RKIL
MIOETNI, +CIORLAITIEDRERL B —BL
TWb, —Fh, 2V 0 BRI OIRER, 1HOLERE
BOENEN 17T LK 8% H#HDHDATH- s
L, TR BOFBEHIC TR, KA IR TER
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Fig. 7. Time course of the photosynthetic pro-
duction of organic constituents at the water
depth of 0.5m (Aug. 6-7, 1980) (after HAMA
HANDA, in press).
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Fig. 8. Time course of the photosynthetic pro-
duction of carbohydrates (after HAMA and
HANDA, in press).
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Table 1. Specific production rates of organic
constituents. The values were calculated by
using the standing stocks of organic constitu-
ents at the time of the start of incubation
and the production rates determined by 6h
and 24h incubation (after HAMA and HANDA,
in press).

Specific production rate

_ (X107%-h™)
Organic matter Duration of tle igcubation
6h 24h
Particulate organic matter 3.0 0.70
Carbohydrates 4.6 0.73
Low MW 10.6 0.93
High MW (T) 3.0 0.68
High MW (R) 2.1 0.63
Proteins .9 0.73
Low MW 11.5 1.76
High MW 1.4 0.67
Lipids 1.5 0.61
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3. Amino Acids and Proteins of Planktonic Algae with Special
Reference to Regulatory Mechanisms
of Amino Acid Metabolism

Masayuki OHMORT*

Abstract:
planktonic algae.

amino acid synthesis is the formation of glutamine from ammonia and glutamate.
tion seems essential for the synthesis of other amino acids.

Supply of nitrogen stimulates amino acid sysnthesis.

Nutrients and light regulate synthetic processes of amino acids and proteins in

The first step in
This reac-
Light stimulates markedly the

formation of citrulline and arginine, which might enhance protein synthesis.

* TR ZEFT  Ocean Research Institute, University of Tokyo
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2ATP
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Carbamoy!l phosphate
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AW:>//’ P

AMP Nucleic acid
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Fig. 1.
inorganic nitrogen and carbon in a blue-
green alga, Anabaena cylindrica.

Asp, aspartate; Ala, alanine; Glu, glutamate;
Gln, glutamine; Orn, ornithine; Cit, citrul-
line; Arg, arginine; 2-OG, 2-oxoglutarate;
Fd, ferredoxin; MSX, L-methionine-DL-sul-

foximine.

Pathways of amino acid syntheses from

Table 1. Changes in carbon and nitrogen
contents in Chlorella wulgaris 11h by
nitrogen starvation.

Carbon(%) Nitrogen(%) C/N

(wt/wt) (wt/wt) (atomic)
Before 49.1%0.2 8.7+0.1 6.6
starvation
After 2 days 45.0+0.8 5.3%£0.1 9.9
starvation

Carbon and nitrogen contents were analysed with
Yanagimoto MT-II C.H. N. analyzer.
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Table 2. Composition of free amino acids

in Anabaena cylindrica incubated in the
presence or absence of ammonia®.
(OHMORI and HATTORI, 1974)

‘Ammonia present

Ammonia absent

nmolesP 9%  nmoles? %

Lysine 790 18.8 377 10.6
Histidine 759 18.0 422 11.9
Arginine 207 4.9 48 1.4
Unknown® 591 14.0 484 13.7
Aspartate 210 5.0 134 3.8
Glutamined 175 4.1 64 1.8
Serine 102 2.4 98 2.8
Glutamate 590 14.0 1237 34.9
Glycine 143 3.4 154 4.3
Alanine 56 1.3 110 3.1
Valine 58 1.4 59 1.7
Methionine 46 1.1 54 1.5
Isoleucine 44 1.0 24 0.7
Leucine 44 1.0 27 0.8
Tyrocine 26 0.6 48 1.4
Phenylalanine 15 0.4 19 0.5
Other unknowns® 357 8.4 184 52
Total 4312 100 3543 100

a. Four-day-old cells were incubated for 3hr

in

the presence (5X107°M) or absence of am-

monia.
ature, 30°C.

gine.

Table 3. Change in free amino acid pools in cells before and 20min after
adding NH,Cl to Anebaena cylindrica treated with or without methionine
sulfoximine® (nmol/mg protein) (OHMORI, 1981).

Light intensity, 22,000 lux; temper-

. On the basis of 100 mg dry weight of cells.
. Expressed in terms of leucine equivalents.
;. This fraction contains threonine and aspara-

Control cells

Before addition

20 min after ad-

MSX-treated cells

Before addition 20 min after ad-

of NH,Cl dition of NH,Cl of NH.CI dition of NH,Cl

Aspartate 3.3 6.4 24.6 26.5
Glutamate 32.2 6.6 29.5 28.0
GlutamineP 0.3 19.6 1.9 1.8
Alanine 0.9 0.3 2.1 2.7
Serine 0.6 1.4 2.1 2.0
Glycine 1.3 1.6 2.7 2.7
Histidine 0.7 1.7 —¢ —¢
Lysine 0.6 0.9 — —

Arginine 1.5 1.1 — —

&, NH,Cl and methionine sulfoximine were added to 1 mM and 11 mM, respectively.

b. Threonine is included in this fraction.

¢. not determined.
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Fig. 2. Effect of light on the amino acid levels
of Anabaena cylindrica. Cells were incubat-

ed in the dark for 30 min in the presence

of 1mM NH,CI and then illuminated for 40

min. Glu, glutamate; Gln, glutamine; Cit,

citrulline; Arg, arginine.
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Fig. 3. Effect of chloramphenicol on the free
amino acid levels of Anabaena cylindrica.
Cells were incubated in the light for 1 hr in
the presence or absence of chloramphenicol
(100 #g/mi) under Ns-bubbling conditions.
Glu, glutamate, Gln, glutamine; Cit, citrul-
line; Arg, arginine.
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Fig. 4.
growth of Anabaena cylindrica. Nitrogenae
activity is determined by acetylene reduction.
a, cells grown on N; b, cells grown on

Changes in nitrogenase activity during

In a
and c¢ cells grown on N and in b cells

nitrate; c, cells grown on ammonia.

grown on nitrate were used as inocula.

(OHMORI and HATTORI 1972)
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nitrate and nitrite reductases in Anabaena cylind-
rica. Plant & Cell Physiol., 11, 873-878.

OHMORI, M. and A. HATTORI (1972): Effect of
nitrate on nitrogen-fixation by the blue-green
alga Anabaena cylindrica. Plant & Cell Physiol.,
13, 589-599.
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ammonia on nitrogen fixation by the blue-green
alga Anabaena cylindrica. Plant & Cell Physiol.,
15, 131-142.
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COq fixation by Anabaena cells treated with
methionine sulfoximine. Plant & Cell Physiol.,
22, 709-716.
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4. Lipids of Phytoplankton in Natural Waters

Tatsuo MIYAZAKI*

Abstract: Lipids in phytoplankton are important components as storage materials and mem-
brane constituents. The quantity and quality of the lipids vary with the changes of environ-

mental factors such as light and temperature.

