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Déformation de la houle de forme arbitraire par
un changement brusque de la profondeur”

Kenzo TAkKaNO** et Hisako HARA**

Résumé: Par suite d'une étude précédente sur la propagation de la houle sinusoidale a période

Iy

unique dans un canal dont la profondeur change brusquement d’une constante & une autre, la
présente note est consacrée i la propagation de la houle, toujours irrotationnelle et linéaire, mais
apériodique. Comme une telle houle s’exprime en superposition d’innombrables ondes périodiques
a différente longueur d’onde et a différente phase et que la vitesse de 1’onde composante et
I'intensité de sa réflexion par le changement de la profondeur dépendent de sa longueur d’onde,
la houle incidente se déforme au cours de la propagation & la fois par la dispersion des ondes
composantes et par la réflexion due au changement de la profondeur. Des exemples numériques

montrent que ’effet du changement de la profondeur sur sa déformation est si faible qu’il n’est

Flﬁ‘

pas distinct de celui de la dispersion.

Position du probléme

Un nombre considérable d’études, tant expéri-
mentales que théoriques, portent sur le probléme
de la houle se propageant dans un canal & pro-
fondeur variable, se référant en particulier au
processus dynamique qui régit 1’allure de la houle
sur les plateaux continentaux et insulaires ou
dans les baies ou les estuaires. Dans la plupart
des cas, on suppose que la houle incidente est un
train d’ondes sinusoidales se composant d’un
nombre infini de crétes et de creux. Cependant,
dans quelques cas pratiques, la houle incidente se
forme d’un petit nombre de crétes ou de creux,
comme cela étant les cas du tsunami et des ondes
solitaires. La déformation d’une telle houle due
a la réflexion et a la transmission par un change-
ment de la profondeur vaut la peine d’étre étudiée,
parce que sa propagation peut é&tre complétement
différente de celle de la houle ayant un grand
nombre ou un nombre infini de crétes et de creux.

Dans une note précédente (TAKANO, 1967),
une série de calculs numériques ont été faites
pour évaluer V'effet d’un changement brusque de
la profondeur sur la propagation d’un train d’ondes

_sinusoidales a longueur d’onde arbitraire dans un

canal de longueur indéfinie (cf. figure 1). Les
coefficients de réflexion et de transmission ont été

* Manuscrit regu le 4 Novembre 1968
** Institut de Recherche Océanique, Université de
Tokyo
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Fig. 1. Systéme de coordonées.

X, X

obtenus en fonction de la longueur d’onde pour
de divers paramétres géométriques sur "hypothése
que le mouvement est linéaire et irrotationnel.

La présente note est alors consacrée a 'étude
de la propagation de la houle apériodique, de forme
arbitraire. Il s’agit toujours du cas d’un change-
ment brusque de la profondeur dans un canal de
longueur indéfinie.
Analyse

La méthode de l’analyse est celle de la note
précitée. La figure 1 montre le systéme de co-
ordonnées. La profondeur du canal change en
gradins de H & HHXE (E<1). 1l est commode
d’introduire les quantités non dimensionnelles
comme suit: x=a/H, z=2/H, o=w’vH/g,
t=t'Vg/H et ®=0'/(HVgH), ol " désigne la

fréquence angulaire d’une onde composante, ¢ le

1)
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temps, ¢ l'accélération de la pesanteur et @’
le potentiel des vitesses. La vitesse vgH ou
VgH(1—E) et la dénivellation de la surface libre
s’écrivent en forme non dimensionnelle: 1 pour

— @
<0, v1—E pour x>0 et [%;‘] respec-

z=1
tivement.

Selon la méthode précédente, nous avons pour
le train d’ondes sinusoidales a fréquence angulaire
o :
¢1=cosh kz eilot—kx),

o =bg cosh kz eile?+kx) pour =0,

+ by cOs Az etnrtiot
o= n=1
u= o cosh x(e— Epeot—1)

+21Cn cos On(zg— E) e~ dnxtiat
' pour =0, (1)

ol ¢; représente le potentiel des vitesses de la
houle incidente se propageant vers x positif, @,
et ¢3 les potentiels des vitesses des houles réfléchie
et transmise, b et ¢; (=0, 1, -+, o) sont des con-
stantes complexes et &, p, A, et 8,(Aws1>4n,
Op+1>0n, m=1, -+, 00) sont les racines des équa-

tions:
w*=Fk tanh k=p tanh #(1—E) = — 2, tan 4
=—dp tan du(1—E). (2)
Les constantes &: et c¢: sont déterminées par
les conditions le long de x=0:
it Po=¢hs,
N 004 }pour E<2<1,
(g =] o’
0, pour 0=<z<F.
Rappelons que la singularité a Daréte =0,
z=F est déja étudiée en détail dans une note
précédente (TAKANO, 1962).
En supposant que la houle incidente & un point
T=x, soit en forme de {=Zy;(t) cu Zy(t) est
une fonction arbitraire du temps, on a:

Zomzr ioW (0)[61] = zodo.
— oo z=1
La fonction de poids W (w) est donnée par:

1oW (w)cosh k e—ikxo

1 (e, .
:E;j‘fooZO(t) e~iot di, ( 3 >

Le probléme aboutit au calcul de la dénivel-
lation de la surface libre Z; par:

ZiCx, O =j°_°ww<m>ci<w>dw

00
=[Tiow @ dade,
(1=1, 2, 3),
ot les souscrits 7=1, 2, 3 se référent aux houles
incidente, réfléchie et transmise.

Il ne s’agit ici que de la houle progressive. On
néglige alors tous les termes contenant e# ou
e~z dans les relations (1), car A» et 6,(1—K)
sont plus petits que zz mais s’approchent rapide-
ment de nw avec n et et et e~ deviennent
trés peitits si |x! est plus grand que 2 ou 3.

On a ainsi:

Zi= ro ioW (w)cosh k elwt=kx) dy,

iwW ()b, coshk ¢llwt+kx)dw, (5)

Z2: ‘\‘X’

Zazjw oW (@)cy cosh p(1—E) ellot=mx)dq.

Alors que b, et ¢, (n=1) sont négligés dans la
transformation de (1) en (5), les quatre premiers
termes d’entre eux sont conservés dans Ja détermi-
Il convient de
noter que les quatre premiers termes sont suffis-
ants pour obtenir b, et ¢, avec une bonne pré-
cision (TAKANO, 1967).

L’intégration numérique de (5) est effectuée
entre les limites de Uintégrale a et 8 au lieu des
infinis négatif et positif. En principe, la méthoce
Elle n’est toutefois plus
utilisable dans le cas ou [#] ou |x! ou |x,| sont
grands, 4 moins que lintervalle (a, 8) ne soit
divisé en trés grand nombre, puisque les fonctions
a intégrer sont trop variables avec w & cause des
facteurs oscillants ei(@txkx) | eilwt—rx) etc. Lorsque
|t] est grand, la méthode de Filon peut étre
immédiatement utilisée. Lorsque |z} ou |z, sont
grands, un préliminaire est necessaire pour I’appli-
cation de celle-ci.

nation préliminaire de b, et c.

de Simpson est utilisée.

Soit flw) une fonction linéaire de w & déterminer.

Le nombre d’onde £ est d’abord approché par
flw) dans deux divisions adjacentes (i Sw=wi,1
et wi,1Sw=w;,s 7 étant un entier pair) de sorte
que [k_f(w)]m:wi:[k_f((“)]m=wz+z:[f<(0)_
klo=wisi, comme schématisé dans la figure 2,
bien que ce procédé simple de la détermination
de f{w) ne soit certainement pas la meilleure au
Ensuite, wt*k
X (x#+x,) s’expriment en fonction linéaire de w
au moyen de f(w) pour appliquer la méthode

point de vue mathématique.

C2)



Déformation de la houle de forme arbitraire par un changement brusque de la profondeur 3

Si =3i42=-Oi4|

Wity Witp
Fig. 2. Schéma de l’approximation de % par
une fonction de @.

de Simpson ou la méthode de Filon selon la
grandeur du coefficient de w. C’est aussi le cas
de pr. Tl est signalé que MoMoOL (1965) montre
I’avantage de la méthode de Filon en comparaison
de la méthode de Simpson par plusieurs exemples
numériques.
Exemples numériques

A titre d’exemple, quelques résultats numériques

se montrent dans les figures 3 4 14. Le tableau
1 précise la fonction Z,(#) et les paramétres
caractéristiques p, Lo, I, 5, k(B) et p(8).

La fonction Zy(2) & x=x, est supposée symé-
trique par rapport a f. e ;
former 'intégrale (5) en ( D deZE;)( ) dw
avec a=0. La limite de l'intégrale B est choisie
de fagon que W (B)| devienne suffisamment petite.
Lorsque le nombre des divisions est fixé, 'inter-
valle dw s’élargit d’autant plus que l'on donne une
plus grande valeur a4 8. Par suite, I'intégration
numérique devient moins précise a cause de
de 4w d’'une part, mais peut

A

devenir plus précise & cause d’une meilleure ap-

Cela permet de trans-

I’élargissement

proximation de la limite de l'intégrale oo par
plus grande valeur de B d’autre part.
L’intervalle (0, ) est divisé en 160 au maximum
dans les présents exemples.
de 8 pour 160 divisions n’est déterminée que par
des calculs expérimentaux. Las £(8) et p£(f) sont
les valeurs de £ et ¢ a la limite w=§.

La houle incidente est le résultat de Ila
superposition d’ondes sinusoidales périodiques dont

une

La meilleure valeur

la fréquence angulaire s’étend sur l'intervalle (0,
B). Si toutes ses ondes composantes sont trés
longues par rapport a la profondeur et si nous

Tableau 1. Fonction Zo(z) et paramétres caractéristiques.

| - | ! °l | .
cas Zo(t) ‘ P } Zo E B ‘ k(8 e (8
la | 0,04791 -5 0,4 0, 3593 0,3673 | 0,4700
b ‘ 0,04791 -5 0,% 0, 3593 0, 3673 1,609
2 0,10381 0 0,9 0, 7785 0, 8666 3,500
3a 0, 1597 0 0,4 0,9582 | 1,1316 1,363
3b e 0, 1597 0 0,95 1,1179 | 1,409 5,053
4a 0,3194 0 0,4 1,597 2,580 . 2,747
4b 0, 3194 0 0,95 1,597 2,580 | 7,298
5a 0,4791 0 0,4 | 2,635 6,945 | 6,945
5b 0,4791 0 0,95 ' 2,635 6,945 | 12,513
6 pt cosech pt - 0,7666 0 | 0,9 1,533 2,391 6,994

: -
7 009582 0 | 0,4 07187 | 0,788 | 0,9786
8 0,3513 0 0,95 2,635 | 6,945 \ 12,513
sech pt | t | |
9 0,677 | 0 0,95 2,348 | 5513 | 11,007
| |

10 L0221 | 0 | 095 | 3066 9,404 | 14,89
o . L L315 0 0,95 | 3,802 14,46 | 19,35

‘ (+2£/p" ! i .
12 | 4,69 0 0,95 | 1,916 3,678 \ 8,843
13 (L+22/p2) 6,261 0 0,95 L4377 | 2,1% \ 6,541

¢3)
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laissons de c6té l'effet des termes non linéaires
qui augmente avec la longueur d’onde, elles se
propagent 4 la vitesse unique 1 dans le domaine
<0 et V1—E dans le domaine x>0 et Peffet
du changement de la profondeur est indépendante
de w: le coefficient de transmission est donné par
2/(1+¥1=E) et le coefficient de réflexion par
A—=V1I=E)/A+~vA+E)). 1lest donc évident
qu’il n’a lieu aucune déformation particuliére au
changement de la profondeur et que les houles
réfléchie et transmise sont de forme similaire a
la houle incidente, bien que la houle réfléchie
soit moins haute et la houle transmise soit plus
haute que la houle incidente. Si les longueurs
d’onde de quelques-unes de ses ondes composantes
ne sont ni trés longues, ni trés courtes par rap-
port & la profondeur, leurs coefficients de réflexion
et de transmission ne sont plus indépendants de
®. Une déformation de la houle incidente est
alors possible & cause du changement de la pro-
fondeur. Dans ce cas, elle se déforme, toutefois,
non seulement par la réflexion et la transmission
mais encore par la dispersion des ondes compo-
santes qui n’ont plus la célérité unique 1 ou
V1—E. Clest donc pour distinguer leffet du
changement de la profondeur que nous avons
calculé Z; pour £>0 aussi, en supposant que la
profondeur est constante partout.
Exemple 1. Zy=er*#

L’équation (2) donne:

iW (@) = e~/ (4p*)+ikzo / (2p/7 cosh? k).

La variation de la cote avec le temps s’illustre
a plusieurs points dans les figures 3 4 6. Dans les
cas la, bet 2a, b, les houles réfléchie et transmise
sont de forme similaire a la houle incidente, parce

1

Fig. 3. Houles incidente (Z1), réfléchie (Z:) et
transmise (Z3) dans les cas la, b et 2 ol Zoy=
e P p=0,04791 et 0,10281. Elles ne varient
pas avec z. La houle incidente dans le cas 1b

est de la méme forme que dans le cas la. A:
cas la; B: cas 1b; C: cas 2.

que toutes les ondes composantes sont si longues
que leurs célérités ne varient pas avec w. La
figure 3 montre:

{0,127 pour E=0,4,
[22/21'_{0,635 pour £=0,95,
‘ - {1,127 pour E=0,4,

| "=
|23/ 24] {1,635 pour £=0,95,

qui sont justement les coefficients de réflexion et
de transmission en formule ci-dessus pour une
houle monochromatique, longue (cf. TAKANO,
1967, Fig. 9), Comme cela étant facilement
prévu, ces coefficients paraissent un peu plus
petits dans le cas 2 que dans le cas 1b ou les
ondes composantes se bornent & une gamme de
longueurs d’onde moins étendue.

On pourrait dire qu’il n’y a pratiquement

RPN
AR (R T

0
t— 80

Fig.4a. Houle dans le cas 3a o Zy=e P,
2=0,1597, 20=0, E=0,4.

(4)
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Fig.4b. Houle dans le cas 3b ou Zo="1%",
£=0,1597, x0=0, E=0,95. Z; est la méme
que dans la figure 4a.
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Fig. 5a. Houle dans le cas 4a ou Zo:g*’pztz,

£=0,3194, x0=0, E=04.
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Fig. 5b. Houle dans le cas 4b ou Zy=¢P*?,
$=0,3194, x0=0, £=0,95. Z; est la méme

que dans la figure 5a.

Fig. 6a. Houle dans le cas 5a o Zy=¢ P*¢*,
p=0,4791, 20=0, E=04.
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Fig. 6b. Houle dans le cas 5b ot Zy=e—2**,
2=0,4791, x20=0, £E=0,95. 7 est la méme
que dans la figure 6a.

aucune déformation dans les cas 1 et 2 au cours
de la propagation. C’est pour p=0,1597 qu’une
déformation commence & apparaitre d’une maniére
frappante.

Il convient de noter que TAKAHASI (1964)
a calculé la propagation d’une houle dans un
canal dont la profondeur change graduellement
d’une constante 4 une autre avec une zone du
raccordement ou elle change en parabole. 1l a
montré qu'une houle de forme e ?** donnée a
la frontiére entre la zone du raccordement et la
zone plus profonde en amont est transformée par
la réflexion a la pente parabolique en deux par-
ties distinctes dans la zone moins profonde a
I’aval: 'une similaire & la houle incidente et
lautre se composant d’un seul creux moins
cambré et plus étendu que la houle incidente.
Il s’ensuit de la superposition de ces deux sortes
de houles ayant une seule créte ou un seul creux
que la houle transmise a une créte et deux creux
symétriques peu profonds en avant et en arriére
de la créte. Une telle tendance ne se manifeste
pas dans notre résultat. Il n’existe pas de creux
en avant de la créte. Alors que des creux suivent
la créte pour »=0,1597, la principale cause n’en
est probablement pas le changement de la pro-
fondeur mais la dispersion des ondes composantes

au cours de la propagation en profondeur con-
stante. Nous nous demandons si la divergence
entre le sien et le notre s’explique par Pexistence
de la zone du raccordement parabolique.
Fxemple 2. Zy=pt cosech pt

L’équation (2) donne:

oW (w) =meikxo / (4[) cosh k- coshzg;%)

La figure 7 montre que la déformation ne
différe pas beaucoup de celle dans le cas 4b ou

1,0

} f
O}l .‘810/1’ -
| ©
Fig. 7. Houle dans le cas 6 ou Z,=pt cosech pt,
»=0,7666, x,=0, £=0,95.

i /"
0F X0 A\ Zs

\
\

40 0 40
{—
I'ig. 8. Houle dans le cas 7 ot Z,=sech pi,
»=0,09582, 2,=0, E=0,4.
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Fig. 9. Houle dans le cas 8 ou Z;=sech pt,
$»=0,3513, x,=0, £E=0,95.
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Fig. 10. Houle dans le cas 9 ot Z;=sech pr,
p=0,6707, 2,=0, E=0,95.
Zy=e P avec p=0,3194
Exemple 3. Zy=sech pt

Selon V'équation (2), on a:

ioW (@) :e‘k10/<2]) cosh k- cosh 7721% )

|
]
\
l

\
AN fen

150 .

\» JATL R

290

Fig. 11. Houle dans le cas 10 ol Z,=sech pt,
p=1,0221, 2,=0, E=0,95.
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Fig. 12. Houle dans le cas 11 ot Zy=(1+£/p*) 1,
p=1,315, xo=0, £E=0,95.

La dénivellation Z; pour p=0,09582 ne différe
pas beaucoup de Z,=e P** pour p=0,04791 (cas
1b, Fig. 3). Les houles incidente, réfléchie et
transmise ne changent pas leur forme, elles non
plus, avec x. On voit dans les figures 7 4 11
que Z, pour »p=0,3513, 0,6707 et 1,0221 sont a
peu prés comparables & Z; dans les figures 4b,
5b et 6b (cas 3b, 4b et 5b) respectivement et
que la houle de ce type se déforme par la dis-
persion plus facilement que la houle du type e P,
Exemple 4. Zy=Q+/p*)!

11 vient:
oW (@) =e~potikxs /(2 cosh k).

La comparaison des figures 12 et 13 avec les
figures 5b et 3(c) (cas 4b et 2) montre que la
houle de ce type est également plus déformable
que la houle du type e?*%,

Exemnple 5. Zy=1+8/p»)*
11 vient:

ioW () =p(1+ pw)e—petikxe /(4 cosh k).

7
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Fig. 13. Houle dans le cas 12 ot Zy=(1+£/p*)™,
P=4,696, x,=0, £E=0,95.

La figure 14 en comparaison de la figure 4b
(cas 3b) montre que celle-ci est toujours plus
facile & se déformer que la houle e=7*.
Remarque

La houle e 7** est la moins déformable par la
dispersion au cours de la propagation dans un
canal & profondeur constante. Alors que toutes
les houles dans les exemples ci-dessus ne sont
pas trés loin d’une onde solitaire qui s’écrit Z
=asech®(x/2b) avec b:=II*(FH+a)/3a, elles
changent considérablement leurs formes d’elles-
mémes au cours de la propagation a cause de la
propriété dispersive des ondes composantes de Z,.
La déformation due & la dispersion des ondes
composantes ne permet pas de bien mettre en

1.0y
| 60

- X=60

S
n 300
1n
)
I
- P
il
1.0} X=90 ;"‘.
i
]
Zz 1
_ | |l
: / !
Ol >y .._,/fl AN
L 80 IZOt . 380 420 |

Fig. 14. Houle dans le cas 13 ot Zy=(1+2/p*) 7%,
$=6,261, x,=0, £=0,95.

relief 1'effet du changement brusque de la pro-
fondeur. Il est tout de méme str dans le cadre
linéaire que la déformation d’une houle se com-
posant d’un certain nombre de crétes ou de creux
n’a pas lieu d’une maniére frappante par la traps-
mission et la réflexion dues au changement brusque
de la profondeur, bien que ce soit qualitativern~nt
possible.

Une importante partie de la programmation a

été faite par Madame Hirosuke NAKAZAWA et
Mademoiselle Kazuko KUROKAWA.

¢ 8



Déformation de la houle de forme arbitraire par un changement brusque de la profondeur 9

Bibliographie
Momor, T. (1965): Tsunami in the vicinity of a
wave origin [III]. Bull. Earthq. Res. Inst., 43,
53-93.
TAKAHASI, R. (1964):
and storm surges.

Coastal effects upon tsunami
Bull. Earthq. Res. Inst., 42,

175-180.
Tarano, K. (1960):
pipédique sur la propagation de la houle.
Houille Blanche, (3), 247-267.
TAKANO, K. (1967): Effet d’un changement brusque
de profondeur sur une houle irrotationnelle. La
mer, 5, 100-116.