The variation of the lipids may indicate the

physiological states of phytoplankton in natural waters.

* W RFEAEYRSE S Institute of Biological Sci-
ences, University of Tsukuba
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Fig. 1. Major lipids in phytoplankton. TG, triacylglycerol; MGDG, monogalac-

tosyldiacylglycerol; DGDG, digalactosyldiacylglycerol; SQDG, sulphoquinovosyl-

diacylglycerol; PG, phosphatydylglycerol.
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Fig. 2. Fatty acids/chlorophyll @ (#g-pg™) in

particulate matter in Lake Nakanuma, Japan
(M1yazaKI, unpublished).
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2 AT, REH OIREARANORBICE T 54
W, R RRME A R NSRS 2 b E B
HDTH - 7z (BADOUR and GERGIS, 1965; DEVAS-
CONCELOS and FAY, 1974; OPUTE, 1974; CONOVER,
1975), SHIFRIN and CHISHOLM (1981) i, NO; &
Silicate OZNHICEE L C 30MiD i IC DWW TN, —#
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Fig. 3. Vertical distribution of fatty acids and chlorophyll @ in particulate

matter in Lake Nakanuma, Japan (MIYAZAKI, unpublished).
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5. Nucleic Acids of Phytoplankton in Aquatic Environments

Yukuya YAMAGUCHTI*

Abstract:

Nucleic acid (RNA and DNA) contents in the cultured algae and in natural

waters are summarized on the following three aspects; (1) RNA and DNA contents in the
cultured algae in their logarithmic growth phase under the optimum conditions, (2) the effects
of the culture conditions on RNA and DNA concentrations of algae and (3) the distributions
of RNA and DNA in natural waters. The possibility of the use of nucleic acid in the analysis

of aquatic environments is also discussed.

* BEARFEHFEH College of Liberal Arts, Saitama
University
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ThHY, BEFOREKTHS LA, HEOEAED
AREELCEEERARI T BB TR EL B
L TW5, BRIZF A4+ ) K158 (DNA=deoxyri-
bonucleic acid) & VY KEE (RNA=ribonucleic acid)
X OWD, DNA BREBEZFOXRKE LT, #EAEKPT
RAROEBIRBICK b9IRE-EEEGTh, MR
HMoBEmMcaiucEtd 5, —5, RNA RAEFDEHR
KRBT L - TEDRFERET 225, MdEH
RNA/protein i3 F—E %% (CALDWELL and
HINSHELWOOD, 1950; CALDWELL et al., 1950; JE-
ENER, 1953; IWAMURA, 1955; EDMUNDS, 1964), /K
f‘?ﬁé—tﬁ;ﬁ.%\@ﬁ%ﬁii, AT H I N0, U ED
LD ISR IR BB ERERIC DO LG ENRZYE TH
LT &G, WEHOEETAFEDOKRE L L THBT
EBDTRRNNEFZZTDT & TH- 72 (RICKETTS,
1966; HOLM-HANSEN et al., 1968; HOLM-HANSEN,
1969; IWAMURA et al.,1970), &R LI BHD
b HAIE, BBRBEOBENEREFHFICE - TIIKREL
&+ 5 Z & (JEENER, 1952; FOGG, 1959; NEWMARK
and FuJiMoTO, 1959; WALLEN and GEEN, 1971,
TAKAHASHI et al., 1974) 7 S8AEHTFERAOHE
BEBREBCZHRD SN &, &b EAKERT
BRI O LA LI A I N T RET 5 L3 2
bhp & (HoLM-HANSEN, 1969b, 1970; YAMA-

cucHI and SEKI, 1977) 7t & OB TAREINCKED,

ik T BRI AEN K B ATP 1L F D% %3 T
LE- TWHDORBIRTH B, Lanl, ARKEICIE
ENDUSHABEOHBEAFAEL TR, Thbic
T AR BT 2B OBRELIH S icd 5 1
TERETHD, ThyEid s WREBEYO Ry EE
BEZ LA, BIrAEX 05, b Loua
ETRAEETWRAYHROGHYESRBT 58 TR
HFEH#ETDHDEEZDND,
ERFGTOBEROIMAERIIC ST, MBERE
DREEEEFNTVWENCONTIRFEA DRENS D,
Z1¥, HOLM-HANSEN (1969a) 12 10/ o BEmiEEtEc
DWC, TOXMNBARNCS T 4 hEBRER &
DNA Q& E%F~, DNA &BRAERTEIRER (1
HIEOREZ) KL, D 1~3% KhlkbL L
TWD, ICL i, MEErDEEEHE TREADE
PIEICOWT O DNA GEX 0B E L ohif, DNA
BAMEZED 0.2~5%, HEEEBKREER O 0.4~10%
DOHWHFIC/ 5 &S, RNA 1T D W T id, RICKETTS
(1966) 138D 0. 7~6.65%, IWAMURA et al. (1970)
REED 2.9~3.2% ERWEL T B, EHIEREIEE
BARCOWTHIT LR T, ARTBRES
L DNA % 0.34~0.46%, RNA 1% 4.9~6.6% T %
- 72 (YAMAGUCHI, 1974), T4 O#iic-onwT, *
ORFAERCHE Sk DNA, RNA &80 374500
Blid Table 1 W33 &5 D THD, AREBRERR

Table 1. Nucleic acids (RNA and DNA) contents in some algae expressed as percentage
of cell dry weight (d.w.) and of cellular organic carbon (COC).
Organisms RNA RNA DNA DNA Authors
g (d.w.) (COO) (d.w.) (CO0) uthors

Chrysochromulina kappa, C. polylepis,
Olisthodiscus sp., Pedinomonas minor, 0.31-0. 86 0.71-6.65 RICKETTS (1966)
Prymnesium parvum
Euglena gracilis 0.04-0. 06 0.26-1. 26 REMPER (al%%:”))
Chlorella ellipsoidea, Phaeodactylum 0.25-0.29 2.91-3.20 IWAMURA et al.
tricornutum : ' : : (1970)
Navicula pelliculosa 0.89 4,35 COOMBS et {19)167)
Navicula pelliculosa, Skeletonema
costatum, Thalassiosira fluviatilis,
Ditylum brightwellii, Dunaliella .
tertiolecta, Monochrysis lutheri, 1-3 HOLM'HA&;Z;:&])
Amphidinium carteri, Gonyaulaz a
polyedra, Syracosphaera elongata,
Cachonina niei
Phaeodactylum tricornutum, Chaetoceros »
sp., Skeletonema costatum, Nitzschia 0. 30-0. 46 3.66-6. 65 YAMAGUCI*(I{gM)

" tclosterium
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wEDIRIE 50% (PARSONS et al., 1961) & LT 5
T, EEMROKBREEIITE IC 4 LT DNA &
0.2~1.5%, RNA 1% 0.3~7% WgLHE 2 5 LR T
&%,

HROBBEEICH L TR, SMROM A OER B E
EZTCNDEEZ b D, ST THRINE
(R T, RS T E RIS T L D & RNA/Pro-
tein H2MENE %25, DNA SRR E OB A bR
72 (IWAMURA, 1955; YAMAGUCHI, 1974), JEENER
(1952) i, BEAKREE (I HMEOAERE)
LD RNA/Protein Hhod B I3BA & 27 F D FHBI R
ZAFD b Twb, WALLEN and GEEN (1971)
Inid, OB IREA DAEEERSOBEICH S EET 5
2, AT BREFEXET TR e 7 v, EH
¥, RNA, DNA O&RI3#inL, LT
By 5, TR, suoa7 4 vaTRLTE EA
B, RNA TR# 215, DNA REIE(BPE LS
fETH -l BREFEROS b bM< BET 5013,
BEHRBRETH S, PO N, P OB 13 #
fahosru 7 vae, BAE, BBREOSEZYF LS
WP B0, ML B DNA ORPE L/ X
W (JEENER, 1952; NEWMARK and FUJIMOTO, 1959;
FoGG, 1959; TAKAHASHI et al., 1974), Table 2 i3,
1F&LTEpO N, PRERZZLIELESTED
% Chlorella ellipsoidea DEMRHE, BBREEOE(E
TLTW5S, EHFON, PO@RgPidsoo s 4 v a,
EAYE, RNAOED LI &KL, R U THEREYR
(RNA/Protein, JEENER, 1952) #BAPI TIN5 &
HUESNTH S, FEREC, o Si vk ZT 5 &k
B2 Z O HAERKT

B Navicula pelliculosa TiZ,

voU A

265

DNA ®gE A8 mLT\WT3, BHE° RNA O
B4EE LT L ES (COOMBS et al., 1967), ZD L 575
MAZEZET 20, BRAKEBL VE LR 2EBED
FTARCAEHCHEL TN D & LTH, —EOMER
BEANT, MERBE DB EHFEERD LT LI
EEThH B L REHCEEIND,

LI AT, BRAKBICET BN i DWW T
1, bAEOHIE L LAFER L CEZORBEFRCOW
THEH L SFHEI TS, DAEFEOHEIC DN
TRNE, MBORELICE - THBBRERRS (EE
T 50, BEOEERBNOTEER & L TRANE RNA
12 24~2, 086 pg/l, DNA i3 1.0~46.8 pg/l OFFHPA
&b (YAMAGUCHI, 1974; BiH - =/, 1977), #18
TiE, LIEUISAEBROFEIGEEIC bRTHAER
WO FIE B NBANRD 5, iz, BAECERE
Ba b ok 5 iliE T, WAKETICE LW O
KERRBNDZLRE W, 0L KBAEDEKE
AHRLELEERED 7 F ) A7 aa7 4 VKM
INB, BEBRHEOEE OREEEOAS X IZKHEORE
DRBIERESEEIND D LEEZ DR, LHHRED
KEVIIARCTRAKRONEMEDORS WA TS
-7 (ATH - &2, 1977, BBEEOEAE, MEBRER,
BUNEMEF L) 2 XICHKT B EB L BNDR, WA
X B & 0N HERGR, BEIFEROFEED
HREERML TWd X o illbhb,

EEBLOFELVWELZRNT, AFEEZOAE
BRI ET HEE HOME T, BRI 2EEH,
BEREOBEREERNOFHEMEE LT, BAETI4T
~202 ug/l, RNA 12 1.45~35.5 ug/l, DNA i&1.0~
7.2pg/l OWPETH - 7= (TAKAHASHI et al., 1974;

Table 2. Ratios of cellular constituents for cultured algae under various
nutrient concentrations.
Chl. a/DNA Protein/DNA RNA/DNA RNA/Protein

Phaeodactylum sp. 16.9 123 12.5 0.102
Chlorella ellipsoidea 10.4 106 10.2 0.096
(1/10) P* 9.6 90 7.9 0.088
(1/100) P* 3.6 66 3.0 0. 045
(1/1,000) P* 1.2 88 4.0 0.045
(1/10) N** 1.6 27 1.8 0.067
(1/100) N** 0.6 30 1.6 0.053

* Phosphate concentration level compared with the enriched seawater medium.
** Nitrate concentration level compared with the enriched seawater medium. Others without any

note were cultured in the enriched seawater medium.

modification)

(After TAKAHASHI et al., 1974 with
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YAMAGUCHI, 1974), RNA &Lt DNA DOFHEED WD e R L D ERE LD TH 20, b
PRy 7E &R, Fig. 1, Fig. 20X 31K b, —fk TLHIAL LTIV, BETEET A — b VvOFET
T, BBHOBEREEEER, BRER TR, K# Sz, LELES AHOMMEHOEREIBE IR T
ElRTENEWZ LD, SEMIIZ, Fig 3R X % Z & (BERNARD, 1963; KRIsS, 1963; FOURNIER,
SIHHRIC k - TRIEBIE LWEAYE, BRIEOER 1970), HHWIR BEBIK BN THARD D F v a—zxEk
BRHEIRBBENB/LIZLIED D, BcRrEEr LHES TE R RER D IR IE M ME I N TV B Z & (TAKA-
BESEEIND Z 436 % (TAKAHASHI et al., 1974), HASHI and ICHIMURA, 1971, 1973) & 2 ZE R Th
INHOFTNTHAMBICHKT 26D TH S0, 5 i, TR OEBEOBAKIZEEIC KT 2B EMROTE
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Fig. 1. Geographical variation of mean concentration of RNA within the euphotic
zone in North Pacific and its adjacent sea area.
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Fig. 2. Geographical variation of mean concentration of DNA within the euphotic
zone in North Pacific and its adjacent sea area.
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BO—MERLTWADhE LRV, BEBAKEDE
AL AT B, & DI EE - REPLE
THH5,

BRcai~iz& 50, ABRKRICKT 5 DNA Q3K
R REEMAEL, HEIN S DNA SHTidnik
DD FhY)2AMD DNA BEENRLTWEE BEZ bR
(HoLM-HANSEN, 1969b, 1970), RNA 3 FXxHEU X
SHBEESDTHESL S LBL LNTW D, HERIHIIK
FABZROMAECHETVEMLZ RV THA I 0, BR
DOKIRTHE SN BB KT OB EFRCHRT 2
OTHNE, TOBERPINEHOEFEELFMLHO
x> TWBTHHI EEL DI LRTED, A
DAEFETFMD > BIERELRFRNETE LT 5TRTO

vou
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W7oy, WNEYT S 7 v R CHIEEE
WHB R AEFRFREE LR TE 2 THA S, Fig. 412
HEREHO HEEicis ) 5 BilkiEK L RNA, DNA
BOBBRY TR LD TH S RNA EE LR EMEDRN
R S EBEOMBERED b b5, DNA BE &
FEITEE D I3 B O MBI ERD BIin - T, Ak
I, FiH - B 1977) RESAEPHO2#BIconT
DHVTHRERD L, EOLLBEUBREREL T b, U
FofERIE RNA OEERS#HES DNA 12 EIC3EL 7K
WEEHEIRT E & B, WPURERERIE D R M s AKX
Wik RNA B% AWCRREEY #ELDS %
A A RRT 55D TH %, DNA OFAIBIL TIE,
£ FALKOWSKI and OWENS (1982) 234 B#IC DNA
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pg/l. (After TAKAHASHI et al., 1974)
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6. Bioactive Metabolites, with Special Reference to Toxins