Effet d’un obstacle parallélé-
La

FRORALE X 2EIHEOKIE

LI e

=]

EE:

Ji o T

MREOE L B & 2 FOIEEE O Y 23, FEBRRICAICE S AL KK 2B 5B A>Tk, BE

HIElO#TelR T, SENE, FEEOKEY, TEOBEE W, St AREOCE, IR RO
T T 5B 2 WS, BRI, FERETH S, FEA L L T—o R LR o(Fl~E, MSnikiclio)
Ba A L LTE~, ETICESEEOEERY 5, 20RO, KENREL»HERKE TOMK
OWHEBEBRETELLOL LTEEEND, ZNEOMGHEY, B0 X > TR 58, KoM
1, FRFROBEIC L > TRS D, BRI, MEROBICEBRBI 5 Laliffsns, ik, A
WO EOESLEEC L > TRL2E, BENELRL LD, B0 L ickE 25, =
NHTHSOERIC L BEFOTILEFEFIC OV THATH S L, BRSO X 58T, oLk

Lol FLCRER I L5,

(

9



La mer (Bulletin de la Société franco-japonaise d’océanographie)
Tome 7, N° 1, Février 1969

Some Comparison between the Values of Properties Estimated
by Vertical Interpolations and those Observed
in the Water Sampling*

Hideo SUDO**

Abstract: An interpolated value of a water property at a standard depth, or at a fixed level,
of an oceanographic station at a certain time may be considered to be an estimate affected by
the variation consisting of three parts, the measurement error, short period oscillations, or
small scale fluctuations, and the interpolation error. As the variation of the second part of
the above is usually larger than either of otler two errors and these three parts are not
independent, it is convenient in practice to use the comprehensive variation of them as a
sampling error or a sampling variation in a wide sense. In order to estimate such sampling
errors as this, on the basis of observations at stations where bottles were clozely spaced, the
confidence intervals for the deviations of values of temperature, salinity and dissolved oxygen
interpolated by simple formulae from observed values with confidenze coefficient 0.99 are
made for various oceanic conditions in ceveral regions. The interpolation for a depth in the
surface and intermediate layers including the main thermocline hkas little significance. In the
deep water, if the sampling density is sufficient to represent their vertical profiles, the limits
of sampling errors can be reduced to the extents slightly larger than those of measurement
errors. In case of bottle spacing at intervals of 500 m in the Kuroshio region, the values at
a depth more than about 2,500 m can be estimated within ranges of +0.02°, #+0.005%¢ and

+0.06 m//{.

1. Introduction

Values of water properties such as temperature,
salinity "and dissolved oxygen obtained by serial
observations are given at discrete depths. In order
to discuss horizontal distributions and time varia-
tions of them it is necessary that the observed
values are interpolated to values at standard
depths. The interpolated values have been con-
sidered to be estimates including measurement
errors and interpolation errors. WOOSTER and
TAFT (1958) estimated the error of a single
thermometer reading from the analysis of within-
pair variance and examined the distribution cf
closely spaced measurements of temperature and
salinity at intermediate depths. Further, with
the routine employment of the computer for
oceanographic data processing several interpolation
schemes have been devised and interpolation
errors have been estimated statistically. RATTRAY
(1962) proposed the interpolation procedure which

* Received December 23, 1968
** Geophysical Institute, University of Tokyo

consists of taking the arithmetic mean of two
three-point Lagrange interpolations using over-
lapping sets of points. Generally this method
works satisfactorily and it has been commonly
used. However, in certain situations the inter-
polated values are known to be unrealistic. By
taking weighted parabolas based on a reference
curve instead of taking the arithmetic mean from
two parabolas, REINIGER and R0ss (1968) suc-
czeded in minimizing the effect of the unfavorable
parabola upon the result. Moreover, UEHARA
(1967) compared interpolated values at standard
depths from several formulae with those obtained
from the classical graphical method by using
observed values of temperature at 59 stations.
All of above investigations are based on the
mere assumption that there should be always a
unique distribution curve between depth and a
water property. An interpolated value of a water
property at a standard depth, or at a fixed depth,
of an oceanographic station at a certain time
may be considered to be an estimate affected
by the variation consisting of three parts, the

(10
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measurement error, short period oscillations, or
small scale fluctuations, and the interpolation
error. The variations caused by the second part
of the above can be called sampling variations
or sampling errors. They depend not only upon
the vertical distributions, or characteristic curves,
of properties but also upon turbulences and
internal waves.

Recently, both low temperature and salinity
have been able to be determined within ranges
of nearly one tenth as wide as those in former
days. Besides, most of the interpolated values can
be made more accurate than the observed values
by reason of utilization of values at near depths
(RATTRAY, 1962). On the contrary, since the
main causes of sampling errors are attributed to
inevitable oceanic motions, it is supposed that
whatever improved measurements or samplings
may be taken, sampling errors cannot be reduced
to small values within certain ranges. Then,
sampling errors must be larger than the super-
posed values of measurement errors and inter-
polation errors in a general way. However, it
is difficult to give a definition of the sampling
error. It is very troublesome and of no use for
analysis of hydrographic data to distinguish
sampling errors from measurement errors and
interpolation errors. For example, the inter-
polation error can be considered to be a sort of
sampling error in space (WOOSTER ¢t al., 1958).
Thus, syntheses of all the probable errors including
measurement errors and interpolation errors for
determination of the values of water properties
are examined in the present study. They may
be considered to be sampling errors in a wide
sense. It should be noted that errors intended
to be estimated in this paper are chiefly sampling
errors in space, as stated in the next section.

It is the the first purpose of the present study
to evaluate sampling errors of water properties
in a wide sense under various oceanic conditions
in several regions. To what extent values esti-
mated by the vertical interpolation in a single
observation may deviate from values obtained
directly from the observation is examined.
Further, a comparison of different simple inter-
polation formulae is made. The following dis-
cussion is intended to serve as a practical guide
to the device of sampling programs and. to

analysis of oceanographic data.

2. Time variations of the values of water
properties

Sampling errors in time occur when a measure-
ment is assumed to represent conditions over a
period of time longer than that required for the
measurement. While it takes about an hour,
for instance, to make a hydrocast to a depth of
1,500 m or so, thermometers represent tempera-
tures averaged over about a minute or so just
before they are reversed. The magnitude of
sampling errors in time, or of time variations,
can be estimated from time series dada such as
those from anchor stations.

For the purpose of such an investigation a
fixed station, Atlantis 2639, was taken about 180
miles northwest of Bermuda during four and a
quarter days (SEIWELL, 1937). WOOSTER ef
al. (1958) found from analysis of two eight-day
anchor stations (70.90 and 70.130) that in the
upper few hundred meters where vertical gra-
dients of temperature and salinity are unusually
large, sampling errors due to vertical oscillations
and errors resulting from uncertainty in the
depth determination may be as large as 1 to 2°
and 0.1 %. They stated that at greater depths,
where vertical gradients are small, such errors
are comparable to measurement errors.

It is quite natural that ranges of observed
values increase with period. However, most of
the ranges which are differences between maxima
and minima during several days can be detected
as fluctuations during twelve to twenty-four hours
(Table 1). Fluctuations in temperature in the
main thermocline exceed 0.5° in a few hours
and their ranges still exceed 0.1° at depths within
about 2,000 m in half a day. In deeper waters
below about 2,000 m temperature variations in
time lie within ranges of 0.05° and 0.07° or so
during half a day and two days, respectively.
The maximum values of dissolved oxygen varia-
tions, more than 0.5m/// in general, occur in
the layer of photosynthesis between out 50 and
200 m. It appears likely that the depths at
which fluctuations in dissolved oxygen are greater
than 0.10 m/// are confined to upper 2,500 m or
so, yet in the still deeper water the range of its
variation reaches nearly 0.10 ml/// or more.

(11
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All the water samples obtained through one
hydrocast may be considered to be taken almost
simultaneously, because the falling velocity of
the messenger is usually from about 200 to 300
m/min and it takes only several minutes for it
to fall along the wire more than 1,000 m. There-
fore, the sampling errors estimated in the following
can mainly rest with sampling errors in space.
If they are smaller than sampling errors in time
such as those shown in Table 1, the time vari-
ation with degrees of ranges as shown in the
table is significant and in order to discuss the
differences between interpolated values at a fixed
depth obtained from two or more samplings the
range of fluctuation, or the sampling error in
time, at least must be eliminated from them.
On the contrary, if sampling errors in space are
larger than those in time, such variations as

La mer, Tome 7, N° 1 (1969)

least the range of sampling error in space must
be eliminated to discuss the differences in inter-
polated values at a fixed depth.

3. Method

Four cruises taking stations at which sampling
depths were more closely spaced than the standard
depths shown in Table 2 (SVERDRUP et al.,
1942. p. 357) were selected. A set consisting of
observation depths which are respectively equal
to or near, in most cases somewhat shallower
on account of an inclination of wire, the cor-
responding standard depths was made for every
station. For every property of temperature,
salinity and dissolved oxygen (except for Step
D, at the additional observation
depths, except the quasi-standard depths, were
estimated by interpolation using the observed

the values

shown in Table 1 are of no significance and at values at the quasi-standard depths. In this
Table 1. Examples of maximum values of temperature and dissolved oxygen ranges during
short periods within eight days.
(a) St. 2639 (35°07'N, 66°25'W)
(from SEIWELL, 1937)
(i) 13h57m on July 9 to 20h 08m on July 13, 1936
|
| 1 Temperature (°
Depth ; Nu(r)r[lber L ool P ¢ ,,C)
O Q}?}fi 1.5~3  3~6 6~12  12~24  24~48  48~96
o - Mean @ ) ) e
50 | 22 | 20.71 1.43 1.73 2.01 2.40 2.42 2.66
100 ‘ 22 18.52 0.43 0. 50 0.66 0.80 0. 80 0.80
200 ; 22 17.80 0.10 0.13 0.21 0.21 0.31 0.31
400 J 22 7.19 0.14 0. 20 0.26 0. 31 0.33 0.33
600 ;‘ 22 14.91 0.41 0.76 0.91 1.02 1.02 1.02
800 { 22 10. 80 0.67 0.70 1.05 1.42 1.42 1.42
1000 1 22 7.06 0.38 0.66 0.71 0.85 0.85 0.85
Depth Number | Dissolved oxygen (ml/l? -
of oy
(m) amples | e’ ’ 1.5~3  3~6 6~12  12~24  24~48  48~96
B Mean i ]
50 22 5.32 0.17 0. 32 0.32 0.34 0.39 0.39
100 22 5.05 0.49 0.49 0.49 0.49 0.52 0.60
200 22 | 4.74 0.21 0.21 0.21 0.21 0.22 0. 30
400 22 ‘ 4.55 0.12 0.19 0.26 0.26 0.26 0.26
600 22 4.04 0.19 0.20 0.20 0.20 0.20 0.20
800 22 3.42 0.13 0.21 0.21 0.21 0.21 0.21
1000 21 4.03 0.19 0.19 0.23 0.25 0.25 0.29

(12)
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(ii) 13h57m on July 9 to 17h 00m on July 12, 1936

Depth Number ‘ — Temperature (°C) ) I — Dissolved oxygen (ml/)
of  (hours) , ot (hours)
(m) samples i S 6~12 12~24 24~48 S~ ‘ 6~12 12~24 24~48
| Mean | . _Mean ] R
100 10 18.53 | 0.60 0.80 0.80 5.11 0. 36 0. 36 0.41
200 10 . 17.86 | 0.07 0.20 0.27 4.78 0.12 0.14 0.14
400 10 ‘ 17.22 0.19 0.20 0.33 4.56 0.18 0.18 0.18
600 10 } 14.96 0.35 0.44 0.71 4.04 0.09 0.12 0.17
800 10 10.72 0.24 0.37 0.41 3.42 0.11 0.16 0.19
1000 10 t 7.00 0.24 0.26 0.31 4.06 0.19 0.25 0.25
1200 11 5.30 0.34 0.34 0.50 5.06 0.19 0.19 0.21
1400 11 4.61 0.21 0.21 0.29 5.51 0.13 0.13 0.15
1600 11 4.14 0.16 0.16 0.16 5.81 0.11 0.17 0.17
1800 11 3.82 0.13 0.13 0.16 6.00 0.13 0.20 0.20
2000 11 3.64 0.05 0.06 0.09 6.08 0.15 0.15 0.15
2250 11 3.49 0.05 0.05 0.06 6.06 0.09 0.11 0.13
2500 11 3.35 0.04 0.04 0.05 6.01 0.06 0.06 0.10
2750 11 3.18 0.04 0.04 0.04 598 0.06 0.08 0.08
3000 10 2.99 0.06 0.07 0.07 5.98 0.03 0.06 0.07
3250 10 2. 80 0.04 0.07 0.07 5.96 0.03 0.06 0.08
3500 10 2.59 0.04 0.06 0.07 5.96 0.08 0.11 0.11
3750 10 2.46 0.03 0.03 0.03 | 5.95 0.07 0.07 0.07
4000 10 2.41 0.03 0.05 0.05 ! 594 0.04 0.08 0.08
4250 10 2.38 0.03 0.03 0.03 ©5.89 0.06 0.09 0.09
4500 10 2.35 | 0.04 0.04 0.04 5.84 | 0.09 0.15 0.15
4750 10 2.34 0.02 0.02 0.03 5.81 ! 0.10 0.12 0.12
(b) St. 70.90 (34°51'N, 124°33W)
(from SCRIPPS INSTITUTION OF OCEANOGRAPHY, 1960)
Oh on Oct. 12 to 12h on Oct. 19, 1950
Temperature (°C) : Dissolved oxygen (mZ/[)
Depth " perioa T Period
(m) | Chowrs) s oy ug 96 1s0 | hows) oy gy 4y 96 180
Mean - | Mean
100 9.33 0.59 0.59 0.59 0.59 0.59 2.49 0.81 0.8 1.17 1.44 1.80
200 8.51 0.17 0.17 0.21 0.21 0.21 1.48 ‘ 0.42 0.47 0.55 0.56 (.58
400 7.42 0.25 0.30 0.33 0.33 0.33 0.90 0.13 0.20 0.26 0.26 0.26
600 5.92 0.41 0.41 0.41 0.46 0.46 0.50 0.18 0.19 0.23 0.23 0.25
1000 4.04 0.18 0.18 0.18 0.19 0.19 0.50 ‘ 0.18 0.21 0.28 0.28 0.28

Number of used samples is 16 (at regular intervals of 12 hours).

way differences between interpolated values and interpolation utilizing one point above and one
observed values obtained directly at the same below the depth of interpolation, (ii) a parabolic,
depths were made. two above and one below, (iii) another parabolic,

Interpolation methods used in the examinations one above and two below, and (iv) taking the
are based on four simple formulae: (i) a linear arithmetic mean of values by (ii) and (ii)

(13)
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(Fig. 1.

For every group of stations samples were
classified by two specific variables in respect of
every property. One is the differential coefficient
of the second order of the property with respect
to the depth. It expresses such a value like
the curvature of the property-depth curve. Its

value depends upon a character of the vertical

Table 2.

La mer, Tome 7, N°

Standard depths of observations and some examples in close spacings.

1 (1969)

structure of the property, or upon the water

mass characteristics. For example, the value
with respect to temperature is generally positive
and decreases with depth, but in and near the
thermocline layer it varies widely and often
Another
specific value which may be named ‘‘interpolation

dimension”’. This is defined as the product of

changes into negative values. is a

The values

of properties at depths in parentheses are interpolated from values observed at depths without
parentheses or brackets, which correspond to standard depths except the additional* exami-
nation for JEDS-10. The deviations of interpolated values from observed values at depths in

parentheses are examined.

Examples in close spacings (m)

Standard e B R o
“("P‘)h KT-66-15 JEDS-10 Gull Str. "60 Step 1
m St 1 St. Is St. Ies* St. 170 St. 74
0 0 0 1 0
10 10 10
20 24 20 24
30 30 41
50 48 50 50 59
75 73 75 82
100 97 100 99 100
(132)
150 147 163 149 160
(182)
200 197 217 198 199
(249) (271) (243)
300 300 326 297 298
(352)
400 404 430 396 396
(456)
500 509 532 495 495
600 592 635 594 596
(639)
(685) (693) (696)
(729) (738)
800 776 841 841 792 798
(823) ,
(869) (891) (901)
1000 962 1047 1047 990 1005
(1159)
1200 1149 1248 (1248) 1190 1214
1500 1436 1499 1499 1394 1425
(1748) (1748) (1600) (1690)
2000 1918 1996 1996 - 1900 1954
(2243) (2243) (2200) (2218)
2500 2403 2491 2491 2500 2481
(2737) (2737) {2743]
3000 2983 2983 2800 3004
[3231] (3231) (3200) [3285]]
[3476] 3476 (3600)
4000 3993 3993 4000
[4242] [4242] ,
[4490] 4490 [4400]
5000 4800
[5184]

(14)
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%, o : Observed

a ¢ Interpolated
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o
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]
I : Linear il < Parabolic
(upper 2 points)
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(lower 2 points) of values by two
Parabolas
Fig. 1. In'erpolations by four simple methods.
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Fig. 2.
For convenience of calculation, it is taken positive

kInterpolmlon \.\

Definition of ‘‘interpolation dimension’.

or negative according as the property decreases
or increases in value with depth.

the gradient of the property value at the inter-
polation point and the distance between the point
and its nearer adjacent point where the observed
value is given (Fig. 2). Of course, the inter-
polation error must decrease as this interpolation
dimension is smaller.

Samples examined were classified according to
every power of 10 of their differential coefficients
of the second order distinguished by their signs.
Since these differential coefficients were calculated
from the values only at the quasi-standard
depths, three points for numerical differentiation

scattered over a distance of several hundred
meters or more in the deep waters. Consequently,
they do not always show adequate values, yet
adopting the above differential method was neces-
sary for standardizing. With respect to the
interpolation dimension, samples for temperature
were classified into sixteen groups by class limits
0.05, 0.1, 0.25, 0.5, 0.75, 1.0 and 1.5° with
respective signs, positive and negative, similarly
for salinity into twelve groups by class limits
0.01, 0.025, 0.05, 0.1 and 0.25 %0 and for dissolved
oxygen into eight groups by class limits 0.1,
0.25 and 0.5ml/l. A sample that is considered
to belong to the different population judging from
its value and from the depth where it was taken
was excluded from the class or was placed in
another class with the same ranges. For every
class to which five or more samples belong, the
confidence intervals for the deviations of inter-
polated values obtained by respective methods
from observed values with confidence coefficient
0.99 are made.

The statistical procedure mentioned above is
based on the absurd assumption that every sample
at a station was taken at the same time. As
only four or less samples are used for inter-
polation at a depth, it is not always improper to
neglect time lags of bottle reversings, as mentioned
in the previous section. Two or more casts at
a station are treated as a single cast. In this
case the interpolation made from values of water
samples obtained from two divided hydrocasts
may yield great errors. Most of these errors are
sampling errors in time and it is generally un-
avoidable that they are merged into such sampling
errors in space as discussed in the following.
The author at present has no intension of ex-
amining sampling errors in time, or effects of
internal waves on vertical distributions of prop-
erties.

4. Results

(1) KT-66-15 (KDC Reference No. 49K419)

Hydrographic observations in the neighborhood
of Izu Islands were carried out from July 30 to
August 6. 1966 on board the research vessel
Tansei-maru of Ocean Research Institute, Univer-
sity of Tokyo (JAPANESE OCEANOGRAPHIC
DATA CENTER, 1967). The data from 11 deep

(15)
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Fig. 4-a. Confidence intervals for the deviations
of the interpolated values of temperature from
observed ones from the data of “KT-66-15".

Vertical bars within every portion bounded by
a heavy border indicate 99% confidence limits
of the deviations obtained from interpolations
by four simple formulae, (i) linear, (ii) para-
bolic (upper 2 points), (iii) parabolic (lower 2
points) and (iv) arithmetic mean of values by
two parabolic methods, in order from left to
right, respectively. Ranges of depths and of
temperature for used samples are indicated by
shading. The slanted figures at the lower left-
or right-hand corner of every portion represent
numbers of used samples.
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Fig. 4-b. Confidence intervals for the deviations
of the interpolated values of salinity from ob-
served ones from the data of “KT-66-15".
The symbols have the same significance as in
Fig. 4-a.

stations are used (Fig. 3). At the most of them
hydrographic casts reached to depths of about
1,000m or more and in the intermediate depth
range upper than about 800 m bottles were spaced
at close intervals of 50 m or so (Table 2).

For temperature sampling errors are found in
a range from —0.16 to 0.27° when interpolation
dimensions are within 0.50° (Fig. 4-a). The
figure means that when the interpolation over
0.5° is avoided and the method (iv) (the arith-
metic mean from two parabolic methods) is used,
the sampling error in temperature for the waters
below 9° taken at the spacing in accordance with
standard depths in the intermediate layer lower
than about 350 m in this region can be estimated
from —0.12 to 0.18°. It is probably in part due
to sampling at or near the thermocline and in
part to scantiness of data that great errors ex-
tending to +0.8° are seen in the class from
10-% to 10-? °C/m? with an interpolation dimen-
sion range from 0.50 to 0.75°.

For salinity the error limits for 99 % con-
fidence limits cannot become less than about
0.06 %o in every case (Fig. 4-b). Since there are
striking similarities between results by four
methods and besides, except the case of the
interpolation dimension of 0.050 to 0.100 %0 sam-
pling errors grow larger than the values of inter-
polation dimensions, it is implied that any inter-
polation has no significance for salinity in the
intermediate depth range in the region. In fact

(16)
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the structure of salinity distribution near the
salinity minimum deptn, which in general lay
between 500 and 800 m, was much complicated
and intrusions of saline, relatively warm waters
were observed at several stations.

Sampling errors for dissolved oxygen are little
dependent upon interpolation dimensions. A
value of dissolved oxygen at an intermediate
depth brings out the uncertainty of 0.1 to +0.2
m//l (Fig. 4-c).