Junichi MARUYAMA* and Tamao NocuUcHT*

Abstract: Various phytoplankton produce toxins, which may cause poisonings in humans
via the food chain, or contaminate lakes and ponds, resulting in a mortality of domestic or
wild animals. Some toxins may make the water of reservoirs undrinkable. Many studies
have so far been carried out on the morphology and ecology of toxic plankton, food chain
starting with those plankton, and on the isolation and properties of toxins contained. However,
important problems such as the biosynthetic mechanisms of those toxins and/or their physiolo-
gical significance in plankton remain to be elucidated.

# =
m%f3y7r7®¢mm%ﬁﬁéﬁib,ﬁﬂﬁ%
tbhw%%%t&?%®ﬁﬁéoChawé&%mﬁ
%ﬁﬁ%ﬁbftrmﬁmﬁ%E:L,ﬁﬁ@%%ﬁé
@,it,ﬂﬁﬁﬁ£®mé%mxﬁ&bt©?éou
T,ﬁ%iay&&yﬁﬁi?éthg®ﬁmﬁmom
Tah~r 3,

1 ﬁ*%@@%géfﬁﬁ§"éﬁﬁ%7n5y’7 b

ROBREMELEET 2-Y 75 27 b v 0% ik
MMEEBBCE L, FotkEE, THRMERE, Broy
AT IHInExEAT S (Table 1),

FROMEH# (paralytic shellfish poison; LN PSP &
W) OELETS 7 vl T 14, Protogonyaulax
catenella B U P. tamarensis 8 <HIBRTWS,
P. catenella 13k3%, 7 F E OISR B\ THRAE
DEDCEMEHLS TN B, —F, 1960/
F A KRFEHEED St. Lawrence i A% Fundy i,
72, 1970FAUC A S T 2B 12 Jh3k New England ¥
BRTRELL HRBH D5 P. catenclla UMD 5575
Y7 YBHICRE N, P, tamarensis EUTA
e (SHMIZU, 1978),

* B RURSE B Faculty of Agriculture, The
University of Tokyo

Table 1. Plankton responsible for food
poisonings.

Food poisoning Plankton

Paralytic shellfish Protogonyaulax catenella
poisoning

P. tamarensis

P. acatenella

P. phoneus

Gonyaulazx polyedra
Pyrodinium bahamense
P. bahamense var. compressa

Diarrhietic s};ellﬁsh D;’;;op/zy:?isifortz'i

poisoning D. acuminata
Ciguatera Gambierdiscus toxicus

DOOETIII975% 1 B ICHDH T ZEREREIC 353
P. catenella WX 5 REABRAI H, O W HED #
PRI N D R0 Iz, LTOREEEM THED
LOCINOMMBMICL 5 RO B 5 T (8
0 - B2 1980),

P. acatenella 1377 > #' D British Columbia THE T 77
WEED, FEEBLSe5 L 0bhTo 5 (PRAKASH
and TAYLOR 1966), P. phoneus 4 3 YELED I
WRRICA T 5 EHEE RT3 (LOEBLICH and
LOEBLICH 1975), Gonyaulazx polyedra 13dbko4 —
AT VT TRMERRL, AEATEEIRSEIRT
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W% (SCHRADIE and BLISS 1962),

Fofh, BATRAFEO R ER Pyrodinium
bahamense var. compressa (HARADA et al., 1982) <%
WIKEREE Aphanizomenon flos-aquae (IKAWA et al.,
1982) /&b d PSP RO INRTN D

i, THMESE (diarrhetic shellfish poison; DI'F
DSP LEgd) OEET T 7 b v &L TR, BEU R
EWD Dinophysis fortii, D. acuminata 3% BT
W% (YASUMOTO et al., 1980a),

YHTFIED EEERRELSAHE TH- 28, &
S, LAY R T EE A R E R Gambierdiscus
toxicus D3V H T 5 DRAYHE ciguatoxin L X mai-
totoxin XEET S LH|EIN TS (YASUMOTO e
al., 1980b),

1) FoMHE (PSP)

PSP o FA KA

PSP itk 2 aHHIIKE LK #F FOXFE, K
BEHFNETHS AOREL, FHOBBHE X H L TE
72o HALSTEAD (1965) 1%, 1689475 1962 4% TD
R R T 900 &L, EAthEwC 23430, 200 ZLL b3
HELAEELTW5, bBAEICBWTIE, 194867 AIC
BRREEHTT Y ) CLl288HHEL, 3 b1EAMET
LB R RAE LT LR, FERLLO% EDTES
Hl, PSP HHEDFAENHEINT WS (Table 2),

hEHERIL, SEBEA%R0SEETCOE, &, #ESL
Ui, RRTHBEORMICIES D & &SI LRI
bbb, IBIOEL LD EFOBEHCEDD,
ATPRERECHR Y, BFI2BHAUAKCETT %, T
Az 5L HBENIERCEET %,

HHRERIT S PSP oFRERK% Table 3 IKR7,
19754 1 A =ERBEBE KT P. catenella O 73 H)
BFEEL, THY, 27 FF1 T4 ZOHLBRRD LN
7z (HASHIMOTO et al., 1976), 19765 6 H I3 F /|
ERER Y OCHEER/NREE T P. catenella T L % 77
MRFEEL, A5V A H4, vF LT HFEOHLRN

YU A 271

b btk (NOGUCHI et al.,
NiIsHIO, 1977),

—77, dLARTIRI9764 3 X 197740 5 FIC K
T, Fiz, 19784 6 AW iZduigmEnE kK CTERER K
2704 BELL, EARBERNBEELSZ I, MR
W TREIZFER I NI S 22, KMES Tt P
tamarensis OF-1 38X, BER 757 r v e
EX N (UEDA et al., 1982), 19794 2 Hwidim R
MEEC=H+0BL-Z D, P. catenella 23REHT
Fvo v EMPEE NI, OB, BATORBEORE
BT b T cells/ml I+ X/4v- % (ONOUE et
al., 1980, 1981), 19794 5 A K IZ B O MAEIREE & X
WA T, Fh, 19814F 6 AR LR MRE T, 1982
Fo A EIBRAMET P. catenella W Y. 5 IREIN
%L, HERSLZEZS,, HaBTRERE A <FIC
HBERH I (RFER),

ZDL A, Protogonyaulax BODEHT 7V bV
BREERHMTHRALTEY, —HRAELLEGHTRZTOD
BEE I RRBEEHFHC AR BREIND LD
TH D,

PR A RAY i1

Protogonyaulax BD 75 v 7 b v O HFIZRFICK
D2 EDELEERDD, 5X107 MU/ cell 7 b &
REALTWEOFE THS (SCHMIDT and LOEBLICH,
1979; SOMMER and MEYER, 1937), ZhbiTinz,
BREQERRMFICE > ToHENIREL AR D, &
2 E, EEEIE U P. tamarensis 13 ¥ERFWIAICIT K
RERICINEKT 2E N2 TRTOIHL, BEDRALK
BAIZ, FHRESUHOR LR & ETHRAERE
D 1/3 1 F &7\~ (SINGH et al., 1982), —i&ic, K&
BETHERMNEWVEALHENIEL KDL T2,

Protogonyaulax JEDEHZ7 5 v 7 b VIZEFE YA b

* MU (mouse unit) & RFEEAXEbLTHMN T, 1MU

REE 20g @ ddY R M~ v R 1L JEEARRES
L7, I TREIRIBARERLTT,

1978; OKAICHT and

Table 2. Incidences of paralytic shellfish poisoning in Japan.
Date Responsible bivalve Location Number of patients
(Deaths)
July 1948 Short-necked clam Tapes japonica Toyohashi, Aichi 12 (D
May 1961 Scallop Chlamys nipponensis akazara Ofunato, Iwate 20 (1)
Feb. 1962 Oyster Crassostrea gigas Miyazu, Kyoto 42 (0)
Jan. 1979 Oyster Crassostrea gigas Senzaki, Yamaguchi 16 (0)
Apr. 1979 Mussel Mytilus sp. Asahikawa, Hokkaido 3 Q)
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Table 3. PSP-infestation to bivalves in Japan.

Locality B Date Bivalves Responsible p}gnkt<>11 )
Funka Bay, Hokkaido June-Oct., 1978 Scallop, Mussel P. catenella Funka
Apr., 1979-Jan., 1980
Apr.-Nov., 1980
Apr.-Dec., 1981
Ofunato Bay, Iwate May, 1976 Scallop P. tamarensis OF-1

May, 1977

May, 1978

Mar.-Dec., 1979

Apr.~Dec., 1980

Feb., 1981~Jan., 1982
Ise Bay Apr.-May, 1976

Jan., 1977

May, 1977

Owase Bay, Mie Jan.-Feb., 1975
Jan.-Feb., 1977
Jan., 1979

Seto Inland Sea June, 1976

Komatsujima Bay, Tokushima June, 1976

Tachibana and Tsubakidomari  May, 1979
Bays, Tokushima

Senzaki Bay, Yamaguchi Jan.-Feb., 1979
Wakanoura Bay, Wakayama June, 1981
Kitaura Bay, Miyazaki Mar., 1982

Akazara scallop

Short-necked clam, P. catenella (red tide)
Mussel —
““Isoshijimi”’ —
Short-necked clam, P. catenella (red tide)
Mussel —
Mussel, Oyster P. catenella

Short-necked clam
— P. catenella {red tide)

Short-necked clam P. catenclla (red tide)

Opyster P. catenella
— P. catenella

Short-necked clam P. catenella

ZERL, BEOLGPICRIRL, REEMESES &%
FU, S50 by e Tk A w5, OSHI-
MA et al. (1982a) X iuf, KEGESCTRINL P
tamarensis ¥ A b O FHHEIE 3.1~3.4X107° MU/cell
T, RREED TN E KE D5 T, T/, WHITE and
LEwIs (1982) & L #u1E, Fundy # TH X L & G.
excavata (P. tamarensis) ¥ A + D FMILFEE T £IX
SN T SOWEKMIKOBEELZEH L TH 5, —
i, DALE et al. (1978) X % &, G. excavata DK
i ?’iﬁfﬂ&%mﬁﬁ@rf@m{%@i7']’5?'}‘*9, TR D
Bl EEST 5205,

75 v b vk BEYOHEL

FH75 7 b v EREBALCAEMEZ, TOHERS Tk
MICEFRE L, Hk4 %, Alaska butter clam © kX 57¢
k7l $7nbbAEICEDE A saxitoxin & LT
EHT 560 (FK, 1980) #ErDE, BHDIEREAE
DR U Fe 3% P IIC B/ %, Table 4 ICKAGEE
BED K & 554 O EEME A R L2, £FR0/M90
% 2, TOBAEFBIRCER I T, £, Fig. 1
R LT E D i B LR IC kT 5 P, tamarensis

DHEEL LT E1 4 OPBREEOHBE L { —K
LTV 5 (OSHIMA et al., 1982b), & 5 FF4 #4 HiE
BoO®EMIZ, 7T by OEENIT T 5,000 cells
/LT 230 MU/g &2 W EZ R L, £i2, A
HCid, b3 e 200cells/l LW ENEETHRE T
4 OBIEBADSEND E bR T WD, BIZEFE T 7 ¥
7 b roOlkEEBIIZLAED BETHRL, BT
BIENL 5,

PSP ofL¥

19604E4% % T2, PSP IZHi—m4y saxitoxin (STX)
D HARERERS & L, P. catenella Tk U4 RIWCEL
INBEDEEZ LN T W, &I 55, New England
T19724E 33 & (R19T44E V0564 U 7c P. tamarensis O 77
NBAAEER MR, VWIhd STX D4 3O K
AOHERSBBHE, STX BF0iTidisL AR
SCH - Fo (SHIMIZU et al., 1975), F 7z, 1975FLIk
HAZH TFHA LT3 Protogonyaulaz spp. DEA
3% PSP 12, WTRLEHOMBRETA LD &0
BBl InTn5b, B, Fig. 2ikRrdT X oic, STX

L%\ '@ neosaxitoxin (neoSTX), gonyautoxin 1~ 6
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Table 4. Anatomical distribution of PSP in scallops®* (MARUYAMA et al. 1983).
Sample number  Adductor muscle Digestive gland Rectum Foot Gonad Mantle Gill
1 17 ‘ 2,400 250 220 120 91 92
2 57 2,100 320 220 140 110 71
3 16 3,000 600 180 150 75 95
4 43 3, 100 370 230 160 94 86
5 39 2, 400 210 170 120 100 110
6 24 3,500 280 200 160 84 93
7 24 2,200 350 160 110 87 90

* The scallops were collected from Ofunato Bay in May 1981.

by using ten each of the respective organs.
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Fig. 1. Periodic changes of population density
of Protogonyaulax tamarensis (upper) and
toxicity of mussel (lower) at Okirai, Iwate,
in 1979 (OSHIMA et al. 1982b).
(GTXi-s), protogonyaulax toxin 1~4 (PXi..) 7t &