(2) JEDS-10

The tenth cruise of the Japanese Expedition
of Deep-Sea (JEDS-10) was carried out from
April 22 to May 26, 1965 on board the research
vessel Ryofu-maru of the Japan Meteorological
Agency (AKAMATSU et al., 1965). On the
whole, 25 stations formed three sections, around
31°N extending over both sides of the Izu-
Ogasawara Submarine Ridge, around 137°30'E
west of the ridge, and around 136°30’E crossing
the Kuroshio to the south of Kii Peninsula (Fig.
5). At the majority of them hydrographic
casts to depths near the bottom were made and

Depth
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Fig. 4-c. Confidence intervals for the deviations
of the interpolated values of dissolved oxygen
from observed ones from the data of “KT-66-
15°. The symbols have the same significance
as in Fig. 4-a.

bottles were spaced at regular intervals of 250 m
in the deep water between 1,000 and 4,500 m
(Table 2).

In the following figures irdicating sample
ranges the abscissae for depths below 1,000 m
are reduced to a scale of two fifths of that for
depths above 1,000 m. Further, scales of con-
fidence intervals are enlarged for samples in deep
waters.

It is due to scantiness of data that deviations
obtained by (iv) for samples below 600 m are as
large as +0.3° in the class from 107% to 10~*°C/m?
with an interpolation dimension range from 0.25
to 0.50° (Fig. 6-a). Near the thermocline
around 600 to 800 m, the sampling error obtained
through method (iv) is between —0.08 and 0.31°,
even in case of interpolation range more than
1.5°. Though this range definitely leans toward
positive, it is not so large as expected. In cas=
of using (iv) the range of temperature determi-
nation at a depth below 1,000 m for 99 25 con-
fidence limits is from —0.045 to 0.038°.

Salinity estimates made by linear interpolaticn
near salinity minimum depths between 500 and
800 m are remarkably higher than those made by
other three methods (Fig. 6-b). The range of
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Fig. 5. Locations of “JEDS-10" stations used in
Figs. 6-a, 6-b, 6-¢, 7-a and 7-b.
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are spaced at depths of about 800, 1,000 and
every 500 m is taken (Table 2).

As values observed at around 1,200 m are not
used for interpolation, a great deal of dispersion
of error limits are displayed in the depth range
upper than about 2,500 m for every water prop-
erty (Figs. 7-a and 7-b).
above 3,000 m all or almost all the estimates

For temperature

linear show

It is due to scantiness of

resulting from the interpolation

positive deviations.

Fig. 7-a. Confidence intervals for the deviations
of the interpolated values of temperature from
observed ones from the data of “JEDS-10"’ (in
the additional case of spacing at intervals of
500 m). The symbols have the same significance
as in Fig. 4-a.

samples that a temperature estimate at a depth
between 2,250 and 2,540 m falls in a wide range
from —0.030 to 0.038° according to (iv) in case
of interpolating over 0.10° within 0.25°, When

(19)
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interpolation is not over 0.10°, temperature (in
situ 1.58 to 1.87°) at a depth below 2,250 m is
estimated to have a determination range from
—0.018 to +0.015° (with an absolute range of
0.033°). While
salinity above 2,000 m is as great as —0.012 %o,
at a greater depth more than 2,400 m (34.641 to
34.684 %) its determination range is estimated to
be from —0.005 to +0.004 % (absolutely 0.009
%). An estimate of dissolved oxygen is not in
a narrower range than that from —0.033 to
+0.059 m//l (with an absolute range of 0.092
m//l) at any depth and this may be almost
identical with the case of spacing at standard
depths.

As to the deep water for which slight differ-
ences in observed or interpolated values come
into question, sampling errors may be seriously
affected by measurement errors. Every determi-
nation range of +0.02° +0.005% and +0.06
ml/l for the water below about 2,500 m is close
upon the respective limits of the measurement
For the above reason, the
research members on board the Ryofu-maru can
be praised for their accurate observations. It

one of the error limits for

error at present.

case of spacing at intervals of 500 m).

The symbols have the same

gocs without saying that these small variations
of water properties are largely due to the homo-
geneity of the Pacific Deep Water called the
Common Water. In comparison with random
errors of +0.03°, +0.04% and +0.05 ml/l at
5,000 m estimated by WOOSTER and VOLKMANN
(1960), the determination ranges estimated by
the author are a little reduced for temperature
and remarkably reduced for salinity. However,
the range for dissolved oxygen becomes rather
large. The error in dissolved
oxygen by Winkler's method being taken into
consideration, it can be concluded from the
present analysis that the error in it used by
WOOSTER et al. is underestimation. If bottles
are spaced at intervals of 250m in the deep
water, a sampling error in temperature may
become smaller as the interpolation error decreases,
but there will be little hope of reducing the con-
fidence intervals for salinity and dissolved
Though water characteristics of the
Pacific Deep Water are different from those of
the North Atlantic Deep Water, it is worthy of
mention that the above ranges, 0.033° and 0.092
ml/l, are comparable to the fluctuation ranges

measurement

oxygen.

(20)
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shown in Table 1.
errors in space are of the same magnitude as
those in time. Consequently, it may safely be
said that nowadays the above confidence limits
are reliable criterions upon which significance in
differences between several observed or inter-
polated values about the Pacific Deep Water can
be tested.

(3) Gulf Stream ’60

As an example in the Atlantic Ocean, section
VIII at 54°30'W is selected from various cruises
of Gulf Stream ’60. On this section 20 stations
were occupied by the research vessel Chain from
April 14 to April 18, 1960 (FUGLISTER, 1960)
(Fig. 8). The bottle spacing by the Woods
Hole Oceanographic Institution is a little different
from the usual spacing consisting of the standard
depths or their modified ones. On the cruise
bottles were attached at depth intervals of 200,
300 and 400 m for depth ranges from 1,000 to
1,600 m, to 2,800 m and down to very near the
bottom, respectively (Table 2). As the depth
points given for numerical interpolation are so
chosen as to be equal to the standard depths in
number except in the surface layer, cases of
examination for a long spacing extending to
1,200 m occur for the deep water.

Except samples in the class from 10-% to 10-*
°C/m? with an interpolation dimension range
between 0.10 and 0.25°, the positive deviations
from observed values are remarkable for temper-
ature (Fig. 9-a). For the North Atlantic Deep
Water less than about 4.7°, the greatest determi-
nation limit by the method (iv) reaches —0.13°.
However, the range of temperature determi-

It is likely that sampling
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Fig. 9-a. Confidence intervals for the deviations
of the interpolated values of temperature from
observed ones from the data of ‘“‘Gulf Stream
60", The symbols have the same significance
as in Fig. 4-a.

nation at a depth below 1,200 m is estimated to
be from —0.064° to 0.068° and in the deeper
water than about 2,000 m its absolute range is
0.08° or so. It may be due to sparsity of bottle
spacing that this value is larger than fluctuation
ranges shown in Table 1.

The sampling errors for salinity are widely
dispersed owing to scantiness of samples examined
in every class except a few classes (Fig. 9-b).
However, in two classes to which 9 and 13
samples below 1,000 m belong, confidence limits
are no more than =+0.003% according to the
formula (iv). This range is comparable to
that of measurement accuracy for salinity and
it is a little smaller than that in the Common
Water in the northwestern Pacific Ocean. The
reason for this is probable to be found in uni-
formity of decreasing in salinity with depth in
the North Atlantic Deep Water, where the ab-
solute value of the differential coefficient of the
second order of salinity with respect to the depth
generally lies in the order of 10-2 to 10-! of

¢21)
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that in the Kuroshio region or in the Pacific
equatorial region.

The sampling errors for dissolved oxygen also
lie in rather wide ranges owing to scantiness of

samples except a few classes (Fig. 9-¢). Its deter-
mination range extends to 0.082 m//l (—0.072
to +0.010 m//I according to (iv)) at least. It
is the same as in temperature that ranges are

(22)
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somewhat larger than the values shown in Table 1.

(4) Step 1

Last, a group of stations on the cruise Step I

is examined as an example in
Pacific Equational Water.

analysis of the

From November 27

to December 7, 1960, 23 stations were taken
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Fig. 10. Locations of “‘Step I”

in Figs. 11-a and 11-b.

stations used

23

along a longitude of 95°W extending from 20°S
to 10°N by the research vessel Horizon (IGY
WORLD DATA CENTER A, 1961) (Fig. 10).
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Lowerings were to depths of around 1,200 m or
more, except at seven deep stations with hydro-
casts reaching below 2,500 m. In order to es-
tablish a sufficient knowledge of the geographical
distribution of the Equatorial Undercurrent or
of other equatorial currents close spacing was
taken in a depth range above 250 m at every
station.

If the water temperature falls to about 5°,
the confidence limits of its estimation by (iv)
decrease to #0.05° about the interpolated value
(Fig. 11-a). The main reason why the error
limits at a depth below about 1,700 m grow as
large as +0.10° is that the temperature gradient
changes rapidly at around 2,000m. In fact
0°T/92* around 2,000m is of the order of
10-%°C/m? and it is about ten times as great as
that in other regions.

Since there is little change in salinity at depths
between about 600 and 1,000 m, its estimation
shows a fairly narrow range from —0.010 to
+0.007 %, according to (iv) (Fig. 11-b). In the
deep water the confidence limits are a little large
for salinity also (—0.005 to +0.011 % according
to (iv)).

5. Conclusions

Since systematic errors in measurements of
water properties and the error in the depth
determination are not treated and the statistical
procedure on sampling errors may be imperfect,
results mentioned above do not give complete-
ness to estimates of the determination ranges of
property values.

(1) There are such greit variations in the
water properties in the surface and intermediate
layers including the main thermocline zone,
namely, in the upper several hundred to about
a thousand meters in low and middle latitudes,
that the interpolation in the depth range has
little significance. Because a STD recorder giving
continuous traces of temperature and salinity
against depth has been recently turned to prac-
tical use, water samplings have not been required
for the purpose of obtaining knowledge about
vertical profiles of temperature and salinity dis-
tributions in the upper zone within 1,500 m or so.
Consequently, the main object aimed at in this
study must be to examine relations between

selection of sampling depths and estimation of
determination ranges of property values in the
deep water. When bottles are spaced at the
standard depths, ordinary sampling errors in
temperature and salinity determinations at a
depth between 1,000 and 2,000 m can be roughly
estimated at +0.05° and #0.01 9%, respectively,
everywhere samples are taken. WOOSTER et
al. (1958) estimated the measurement error in
temperature obtained at a depth between about
400 and 1,000 m to be 0.014° as the standard
deviation for an average of two thermometer
readings by examining the scatter of data on
temperature-depth observation
points were closely spaced. It is evident that
sampling errors in water properties at a depth
upper than about 2,000 m are remarkably greater

curves where

than either measurement errors or interpolation
errors. Thus, it is necessary to space more
bottles in the depth range from 1,000 to 2,000 m.
It may be adequate for the routine observation
to take sampling depths at intervals of 200 m in
this depth range.

However, at greater depths, if the sampling
density is sufficient to represent vertical profiles,
the limits of sampling errors can be reduced to
the extents slightly larger than those of measure-
ment errors. For example, in the case of bottle
spacing at intervals of 500 m in the Kuroshio
region, the values of temperature, salinity and
dissolved oxygen at a depth more than about
2,500 m can be estimated in narrow ranges within
+0.02° (with an absolute range of 0.035°),
+0.005 %, (0.009 %) and +0.06 m//{ (0.10 mi/])
for 99 % confidence limits, respectively. Though
these values are considered to be sampling errors
in space, they are not, of course, independent of
SEIWELL (1937) attributed the
short period fluctuations to the effect of vertical
oscillations, but factors affecting sampling errors
are much complicated. It is supposed that
sampling errors in space and those in time are
of the same order and that the order of their
combinations, namely sampling errors in space

those in time.

and time, is also the same.

(2) Although the error limits of +0.06 ml//
are obtained in the determination of dissolved
oxygen in the deep water, in some cases
systematic errors may reach near 0.1 m///
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those Observed in the Water Sampling

(FUGLISTER, 1960).
present to make the order of 0.01 m/// significant.
(3) The results obtained from the linear

It is quite hopeless at

interpolation show a tendency to deviate toward
positive or negative according to the sign of the
differential coefficient of the second order with
respect to the depth.
bolic interpolation using one point above and two

In some cases the para-

below gives better results than those obtained as
the arithmetic means of two three-point inter-
if bottles are spaced
(1962) method yields
favorable results for general purposes.

polations. Nevertheless,

adequately, Rattray’s
Only a simple case in a statistical analysis on
It
is desirable that an investigation like this develops

water samplings is illustrated in this paper.

into analysis on the four-dimensional distribution,
in which time-dependent terms are included, of
water properties.
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REEVE M4 (US.A) ZiffEcBI 2AREM L L
TEEALBOERR, BLUH  OBRETICBT A4
R EPFTFERICB T Lz, 908, JIREER B
L ORI L BRSNS 5, X, TORRORE
VAR, BIUHEOBMT S L b LOREY
REt L7z,

2 HH®DEF#I21E, B. JORGENSEN {8+ (Denmark)
WEER LY, HICEE, o EEEYICET 5 RE
. BLOEOBRISE, BHBONTE, EROTFHEE
DB s hz,

RavrrH 4% (U.K.) 8 H Tellina OEE L4
FEAAE UCERHEIC KA S N D Z & 2, WoKE R
Plaice ® 3R L 72 572D OBTR, WokEoBELCHE
THT R NXF—DBR, XSMABEL Plaice DR
LOMEB AR L, Z0fED long term stability (22
a7z,

Ivieva Hd: (USSR 3/kiR & A (EAFHE
i) o) efficiency DEOBE # L7z, BIRKETT 1
+ (UKD E 2#HE Mactra swdtorm OALFE, B
REEORERFL, X, ThHHAEDOTRLF—IT
FE Mactral k> TEZbNHHBEOERICHLTD
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BRI - 72,

ZATSEPIN i+ (U.S.S.R.) LAY O &KX 5
ZoOERIL, £/ - 7o, KRE~DOBEEICO
IR U,

WINTER 8 X ARX D EE T LV, Modiolus
modiolus, Cyprina islandica DFRER %, HEEB K
U CRROBEIC X 3) ICXVllEL, £Hic
K A5 AP AR 2 HEE LT

VILENKIN B4 2 L h - 7 S8R L 725,
WBEOEBEYO XL X ~OBITICMT 55D TH -
oo TOY L RY T AEBUTC, BEEAMOEEAED
R LA L, POBERMIGRIPRR S 3k
HIZET 5,

#3 HEDOFMOEETIE, G. HEMPEL 4 (Ger-
many) BEELRY, BAEH BWTIT L7 o ORER
OFHRIZ LY, B a7 7 LB SRR ORI H
B, EEAMLEEHR O NIE OA Y ORI ET 5
OUHMEH S T

hAREEE OpuM B A ThS5 Wm. E.
Opum 4 (USA)F7HOE - /2 habitat (25 F
Mugil cepalus DR ECPMEE, ey —lE, B
LU7 an 7 ¢ VEIEIC X D RRE L, BB, it
Ty bk, KT oy b JEO detritus (ITREFET
5280 ORMERBHED LN DD, MEOREIL LT
OfEIZ SV TLER Lz, HOBREHDO I v 7 ¢
MBI X 2 FREEOHEEL, FPHL T 5 HRMEE)
W75y b ORBEDOHEEIL 7 v v 7 ¢ LAFIHE
SRk &R U CEBRGED - T2,

N. MARSHALL 4 (U.S.A.) IZEEEY ORI
OBREME L, filter feeder DEEM|IC > EHE L
7o

A RXVBMLZ QASIM HEEBUEoRFRICE
1T AR L OEER, AR OSBRI L. Z
DOPT, 2 EZEHEIC herbivorous & L7z iz > T
3% L OWIEE P DEROF RS - 72,

PARSONS, LE BRASSEUR 14148 (Canada) i&, %52
k(B 75 s ), B3R (BEDOREAD EEH OR
Ph L HRETR o (8 280 B2, S X RO size
spectrum AT & HAH OB, BREO ST & OBAR
IO LVHEER TR, Ivleva DRIFREZEE X L
7o ZOWEIE, LB T 7 b D size selection
DMEZAZFRSLDOTH LN, 43RO T LOFT
LEOLELED Z/ILO—DTH T,

FigicizlE © < L. DickiE -+ (Canada) 23R &

B 33

10, FEOEMICET 5 AR S HRE S, =
DIMEITH VT, REOLEICHT & LB L
WXL D o7z,

ROSENTHAL 3 X U8 HEMPEL 1 (Germany) i,
=V VOB L OEERRE Y EROICRI L, =
oD A OB % AKE (The volume of water
searched for food) #HRFI U/, 80538EkSH v, #Fic 24E
BB XA GEozny R Yy Aol & BiE L
T ThHHEVC>TVLEBEETNETHS I,

KEeAST 1+ (Canada) 1%, #IHOKE I 2VERRICHE
OERERMNIFEOSIE N SRE L, XIEET Rk ERE
PR ORIEL 2 M ORE, AREEOH - FEM
b, REEEOBRBEOKREIC X EIFEC>ERFL
1z,

S.R.KERR B X' N. V. MARTIN 1% (Canada)
X, d o U Ao~ R (Salvelinus namycush) 12>
&, ToOEERLE L REAERRICHABRIS D, £
DEDORBERE O R S(= 2 E TIC EORBEEEA S
M) L, fE O efficiency DEDOHEOREIFR BREHENR %
< BEPENE Y L efficiency DMETT5)BNRON T &
o ERE L

4 0RO THITO &I BTk, J. STEELE 814
(UKD PR LY, e s Q2B 20
2eDHED ST, LU population dynamics % b &I, #E
PO RYRESD ORE, SRR L AEm LR, it
RBEICRBT 2O RYEEOHRORFIC > XHHR
PTinbhiz.

J. E. PALOHEIMG # X O L. M. DIcKIE ] + &
(Canada) IHAH KERFEREMEZERTS) L, ]
BHEB O O BER 2 EIREEENCRIT T 5B &R
Al

GREZE [+ (U.S.S.R.) oo 7 1 +fnEo
WFFeaE LR U A FEHEFTOWEE TH 5, 4
WX HJE L 7s D2 72 B35, herbivorous, carnivorous % v
FhO#H TS v 7 b o OEPREORICOZRF LT
%,

J. GULLAND i+ (FAO) Z#EEE O BPPEG OB Z7E
HROBEMBEICED LT Fa~FF o0 ERFL
7o BRFEBEOIRELYE OBN IR EROTIFES
BEEROPIZERE L > T 50, X2 OFHNRH
BHED efficiency IZ\VNICEBINK B0 OREIE, KT
WA Z L L EHOFERED gross efficiency 234E DY
VRS ADOFHETC LD oI A NS, FAO -
7O THEEORYEE | ICET 2 RS pRbh b,
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71+ %@ M. J. DUNBAR L XD ERERICZ OV

TR L, EortE, K?ﬁ?ﬁﬁ%’%@ﬁﬂ:b*&@ﬁ%f;w
Wab o TP ERE Uiz, X, #EHORHHE
BOBB LM OLERCLE R LT,
R. W. Brockson, C. E. Davis 8 X ' Ch. E.
WARREN B+% (U.S.A) 1T, BEKEOEENELE
5 BYEAE o M 2 RE L7casc 2 B Lz,
;n%wu/+wa AL EBLC, WECRTSRE
B, SRR ORPESHICS T 2B H/ICH- T, &
HWREMOEE, BREOERRNEE, TEEW T
7 b OBt OE AR L OEE, EEAYOBRIARE,
ZORE, REO MR T AFAF v ABIVEDMA
BAEONFICHT 2BEHESOME L ORI, ¥
B OEREREE EBIIVBKRETO) 2BLT, &
HEORWMEEOREEBE L >, Hx oA
FREFLELY LT BENEY Z?Vﬁ?b*b/‘:g

F4 AEHDOTH O H 4 T i, L. SLCBODOKIN [+
(US.A) 2L 7Y, General discussion 2377 d
Nz, 2o, ERIVERSAEY VKD 7 Lo
R AU 'iUCF(D S5THHT® %

1. ﬂ%i%ﬁﬁ/7uf7®ﬁ% MBS
t%7w§%® SBRIZ OV T ORRENT, ZoRIC
VTR & L OBRR, XAERBBPER O
BT 2L ERH B L Ihiz,

2. KHEMD production % maximize, XiX mini-
mize T5Z LPHEEEN E S D RYNEHEOWIZEIIC
FORRFTAZLTHY, 2RO TIEHAMR
R S higr oo,

3. BEMEETACOVCTORET, HEE TS
{ONTETNEH LCEETL AT A — % —2R®D
TARED, XEVFHLVET L ESL BHMICH
MO PORFENR L Y EF bR,

4. BHFEEREOEEOLEMROREN L Y LT b
oo Hhm7 47 « LVOFEOMOBERIE, B
RPEDZ SN TETETERICE 52 LTS
N5, NAEREE, s, EULFERSRLY
PA o Communication ##>Z ERNETH S A
WBROZ L R B S i,

5. FLVEHFE (New technique) DORJEENE B
HBIFONAETETH 7228, B OBFR THEIT
bhikhrole, LaL, WEEEMOTE), &%
DIFFEIC 2T, FRCAHROFRICBTE Y b
HARXAE, FIZ B2V ¥ —0 efficiency
P % THEHEPEETS, X)RCFEIYL

BCThHI LEN,
72o

IORATIRICRBT 2B L LT, EREHD
72 SLGBCDOKIN 18-+ phylosophy &\ 9 2, WD
history 225, &3 L b EEHORYESICBEL T,
BB BT 5 MR EE RISV TOFRBFTIT
TR P -T2 BbREBD D, 2DV EY T LD
M2 6, SEEHEORWEEOWIITR T, Ok
population dynamics JZFHEE R VI L Y AN B LE
W2, A »TiIRRAsShTE3LE2LNS, L
LA, 15 4—4 —DMEDHEEL LT3 &,
EICFEMORME TR D ZTE L ST A =2 =L LT
ﬁi%:kﬁﬁﬁTﬁéﬁ%ﬁ%*h5&éﬁ&6io
2k, EANICER M LR OF i, i
®$%$%Kﬁ%m@ﬁﬁﬁﬁbh&#otgk&ﬁ@
ETDFENEN -T2, 0L SBEHEEMONEE
LLTREETRETHASH,

Z DHELITIEFFIC Excursion TR b LA - 7205,
%{ym#—»@ﬁﬂ%ﬁwﬂ%%A&M%ﬁﬁ—7x
HEIEFELTEY, BShT—ID Lt 7y a 5T
mhhiz,

ZOREFREBL THHASH

B3 F— ERERRACRT, TRSEMY Alkor -,

VRV Y LAOEEILL oM TH BN, FELY
L OWHELEEOBM LI DY LR Oy MTHEL,
DO T AREEELI LB E > TRICERTH
o7t X, FlEOY VRS MHECE LTV A A4
BB\ To T Tz, R - FLREER, #SIRE - E
¥, AHBRY - HEBIRBCELBHoBE % T3
KETH B,

F &
IOV RD T LOKRTR, Fre—2 -
7 URFEORBEMFRR, Aay b5 F - F—S0

:I/\°‘/')\'—'
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B4 BEERTEMFEFTOFE 2 FI2 § % THRSON
Hi2, 412 S. M. MARSHALL H-L, 2213 TR #8%,

i S S
%5 Holsinggr 7T AIET 5 Ophellia 5,
T 5L IVREVA 1,

[j Holsing®r WFZERTHIR

(Oban) 1ZEENTH HYHEEMREHRORLE, BLIV
L5 R 7Yy PIRBOC T TR b ERRAE
HE+ & a7,

3&/n~v/k“ SERTSERTIE, THNE DRI 2 RF
BB L7z Hersingdr 125 Y, FiETH 5 G. THORSON
HIFOIRBE TR Lo h, UNESCO DL MmotE

1= Z

REF

Bt 35

%7 Oban OEIRZENC, R. CURRIE Fif.

W8 HEERD Ay T AR

HoM FRYESERREARALL,

aA—Z2DFTRLRBEFTLH B, BED LR, A
B, ELETELPHOTHE — 2 BN L5
v, FFEFTNICZONEOEEPMib N TH >z, HH
ALYy SOWDD HIFE E o TGERIBVIZD 5/ E
BEBOECEYT, BANCIKIIEE OEE, ﬁﬁﬁ%
o f, WFFERTIEZRERE T, ERIWCA - THET
uyi,mﬁgﬁ&u,:%ﬁﬁ%i,@%i,
SR o LRI RET S
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36 5 A B7% B1H (1969); H{LMEHE¥AE

Z OWFFERTL BTSRRI D 0, THORSON #i%ix
EOFFTHERET, ZOBEVEH > TRLALD, =
NABFERT 5 LBIEOR 2B Lo L 71y, Fizk
B REREB LR B 2 L LI En 3,

A3y b5y FOF — S A& O YR
BTid, %812 Cumbrae I v®— NI h 5N UEEE
YrFSERT ST ORRE, 30k 0 ERE OB H T Oban iC
BT a2 Licho2b D TH %, R CURRIE KASHE
FESCHEETsERT (N.ILOD) X W FTRICHETL, BT O
BEONTHTOAAL Y « Z ) — MNMZHH LIS RED
ZHEEEST, EEBLUMIEEZED TV S,

F =R EON LD BT, ZOMEDY
V= b ThHBLDI L THD, AT L v #CHY
2053 BENTMROIEERRETICH D, BB T -
T U CIHEORHOD > B A FIH LT, —BEao
WFZETT & — R OB EPRERP TH - 1,

L OB R IR OGS Dk s < v 735
OERELY, ZENEISbATC T,

TS B T U — L DI L s <
NTVELEDZETHY, WIS ITES @0
F BV, SRR E O DREE O L F SR
BoT, PIRFAELAD Dodb 7,

CURRIE FTEIIREMOAIE S X OB R
DERNOFEL BRI, B, MWL b, g
B, AR, (LFEEOMEEN 2TERMTHY, K&k
MERLPRICTESR T o7, BHo—oLEZ S
MNBLDL LT, KRERBKY 7 BLOFATERE
BOIODEBTH-T, INE— | OWEFTOEE
EPTRHEBEO—D>ThHILEXLNS, ZDOHOHK
IAFEOBELRD DT B 500m DR A X 7
RNA T B o TR, WL, EEEEE K 2
RBERIC I - T B, BUKBTOKORIEIZMED T BEF
ThoT, 8757 b ERBBEKRT D009 R
bhiz,

CURRIE T % TABO (International Association of
Biological Oceanography: EEAEMGEERES) OE&E%
BHO T BN, 19708 R TfTnbh b IAPSO 0%
£z IABO & U THEHREOET LTV,

o7 v VREBY AEMEERESICE, &7 AT
2HMIH B LIz, &—7 22 3T DUMBAR Zim®
GULLAND B4 6 HEET T bh, EHEL
F ¥ T ORBIEEFSRORAZEIC L RIS VI L v
IFBVRP -/ DT, HEEELELTAH, 7Y ¥
VIZFEVT, ZO%4&E SCAR, TUBS oF:fE< IBP

BREALTHThAbEbLOTH B, Eh7 v s 5 Ak
WRTML TH B0, ZO¥EEKC2HHELTRELEZS
L Z19664F 9 B 1 —SEFEY v F ¥ ISR T R
WERRCRESNIHC L EED 5 TESE L ER
EHRETWIRILTH S,

i

# 100 Scott Polar Research Institute ORijE,
TS, AT bt I —5,

Symposium on Antarctic Ecology

Session 1. Review of Antarctic biological research

Session 2. Past environment floras and faunas
Session 3. Soils and microbiology

Session 4. Land vegetation

Session 5. Land faunas

Session 6. Freshwater ecosystems

Session 7. Marine ecosystems

Session 8. Kirill and whales in the Antarctic
Session 9. The biology of seals

Session 10. Ecology and population dynamics of
polar birds
Session 11. Adaptation in polar animals and eco-
systems
Session 12. Techniques and needs in polar biological
research.
Session 13. Conservation of polar regions
FRPISE T A2TRICHPTR & Lizidh h FED
Z 2y M HRHBEFZEHT (Scott Polar Research Institute)
DIHENRL THA, BRFHFR 1004 282 3THE
DRIETH - 72, ZRICIAEARNERENSH Y, —HEO
BICHEEREVHLON TH 5, ZOFERITIIEEE
STHEPERFZEAT ON. A. MACKINTOSH 14, T.J. HART
{4, 2y =—0 RUND #i%, EER = v MEHBE
e ROBIN #+, FY—o Acuavo L, 7%
# 2 A&M © EL-SAYED -+, Vi#EF VORONINA 1
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I, ANDREASHEV [-t, #—2A F5Y 7® CARRICK
BEELDBEMICE> THREBEAR,

MERBRONFICHE LTI, ERO IO D
RE (BEECRST 2EMICOVTEL) Kk > THEL
VIR L LN, —HEBET S LTS L O E
CTIRFIZET AV IO~ - FEME FLETS
ELSNER 8+ (U 7 4 L= ¥ RER) S A 200770
BEED LR, NEEHIZBT 575D census 14
BIeBI 5EPRAICHRES L, X MANSFIELD,
ORITSLAND W21V 7H T v O &R % Bl -7
Population dynamics HI7 b OBREE N LR Y, £F
HOWENREEFER>0d 5,

Euphausia superba ¥ &+ 54 %7 IFHOEWF L
ZOWHERR L LToOBBAMICEL Tk, MACKIN-
TOSH M+ review X UGV HEBEERENZRT
(VNIRO) EIFiE® MOISEEV -+ XFEM 7T » 7 2 ¢
7o« vREy FETH AL, ERECRIT 5 4F

£k 37

TID b r— U & SR L O S i e
OWTHE L, 7Ry FRICL3F%7 30,
b — I K SIRBEOBRITHBITIE S © 208, AL
L oAx7 JBEILTLLAD AR ERESD Ty
BT EDH b,

AAL LTLEHIChDL RO D 2 &L LTS
BERZOFHBELRYVALDLERD A 5, PIEEICEV
THELREEP LA X7 I 28 UCEEICE 2 2phE
#i, HAOEECBCTRVECLDEEZ LR, B
BREOLATH B, HBEPREORBEIC OV TOHRE,
X Amphipoda O—#& Bowallia gigantea DFLEIZ D\
TOWFFE L E 7203 6 BIREED - 72,

FLONERERT 725 - 128 L OICIT o Tidfith 7z
2, AAROEBEERED & ODEIEICRCTL
GBOBSN, FORE - EFTOWE TRS TR
Bl bl L OBERLEKETH 5,

Peru Current |-\~ T*

Sur le courant du Pérou

P H /4 R

JKPEEEDS, Peru Current 3 X UV OJEIHR DA PE
TNERIET 5 2 HREIEFICRE L, BITEHEE TR
MROUBEPES T 5, SHEEKIEF HTE AR
HHL(3,210 b o) 23, [RIMER O AT G LHE 1968 & 11
HS5H @k 1969 423 A1 H) 2+ 5Z Licho
7oh, FTTIRKEERICHE TS Peru Current Hilk~
DEAIEE > T3,

FIT, EH B LOWY - WIS E, Peru
Current MO EFHIC O X FE LD ThIz, FAABI SR
BTRH-Th, [MEROFTEEICHT 52 LAHIK
hiEETH 5,

Peru Current 1%, BIRNEREEICIT B EHED
DEFOEIITHY L, FIFZH L T Subantarctic i
% 1968 4E 11 A 11 HEZH

* Keiji NASU mEE/KPEERFZERT Far Seas Fisheries
Research Laboratory

skl —(1968, FME) I X niE, Sv—, FU -l
EMoREMBE»S, 7Y —E N Tk Humbolt
Current, ~V—ERNT X Peru Current ¥\ 7z
FHRRCLDZLETHS,

H Y, BRERIC - T40°S T B AL H i,
KRB ORI TIRBASR L 3 —~F L T v
5, LT, KRB %t £+ 5% 1% Peru Coastal
Current, #DOih&ddL i % Peru Oceanic Current &
FRL, Zh 6 #F LT Humbolt Current 75 %54 #
BHEVHR TV 523, GUNTHER (1936) 1% Coastal Cur-
rent % Humbolt Current & EFE L TV %%

Peru Coastal Current & Oceanic ‘Current X, T
T 5AHHAI Peru Counter Current {2 X » THNTEH
D, & Counter Current ¥ Pacific Equatorial Water
LI, REICETHRETS2 L4 528, (WYRTKI,
1963), #£L T, Subsurface Current & 75> CEERE: 500
~180km OWHIFEL, 11 A~3Hcd » L L%
Lo T %, fE-T, 11 AUROARIZIE, Peru
Counter Current PEME TR ET 22 L AL, Eicy
7z ® Peru Current X Oceanic & Coastal IZ5EES
LT LB H—RAEFKLTOT, 208 A0t b -2 b
ICEE E o T B,

Peru CurrentiIApE NG, 7507 b BET, 7
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V%a@~,ﬁvﬁ,77u,
LTSI LT
Gulf of Guayaquil H‘LL 2

AH, TVH, ITTE
%@ Current OALIRI,
D, KRR E O
DKTLEFRAREE VIRIB L Lo T 5, ARER, BEkL
72X HITERE N E T, £ RGBT D
WBEAYE ECLREALT, & -3, AL FR
NEFREEHRETEY, 2L xitﬁi@ﬁ&i'[”‘ﬂ#l BT 5
WEOHEEOL » LSyl Twd, L
T, TOWRBI X577 / EEIHEAMIC %%T&7
7535, Peru Currentiddl L4 2icHt-> T, £0MiE
Lt >TBH, FHEMNEVTeoi (B 0.2~0.5

19313
1~%F)
(Gunrnemaq435)

SALAVERRY
 CHIMBOTE

20°

86 80° ' T4

&b° ' éo‘ 'f4'w
I A (7~ B X UEM (2~3)H
2B 5 KiK.

(1969) 5

H f-l-\fﬁ}ﬂ‘ 51.‘

/) B /S v (I0X108~15X 105 | o /4D, F
Tz, A — TR 2 JEH L L THRE % ElNifo 0 &
FREFICE, RE L CE N Z o HHR o HEEMAH
KHYOEELH 2 T b,

KRS
&w—,%U~W®%ﬁﬁi R Bl U7z if
BT, B CHEERRICTATLTE Y, 5°~10°S fhEo
WK@%K%#%&W%KLT%KC%%LTVé@%

LT FOEABIE, 448 (7~8H) Tk 20°C BAL, B
W(2~3A) 12k 25°C PLEEFR LT AGE 1 KBR),
PE - T, = DBEKIE OB MR TRKRK L 7> TB Y,
Z DI IRIC 331 B KEIF M ORE AL, B (R
BHY) LREL, WGV IhE{h>Tv 5,
B, AHRE ORI & 2 OJLHEE & OB R s
D, AN TEAMICE T FE T ARG L T
%o FOFIRFEEK S8 1X, Guanape ## B # T 50 &,
Lobos 3% E5C 140 18, Punt Aguja T 180 B L Z
HIZHED

Cape Blanco O < i, mikAKsas gL Ty
505, FOBE SHEOHREL 25 BALTEICHARE L
FLTEY, FoKBICY 3 REERA Peru Coastal
Current OALR L 72> T 5%, BIC, FEARRERICH -
THARIZAREIRATEE L TV 500, BEICEKE L7
BRTH %,

WA KB b i B ICE SRR ORI, BT
Wi X - TR H v, Zh S 0BG IR RO
WA 5 L REL, E L TRES A B R
LT 30°S DHLICEEL T2 L) TH D,

PR A B 5 L, EiC B TR L 72
L9z, KESHA S Peru Current OPHF~D ex-
FEECE TV BRI I TH Y, &AMk T
NW*WK%F%m%ﬁ%6hf,55M%HE#
Peru Current P ~DIEY H LBFHE L 72 > T 5,

VCSWSutﬁﬁﬁéﬁﬁﬂﬂ&%ﬁmﬂkmﬁﬁ
2B BKIBOEREL, L T, Peru Currentdif, 5iC
A= B LN AR FRASBICRE SR> Tv 5,

KK A B A i) S BRI IR - 7o IR DK iR
S5AR R 2 R LTz, Peru Current % fICHERT L7z
Section 3 TiE, 7K 200 m LA & ik < KFERHZIR -
THERBRAOFEEL T LI EBbn 5, ik, &
BB IS < T 16 m AR S 583, HEV~1T
TP TR I A AN A H I, 81°W ARTIT EILH
HeE LT 85°W AHEICABEIHE L ALN TV 5,

tension

(38D



SECTION 6

VALPARALSO

WO ERKEER WAV ) KR 3¢
A A (BREEAL 1963 4FIC X %), |

Section 7 TiL, 77°~78°W @ 200 m LIZEIZHEKSL
BEFE LT 505, #0/kMiIE WOOSTER & GILMORE
(1961) A3k ~< T % Peru Undercurrent® (ZBEHE L Ty
E91ebBELLNS (hih, 1958),

Section 6 TliX, Section 7 THhbhfc L ) e KR
OEAIE, B - BAROFAI X - TIREICE L o
TVd, BB, F3liciabhizes, BEECIh
13 75°W @ 200 m YEHITIC inversion layer 23 & 51T
V5, Z#uE Peru Oceanic Current ZiZA BRI
AT, ZOWHROBEETIRAE»S 50 (U, 1958),

L 41°S IETEL, SA—BIOTF U —IbE
G 4~10 cm/sec DFHEH LTV 5. EIEFE
FHBIcft->T/hEL, 5°S ITBVT 21X10%m?/
sec, 15°S T 3X 10 m¥/sec T, % O coastal edge I
B AHEEKEICET LT 5, E72 15°S Lhrg
2 % undercurrent (%, EiEEWEL, K O. »4F
L oTwvb, (WOOSTER & GILMORE, 1961),

Secrion 1

S
4

BSESTH

AKIRTE, BARICER Uag AR kBRI 5 A6
L, %72 Peru Current DHEFITIGLTHMHLTEY,
WKREN & R IEET 5 2 L3 HIES, L L, Z
DWHRIC BT DA ESMTIE, Bk, BERECL-T
B Lot view, Vil Eh RSB 51D
HEND 2 — ERAT 5 L IIHEETH 5,

FI3HICIX, BkRARBEIZIFIEE{T LT Peru Current
iR - AL A mic 81 2N B O S A% R Lic,
13T 34.5~34.8% 12 x> THE & b Subtropical
Convergence 23 25°S fHTICEFE L TV %, Fodufilic
B KBS S A L, FOTF )8 #{5Ek7: Subantarctic
Water % Subsurface Current &75->Tdb L TEY,
400 m AR ¥ 725 ki IR L7 KIEKBE (Antarctic
Intermediate Water) 23k ELTv5%, 21T, b
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A E7% HB1E5 (1969); BiLmEEFER

c,oNV
° 10° 32H(S)
l 5 ¥ \
,BV g, im_/;}::::l 354 ) \
: as52 ) 350
7“ 342
oot =~ gueaur wm'am‘f‘
02
4 Ay
~ ~
m i
~/ 4 ~
200}
345 346
300}
\\ \ ANTARCTIC
—— g}/l
400 < | WATER
:‘r £ g 2 A S E
&w gg— ol A gc- NN on o o ~ ay w ¢
g £ u o i 7" o 3% 20 32 &n < I
~ = 3“‘ E i z- Pl é g- 2 ]
5 z z < « S N 2 z
5‘ Ai' (V) é J & -3 a. vy
B3 AL —URRICI o 72 400 m PEE TOMESSA. ZOMIRIEBERBIEITLTEY,

SERSPRALEREE IR 100 18, BENTBRMOR KIEE 71T (GUNTHER, 1936).

2 kRO [EE SR KBRS Returning Flow & 752> T
BT L, Subantarctic Water & Subtropical Water ¢>7K
373, Peru Coastal Current OEEAFRK L /- T 5,

piia B (F4RBRD

EEED West Wind Drift Wiz a4+ 54 b7
Peru Current {Z-S/v—7fTpaizlbioy:, % LT South
Equatorial Current {E& LTV 5%, Z O E, Houb
Liz& die—fich s, FNHAITKES Y THY
10-12 mile/day, B 100-130 T 3.5 mile/day &S
Lo TRY, PHREEIHEL TR b OMEH L
FILT 5,

E 70, MUATHRES O OB LuE, FU —MWEFET
Rz iE, db ERFD10%RRE O 22 L, %+ L T Ocean

Passage of the World 12 & #LiE, F# iz 57V —WT
10~30 mile/day, ~/—#T 10-25 mile/day & 72T
Wh,

Peru Current D VEMH——pg SE 5B Lok Bz
ik, KREEIZPAT LT 5 i HER BRI X D iR
FERN B RBAEREB L, = ORI & L TEEAKD

A LTV 5, #oT, MkiR Tiddh L3 % Peru

Current 23T 2UHRTiE, ML THAFHI I
D, ZOWAKRITT Y —#T 50-100 B, ~L—jpT
150-250 {BiZ £ TEL TV %, Peru Coastal Current &
Peru Oceanic Current & O FRIZEENR KX BES S
L RNEETH B, SCHOTT L SCHU I L A5
RARE 2265, 40°S fHE T A ERBEICEL TR Y,
30°8 T 75°W. HIBHURE 180 BICHFH LT 5 D &
BEEIN T D,

Peru Current® ki FI»SSB LT, b
—odb kBl & 8 FE K3 (Equatorial Counter-
current) & U)Faﬂiiﬁ?ﬁiéi‘bﬁ SEATIERTAR LR & 72 - T
VT, iEE 2-3°S MR d

Peru Current M5 '%Aigih%ﬁ [ 9 West Wind
Drift 1%, FV —gE#h <4tz 9 Peru Current &, B
CHPhTw5%, #-T,
F 9 —yp &k k4% Subantarctic Water OfgA £ i
West Wind Drift iz A LTVC, FokBiT5EE
1Z1% Peru Current, §#1Z Peru Oceanic Current IZJ& L

WHbOLEZHRD, 13, GUNTHER (1936) i
Peru Coastal Current DR %, U —iRMFIER S
TUABAROBRE LTBY, 20 &3 William

ELTE

1A 9 Cape Horn Current

405



|00°
SRR IR

Peru Cureent ¥

20°t [

ANNS
ary

I~ —>

DIVERGENCE
> %

bo° W_/
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scoresby OBANC X 4uiE, Cape Carranza (£ 36°S) £
Eied 5,
MossMAN (1909) i,

lation & anticyclonic circulation

K[ARF ML cyclonic circu-
% 41°S THITTE
D, ZORMTRMEREBESEEL, b0 Sz EL
Cro>TE>Tv5%, B, 10-3 Az, 49 Hic
FALEDSE R ER S L, 57 —IRREOFHRE - T
WO, FOJEEEIE Caldera JEI D 25°S fhiE £ THO
Tv 5%,

INDOFEBRAK) S Peru Current ORIZFEENC X
2T+ 32 83 b2 %, 113, William scoresby
BN XA, 8°-47°S Bk L A DR 8°-33°S
TR, 40°S LI TP 2> TRD, 40°S IO
K#ix Cape Horn Current iZ/@ L TV 51D L HEE X
no.