12 @ PSP oy OGN S 520 I3HEE I TV 5,

STX, neoSTX, GTXi-s BT d M 1,000
MU/mg % #82 55 /17 %k TH 5, STX 1 PSP K
DS BTEUICHEEI N2, BEIRFDBRK0ESD
BTE 5o XERBEMITIC L D g 5z (SCHANTZ
et al., 1975; BORDNER et al., 1975), itz 5,000
MU/mg © NaCN D#j 1,000 {EicAEM4 L, Zi, 7
7'% tetrodotoxin 1P 5,

The toxicity (MU/g) was assayed

Ty
N
St
N 2
i

OH

u/my
STX )18 it H i 5,500
neoSTX 13! i CH H 2,400
GTX; H 0805 ot il 5,000
G’I‘X2 H ~ OSO2 H E 4,200
GTX oso2 il it 1 5,600
G’[‘X‘:1 0503 I OH I 1,600
GTX i 1t i 503 280
TX() H I B O SO} 290
vxl(ggi;mrxg) I - 080, W 50} 30 - 40
P)(2 (GTXB) I)S()3 I - i ':'Gg 300 600
PX), I B OSO3 on S()é
PXLS OSOK H O H{)3
Fig. 2. Structure and specific toxicity of PSP.

CHICH U, BaBMRNCHEMRBYIS i S iz
GTX;s, GTXs, PXi, PXold, RiH® 6 BayicbxCH
MR DR, T BEHEMED PSP S RWTFR
34y FWIC carbamoyl-N-sulfo #%&H L, fdc L
PRI TR EETH DA, FNRLD pH T
EbDTAEETH 5, MAVCERIKSRICX 0 EHI
carbamoyl-N-sulfo 3% U 1mol/mol O Hifk% &L,
TNENENOER VR T ICE R4 % (GTX;—STX,
GTXs—neoSTX, PX;—GTX:, PX,—GTX:), T,
B EE B LORMIBAE eI N P catenella Kt
ML D EFEEOH PSP R4 PXs 15 PXu M
HL7* Thb 2086, R0 R BRIk s fc

* B OEM- B EFIC L AR A A

MRS EE HAKEFLFFRLHERESH,p. 214



274 La mer 21, 1983

0, FhEh GTX: B GTXy KEMmT B &
b, Fig. 2 WRLcE% 32030 & HELK, &
DL O EEMD PSP By OTFER, /ERTF 7 b+

VIEETBHLEEZ bRNTWEBHEERS VTS B
HEATRBUROBEWVIRECHFET I &2 THEED B
DLLTHEHENS,

8, % PSP WA OFMIROFHMICOW TR
#Frno, 1982) x2Sk,

2) THHEFE (DSP)

19764F 6 AEIRRRCA F4F4 H4 DERIC L B AT
BEORA LY, CoRORE CHERIEELED BAE
CEBZ EHBA LR, ZOHREDILERIE LT
MTHDT &b, RNYHITTHEESE (DSP) L1
EnTna,

DSP KX A AP HORHIZ, T FHA 100% ¥R
THI LT, TOENEN, &R, BERALYOERR
PN T E23E WV, T0% O AEHE 3045205 4 R
DIRIcSEL, 3 HMciigethd 5, 19764 DRI
SR BEREIL 800 ANIc#Ed 525, RUFRHEI N
Twigw (&LIE, 1982),

ZHEHOBLRBICHA I NIZO =GR K
WIETH - Ay, BECRICEREZHL & LR,
ARBREORZMTHELR, TWD, E, BEED
ATV FA T4 2D BEBOBIRBE SN, DA T
VE, FUIHTOTBEORENRRL DR Tn2, BT
LMHOBERRZ FHA, THY S, A7V FA4 4
4, AH4, THEREETRBEINIDONFLLY
TV, MBEBEXOKEFHA, THY, 3ZTHA, F
sv ke )b HbT D, BROBRCBEST
% (%Jt, 1982),

EHOHBLMRERE L CHBELYINDEES 7V 7 b
YOFEREEDLI TR, B HLREICREIZRD
BRI s T, 28T, LAFHFAHAOF,ELHE
L, 875 7 F vOHRBIRRERR L 2 & T 5,
Dinophysis fortii ORI EFED #HEA X < B
HTEBRHBNE S e, Fie, T ORRBYEES O HE
1349 107"MU/cell Th - 72, KIS, A5HF4 44 h
B3 X 8 D. fortii XD ENENFERS L, FHEHE
L, #R27a2 b5 700 %{T- lck AR—RT &
RExhicz &b, ZOF5 7 bV REEAAEY L
i XNz (YASUMOTO et al., 1978, 1980a), D. fortii
BERERRECHEEE TR 6 A T 7 H EaendT
BELEHBL, FOEEN 200cells/l Z #8825 L &
BTFHARLTFFA HA DHBIEBRRUEB L bR T

W5 (YASUMOTO et al., 1980a), F 7z, 317 Tl H
BOT 57 N D. acuminata d DSP % EE4T 5
TEBRHBRTVS RER),

MURATA et al. (1982) 2 HLL e &5+ 1 4
FHEMRE D 2HED 88% G HE R4 dinophysis-
toxin 1 (DTXy) %HEEL, MERITEIT- o, TORK
£, DTX, 3H#4 * V$i Halichondria okadai X OF
H. melanodocia X U Bt X /e okadaic acid DFEE
£ (35 S)-35-methyl-okadaic acid & ¥|BH L 7 (Fig. 3),
okadaic acid 1% Fig. 3 WRL AL 5K, ZHORKT
—FNEET 5 —HOIRRES T, oML
WEMREET D44/ 7 5 THEWER L SUTH
% (TACHIBANA et al., 1981),

DTX #1213 5 B4y (okadaic acid, DTXi-1) DFEE
WHEREINTEY, 205 b 3RoOMEIRT TS
NIRRT WS, B, DTXs O d X amin
xRz he* (Fig. 3), DTX: Of&ER, ToH
KED okadaic acid @ Biss, 7k, D. forti
iy, FREFERS OFERHERIN TRV,

OH g,
okadaic acid : Ry=H, Ry=H
DTX1 : R1=H . R2=CH3
DTX3: Ry=acyl{Ci40,Ci6:0,Cres), Rz=CH3

DTX,

Fig. 3. Structure of DSP.