#t 41

El-Nifio

Peru Current®D bR & UH L TV iR Fitid, @
WU AT ADRICELTWAZ Linb, LHiofIC
L0YWE Y 2 o4 %L - T El-Nino CHoEK)
LT TR D, 2-3° S FHEICETELT 5, L L,
MCTRED 22, REBEROBRFHAICEKL T, &
TEBEK AL E b v —fh~Z B AT % El-
Nifio OEFEERH Y, HfRIEFICBIT 5E TBKIE,
Callao LA 12°S fBRICECET B LMD 5 (i,
1891, 1925, 1953, 1957-58, 1963-65),

SCHOTT 12 X % El-Nifio D& 55 1 IR L7,

(SVERDRUP et al., 1946)

# 1% ElNifio OFH#if. (1925 &)

% B MO HEA B FrecR]
Lobitos it 4°20'S 1H20H~4H 6 H 76H
Puerto Chicana it 7°40'S 1H30H~4H 2 H 637
Callao {H 12°20'S 3] 12H ~3H27H 157
Pisco i 13°40'S 3H16H ~3H24H 87

El-Nifio DEEIEZSFIL, B - KROBRFEHRELE
DTRKEEL L LTS, BB, B FEEAB L Peru
Coastal Current & OEABIREVIGET S0, FO1
12 3T Peru Coastal Current BICIERIAH+ 57
Ty b, BB A D BEESMOKRERE LRI L
Z 5 OB R & Bl LR, %@T’kﬁ'égad)
BHEARFERFEAEL, KR - eKkEFERT L. £72. %
BRA Uil AZRIC L - THERNIZEEAT OO ~ A
N &—%-?E‘éﬂi%f'éf) Callao painter (7 YA DX
¥R, FETIE Aguaja L LMEEN T %) & LTH6H
NTv %,

WEBEEMORKBERWICX Y, 77 /E (Guano bird)
@ﬁﬂﬂkéL,:@%ﬁmﬁﬁﬁioy%W%Liﬂ
TT7 ) BEENKIBESZ T HER LS.

El-Nifio O #% %% & FIEIZ, Tropical Rain Belt 23
r%? FLCEEM HCRT % b2 LTwv s, flxid,

123 % Trujillo © 8 FERIC BT % 3 H OFEHWRE
f%z» 4.4mm Th 5D, El-Nifio OREHETHD 1925
3 Az, 395 mm LTS, LT, 0k
WK B NI & Te 2729, IR
DREBE L ->TV 5

BREE

BCKR RO BRI, B DG v

)7 TR
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A BTHR OBILE (1969);

ERING Yoo P H3

F2g FU— - - hOBAICE T S, MHEHEO Sk L
RN BT HKRKEOMEE (GUNTHER, 1936),

F Y - ~ v —
.. 7 T T ) |
W | OKEEWBAR W °C ook | OREEMIAR R °C
Cape carranza 1 1180 2.20 Guanape Is. i 1800 2.60
Arica o110 0.78 Lobos Ts. 11580 1.37
Pichidanque Bay 1:40 0.68 Callao ‘ 1:190 1.69
Antofagasta 1:30 0.72 San juan 1:160 4.11
Caldera 1:20 C2.80 Cape blanco 1:100 2.02
Punta aguja 1:70 2.30
Bliie TR D, TOMWBHIRE L AR L ORICHRE RS &

BRMB D B, 2 1E, Point dune JbHO# AT
TEERDY 100m 206 500 m (AL 5 - T 2 &
—BLTEY, FHrRCFY —, A —JoHEMEO
B L RN R 1T BKIBOBEET L,

RROFE—— IV — RIS > TR 5 s 5
THLHIBEL L L, BAFREE U D HERIDRER

CRBRSRA L b0, FOHSKIT 1~4 JicEE 5,
¥, KVEHEEN D OILEE S EA Gulf of Panama 7> 588
JE & 75 o T RBEIZ IR ®3A e £, Equatorial Water @
BFWAS A —JRFIZIR L, BT Callao %25 Pisco
DEICETELT, RHFCRT 2REKERER 10°C LLE
WHEBT 22 L0535 5,

A & BRI SRR O BRIL, Antofagasta i T - & 4
BHFICE bR, 2 3HMEE D L9 EiEicks T,
JEAENZ X - TERERARAEMIIEER L Ty %, Callao it
OHERTIL, HOBEMPEHT SRHCFEE L, EATHVRE
RO RIAFR G N S CERRICEF < 1 b, a3, fthoig
BTHEKROMEY .

Pichidanque Bay # XY San juan FEHEDIFREE

Cape carranza } £ Caldera JEvE R OB

FE & BAEEICB T BB OD%J#%H AL —
WEDF U —leREL BT B0, BAROEIR
ERBTRNAF—DFY —HiTk %uﬂb@k%z bha
(GUNTHER, 1936), 73, ~/V—HICHHEICHE L 2
HBHnbnis ok, MR LBREORELZZIT T2
ZELEZLR TV, %@HL 1~ — MRS I
Slcdic, MEKREERFAJGER LT3 ZH5bKRE
Vi

BABROLE N HRE — % OREIXIEINE <,
W OFREFERIC X EEIE 40 m, Fig 360 m, S5 133
mEHEE S, FhA EKRBEGDAE R E N T %,

Pichidanque Bay OFREICI T 2 #EeEIXIEE /D1
G BRARBBELTVW ARV L EMDIENTES,
ZLC WET5 o7 o oBLAD LSBTV 5B,
—75, San juan G 50 1B % TR Crl BRI s
Ho BAROEEL TV HZ EBRHLNAT, FIRILH
BAOWBEL 757 b o EBEOBRER LI,
B3R BERL 757 b B (GUNTHER, 1936).
LY Y g
5

. w ToE mmw
| Hifce Biec BE HERGE)
Guanape Is. <2 | 405 # 15
Lobos Is. <2395~ 40~80
Cape carranza 76 313. 7 170
San juan ; 51 208, 1580
Antofagasta 25 276 ” 1 25
Caldera 18 1 om W

Pichidanque Bay é’Fﬁ,"&ZJJ)V‘E 113 1 Z —
£ <40 mg/m?

¥ >80mg/m®, P: 40-80 mg/m?,

Hak REPOOHPBHEBELENLESZ 7 B,

mERGD | mwEy | ST

<2 9 30.6
2~3 9 55.5
4~5 13 64.6
9~10 13 | 42.5
11~25 19 37.0
26~55 24 | 48.0
56~100 17 i 75.0
101~150 6 41.6
151~200 2 [ 37.5
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F5E WM TF T b0y F L OS5 TKIN (GUNTHER, 1936),
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PR Ry FORE | FFLo D] e e N E
€ ) g (/) B " ($)
— - — ; Chactoceros Santa elena 02°11°
<2 2 50 g ” Cape blanco 04°19°
| - Chaetoceros . 5 coqqs
0-10 10 ‘ 179 l { Coscinodiscus Punta aguja 05°44
15 _ | e Coscinodiscus o
515 10-15 9550 ‘ {Cﬁzujoceros Lobos Is. 07°05
— — ] — Coscinodiscus Guariace Is. 08°47
5-10 10-20 87.5 - Chaetocerus ( \
= - A | [Planktoniclla it Callao (August 12°29°
65-150 100 66.6 {Rhizosolwzia |
- ~ | — Cllao (July)
- ~ - . [Chaetoceros
0-15 | 15 25 {'I'hczlassiosira !
_ . - | [Chaetoceros |
45-85 40-50 175 {ha’zosole’nia
_ — Arica 19°26’
— \ — — Antofagasta (North) 23°12°
s . (hazzmu()s . ooz
7-15 | 8-10 108 {( ‘orethon R ., (South) 23°54
o . . Corethon
25 ‘ 3 37.5 {( ‘haetoceros Caldera 27°06
30-50 20 25 Planktonilla
Synedra
T'richode. oy e
— i — L}IIZL{ZZZ;ZEIWH Pichidanque Bay | 30
Corethon |
Thalassiothrix |
5-15 10 55 Chactoceros |
Corethon S | amoqn
. Chaetoceros Cape carranza ; 35740
35-85 50 ‘ 135 Corethon i
| Svnedra | ;
j |

AR, FHARRLUIHESNET T o7 iR K

T~ 71/—(11-] yg_‘

Ll koL,

1 M8 ) OMEIRITF ) — P g L
B LT

%L Lo TAHD,

Fuphausia iz

%ﬁﬁ%i%%m%,¥ﬁLT%ﬁMM@MWiHME
IV TT o b EDE LT

“'5Z'Q W, WE7 T o7 h oDyl F DS J\/(IJ«U\

WER LI, LT, <Ny FokE STt gl

LTw525, ZhUTEENOECERE, G ~7 7
SRS NS EICERL T AL D EEZ S
NTw%, FRESNZTT o7 b oo, FAAY

DR T Chactoceros DX HhhaxregKY # ‘/7@. L
T\ %, X Rhizosolenia X° Planktonilla © X 5 7z
Oceanic $& & Neritic & & ORITIX, T FHENL LS 1,
WizdvHicix Conssinodiscus X2 Thalassiosira 3% <,
B Cix Synedra % Corethron H% <71 Tv 5,

FU =z LT %, B, Cotralifid 7 o5 1%
FEuphausia vallentini % iz LT\ %

Z OO B
B LU Pescadores 7 EDELXD L H
— kY oEkEtzE, 7Y 5, A,

Ballena, Lobos de Tierra, Guafiape
, FY—,
B LSRN L 7

~b

WAR% <, Z b OEA DD LI, 25 (v
FHA, FHA, FrE, 4T, *?‘7?1’7),:@&;@‘ i

%i%@%@bfwé:kﬂE@TiégX%ﬂﬁ%%

, AE (2-3cm 206 1m P RICET S0 F T
ugmvwa)m%uf%ﬁ%%vhwk%i%ﬂ»W
Mz SIROITIZES 2 L BB L < Al LHER STV

L7 i A NI - 1 8

—Hic

HEoE FYU—BIUO—ihic

%<, HoRPOH %

IRTHEWMESS s R

B (GUNTHER, 1936),

9 s A ST Euphausia @ o757 b Euj)hauwa 4
(°S) o FoB cc il’-ié]i cc i /‘}—ifj B cc ‘ = @;]:?;2;:%(
2-14 132 360 25.5 334.5 12

14-36 155 225 116 109 42
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BELE O A 2 55 52 5, Peru Current 1% Hoier)
W6 PICER T30, OO DHHRIL S HORE
BRI E R S IRIETH B, /- T, 0K
OFREILHHFFCLEEMCLAFER L B2 LN, B
HLHLHADFETEBLILVLOTH 5,

BN SE I
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1. HBEID—F7 - JIL—TEIOER

10C, BiHEAFERESERESIT, 1960425 X 20
BREBCL>TRELENLDTH B, FOMBEEO KL
EEREUC, WHEOMWERCERICE+ 5 ik & i
THOI, BENRAELEET S L2 BET S,
UN, %2z, FAO MU UN #fEoto o mes
EHT, XREBIOLELEEFIHBEICSNT 2 EEN S
B5FRTOENSMBETE S, 19684 3 HHAETIE, HA,
TAUH, AFYR, VEREESLDHT, 594 EHIM
BLTS, 2 Bl 1REGAETLIZLESH, BERDY
2ADBIEHENHR LY 2 —u — %, 14y EoHKmEE
DOBMEH/T, TOMIZEREITRI . IOCHRART
w75 0 UCHRE L A ERSEENC 1, 72 & 2 T 19594
—1965E D EREEA o FERES, 1965F LA B[R]
FAELEELL ATV B,

1I0C DE#E~OBELE, UN © ECOSOC #3
1112 GE 40 &) KU GA k#2172 GE21 &) 7 r
g S b0t Bbhd, bbb, ZRLENCY,
IOC i 1961 42 10 A 0% 1 &flic B ks 1-7 e
AF—va ] BT, 2%z ans, IMCO LH#EL
T, EAROENOBR 7 14 OEBERRAL & B R +
, WER LA Z LREE LI, Hio, £288088
2-18 TEEWEF AT — 3 L OB | L Zh ik
BLTV3, 2xz2ap, IMCO LHHELTELDILE
BB TEARCEADWRET —4 - 27— 3 ViCHH
OHHEEMEICET 35—~ (JOC/INF-108:
March 1967) T»H %,

IOC D ¥ 2 —n —RUHRHESE 6 0145 (1966 4

* 1969 4E 2 A 26 HZH
FREEENTC 20 A MV BERMMAFE2ALIHEFR
"2 H 15 B BB L7 DEER L EESES | 0
FOESH TS, BER (P29 2 ] RMEHD
TREEEB RS T L E LG,

** Shigeru ODA b K % #F% Faculté de Droit,
Université du Téhoku

?—‘ﬁ**

5 A16H—18ENCHVTIE, 232 31967 414, L <
i 1968 LEICHEPET A « AT — 3 3w OFPH OBl
CET 5 FHEBE LM TREERFT 3 X9 Ea—n
—BEETSZ L (BE6-T), XEa—n—7, HA,
TAYA, AFXFUR, FF4, VEZ, EEEOEM
RuelamL T, MO PRS0 OCHETOEN, E
BOBEFOREHETLDLZE (BE 6-DE 5
B AL T B,

ET 10C O a—~n — R URSRT 4 23 55 7 7] 2 3%
(196781 A 30 H—2 A | RO 8 B, T~
oo AT = a L ORI 19674 —68/ D {FE i
Wi EvanThoT, bbBA, I0C £ LT, i
MEE V- TL, WPEFT—4 « 27— 3 L DEFUTE
BRLEER-T LI THS, L, ZOEEKCE
VT, VHEOREE, 10C 5% o L IEVGER TOREC
B A HERA OEAIHOMEDOELEVE I F 5
EThHDH, LVUIBRERH L. 25 LT, BHEDH
72 M O EIROF A OEAIE I+ 58 L v I0CY
—H ST N— T ORSERE LT, ZOT—F T
F—7E, 6 mL 8 EOAE TEBNEFEROHEM
FEL-THERIB3XLEVHSDTH B, (UNESCO/
TIOC/B-30A;2 June 1967, Annex VI), ZHhIZkIL 7

AU ARRE, ZOMEIET GARFE21T2(E21 &
%)T“i*htﬁﬁ%?» FRRroTLHTF5R
BRLEVIERTH 2o XLACMRR OHEHREL,
% OEMBEENRZ OREICELER T 5 Lk~
7z, SCOR OEBERFEE, o VEELE 10C oM
ENCEM LT, IOCHES STtz R\E kDS 2
LEFY=A ML, ThBRKBE LD, ZOBITH-
TEIE 7-32 PERIREh 7z,

IOC #5480, 1967410 A 19 B—27H, VUi
BiEShiz. Z0OHE6R, [AEICRT 2REHER
VZOEHAOEMHE] LV5DThEH, SEOYEE
RiL, AXUR, 7AVHTOEFREL S D THERX
Nize Zhas 1I0C B3 56 [MEEORHECET %
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EHMEC ST IOC T —F 0 7 « b —7 DKL |
ThHDH, FDOEFBIIROZDTH 5,

(D) 7 — 2 OWSEORFHEOTRCET s b0 & 45
 Fr, B BRORIEFE R OHRORROBSRAICH
THEMME R, FORI BRI —FEERTL, o
FhICIES 252 5 X 5 niERAIZ R ENE L - T,
BRY DL, TOEEEF—V vy T—F AT —
va voRHoEmiimcET BB ENET Ao
2 —w— ROFERIEERE 6 BB k- TR S
BRI N—TOEELH L TTRS T &

(2) B Y ¥ — F AT DR D effect AT K
oA ERAEL, EEEORRICNT 5 ER SR
OEHIZETHEER H U 10C 28 UN L UEdl iz
MO ERICBNL, BFEO—BORROZEIC
VT ORREGIREL T CRER S ) e BIE 2 109
ZEEBI A LICoVTORELEENT S &

2. B1IAEKENEE

FEET =% 7 - S —7 OB L IN&AE, 196849
A16H--208, %) O rZ2 a KB TRPI. BME
O BA, 7AYH, AXVR, 7TFTA, FAV, A
AT, AT, AV =—F o, A, J#, K
—5 o FTHH, FAO, WHO, IAEA, IMCO, ICES
GEERREES), ERERELEELZ RS, SCOR 0FEH
BHEBINRFE 2k - 2. AAONEIE, /H &K
WHERRETH S,

U—%7 s -7 oRER, £R-E k- TK
DX ICRES NI,

% B £E—/IHE (BA)

BIZEBE—P.D. Baraholia ( VH)

4% F—W. L. Sullivan, Jr. (72U #)

FEBRBIIALCHI T, IOCEFERER, Av—
X7 S —ToERICHOCTHRS, v—F% 7 5
N—TREFRL, @EEORFRE L EREICET 5 —
BRI 24T > 720 & I 1958 4ED Y 2 % — 7 HETE
HBARBORBRET I, FEFEEO EBs LM d o
5L LTHHESNBICIRE S /b - 1ok, KEEMS
R 2 REABCET 2 HEO KL Eichlh s &
AR o,

RY~% 7 « T h—T O - HERICOWVTLE
TH Y, I0CH GAPIEROEHFESHEL OMICHLT
TR HOVBELHEEERT DL EZOLETH S L
nIR, UL, FREOBEL VD K5I LixIoC
DHFELLTRSESDL LR, LAEH LIFREI

Fabzrnl, REmlEcxTsEELRETSH
ERRET S 2 ENAE S, SBENIBT 5EEH
FEORBEIZ >V, FREEOFENOEETH S
Fiz, 22 TEEHIRETRAVECGIERABKRIASN
T 7038, —HRHIC KB OE R ORI O I
BT TIRBEILIZLDTH D LR THRRIED S
NRHTH LR, AEEZZ DS > ERSE i
BRI L7 L D TR CEVIBRTH 72, wTh
LA, 2B T, BRIT RN Lo
-zt Ex L9,

(1) HFRENEE LW 5EFE

&C, BUTERSEDO F T, anfil 5 e S e R
A EO AHOEE L L -> TV 50, (a) TTHEEL
AEOERPAFEETH D, EroREMOIMESS AR
BHOATVSHZ LT b, WRAEBOET 245
KERBEETDHD & SNiz. (b) KEEMIZAIH 5 581K
I L REENIC BT A W|ETH - TEZTITRADAB LD
B L CiinEEoRE R SR T ER b BT
FTHEOTHHN, OBEHOREECK>TVEEVIE
R, Wit LA ZAEHRRITAED B W LiREEOF)
WORFT L ABLBELOTHLEET HERAN DT,
(&) Iniz, ZoHFIDWVHI HIFEOREZES 5 FE
IR L i he 213 seismic work (X 5T 5D
MEBETD - 7. () FHENICR W THRER b EEHT
DR ZEHS>OTHH0S, FAELITHRI 2L XIhi
HAE L2V E R TReh, ok 2l ko 7 vk
LoD F A0 E (oFRIZULAMEA IS DXL
W) HESTH A D (o) BEHTRENHADH
HMAES ORMEEHE L TIEHESNIICES T
CLRKEAMEEThH L L, T EAERKICAT
Mz s_ETHBLTHERLD S, LirL, B850
BEERESBEL LD ET0E, DLAEOMEOH LV
FHRINVE TR AR ECIFERVERA S, X, &
Ko LrvbBBEAES Lo bonEEL <
Eimenk b bhiz, () BREEOHERCHEBIZ SV
TRAOEMEEFi R EEEY O BELESE L
Do fihdy, A OB BRRET 5 IREEBUT L EEE
LB, IOCIRESICZOWFED - oIc@ 4 K7
1 EDLDLRETHOME LRI,

(&) RREOZE N FOFEEHEAIRIC >V THRSHH
LTwhwvwz e, -7, MEo@bd R ENPLETH
B eV HFELERENS MR, & D b RERE
LRI LT, REKEOMESR OB AHE TR &
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LiEM s, (h) SCORIZT & BR 0 D7 kiEE
THREETRLS ZL2HLEL, 20HEN I0C T8
EhaikbiE, FOMBEZXEOEENTHAY &, K
BEHMEThAS L, RAECHL THPMRELEZ 5
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Euphausiacés dans les couches intermédiaire et profonde

Takahisa NEMOTO

Résumé . Parmi a peu prés 80 espéces des Euphausiacés, on en compte plus de 50 dans le

Pacifique, dont 12 de couche intermédiaire (Thysanoessa, Stylocheiron, Tessarbrachion, Thy-
sanopoda, Nematoscelis, Nematobrachion) et 4 de couche profonde (Thysanopoda, Bentheup-
hausia). 1l ne se trouve jamais d’Euphausiacés de surface dans les couches intermédiaire et
profonde. La plupart des Euphausiacés de couches intermédiaire et profonde sont carnivores

et caractérisées par le corps long, les yeux surcrus ou dégénérés. Peu influencées par la
distribuiion des masses d’eau, elles vivent dans tous les océans. La plupart des Euphausiacés
de couche profonde ne se mouvoient pas verticalement a 1’exception de la période larvaire,

alors que de nombreuses espéces de couche intermédiaire se mouvoient verticalement, si elles

sont carnivores.