#F{L A DSP pAr#ekiz Ao, &5 WX
iR, RBHCY - TRA 52, ThBRBILEH
TS5V b OB LB, ERRBOERCL S
DHRRFRHTH B,

N VHFSIEH

B FE RRBEREOY Y THRORE L ERICERT
LHEMATE FHAEAL RIS, RENTERERTRE

*NHERE - KEFR Kt - BIR ) Hiss

FEHAKEFSEEFRSEBHEEBHE, p. 218,
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CROBENATHESY VH 7 5 LT 5, ERIBEL,
TR E OW{LaRREE, mIE TR 0EBROE T e
DIERGREE, MERY, WELSoMEREE, *
Ofts, BT BEHELEOEELLCEbbRS, &
OHRT, BRGERE LTRIRETRHT b5, Th
B, EROYERICHNDL LBAEEL, ¥yl 2R
LEBBBT LD, FI4ATA R -V a Vi
IR D, FETURIGENAEEIZEL, BEREDH
MEIE & 75 (HALSTEAD, 1965),

BT LA, WIRbY Y THEICEET S,
/:ﬁmﬁﬁbfﬁﬂﬁéLﬁ%c,77/7%/&%
DRIIELLEY, BB Hb BT 5, —Hic
AVHEBOBMNICD ZRAMARR, TV R, ATA, »
A0, 7T84, 53T VEQHEMENEARDEN X
DENWZ LREND, BRAYENRCIOBITTAZ L
BHEEINI, BMARBOKE (LEARIZYTO
Gambier 3B THZIC H R I e KRB O KA RIFE S
Gambierdiscus toxicus X RINAEHTH B EWMEINT
W3 (YASUMOTO et al., 1977, 1979a), G. toxicus i3
LAY 27O, W, 7y, NTA, Za—H
VR=T, 74 V-8B, BRI a6 T 5%
(YASUMOTO et al., 1980b; BAGNIS et al., 1980; SHI-
1982)

G. toxicus 13 JBIA

MIZU et al.,
M ds & VKA MED 2 O HERS &
%, BIE VL SCHEUER et al., (1967) 23, @4l
7o ciguatoxin &, F 7z, 1% # I1Z YASUMOTO et al.
(1976) #2349+ I ~FAME I D K L % maitotoxin &
FNENRRA—TH 5T LRI N, LL, BA K
LERBL T, TO2O00FRSDOELBNRAEE
D, RCBEBATREELRAT IBHLD2L5TH

Table 5.

Toxicity of the dinoflagellates to mouse (NAKAJIMA et al.,

VU A 275

% (YASUMOTO et al., 1979b),

BT, ciguatoxin O{WFEHIMIRICOWCHIFE 28 4 2
%hfhéﬂ,ﬁﬁﬁﬁﬁéﬂétﬁqfh&m

maitotoxin D ¥EBIKE S FMEA 7 7 H tetrodotoxin
DRISOFIC R SIEHTH 525, LOBBERAMHTH %,

G. toxicus OEMBFECEN, v TfECE BT 5
A DEARBEELERY 2 AL LA LM R
7z (Table 5; NAKAJIMA et al., 1981), & @D 5 b,
Prorocentrum lima 7> 51d okadaic acid 23 I T

%5 (MURAKAMI et al., 1982),
2. ARMEAEE
b

REMERT I A
Table 6 IcF &/,

Prychodiscus brevis WNEAT HHRBRS

BOE, MKW #ES BB, BEnT s nc
SN TEEEEED TV D IRMEEIT Prychodiscus brevis
(IB#: Gymnodinium brevz) 2&%, BM77 7 v
LUEEES e A BROKEELY Fig. 4 KFE b,
P. brevis 137 F v 33T R LRSS, &
HOKNEERE S DT THATH S, 72, 710
) AR, REARAT S L, WITHE TR T
CIRD U 2B A ORI T CREHI Il Ln
b ICHIERA RS2 L H 5 (BADEN e al.
1982) ,

P. brevis SEFEHAAEN D O H HIS O HEC DN T
EZL DI NV—TRRERRLCE R, S v—THWTE
FER—U W EEREIHINTE D, ERSOD
BENZREIL 2B, UL, LIN e al. (1981) ick

RIESEEEEEET DHEYTF Y

BNTHLHEMT S v v v

1981).
(MU/10° cells)

Ether soluble

Butanol soluble Water soluble

fraction™® fraction® fraction®*
Amphidinium carteri 4.7 2.6 S
A. klebsii 33 22 —
Coolia monotis — — —
Gambierdiscus toxicus 32,000 21,000 —
Ostreopsis sp. — 3.6 —
O. siamensis 350 1,600 700
Prorocentrum sp. 130 — —
P. lima 240 410 —

P. rhathymum —

* (=)< 5MU/10° cells

(=) <50 MU/10® cells
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Table 6. Ichthyotoxic substances produced
by phytoplankton.

Plankton Toxic substances

Ptychodiscus brevis brevetoxin-A, -B, -C,

PB-1, Gb-4

Chattonella sp. free fatty acids

Cocholodinium catenatum ?
Noctiluca miliaris NH;
Heteraulacus sp. ?
(Goniodoma sp.)

Prymnesium parvum prymnesin
Amphidinium klebsii ?

A. rhynchocephalum ?
Peridinium polonicum glenodinine

myristic acid,
palmitic acid,
docosatetraenoic acid
Protogonyaulax PSP

tamarensis

Uloglena americana

Y £ D brevetoxin-B (BTX-B) D238 5
INTUR, H—DBAIE W DD H 5, 5 1& P
brevis 538 501 (5X10% cells) 7 o w1 kv & THIA
L, ®FErso<r7 357 —KLAHEATV, BTX-
A-BRELUF-COIHEAEENFN 0.8, 5.0, 0.4mg
B, 205, BTX-B kL -C o, chZ
TIHPID L NEREY) = —F ik Td 52 Lo
B ¥ N T B (LIN et al., 1981; GOLIK et al.,
1982), —77, ALAM 5% PB-1 kX1 Gb-4 % B
L, #5772 (ALAM e al., 1982; D1 Novi
et al., 1983), “h b 2, Wb T EFIY
VERTF S —EiEM R ET RO v RE DA
X & Pfekid® L3, £/, CHOU and SHIMI-
7U(1982) 1& P. brevis ¥sa&ltk L 0 3y # (GB-
1~3) BAHELZD, ZD5H, GB-2 35K LIN b
X - CHEEZNZBTX-B lA—ChB &, BIL
GB-3 3 BTX-B LR—I#HEaT 252 L&,
Prymnesium parvum HBELET DB
Prymnesium parvum ZIREHERKEL, 3 —2 9
DS AT T DVUKIRCHRBAER L, mix K&
HIRDHETHMLNT WD, WA & & EEL R
FTEOAKIC O TR AL ERE W, B, BIEsS
BT HMIZEN S DOOEMITEE S BV 4 23 5 BE X
M, hemolysin-1 & 5% I, AT TR,
hemolysin-1 13 Fig. 5 IRd L 5 Aeiir b0 2D
#5227 FYEF (hemolysin-la, -1b) DEASY
Th BT EBRP LTI (KOZAKAL et al., 1982),

BTX-B (GB-2):R= \ﬂ/ CHO

CH,
BTX-C: R= CHCI
\no/ 2

GB-3: R= CH-0H
N P

CH,
2

Orotr (O
o H

PB-1

CH3CH,CH,0 ?H3
[
S=P-NH-N<C-CH=N-OH
!
CH3CH,CH,0 CHy

Gb-4
Fig. 4. Structure of toxins isolated from
Ptychodiscus brevis.