WL AT 58 & AR, B8EHAH)
12385 B 2 bd (MAUCHLINE, 1967), 299
O AR S+ 5/ 50 fi & [ £ % (BODEN,
JoHNSON & BRINTON, 1956). B & HAHUIHFHHEICE
WCEH TS s L LT, HEE LTI TR E A
HFEERTE L LI (Aizawa & MARUMO, 1967),
IR EBEEM (Patch) # Bk 752 ¢ (MARR,
1962; NEMOTO, 1966), K& 7z A BMEEBEI 217755
LR DVERBOFERARBICLY ARENWEEE
B, MBECTE~W%T 582 +52L (VINOGRA-

ov, 1962), WA, BHAES LUOMAEREICD

720, BLHEICER L (NEMOTO, 1967), H-odni
0% ORHBERE OB A, b - BB ORBAH )
bwArwxy b RKEIEYOEESEE LY, W
PEDEMERREINE T 5 —2oOEL L 5 EMETH D

KPR+ DL ELONIBEHAHADY B, K
BRELEZONS L0 L L3BENEHHH, Zh
L THhEREEZE2 DRAEITHRETH D, BEHE
EEZONBLDIFATETHS (BRINTON, 1962),

REFE L Z2 bNAEME Fuphausia, Thysanoessa,
Nematoscelis, Stylocheiron, Thysanopoda DERBIZIE
TAHEERD B, AR KRB & LT Evphausia,
Thysanoessa JBEDOHRFE PR FREL L TE . X, Thy-

* R K r—@ﬁ"ﬂﬂfﬁ Ocean Research Institute,
University of Tokyo

sanopoda FTHEREBHE L LTI Ly,

o EERE L LTI, Ewphausia BDOR EHH134 L
RoNT, Stylocheiron, Tessarabrachion, Thysano-
poila, Nematoscelis, Nematobrachion 33 X T8 Thysano-
essa DEJBROBEDHZBHBT 20, 20 ) b - BE
FEORICHIRT DB Xl v LU, Tessarabrachion
WREEE LTE) LPEEL LTOMEERLTVS
£t &5 (BRINTON, 1962),

BB L U T Thysanopoda, Bentheuphausia \ZJ&
T 58 TH Y, Bentheuphausia Z1B1FEE LT, B
B L L CTHET 5,

i BE

BEDLIBIOTEE—MICAHATRBELF - FEHE
ORI E L EREv o, L L, BESFH
DREDE T N—FT LRt 5 L, ROBRICET

LEBRPLI PN D

D * &

RichoB 75 7 b LRIT K, KBRS

Tb I(*o & & HFEKIRIBIC T DRI ERORE
FERHBOLN D, l2E Euwphausia superba, E. crystal-
lorophias (55 mm), LKTGEED Meganyctyphanes nor-
vegica (A0 mm) ETH 5, H-EE DR E b BRI
2, ZOBEKRORBLVKRCZ LI HBIEL T
WCHERERREVEEZ BND, Thysanopoda DIEEFR
T. spinicaudata TiX 150 mm, 7. egregia Ti{X 62 mm
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Table 1. Euphausiids species in epipelagic zone
(BRINTON, 1962).
EPIPELAGIC ZONE

Subarctic epipelagic:
Thysanoessa raschii
T. inermis
T. spinifera (oo 2-280 meters
T. longipes I
Euphausia pacifica

Transition-zone epipelagic:
Nematoscelis dz'ﬂi(:ilis}
Euphausia pactfica
Thysanoessa gregaria
Euphausia gibboides ¢ ~wrooeerr 0
Thysanopoda acutifrons

Central epipelagic:
Thysanopoda obtusifrons
T. aequalis, T. subaequalis
FEuphausia brevis
E. mutica
E. recurva
E. hemigibba (North Pacific)
E. gibba (South Pacific)
Nematoscelis atlantica
N. macrops
Stylocheiron carinatum
S. abbreviatum
S. suhmii
S. affine ‘‘Central Form”
Nematobrachion flexipes

Equatorial epipelagic:
Euphausia tenera
E. distinguenda
Stylocheiron microphthalma
Thysanopoda tricuspidata
Euphausia diomediae
E. eximia
E. lamelligera
E. fallax
Nematoscelis gracilis
Stylocheiron affine

W. Equatorial Form”’
“E. Equatorial Form”
“Indo-Australian Form™’

-------------------- 0-280 meters

-700 meters

----------- 0-700 meters

---------- 0-280 meters

............ 0-700 meters

T. cornuta Tix 116mm DEED L ONRREIN TV D
(BRINTON, 1962), ZHicH LT, RO RBREOE
INZ (P, latifrons, E. tenera %) 3 mm i > TV 50
Th 5, X Nematobrachion 50 « B L IERFIIK
THY, Stylocheiron BOFRTHHZIE S, maximum,
S. robustum FXMORBREICHESTRO TRKE V. X
INBLD  Thysanopoda T T. orientalis, T. pectinata
B X yvRBCoTS 1. obtusifrons, T.
EICHART 2B KE L 40mm §iRIET S, Bt e
L TCix Thysanoessa J&D T. parva T -7T, O
MRICSA T AFBOREE D 2 VRS WA, (ZERE
St % T. gregariab X THRR/NME V0,
2) I

aequalis

7 BN 51

Table 2. Eupahusiids species in mezopelagic and
bathypelagic zone (BRINTCN, 1962).

MESCPELAGIC ZCNE
Cosmopolitan mesopelagic

Stylocheiron mazximum e 140-1,000 meters
Subarctic mesopelagic

Tessarabrachion oculatus -+ 0-1,000 meters
Central-Equatorial mesopelagic (ca. 40° N.-40°S.)

Stylocheiron longicorne -+« -vovveeeee 140-700 meters

S. elongatum .

Thysanopoda pectinata ‘

T. orientalis

T. monacantha

Nematoscelis tenella

Nematobrachion boopis
Central me:opelagic:

Thysanoessa parva (1)

Nematobrachion sexspinosus

Stylocheiron robustum

I hysanopoda cristata

BATHYPELAGIC ZONE

Thysanopoda cornuta

T. egregia

T. spinicaudata

Bentheuphausia amblyops

Bz ¥ Bentheupausia \Z8\~CEIBIFR{ELLTE D,
RIR O Md ThVv, D% < OfEIC >\ Cb R
EHREDEREICH LTS CORERTH 5, Thysano-
poda \HOTHD LREBE 0~T0m i HH+ 5 T.
tricuspidata X FEXAIC KR X IR & Fons, HRER
Thysanopoda egregia X T. cornuta ORI,
X T. monacantha (100~1,000 m) 1ZFDHEHOKE X
o, ZhHDBIZBVTREBORE S IDE VA
fedstee (40 p BiTfR) o T, BOBD L )T THROME
BRBEND, RO, I Euphausia, Thysano-
poda B LRIV, Thysanoessa JBIZE\TIZRO0A
T—7L LT T. longipes D2 7 h— 70 5,
Tessarabrachion, Nematoscelis J&b 2D 7 N— 71T A
BH, Stylocheiron B\ Tk EEOER 3 EHE L <
WHREBRHR BN D, Thysanoessa BIZOWT LR B M
T raschii, T. inermis, T. spinifera @ 3 FEixEhAM
IR R ORE LT 52, B EiELA L
WL 5, X Thysanopoda T b SR IEIR 322
H+2603% v, LaL, L) EEHSMOEHE T.
gregaria, T. longipes, T. inspinata, T. parva %X <
UhclBE b »>TEY, ZALROLUNIZI v ~7 1L
I vihEIZAHiT5 L2 %, Nematoscelis BIZEB T
L IEESHOMWIEI72 0 5L, Siylocheiron JBEITR T
LAMOBIIECATEBRE L L URREET 5,

3) I

~~~~~ 280-1,000 meters
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Scheme for the relative size of eyes in euphausiids and
Percent is given for the ratio:

Vertical length of eyes/Carapace length.

BEHHDRINIT Bentheuphausia R EFETH
LTS, EEE B, amblyops DFENEaE L7l
DX, BlLL-REEEL B LD LEZ O, KH, B
BBV T IR ORENEBREREREL > TV RVESE
Zbhbd,

4)  SRENHERE

TR oV CIRRER L - TR L ORI
DVERERERALND, TOMCOVTIRIET 5.

IKIFESYTHS

e EROBE D AFITRBE L Y RBOWILOES
e SN 5 2 L\, Bentheuphausia amblyops
BAFPED LR IChiz->T, 2,000m LAEE TELR
Sampling 2BV TEE XN TV % (BRINTON, 1962),
T. cornuta, T. egregia \ZR\THEOHBI NI IA
HKIZH 72V cosmopolitan TH ¥, %F L bkSHEE
LB LS HmeRESE . —F, T. cristata [Z15%
L3 0 B S A2 Western North Pacific Water, W.
South Pacific Water —E L7z B Z/RLTv 5%, T.
spinicaudata VI FSEREOTEI L W X ELEEE S LT
Vo, T tricuspidata TIXHFIZ Pacific equatorial water
EATBER LT 56, Zhidd ROk 7o 8 KR I%
(Flz FRAART 25°C) T, AofEH7 77 b vk
LOVNEIE S5 vy b, BREHAE O BE IIBRIC Y
LT B—o0REITH M, RECEBAOEERE)
IR, BEO7T L0 b UoRERTAERES L —F

LTvwb,

FEAEE A U LFHIKRY 0~700m [BIZ53Hi+
% T. acutifrons, T. obtusifrons XAt ¥EKIC 5y
NTHBMLTELEH, Thbofd T. gregaria LRIL
< pleistocene BFCOHERDBILIZ L Y, FHEBAEREIC
B THALIE RO ST AR L TS, £ 0%
HEROBLIC X W SHBPTNERICL D LEZ2BNRD
(HuBBs, 1952; BRINTON, 1962). #DXE453FEAS 140
~700m BTHBHZ LI hEEST 5,

REFEORE D HDFHEH L PICKFHDOFARE
—E LT tiE T oM%<, Euphausia B3 K % ¥
DINLET D, ThoOREHHBILHPRRF - B
BEICHMT SN, kTR E TIPS TH
%, %18 fF VT Equatorial water 12 ES5 HIR B H 5
Euphausia tenera {22VTHD L, BENZ 700 m &%
THAiT D E. tenera I 140 m LIRICFE LTS,
LrL, ZhbDRBEFED Euphausia PR TH g
L OHIBRFLFIERYE S0,

Z Tk U T Thysanoessa inspinata, Tessara-
brachion oculatus 3% FhALKFELEICHM TS
FEThDH, EETIIPE 500m ENGRERSH
%o THUIBOBME, REFFCHLN SR (EE
WRMESOP - EBIVREEShD) L—ET5. B
EHLBHCRBCTIEHHOMCFBICH > TIXARME L &
ZRELEERDS LEX DN D,

Nematoscelis BIZB\TH A, FRBHHTIED
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£ BRMEBICFEL, KTy MHORL Euphausia
BORBEXOLHLBLAEEDLR ., PRBICAH T
Nematobrachion boopis D434t cosmopolitan Tid &
50, i, mEEEOPRBICESREL LR,

BEESH ERERH

BEbHBFOEESMIEOHMT KB LICEL
RTHER Sk, BEFR, RS, Zofhoflic X
B B IR X b A0 4R (Biomass) BRIBIC
%L FRIED T, BoZF LV BEANBE# A6
o X, H#BRZLCINOEESMICKFEAEALND,

Euphausia BZSMCREETH Y, Nematoscelis
&, Stylocheiron J&, Thysanoessa JB1IFERE LY HIBIC
PITESFIEBH BN D, Thysanopoda J&ILHIEHE
THY, KBBIUOER~OSHOMMEBHLNLBT
% % (BRINTON, 1967), Bentheuphausia [3RBHE TH
D, EHMICREBORBE DAFOEYEDIZLALES
TEL® D,

|EBEIC OV TE—H B3 B RBEINTiebh
%, HFIZ Deep scattering layers OJEE E LTk & dH
ZHHHE N RE L EZ 5h TV 5 (BODEN, 1962),
BELHBEOTTCRICRELEEBHEITAROFEL LT
1% Euphausia D&, Nematoscelis, Nematobrachion
B LU Thysanopoda DEBOFROFEREI P DEL
HE#IRE 21772 9 o B2 1E Nematoscelis {0 T,
Nematoscelis gracilis DFEAX B F 280-700 m FEIT A 5
N5, K 140-280m it lk+3, LaL, flio
Nematoscelis DEFE TS »TiE .

Nematobrachion J&0DH TiX Nematobrachion flexipes
W HH 140-700 m JE s, Hric 280 m LARIC /3 A4
205, Wi 280m DAE, 45 140m LARICE LT
%, L L, HARMED Nematobrachion boopis D5y #itk
wWEICBY TS 140m BHETH Y, sehtb U THRBRER .

Thysanopoda D% T OHTHILHFMAITH S, B,
g 140 m—420~700 m BICHi T %o 1. aequalis, T.
subaequalis, T. tricuspidata 378 140 m BLL LI
43, zhicst U THEED T. obtusifrons, T. pec-
tinata, T. monacantha, T. orientalis %%, ®HAICHB
TLEOFRE MOmBIEETLAELLEY BRE
o T. egregia, T. cornuta SiZ—RHC B EHIBE)
BT b, T. egregia OEhRIL 500 m Hitk OIRE
THHMLERL, HETET2BEESHETL>TvoL
Exbhb, )

Bentheuphausia amblyops X o5 & b HFH & Bz

NIV y BN 53

‘= 5001
= 1000F
a
2000 e
30001
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2000l DN DND N.D N _D N D
Larvac Immatures Aduits

Fig. 2. Scheme for the vertical migration of
Thysanopoda euphausiids in relation to their
development and diurnal activities. Solid line-
Thysanopoda tricuspidata, Dotted line-T. mona-
cantha, Ckain line-T. egregia. D-Day, N-Night.
(NEMOTO, 1967)

0, SIEOBRHCIEAZ - T L BB LT B0
3 & 5 (BRINTON, 1962), L2 LSS OFERIC I
W & Tl (NEMOTO, SRER), ki > Thab
X, BEBENTZEAERD SN B, amblyops D
AR 3~9°C DAKRIF L BE-HL TS5, W
IRV TLRBICOALEZVCOIZZ 0EOH - FED
BANDOBEERL TS EVZ D,

Euphausia BOFREII—HMICKBRE TH D, Hic
TEBELELOND LI, LALARD 500
mERICBT, 2O ABGBEIImOTE LY. Zh
AR AL SFREIRPTT) BBV TABN D,

Stylocheiron DEFE T H £ VB LA BB EN 1T/
b, 700m BE CHAREEOSAHETHY, -
REFED S. maximum, S. longicorne, S. elongatum,
S. robustum %3, 100~1,000m BICo5H+ 5.

" &

BELHAFORMEICOVWTRELORERSH S (NE-
MOTO, 1967; MAUCHLINE, 1967, f1), Zh b %8+
e, REBEORBEXLAIEPHY T T L7 b EPLE
THREBHEEE THL0ITHAT, TE - EEORS D
HERERALORAE L ROhAEHAED 5,

KEEORME LT, D MWoRESRFEEL
T % SR 72 BB AR M o Ischium OB FE
BHbBD, 2) KED pars molaris DIEENFE LV,
3) BHONTHEENECER TS 7 ook, B
ZATEEEES O B R 1 T D FF Rk il o4ER] (Cluster
spine) M5, HThH5,

THIZH L TP - IRB AT 58 & bAOEHEIT
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W, RS OEERED bR, Bl dHh R
Nematobrachion boopis \AREED pars incisiva D3F3E
L, HEDOWNBECIE cluster spine (F72v, % 3 ffHlo
BT 7 b o EERTAOICEL TV 5EN
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\ Oprophorus spinosus

| \\ (carnivorous shrimp}

KH-68-2 {}
St.10 }f |

[ 75m water sample |

E
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RELATIVE INTENSITY OF FLUORESCENCE

T 700mp

———— acetone extract

——~—— after acidification

WAVE' LENGTH

Fig. 3. Fluorescence emission spectra of stomach
contents of mesopelagic and bathypelagic zoo-
plankton. Beniheuphausia amblyops is bathy-
pelagic and Euchirella sp., Sergestes prehensilis
and Oprophorus spinosus are mesopelagic species.
The water sample is taken at station 10 (Depth
75m 28.00N, 132.00E in KH-68-2 cruise).
Degraded pigments are observed in B. amblyops,
Euchirella sp. and Sergestes prehensilis. Fresh
chlorophyll a spectrum is shown in the water
sample. (NEMOTO & SATJO, in press)
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% Phaeo-pigments Th-7cE#EZ Hhbd, (NEMOTO
AU Z OFSE OB EEINT L
AMEZmr 7 g a LDBITLIBHE THLL, Xk
B. amblyops D\WiE35E & BREE PIC 72 0I1A A TH#E
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{RIFETHAY . X, REEOEMHAEED X 51
superfluous feeding (BEKLEMISHEV, 1962) 2MT/abi
T, BRI EERHIRERIC S VT, L BRI
IhaboetEzxbh5.
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Matieére organique en suspension dans les eaux profondes

Yatsuka SAIJO

Résumé:

Malgré le progrés qu’on a fait depuis quelques années a la recherche de la matiere

organique en suspension dans les eaux océaniques, il reste encore beaucoup de choses a étudier,

dont I'auteur parle de quelques-unes:

1° de l'uniformité remarquable de la quantité des matiéres organiques dans les eaux profondes,

2° du rapport C/N des matiéres organiques,

qui est généralement 6 & 7 dans la couche de

surface et 10 a 12 dans la couche profonde, tandis que quelques exemples montrent qu’il

diminue dans la couche profonde,

3° de la chlorophylle dans les matiéres organiques, dont ’existence d’'une bonne quantité, non
en forme des phéo-pigments, dans les matiéres en suspension de couche profonde est démon-

trée par l’analyse spectrale de fluorescence.

1. #
STEEMANN NIELSEN (1952) 2 X % “C g:oB R
WEOH R AR CHET SO RB A FERE LD
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(2l ) ifiit&ﬁ<%%ﬁ$iﬁm7f%6%

* %ﬁfﬁjﬁ?ﬁ ﬁ137k’gﬂq’ TFgeHag% Water Research

Laboratory, Faculty of Science, Nagoya University

i
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X 70~50 mgC/m® I T HAE T T3 20 THREBI
WAL, 28~22°N Tk 30~20mgC/m® L7515, i
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nitrogen IsHII (’66) 5~9 Duursma ('61) 9~18
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(atom/atom )
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RELATIVE INTENSITY OF FLUORESSENCE
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Matiére en suspension dans les eaux de mer
Tadayoshi SASAKI et Noburu TAKEMATSU
Résumé: Selon I'analyse quantitative par filtre, la matiére inorganique en suspension dans
les eaux de mer se compose: 1° du minéral tel yue le feldspath, le quartz, l'argile, 2° de
la dépouille, 3° de la substance inorganique dans les étres vivants, 4° de la substance in-
organique dans le détritus et 5° de composés inorganiques difficiles a résoudre. Un exposé est
fait sur les origines, les distributions et les propriétés des composantes (1) et (4) qui sont des
éléments essentiels dans I’océanographie chimique. La plupart du minéral argileux tel que le
kaolin, I'illite et le chlorite sont transportées des continents en plein océan par le vent. Le
détritus se compose principalement d’agrégats organiques produit par la substance organique
dissous dans 'eau de mer, qui contient, & son tour, une bonne quantité de substances inorga-
niques. Il est donc possible que les ions métaliques susceptibles 4 former des complexes stables
avec les substances organiques (I’amino-acide, la peptide, la protéine) se concentrent dans les
agrégats et se déposent au fond profond.
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TFig. 2. X-ray diffraction patterns of suspended
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Fig. 3. X.ray diffraction patterns of suspended
matter in surface sea water (off Tokai mura).
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Fig. 4. Location of samples in Japanese waters.
Table 1. Minerals in suspended matter in sea water, identified by X-ray diffration.
Sample . Date Depth Volume Materials
number Location collected (m) @) identified
1 | lgéogzlg B 67/47/719677 , Tlrface 120 I, K, a-Q
R 12%8% L 19/5/1067 surface 600 T.K, a-Q
34°05'N Py 100 150
3 57 26/5/1967 200 A LT,KaQ
34°05'N of /& /1087 1000 150
4 | 137°32' E 7:3@5/196/ - 1500 150 I, T, K, a~Q7
s Jj} N 2371967 | surface 600 LT aQ
6 ) W”rﬂlégogff,]g 29/7/1967 surface 400 T, K, a-Q
Off Hatsushima , ] )
B 7 in Sagami Bay 7173/710/ 1967 Su{f?L? ] 600 I, AK‘, a-Q, G, Cal
5 ety | 1/3/1968  surface 200 LTK «Q
I Off Hatsushima | o e an [ . )
9 | in Sagami Bay ‘ Z8/6,/¥908 | surface 200 CLT,K, a-Q, F
~l i [
10 | Off Tokaimura |  18/7/1968 |  surface 200 C.LK, a-Q,F
I: Illite, T: Tale, K: Kaolinite, «-Q: a-Quartz, G: Gypsum, Cal: Calcite, C: Chlorite,

F: Feldspar
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Table 2.

5 A HTE H

L5 (1969); HiLHERE

It
/ﬁ\wc\

Clay mineral and quartz concentration in Barbados dust and Atlantic Ocean sediments,
M, montmorillonite; I, illite, K, kaolinite;

C, chlorite; and Q, quartz on a CaCOs-

free basis. (after DELANY et al., 1967)
Dust sample Date collected M I K C Q
Barbados dust 1 4-6 October 1965 20 34 36 8 12
2 26-28 October 1965 14 54 25 7 9
3 7-21 November 1965 19 37 34 10 8
4 21 November-1 December 1965 19 29 = — 8
5 1~15 December 1965 24 29 36 9 12
6 15-21 December 1965 16 44 10
7 21-23 December 1965 14 42 33 12 11
8 23-25 December 1965 12 52 23 13 9
9 2-6 January 1966 14 40 35 11
10 6-8 January 1966 12 45 32 12 10
Av. composition of dust 16 41 32 10 10
Atlantic Ocean
sediments east
of ridge Loczations
Zep 26 33°35:4'N 9°43-2"W 16 58 13 13 13
Zep 25 31°12-3'N 117°50-1"W 16 60 13 11 16
Zep 24 26°57'N 19958-2'"W 24 42 24 10 15
Zep 23 26°13-8'N 26°26-9'W 16 44 28 13 14
Zep 22 25°05-2'N 34°13-1"W 20) 43 27 11 14
Lsd 212 6°47'N 19°18 W 16 18 52 14 11
Av. composition east of ridge 18 44 26 12 14
Atlantic Ocean
sediments on ridge
and flanks Locations
Zep 21 24°16’'N 39°06-2W 16 43 28 14 15
Zep 19 23°59-9'N 44°58-3'W 16 47 22 14 13
Zep 20 23°34-2'N 42°28-0'W 16 44 27 12 11
Zep 18 23°34-1'N 44°14-4'W 18 41 24 16 7
Zep 17 23°05'N 45°40-1"W 15 44 27 13 12
Zep 16 21°56-4'N 45°56-3'W 15 46 25 13 10
Zep 15 21°06-2'N 44°56-9'W 14 44 30 13 10
Zep 14 21°05-2'N 46°33-7W 16 42 30 11 11
Zep 13 20°08-4'N 49°00-5W 24 38 25 12 11
Zep 12 19°07-5'N 52°04-2'W 26 36 25 13 11
Lsd 219 5°42'N 32°51"W 19 32 36 13 8
Lsd 217 3°56'N 34°04'W 23 30 35 12 8
Lsd 215 3°2UN 30°52'W 18 30 a1 12 7
Lsd 216 3°18'N 31°00'W 18 30 41 12 10
Av. composition on ridge and flanks 18 39 30 13 10
Atlantic Ocean
sediments west of ridge Locations
Zep 11 16°25-2'N 57°38'W 32 34 23 11 6
Zep 10 14°33-5'N 61°06-4’'W 28 25 28 8 7
Lsd 223 11°34'N 44°48'W 24 36 28 12 10
Av. composition west of ridge 31 32 26 10 8
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Fig. 5. The clay mineral contents, given as per

cent of the less than 2y size fraction. (after
GOLDBERG and GRIFFIN, 1964).

LOTHDZ ERbMY, ROLD BRERETR -T2,
1965 4E 8 H 725 1966 £E 4 [ £ To 9 A )] il H mkE
OB EHY, 2 XY EIREO HEFREHE 2 0.6 mm/1,000
HLGHE U7z To/Th HBCHIE U F IS HERE ) O HEFE S

Table 3.
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EE P e R TR MRS O T8 T 0.5 mm /1,000 4, BT
1.6 mm/1,000 5= CdH % DT, {8 O VRO HERHEE & 1

=452, Eozrhiidz—%L2xv, LiL,
JAEEOIHRR I URR EIC L % scavanging B %%
E+5LE, 0.6mm/1,000 FxHEEEOTRTHY,
T RREETREETH S5,

W5k 7 MREBE R ORI L RO ST BT -
Z DFER & KVGPEDOWRIE HERE O SrHTE R & —
#IZ Table 21T, ZRICED L, A K2 B0
KETIE, A T4 ML HOP CRLE HFEL,
g 41%, HA Y FA RS ZRICKRE, 32%, PLFE
YEYrFA NP 16%, FREAD 10%Th oz, A
FERELSED 10% ThoT, ZhEEEHEY LT
Bk, WEO R EEAITE, BT oOBAITEWT
LAEED BOTh, IL—ET505, HREYHE
DAL RN R REOH BHEOVEMOF & F—F Lk
Vo U R BE 0 HERE R 5 A o0 TR R D YR I HEREAY)
OHEFFHIE L ~H LTV B 2 L EFET DS, HEHER

T,

A B3
e

Barbados material (silt minerals with densities~>2-7g/cm?®). (after DELANY et al., 1967)

Dust 1 Mica (:Eltl:: A&; {)eh: Peyrig? liﬁlt% ‘?an;é Rutile Htelrtréd iil?tee Tale Miscellaneous
Barbados 1 2-4 — — - - 19 10 10 8 6 5 Serpentine?
Barbados 1 4-8 13 9 5 14 12 9 8 6 —  Serpentine?
Barbados 1 8-40 26M+ B 14 7 — 10 ~5 5 ~6 5 19
Barbados 2 4-8 6 9 6 ? ? 18 8 9 7 Tr
Barbados 2 8-40 21 8 4 11 4 5 — 11
Barbados 3 2-40 6 6 4? — 9 7 ~6 ~4 5? Serpentine?
Barbados 4  2-40 - Tr — 9 7 6 6 —

Barbados 5  2-40 10 9 ~6 -— — 7 6 5 ~3 41  Serpentine?

Barbados 6  2-40 9 6 ~5 ? ? 11 4 7 ~4 68  Serpentine?

Barbados 7 2-40 14 7 — — — 9 5 5 ~2 3 Serpentine?

Barbados 8 2-40 14M 5 8 - 13 5 Tr Tr Tr  Serpentine?

Barbados 9 2-40 9 6 -— - — 4 4? — — 5 Serpentine?

Barbados 10 2-40 9 6 Tr - 6 6 ~4 19  Serpentine

Blank (Barbados) 15M 29 - — — — 90

Tower
Blank (La Jolla) — — - - - - - - - Qtz.-calcite
Laboratory
Barbados soils and sediments
Base of Tower 2-44 — — — ? — - - —  Magnetite
Plagioclase
Chalky Mount2-44  26M 25 - — - ~6 8 - - —  Magnetite
Belleplane  2-44 49M 66 — ? - ? ? — — —  Magneticte
Sphene

Farley Hill 2-44 — — 8 — — - - 6 — —  Magnetite

Joes River 2-44 30M 52 - — — — — — — —  Zircon

Bath Oceanic 2-44  35M 52 - — — — — — — —  Zircon, Sphene
" Formation Tourmaline

M, muscovite; B, biotite; Tr, trace.
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68 5 B HTE ELT (1969): A{LMEEEaE

PIORIRE U TRRERTEELZ S LI ZEEN D
D, ERAELIZXVEIN S LOLBETILERD S
CLEBRLTVA LD LEDNS, % E TICE%E
DL MTBT A0 X BREIT OfEE 4 Table 31245
T %, BT 2h o8mic BEmy i XERIET o+
SR E— 7 OEETHDBH, ZIT, MR LIZE 5
BRDIYEED D, bivhivb kT ORI
FERELTHY, HEEC,

ET, DELANY & OfEHR — MEHERE O KE 5y 18
BRETHL—4W0 5 & FREXEKFOERBTROME
B, BBk B ES2 50 Bbhb, &
WH O, ERENICSENSM LI RROA 4
REHIE L EL TE I EDA A VRN & b oh b
TH B, GRIMP (1962) 12 L AUERFRAI kG L O A

Table 4. Uptake of trace cations on ‘‘Bubble produced organic aggregates’

I AR (CEC, BT meq./100g) ikh 4 Y+ b
MB3~15, £ 54 FNR10~40, 2 FY rFr A b 80~
150, RN—3IF 2514 bH 100~150, FFEFADH 10~40
THb,

KRAUSKCPF? (1956) ¥k D 13 BOMES BT
FEOREF~DOWE %, CHESTERY (1965) XAk B iz ig
WLTYDAL 54 F~OHEgE 2V OWELERE
wmLTvws,

£z, KA A o0 BIRBEE, 1400
E, AL OEEEAROERLEOWEE LS &
BROCEERTS, A4 ORRP KB ICELTIX
CAROLL & STARKEY® (1960) % WEAVER'® (1967)
PP OEERTHEICOVTIRRIT V52, X%
BRECERDNAMESB LR IC VTR E R B

’

in filtered sea water.

(after SIEGEL and BURKE, 1965)

Cation Run Date Treatment To tg?lggllﬁ] ts T(())Itlalﬁlctglrli)ts e T ?)tsl ﬁci?g:’ts
87n 1 August 25, 1964 Bubbled 146, 000 620+9 0.42 +0.006
2 . Standing 178,000 2447 0.14 +£0.004
3 August 27, 1964 Bubbled 17,600 1395 0.79 £0.03
4 ’s ' 1, 360 0L5 0.00 0.3
5 ' Standing 1,360 244 0.15 £0.3
6 ' ' 1,360 6+t4 0.44 +0.3
7 October 30, 1964 Bubbled 33,000 168+5 0.51 +=0.02
8 January 20, 1965 Bubbled 1,470 1.5+0.7 0.10 £0.05
9 'y ' 1,470 0£0.6 0.00 *0.04
10 ) Standing 1,470 1.2+0.7 0.08 £0.05
11 ' v 1,470 1.0+£0.7 0.07 £0.05
%5Sr 1 October 26, 1964 Bubbled 14, 500 8+1.4 0.055%+0.01
2 October 30, 1964 Bubbled 17, 800 10£1.5 0.055=%0.01
3 January 5, 1965 Bubbled 6, 960 4.5%£1.4 0.065%0.02
4 ’s ’s 5, 640 1.8+1.4 0.032+0.03
5 ' Standing 5,480 2.5+1.4 0.046=%0.03
6 ' 3 5,040 2.3%1.4 0.044+0.03
Mn 1 January 10, 1965 Bubbled 2,920 3.4%1.4 0.12 £0.05
2 ' ’ 2,920 3.3+1.4 0.11 £0.05
3 . Standing 2,920 1.7£1.3  0.044+0.05
4 v ’s 2,920 2.2+1.4  0.075£0.05
#Ca 1 January 15, 1965 Bubbled 1,470 0+0.9 0.0 =+0.06
2 ' ' 1,470 0+0.9 0.0 =£0.06
3 - Standing 1,470 0+0.9 0.0 =%=0.06
4 ' ’s 1,470 0+0.9 0.0 =0.06
5 January 27, 1965 Bubbled 55,000 0+£0.7 0.0 =0.001
6 s 'y 55, 000 0+0.7 0.0 =0.001
7 . Standing 55,000 0+0.7 0.0 =£0.001
8 ’s ’s 55,000 0+£0.7 0.0 =0.001

*Single determinations; confidence limits pertain to counting statistics alone. Counts reduced to net

counts/min.
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78V e SIEGEL!Y (1966) & Bigh-2" 0 o v OFE RO
P ~OWEEFH L T 5. HHEmTkb OB
KOMBCEBY 525 L BbNDD, 20FLENED
{HBWThDh, WEARTORBILE LTI O E
EREFARS LIRS, WARICBEL T o818
OREFMOETIER LI, BELN 6, KPS
BLTC DL oERFEIRLLTR6T, 4%
DR LB,

2, detritus POEICDOWT
MCALLISTER 5P (1960) 1Z AL OES P
(50°N, 145°W) i B TRE W O W58 21775\,

Table 5. Analytical results, AFRAM deep stations.

AN 69
detritus 125 mgC/m?, ¥y 5 o 7 b 20 mgC/m?, Bl
W75 7k 2mgC/m? & lE LTV %, PARSONS!'™®
(1963) 1%, WIEABY, detritus, fi¥ 75 7 b v, Bl
M7Z o7 b, ROEEEFERFR 100, 10, 2, 0.2,
002 ELTv%, I LTy detritus 134 7" 5
VIR OBEEET A LIS,

EZAT, ZO detritus LI T %4 OidEMO
IR ERL LAV, BELTOSHEIN G T& /e
organic aggregate TH 55, L\ bbb XS5k o717,
ZOFOREMHT BAYLOR B (1962) LU SuTc-
LIFFE 56' (1963) OB TH 5. ZHLDHITNES
F—HA S VKT - 74 V¥ —TABLTEREBED 2R

(after WANGERSKY and GORDON, 1965)

o N Depth CaCOs Org. C Mn'™™ N Depth CaCOs Org. C Mn'*
Station  Position (m) ({lg/ (}‘g/ ('p!g/ Station Position (m) (}/lg/ (/lg/ Q/tg/
liter) liter) liter) liter)  liter) liter)
10 16°34'N 13 54 117 0.031 3,130 45 52 0.041
22°06'W 1,100 118 522 0.038 3,675 51 39 0.027
11 16°23'N 14 33 55 0.031 4,170 35 12 0.012
21°36'W 173 47 18 0.022 4,720 14 30 0.031
430 52 92 0.034 55 08°13’'N 0 18 30 0.056
13 16°15'N 14 39 112 0.033 25°41'W
21°12'W 180 52 55 0.034 59 11°21'N 0 8 18 0. 347
472 32 46 0.034 31°01"W
1,166 63 113 0.037 65 12°13'N 10 41 58 0.045
14 16°06'N 15 37 63 0.030 38°53'W 740 36 17 0.048
20°42'W 186 38 18 0.029 1,690 32 16 0.027
475 49 19 0.028 2,660 43 30 —
1,174 52 96 0.034 3,155 42 23 0.026
15 15°54'N 14 39 82 0.025 3,695 40 10 0.034
20°13'W 186 — 21 0.032 4, 200 34 22 0.036
480 36 18 0.030 4,750 2 68 0.042
1,186 40 39 0.054 68 14°58'N 10 48 70 0.056
16 15°46'N 14 171 0.018 44°01'W 1,080 35 20 0.041
19°40'W 184 48 39 0.029 2,130 40 42 0.033
476 48 15 0.036 3,110 37 13 0.022
1,145 48 80 0.031 3,610 38 20 0.026
17 15°31'N 13 82 197 0.014 70 17°08'N 10 43 17 0.041
19°40'W 46°45'W 1,135 45 17 0.028
38 08°00'N 100 47 56 0.044 2,040 34 19 0.040
19°58'W 900 30 42 2,985 38 9 0.047
2,170 41 40 0.041 74 23°14'N 10 148 14 0.023
3,160 59 33 0.039 52°38'W 1,055 38 19 0.055
3,810 - 41 0.061 2,050 286 8 0.045
3,910 42 41 0.037 3,075 20 9 0.039
52 10°05'N 0 37 49 0.046 3,565 44 10 0.063
24°28'W 1,165 38 99 0.060 4,050 33 17 0.045
2,340 41 41 0.043 4, 600 45 5 0.048
2,635 37 24 0.087
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ek, FIUKHA-S URT - 74 V7 —TEERY
ERAEML, RWEES L, VU EOBEEOE R
BBHEEL D, ZOBRIVHREEICEHTTES
SRD T DA ERE 2 EAEHE LT %
HHDThDH, Ll, RETEZIOLI RRMICLD
FEBEY OAENEE LR DL LT, EEIIBT
BEEOZMELELS LS KBREEL LN, LT
5T, ABRLIHAE LIES KBTS L BERAAEL
5L, bhbh P LI LERBR T2 THDH,
ZOBGEZ LRI RILEY 519 (1965) X
SHELDON 517 (1967) I X v ¥R I /2. RILEY BT
XhiE, AL EKICRFOfE ANS &, bubbling
ELTHLARLTY, AT 5 organic aggregate D&
BERCTH D, T DR ~AEE SN E T
5 L2 X - T organic aggregate AL B EVH T
bD. —F, SHELDON HIiZ I, AL 2K
2, SR THEFAVE USRS, BR2 IS L THH T