CH,0H
HO 0, 0——CH,

HO 4——0  0——CHy
HCOH
CH,0-R

OH H
H H
H OH

la: R=COCH,CH,CH,(CH,CH=CHYCH,CH
Ib: R=CO(CH,CH=CHXCH,CH;

Fig. 5. Structure of hemolysin-Ia and -Ib.

FlESE AWM T TR ET S T4Y Ulvae
pertusa LV NHEEINTED, RROBNKERT (Fu-
SETANI and HASHIMOTO, 1975),
PSP o stk
PSP & &R A U CEMAIRY, A B kK
* RTRPRES - B L CEHE - AR WRAISHERE HAIK
FEEAEFTRBRESRE, p. 245
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Table 7. Ichthyotoxicity of PSP.

Toxicity (MU/20g)

i p. oral
Freshwater fishes:
Silver salmon 7-12 —
Chum salmon <3.8 —
Rainbow trout 1-8 320~400
Carp 2-5 120
Tilapia 2-5 >400
Marine fishes:
“Kotohiki” 1-2 >1700
Goby 9-17 —
Mullet 1-2 —
Horse mackerel 1.5-2 —
“Mejina’’ 1-2 —
Hamster 1.9 —
Mouse 1(D) —(38.2)**
Cat 1* 30(25.4)

* Subcutaneous injection.
** Based on Shimizu’s data.

BRI KRS SBICHT 2 PSP @ # % % 3 ~ik
(Table 7), “O#HE, BEHEAZSTRBERRREHCS
POERIFDHHOD 1~12MU/20g (hE DOENRHIEE
DN, ROKEGTIRIRENICAS L ER Y %R
L, 2FeFE, T 1,700MU/20gkE TERET
Uiedn s foy 77, 197044 Fundy TR Z - 72
G. excavata (P. tamarensis) OB X 5HIEDO AR
HICONT, FHEEAY TS v+ v R REOEY 7 5
VI MUYBBAL, SBRINhETI VL vAMDA
MAPERLTHHELAI LILL 550 &\ HEEA L X
nTws (WHITE, 1982),

3. BEIL KOE ZERT EEH TSI U b
WARRTERECE S CHY 75 v 7 b v %K
U, KEICHEL W& CElrd 285 % Ko#E”
LT D, KDERFE LK DKERA T, 7 v,
U, bV, &, A RREDKEOBMINIELTT B
BlEEH S mbA—2 307, AF %, kH, 77V %
METHELBUBRTWS L - K, 1982), b
HOBECRFE L ENDHEERHEIN TN,
EEHOKOENKFEHETEHRHBALTEY, AMEA
DHENLEINA TN S,
FRECHABYCHELGZ D EBA LN TN D8
BEIR BN DL,
Coelosphaerium, Gloeotrichia, Microcystis, Nodularia,
Nostoc O TBBHEZINTHHDITERN (P -

Anabaena, Aphanizomenon,

YU A
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R, 1982), ZDD b, BELT ORENTILBHEA TV
5 DIE Microcystis aeruginosa, Anabaena flos-aquae,
Aphanizomenon flos-aquae O 3T TH 5,

Microcystis aeruginosa O ST

M. aeruginosa % &¥s KD BEUC X 5 KL AEB)
YOETRIEREHTH O TV D, HRFLARDHIHEO
Be, LU EBEROKMEEE < v 2 RN #RE
LizkTh, #E¥ic#mn Hai i (WATANABE
and OISHI, 1980),

BIRSEBE Licey 23R THERM R, 17
LAEDEA, WIRMETHTT S, BEksRTI, I
KRRk U, WEERRENC S g B iR iR
BEBL TNV, TOBRTIRADENTT v b, T Y,
vy, =7 bURECHEMAT L, AIZKENR
& BV S LW (WATANABE and OISHI, 1980),

MEZ ) 7Ty AT 5 L BEOMNE
BHVRBIBREBND &, B U CTHBILET
HBZERENLDL, BREATORYIRTFFTHDHT
EAURME I NI, BRSO, BEBEOHD SV~
T 5 TCREBNTET WS (U - K7, 1980) 25,
I —TRICHELEDT I/ BEURERKE B
D, ¥, W—HEREE Lz b bY, &
BBERBPBEIN TV EHAIZH D, WTHOEK
HETIRADHFRICS 5 AR ZE505, TNbORH
OB DBECPREDOHEICL 5D 2, H BV I
RCEE DO BRSPS D T LI L 2D NEH] B4
TRV,

Anabaena flos-aquae D HRSY

Anabaena BOERIC L HEOEEF I H + &, KH,
A2 —=F A=A L) TRETKHE TR, h -4
PE TR UL LISKOEAIPE L T L 78> T 2,
An. flos-aquae /<X HEMOETIE, 1940FE L LDk
R EIh T3, ZoHRMRMCEL LT
{, BA&RBEMAT: 2 BT 20~90% O EHASEEREICHE
H LT\, An. flos-aquae O 7% T 1% anatoxin a~d
DARIPFHETHEZEZ BN T S (CARMICHAEL
and GORHAM, 1978), Z D> b, anatoxin a DREEIE
XTI X 0 2-acetyl-9-azabicyclo-[4, 2, 1]non
-2,3-ene L¥|AF L& (Fig. 6; HUBER, 1972), D
D=y ABEIENEEC KT 5 MLD 1 0.25mg/kg T,
<V ARKERA~EHTRET D, TOHTHIBOD
M. aeruginosa D3 XI5,

Aphanizomenon flos-aquae D355y

Aphanizomenon flos-aquae 1< Y HEYDEEFHEIKE
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NH
COCH3

Fig. 6. Structure of anatoxin a.

LR L T F LD = b NBEE TN B, Aph. flos-
aquae DHBRATIILHT 5 PSP LRI TE 2R, £
i, STX %4 neoSTX (Fig. 2) # ¥4 &35
LB E N (IKAWA et al., 1982),

Lk, 757 v OBRSICOWTELELTA
MAEE L oMFEE LN, HAFE, DL DRk
ORBEED 2V RATEROD S E LWREI Y,
RIFDTE - T T 5~ 0 b v DELEYHE DEEHERINR
A EPABLNCINTER, LL, ¥FEF5v7 F Vi
B DERYOIFEER, HDVITERBEEL V- IR
BRI OWTIRIZE A EFRDT bR T,
INBLORBEEHIAL, L LAFK, ThbOBRSHA
OB DB DRI T 20 E LTHAT ST &
BEEN 5,

@O

KL FELDDCH - T, BYWERHE SRS
B L Bb - LEHRKREEFEEAR A BT =
L CHH 5,

X 73
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