WET S, £/, EUk *\/7?6@1,’(1%‘& LB AR
FHRAEL, ZOBRFEABIVELINAD

AT DT ORIERFEL TS EHIO 1% < H v
TH Y, BT OARBEICE A7 7 ) 7HAES LTS,
EBRTB, FOAERBELIE L2 BAELTCWD
HE 5 HRFIROEHA N TE DT LBTIEHL I
ENic. WEREM AL S organic aggregate 03
detritus OTEHSE EDDE+5 L, detritus (T
MEORHESEZLEDLOT, BELTVL2E8BICED
BEY~OBITR XOMBBEBELZ 225G, J08lg
EIEFICIEIC LS, v oo, BELTCLHE
%*?Eﬂ’ﬂ‘/&iiﬁ%ﬁ\&ﬁ TSR ED S H 2
L, organic aggregate &\ 9 4FAS misnomer ThH D
Lvbivd < By organic aggregate WO o 5 o
HEEBANECHLTH B, RILEY HiC Lhid, AL
Py, e bubbling %4778 > T{E-» /2 organic aggregate
W ORMREOSRIISHBEERD 10% T@EER .

Lmbﬁ#%,ﬂﬁ@ﬁﬁﬂlvﬁﬁﬁﬂﬁﬁwgﬂ
51E- 72 organic aggregate W oOEk, 7 I =7 L,
A S, BT LI SR O T — X e,

WA O REY O SRS 07— 4 £ LT, ArM-
STRONG™ (1958), JOYNER' (1964), M & |l
Q96D H B, M OPEEITHEIC LV 2372 0 O3RN
H BN, JOYNER 2 XTHE7 v =0 A LT
0.10~32 ORITE({LL, ARMSTRONG I Xividy 1
LTI =y AOFTFHIE T~46 OB TELL TV,
CAVEEEEE, B oEE, AR X O detritus O dE

K BTE OB (1969):

HALEE S 45

WM,%@#%%MA%Kecn*n@ﬂ SR T
RO EEDRDLN, EORBICED S HVEET S
m&ﬂé:am%%Tm5
PICHETROFREEY ~ O BREEBER T 5,
SIEGEL & BURKE®" (1965) & A1l L 7o #E/KIC Ut
& %Zn, *Mn, *Sr 5 L U *%Ca M1z, bubbling 21772
v, organic aggregate ¥{E-721%, HUABLT7 4V
RFES 7B B A IE U7z, —75, bubbling
éﬁfibﬁ b DT LT b RIR A E 24772, bub-
bling 4T/ b DL DHEE LT\ 5%, FOERL
Table 4 1Z7R4, EEBROEELD bubbling # L7zb DL L

Table 6. Analytical results, AFRAM surface
stations. (after WANGERSKY and GORDON, 1965)

Station - Position Cgp(h Org. C  Mn**
N ] . W long " (pg/liter) (ug/llter) (//g/ iter)

3 27°38, 47°03 840 110 0.32
7 21°49, 33°05" 1,080 140 1.35
8 20°34%, 30°35 700 150 0.80
9 17°407, 24°58’ 700 180 0.88
18 14°307, 17°04" 818 330 1.15
19 13247, 17°30° 900 490 0.74
20 12°117, 17°56" 1,160 850 1.46
21 12°127, 17°16, 670 420 0.52
22 13°19, 17°28° 680 100 0.80
23 11°317, 17°30° 760 190 0.80
24 10°527, 16°44" 700 310 0.76
25 09°35", 16°15° 740 550 0.68
26 08°45", 14°36 760 110 0.48
27 08°04", 13°35 620 240 0.32
32 09°07", 18°01” 890 130 0.75
33 09°09", 18°32 920 230 0.76
34 07°59” * 20°29” 710 120 0.76
36 07°59", 19°58” 790 90 0. 80
37 107567, 20°32° 730 160 0. 44
39 07°56", 19°59° 830 150 0. 56
41 09°227, 19°46° 720 170 0.78
43 07°49", 19°35 560 100 0. 60
46 09°587, 18°48" 710 70 0.48
48 09°537, 17°00/ 860 100 0.63
49 10°407, 21°09" 1,320 300 0.82
51 08°207, 22°44’ 820 150 0.60
54 10°497, 25°12° 1,070 210 0.72
56 07°50", 26°16 990 0 0.68
58 109317, 29°00" 820 20 0.46
60 10°087, 32°207 820 50 0.52
62 10°337, 36°19" 860 140 0.64
67 12°207, 42°19’ 700 300 0.44
69 15°207, 45°10" 710 160 1.80
71 18°237, 47°58’ 810 210 0.84
73 21°18’, 50°49’ 780 140 0.64
75 24°167, 53°38’ 720 180 0.72
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BAL ODOFECICEAT S 720, ke L o, AR L
fzorganic aggregate OB DN &AL TV 7 T, organic
aggregate HIZHVIA £ W5 T OMBECEDORLH
Bfaolcanvs, BRYAEABIEFE Zot >
Mn*™>Sr** Th s, ZOWEFREZ A X8, 7+
Ky 73 /BRELINABDERBA A L3 r— 2k
LMIDIEF &L —H LT\ 5,

WANGERSKY & GORDON® (1965) 1%/ @sy+ o
flio~ B OBEME L, FOFEREL Table 5 %
LU Table 6 2573

HEY PO Mn* OBEITRE T 0.72 pg/l, BT
0.038 ug/l Th B, —F, AHRBBEMOBREITIES X
CRREORBTERZN0.15mgC// 3 X 100.23 mgC/!
TH D, AR L OVRROER T, 1 £h0.02mgC/!
BIU0.04lmgC/l ThH 72, BBYHHROEHREDE
EMntt OBEALET S L, HEREOREOHEITHE
BOZFNOZFI0ETHY, Mt OB E 4 FHBOME
TRBOEDIRIE 10 EThH 5, 202 LI HEEEY
EMn*t DX R RETLEOBIT S O EIERE D
BILERLTVD, HHRELABLIEKBIUS
4 L Mn*t T ALHEKIZ bubbling #4772\,
H:pR L7z organic aggregate 110 Mn™" OREFHEFEL,
002~0.05 pg/l #8572, Z OEIEERBICE T 5 BB $
D Mn*t DBEEE 0.038 pg/l IZELWETH S, LT H
T, PARSONS & STRICKLAND® (1962) 13l AFEED
500~3,000 m»> 5 D 8 HEHZ > WT, BiBh O H 5
%, EBF, RAKMUIRFEEZNFR 9.5 1g/1,13.7 pg/l,
15pg/l LR LTz,

Zh &V, organic aggregate W ORKAL LIS O (R
., Y R7 5= 0X) BEREREOL VT I/
Me i E BRI F b TETV5 L,
L7, GURD & WILcox® (1956) i, Eihicty
ETHEBAA X, TAHYVERERE, BLALLEL
MELBERELTV B, LT 5, %7z, SIEGEL
& DEGENS™ (1966)1% % v — k8§ & Cu®*, Fe®*, Co?*,
Ni?*, Zn?* L E07 3 VB LHEREIEDELHE T
L, ThEMERE LTHEKP»GT I/ BESHELT
Wh, ZOZ L, ThHETHEET I 2 BeiAES
BERERBEARBESIZLERLTV S, ZDEHICE
2TLBE, ThOHEERA &L REFERD LIk E
BBz Lick Yy K&R 518 O LAY EIEY, organic
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Pk, #KPOEBTREORESCILBEME & 2BE
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Cycle de Dl’azote dans 'eau de mer

Eitaro WADA

Résumé:

L’acide nitreux, un des composés azotés dans les océans, se montre maximal & la
couche inférieure de la zone euphotique stratifiée en été.

En considérant que le cycle de

l'azote étant en état permanent sous une telle condition hydrologique, il y a peu de perturbation
du cycle causée par le mélange de l'eau et la diffusion due au gradient de la concentration,
nous proposons, par la cinétique, d’ évaluer la relation quantitative in situ entre des composés
azotés et de comprendre les processus principaux du cycle de 'azote. Aprés avoir montré que
toutes les réactions peuvent étre traitées, en premiére apporoximation, comme réaction primaire,
nous obtenons le rapport ammoniaque-acide nitreux en fonction de la température, du nombre
des bactéries et de l'activation. D’ailleurs, une étude porte sur les facteurs déterminant le
rapport acide nitreux-acide nitrique et les valeurs calculées sont comparées avec les valeurs
mesurées.
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Fig. 2. Vertical distribution of ammonia.
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Fig. 4. Vertical distribution of nitrate.
(St. 1~St. 21)
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Fig. 5a: Time course of oxidation of ammonia.
to nitrite by nitrite bacteria.
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Fig. 5b. Time course of oxidation of nitrite to
nitrate by nitrate bacteria.
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BT EROERERT OIS CEERI L TH S,

FREEF (org-N) B L UHBEERE (org-C) ICEA L,
W BT DM ORER - R BRERL Yizow
THk~S,

org-C, org-N DOENE ST
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Duursma, 1965), St-2 128175 C/N K% Fig. 2 12
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Fig. 1. Vertical distribution of dissolved organic

carbon.

(ST-1: 44°N, 151°E, ST-20: 25°N, 151°E)
BOOLNKEN-T2, DD, oEHEZIVESHh
A D C/N H% Table 1 IZ77%, DUURSMA
OEFERBTL ISy, BEABHIC O TL
PARSONS 5 (1962); DAL PeNT & (1963): MENZEL
B (1964) 12 X 0 TS ThEV C/N ERE LR
TW5b,

ERICBUERIEYOFIE Table 21574, Zh
HIHIEY TH B 0%, ISR THREE TRIlEh
TTEIRRE (DEGENS &, 1964) LSMZ v, %722
D& R LAY SRR AR OB T &
LD EFELLNE,

HRTFOFEIOKE D LY SEEOR bR Li
W RETEFR L T water humus ¥ FEE N S, =0
C/N 10 Thhvbhiz X v &S5 /fE (C/N M
5~14) 12KV,

BHEETHRESh TV 5/h&E C/N fERELV &
HiE, C/N o B A ORI (DER L 72 5448 CEi%
Y1) OfCFMROEY, (BREE (RE - K5 - 77

Table 1. C/N ratio of dissolved organic
substances in the ocean.

C/N (by
weight)
North Atlantic 0-200m ~10
200-4000m ~3
0-200m ~7
200-1300m ~11
western Indian 0-200m ~10*
200-4000 m ~8*
eastern Pacific 0-200m 7~12
200-1500 m 9~15

Authors Location Depth

DuursMA (1961)

HoLM-HANSEN e al. off California
(1966)

Fraca (1966)

WILLIAMS (1967)

Depth {m)
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Fig. 2. Vertical distribution of dissolved organic
nitrogen and C/N ratio. (ST-2: 43°N, 151°E)

Table 2. C/N ratio of organic compounds.

* by atom

Compounds C/N

s (by atom)
urea HNCON L 1/2
1 N
N g0 N _OH
uracil R = T 2
N1 N <
O O
(it
creatine TLNCNCHLCOO! E
NENCH.CO0IT 4/%
Nu
O 1 3} i
N N
. N
guanine ,l\ \" — I \ﬂ 1
AN N !I.\)\\v N
i
guanidine NILONH: 1/%
NH .
glycine TLNCILCOOLU 2
N
. N
adenine N \” 4
Lt
N
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Table 3. Change in C/N ratio of dissolved

organic substances during the decomposition
of plankton. (OGURA, 1968)

Time of storage DOC DON C /N
(day) (m{,/l) (mg/l) (by weight)
0 1.83 -
8 1.60 —
15 1.43 0.37 3.9
29 1.37 0.43 3.2
54 1.39 0.48 2.9
127 1.37 0.49 2.8
Original plankton 5.6
T ORI L E, BRI £ T L A HB O SR o

BV LIRS,

T N REBRETOMIE L &, SESED
WO T o7 b oARkD C/N X0 /NS CIRTER ) H
A% U7z (Table 3, OGURA, 1968; OTSUKI &, 1968),
ZOXDICRKRIRBEIZ BT L C/N /IS fT R
DHEREBWEETH DL L vy,

HRELET 7 7 b o RO

REDFIELD 5 (1963) (X775 v 7 I o Ok & I
L F DS O TELEL 7.

(CH:20)106(NH2)16(PO4 )+ 138 Q2106 CO»

Ty =T +16 HNO3s+ 12 11O

S 16 B3 L UUREE 106 T o kic 276 oo
FENRLBETH B (JN/JO~16 276, 4C/40=106/276),,

DOC LR g niliciE®E (0, 27.0 LLE) TAC/40O
=1/3 (106/276), 500m LA (aé 27.0 LA E) Tk 4Cy
4OKL/3 (106/276) OFARAE H LT, = OFEH, WE
DEHERBMOBBEREIRBOZR IV SV LEL
HBN5. BIZ DON OF — 7 3B3% { Bshhidies
DGR & &0 G O 5 R 2 SR IR &
IENBTEBESY,

T5

X ik
DAL PONT, G. and B. NEWELL (1963):
Aust.

Suspended

organic matter in the Tasman Sea. J. Mar.
Freshwater Res., 14, 155-165.

DEeGENS, E. T., J. H. REUTER and K. N. F. SHaw
(1964): Biochemical compounds in offshore Cali-
fornia sediments and sea waters.
mochim. Acta, 28, 45-66.

DutrsMma, E. K. (1961):
nitrogen and phosphorus in the sea.
Sea Res., 1, 1-148.

Dutrsma, E. K. (1965):
constituents of sea water.

Geochim. Cos-

Dissolved organic carbon,
Netherl. J.

The dissolved organic
P. 433-475. In: J.P.

5 (1969): H{LHENEY ik

E*F

(ed.) Chemical Oceano-
New York.
Distribution of particulate and

Riley and G. Skirrow
graphy vol. 2, Academic Press,

Fraca, F. (1966):
dissolved nitrogen in the Western Indian Ocean.
Deep-Sea Res., 13, 413-425.

HorMm-HAaNsEN, O., J. D. H. STRICKL.AND and P. M.
WiLLiams (1966): A detailed analysis of Dbio-
logically substances in a profile off

11, 548

important
southern California.
561.

MENZEL, D. W. and J. H. RYTHER (1964): The
composition of particulate organic matter in the
western North Atlantic.
179-186.

OGURA, N. (1968): KF#k

OTsUKI, A. and T. HANYA (1968):
tion of

Limnol. Oceanogr.,

Limnol. Oceanogr., 9,

On the produc-
dissolved nitrogen-rich
Limnol. Oceanogr., 13, 183-185.
ParsoNs, T. R. and J. D. H. STRICKLAND (1962):
QOceanic detritus.  Science, 136, 313-314.
ProvascLr, L. (1963):  Organic regulation of phyto-
plankton feltlht} P. 1566-219. In: M. N. Hill
(ed.) The Sea, Vol. 2, Interscience Publ. London.
REDFIELD, A. C., B. H. I\F.T(,H.UM and F. A. RICHARDS
(1963):

organic matter.

The influence of organisms on the com-
position of sea-water. P. 26-77. In: M. N. Hill
(ed.) The Sea, Vol. 2, Interscience Pub
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WiLLiaMs, P. M. (1967): Sea surface chemistry:
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and phosphorus in surface films and subsurface
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FramE Rl M (AT
TEERIRIC £ D EBRER 2 Rs L O, ikdic
EFRLAMOEROMREFZEL, Fhic wf@
BT 2 ERERAHOSHERAL X9 LA
?DEHS}UOR%‘&&, MBI E T 20 0z »TH
EHEAT O LT REBEIC S,

AAGT 3 & VR AL AT 35V THAT O $dE
ISR THUI L 72 RILA %0) SHTAER S, 7282
G O (ﬁg%ffzﬁoﬁ;«% T, (LEHF LSO
Lk, [NH;*]. (NOy =i, (ﬁh&a’)i_ 72 EHifC

KEREE+5, fok z21F, ANEHO 144°E, 30~
40°N OB 4 L2 H>WTIETROML Th 5,

ZS E
[NH:") 0.1~0.3pg-at/! 0.3~1.0
(NO. ] 0.2~0.3 0.3 (KRB
[NOs ] 2~18 0.5
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ganic DHEIZ >V TRIRSN T 72)> - 7225, organic
HEIZOCTLHR LT S0 T, BNt ss L
RHE s #F. RTNEREIEL L Cvic =8t
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BREfEN T,
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EONDI LT, STEEBAS AIKIRER DL TH
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HHLI AR,

b o & bEBICEDMOZEME ¥ O E VMR S
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H LR R THEIEO S AR TH S UABRI S, fho
fAAHTL S =Bl o I BB ShzZ &b d, 22
T, NO: OLOZERN, FEERF 2 OfiA B 24T 72
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Bk CGRFEFER) MHIAOERICRIEZS, #nyE
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b OHRRI D D LDy, FRBRYIZEFHIEE S L
T thermocline IZEE 20 % & 20 iEn b,
thermocline &9 & DXL X » TIRIFEITRELE
TETORAEBEMITHI L bH AN, HITEENE
Ve ETORARTDEN LS RIEAETHZ L 2D
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Structure du fond oceanique

Masaaki KIMURA

Résumé:

L’auteur note que la structure du fond ocfanique devrait étre &tudiée en realtion

avec la structure et le développement de la Terre entiére et fait une revue des théories hypo-
thétiques que MORGAN (1968), ISACKS ez al. (1968) er RANCE (1967, 1968) ont proposées pour
interpréter la formation de ’aspect général de la topographie, dorsales, failles, fosses, archipels

et qui ne sont pas toujours compatibles les unes avec les autres.

Les problémes & résoudre et

en particulier I'importance des fissures dues aux efforts globaux sont signalés.

1. EUwic
KEBEEDEEX SR DO LT,
Lo KB & RPFEOBEME

(2. VEEED 7 X

{b. B0 D 5Kk

I % i K
a.  IEH 7L TRMIE
{h W, TR, B0 T e bk
%Ki

I {FERIR
T, FTHESEME S L v 5 ST, ERRKHE T
RONBHEEE O EH2 6N EN T EMT 3B
%, Fiz, KMEEBH, WERES. @ alE
(transform fault), HBHFE O+~ TEE I 100 km 1Z
EOHAED L SHhDOKRERT v v 7 OFRHEBNC X
STHAL XS LT B5ELHFMTbi, £hb0ESH)
DK % 2 \THIE OER OLE L v 5 XD A Bk E A
ORI OEE L\ 5 H D OH--HICRE Sk b i
WS &7 - T &7z, 1960 FfRICA Y, HESs < DIETZ
OB L7z TR HHE] ORFLSE, KEOH I
B+ 5 REPREESEEOEEEORK LM RAL
Bz 3b0LHEEND XS o7, FE, WEEE
DOFIC LY, EIHLERBRFEDRIFEONIEE D <
STIEESNTETV (0T, AL, LT, ToD
KPEP QL ERIR 2 S 5 BT T E B T IR R R

% # UK 2 Y PEFFZ BT Ocean Research Institute,
University of Tokyo

'%%P R DO RFEE ORI T 5T 2 584 L
o ETREPRIFHLIAI maVo_aE%
,Afkﬁ@wkﬁk CHALBEDLZAEDL Y I
REER BT AL TV L 2 EREN L THIzv, AR,
W43 4 12 B 6 HIC B{LBER S OBEE Y Ry
VATHERLLEEREELDZLDOTHY, ZORER
BIL T, RUERETE L ORR, IEE (1968) #
BEIZERIC,

2. KiFrRiEsE

KEEO TSR X ERRIN O L LTk ol
Bl 425 L 0T, KR, KV, MR, duinsE,
MEEE B L CRELIZETT km iK%+ 5 (HEEZEN
and EWING, 1961), I OWEHESKEOZEPRICAE
THZ LT TIC 19 RO Fy LYy — RO
EarbmbhnTwviz, 52, EWING & HEEZEN
(1956) 2 X v, BRSO hREEOLTEO SR
IEREC R S, FIo CHIR SR AN A i R A A i 1 &
TRTZEDRBEINBICE- T2, PRIBEIZZ OMIEH
Bzl y o> oMz ensd, —oRPRERE
5 T, KEEFIBEOKE S, TR HED T —
AR, FIEREOD —NAR—THEL ERXIFbn
B, fho—oik, FRERPESHCFT, HATHE

W, R 30 LR OKEERIMEEL EBH T o
% (MENARD, 1967; van ANDEL and BOWIN, 1968).
E 7O PRI —ARITILTER & U bh b, P

TR AL S INTEIRIC L, FRBE, (LIE - SHE5
TEHOPMBYLETHY, X, L ToR
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B &5 (HEEZEN et al., 1959),

NIHSEBOFER 26, KPP IEE O I TEE O
13, 2~3km DEXOEMEE Bk #HE Vp=45~5.8
km/sec) x50, FOTFIC TH E< L b LEn
5@ Vp=7.0~7.6km/sec) 7P b, BARVFERE T
HEMBOTICH 5 REEHE (Vp=69km/sec) 23, #<
2 SIS B S I EET B oIk LT, R
HRRHE S T T  OTEERIC RO D K EE M (Vp=
6.7km/sec) 2MEL A LEL, KEFEMZO L2 < H~
THMBREERE < PVEO LD - T b, Vil
@ UDINTSEV (1968) &, KPEHigks R~ b ol
BEREFA 7IRICEFILIZET LV EBZL TV 5o HIC
£3E, ZoORBREBIELE LY o HEE (geo-
riftgeny) DOREKIRTH - T, HHTCTOEH, HFEKE < T
FIEE T Xk o TS T B s, TALWANT 5 (1965a)
ks k, NIHE:EACL5AERREEZIMSED
i, IKBEORE~ L PABRIERE KL~ hf
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Fig. 1. Block diagram illustrating schematically
the configurations and roles of the lithosphere,
asthenosphere, and mesosphere in a version of
the new global tectonics in which the lithosphere
indicates relative movements of adjoining blocks.

Arrows in asthenosphere represent possible

compensating flow in response to downward
movement of segments of lithosphere. One
arc-to-arc transform fault appears at left between
oppositely facing zones of convergence (island
arcs), two ridge-to-ridge transform faults along
ocean ridge at center, simple arc structure at
right. (after ISACKS et al., 1968)
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Fig. 2.
exposed portion of the simatic crust of the
Pacific Ocean basin.

Major physiographic lineaments in the

The features that closely
correspond to shear fractures or cleavage cracks
are shown by a solid line or double lines: (a)
Austral ridge, (b) Cacos, (c¢) Caroline Islands,
(d) Caroline-Solomon ridge, (e) Clarion fracture
zone, (g) Cook Islands, (h) Ellice Islands, (i)
Emperor seamounts, (j) Galapagos fracture zone,
(k) Hawaiian Islands, (1) Line Islands, (m)
Marcus-Wake seamounts, (n) Marquesas fracture
zone, (o) Marshall Islands, Gilbert Islands, (p)
Mendocino seascarp, (q) mid-Pacific mounts,
(s) Necker rise, (t)
(u) San Felix-Juan Fernandez ridge,
(v) Society-Pitcairn Islands, (w) Southeast
Pacific ridge, (x) Tuamotu. (after RANCE,
1967) -

(r) Murray seascarp,
Samoa,
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7203, 2.0 km/sec DEBEIE—HKIZ seismic profiler T
SBE, FHEENCBBEELL V5, H50iE
INDBENTBEELH DD, ZDH AL seismic
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EHOBEFE 5B L2 0 D) LD LD LN, —HOK
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A+t heat flow DEDS, HFKIT { @ partial melting
KIWEBNC L B L CRETE2 L noMPcEH E
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calibration 7§>’9‘"< T & %5, acoustic instrument #{#
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Grands tremblements de terre au fond océanique pres du Japon et leurs repliques

Norio YAMAKAWA

Résumé:

ont eu lieu au fond océanique prés de I’Archipel du Japon.

La plupart des grands tremblements de terre de magnitude M=7,5 a 8,5 au Japon

Aprés avoir indiqué 'importance

de D’observation de la seismicité pour définir proprement les répliques, nous montrons les pro-
priétés des répliques: nombre, énergie et étendue de la région des répliques, origine du
tsunami par rapport & la région des répliques, distribution de la génération des répliques en

temps et en espace, etc.

1. BLBHIE

MEFT, T B, BIE, BB IUBHEHECO
VT, WL ORDOTEMEETEY, HICRBIRHOWT

* ’;T\%%j("%'&:: é\%ﬁ}?j”fﬁff Meteorological College,

Meteorological Research Institute

W, B AREREL K, FOHEEERY, MR BRI
DR & AT o T & 2o (L) 1965, 1968; 11,
1965; YAMAKAWA, 1966, 1967a, 1967b, 1968a, 1968b,
19692, 1969b: YAMAKAWA et al., 1969), Z DFE, A

WO~ 7 =F 2— R L HERH, AEH X OHEOER
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B, 2 ZEORIX, 3 P Lo, 3 FHX1»
B ol BEHOMZIOHEZ Lok ryt. 2
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12, 000 meters below the sea surface can be sounded

with a good accuracy.
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This equipment is for sounding
sea bottom as deep as 12,000
meters from a marine research
ship with very high accuracy.

[t has various ranges of scale;
however, the scale range is
automatically shifted from one
to another with the sudden cha-
nge of depth. The recorder
is so designed that it can co-
work with other equipments for
recording various kinds of data.
especially with sonar pinger.
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PRECISION ECHO SOUNDER e
FOR SHALLOW

for surveying shallow sea, harbors,
lakes, dames, rivers.

1) The special transmitting system and the ma~
gnification of range scale enable the operator
to take direct reading from the record.

2) The self contained crystal watch improves
the accuracy of recording.

3) The recording device has three ranges. Oto
1, 000 meters, O to 6,000 meters, and Oto
12,000 meters. Their full range scales make
reading of the change of depth easy.

4) Multiple number of recorders can be opera-
ted in parallel.

5) 486 mm width dry type recording paper is
adopted, which makes reading easy.

6) The transmitter and the receiver can be
installed in consol or in seperated areasas
desired.
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Protected
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Unprotected

Patented porallax-free back scale, opal glass

back sheath enable precise measurements.
Write for details
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Current &
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Model

Products
KM-2 : Direct Reading Knot-Meter for Trawl-
= Boats to Control Adequate Speed
[1-5 : Electric Meter of Water Temperature
Catalogues are to be sent [C1-5: Electric Conduction and Temperature
immediately upon receipt of Meter for Chlorine

your order products

"~ TOHO DENTAN CO._.LTD.

Office: 5-15-16, Kugayama, Suginami-Ku, Tokyo. Tel. Tokyo (334) 3451 ~ 3
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Hydrographic Survey and Marine Geological Survey

SANYO Hydrographic Survey Co., LTD.
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