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Introduction

A Geophysical Consideration of the Water in
the Ushigomebori Moat

——Effect of the Shape of the Moat to the Seiche’s Period——*

Nobuo MORITANI** and Tomosaburo ABE***

Abstract: Seiche motion has been observed in the Ushigomebori Moat since September 1970.
The shape of the moat was varied artificially by the subway constructions during the period
from November 1971 to February 1974. 1t is recognized that the observed period of the mono-
nodal seiche in the longitudinal direction changed according as the shape of the moat changed
in that period. The observed period almost agrees well with the estimated period based on
the one-dimensional model such as a Du Boys Method and a Defant Method, when the moat
took a regular elongated shape. On the other hand, when the moat was a nearly L-shaped
basin or a branched-out basin, the change of the period may be reasonably explained by the
Impedance Theory of Neumann. The alteration of the oscillational mode of seiche due to
the change of shape was estimated by the observations. These phenomena were fully confirmed
by the experimental model basin of the moat.

applied these theories to the seiche motion in the

The Ushigomebori Moat, one of the defence
moats of the ancient Edo Castle, is a desirable
basin for studying the seiche motion because
of its regular shape. Seiche motion in the moat
has been studied in the earlier papers (MORI-
TANI and ABE 1972, 1973, 1978, YANAI and
ABE 1979). In this paper, the authors study
on the changes of the period of the seiche due
to the variation of the shape of the moat dur-
ing the subway constructions under the moat.

The seiche motion has been studied by many
researchers. The period of seiche in a roughly
rectangular basin can be calculated by the
Merian’s Formula. The Defant Method (DEFANT
1918, 1960), Du Boys Method, Japanese Method
(HONDA et al. 1908), Proudman’s Method
(PROUDMAN 1914) and some other method have
been effectively applied to the elongated basin.
Neumann’s Impedance Theory (NEUMANN 1943,
1944) may be applicable in the L-shaped basin
and the branched-out basin. Present autohrs

* Received May 28, 1980
** Tokyo Center, Japan Weather Association,
Chiyoda-ku, Tokyo, 101 Japan
*#* Faculty of Science, Science University of Tokyo,
Shinjuku-ku, Tokyo, 162 Japan

moat whose shape was artificially varied. In
the period from September 21, 1973, to October
1973, the observed period gradually decreased
owing to the removal of the sector walls which
were built in the moat during the subway
It is estimated that the oscilla-
tional mode of seiche was gradually altered
according as the sector walls were removed.

constructions.

_.These phenomena were also investigated by the

experimental channel.

2. Observed Results

In the moat, the water level has been
observed by the portable wave gauge (cf. MORI-
TANI and ABE 1977) at Stn. 1 or 2 as seen in
Fig. 3-1. Analyzing the data obtained during
the period from November 1970 to December
1973, monthly variations of the period of mono-
nodal seiche in the longitudinal direction are
shown in Fig. 1. The percentage of generation
of the seiche whose amplitude is greater than
0.5mm and the monthly mean wind speed at
Tokyo (J.M. A.) are also shown in the figure.
In the upper figure, the most frequently observed
periods are shown with solid circles, and the
differences between minimum and maximum

1)



162

La mer, Tome 18, N° 4 (1980)

10 1 ! I L ] LELI L L I T T T1TT7T ! LI DL I T T 1T rrTrT | LI ) I

i -os
e LI 3
2T '[/ | Jos -
£
E- 8 le 1. 7ITF+--318 ° 407 2
i AT 78
- L 1 1 v Jos ¢
o gt o 1 {09 o
g B \}-;\I_L}‘E"E’I"Eﬂf I\ J10 3
- Iy -
5 6 \—3 ] 11 w

3 5
? 100 e wind speed /\ > §
5 =N NG SN \ SN/ “F
A /\/ NN/ i N - NS
B 50 [} '8
‘é"’ 4 ¢ seiche 2 ¢
= o ©,0° o o n
I o ° '
o - s ee®o0 ° 8o ©° ©°° z

& 0 T T N R I B e | 0

_ 12, 3 6 9 123 6 9 12 3 6 9 12

70 Ul 72

M ONTH

73

Fig. 1.

Monthly changes of the seiche’s period (upper), and of the wind speed at the moat

and of the percentage of appearance of seiche motion whose amplitude is greater than

0.5 mm (lower).

values of the observed period are shown by the
vertical segments of lines. The equivalent depth
given by the Merian’s formula is

he=4 L?/9T%0s, (1)

where L is the length of the moat and Tz the
observed period of the seiche.

It is seen that the period of the seiche from
March 1972 to May 1973 is longer than that
in the former by about one minute, and re-
markable change in the period was recognized
from May 1973 to December 1973. The daily
variations of the observed period and those of
the precipitation are shown in the upper and
lower figures of Fig. 2, respectively. In the
upper figure, the observed period at Stns. 1
and 2 is shown with the solid and open circles,
respectively. The representative configurations
of the moat in each period from (I) to (V) are
shown in Fig. 3. S; and S; indicate the walls
stood vertically in the moat during the subway
constructions. Comparing Fig. 2 with Fig. 3,
it is seen that the rperiod of the mono-nodal
seiche changes its values according to the varia-

Open circles show the ratio for the small number of data.

tion of configuration of the moat. The re-
presentative records of the water level at Stn.
1 are shown in Fig. 4. In Fig. 4-1, the regular
oscillations of the water level whose period was
about 6 to 7 min. show the mono-nodal seiche
motion in the moat in the longitudinal direction.
In Fig. 4-1V, the period of oscillation was fairly
longer than that in Fig. 4-I. The summarized
general characteristics of the seiche’s period
from (I) to (V) are as follows:
(I) October 1970 ~ September 1971

Shape of the moat made nearly rectangular,
and the observed period cf the mono-nodal
seiche became 6.7 min. on the average. The
percentage of generation of seiche motion whose
amplitude is greater than 0.5 mm became 20~
409%. In this period the seiche motion was
most frequently induced.
(II) October 1971 ~ June 1973

As shown in Fig. 3-1I, the moat was divided
longitudinally into two parts by a wall sector,
and the shape of the part filled with water
became narrower than ever. The variation of
the observed period was fairly large and the

2>
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(Oct.1970~Sep. 1971)

(1)

Daily changes of the seiche’s period (upper) and of the precipitation (Jlower).

(Oct.1971~Jun. 1973)
an \—_-;_r\_—__ﬁ

(Jul.211973~Aug. 1973)

aun

(Sep.21,1973 ~ Oct. 1973)
{1v)

(Oct. 27,1973 ~ )

Fig. 3.
parts of no water.

Representative configuration of the moat.
S: and Sg, dotted lines in (III) and (IV) respectively,

m

The shaded areas indicate

are the walls which were constructed to prevent flowing out of water

during the subway constructions.

mean period became 7.6 min. This was larger
than that in the former case (I) by about one
minute. The period in June became shorter
than that in the former. It may be caused by
the temporary increase of the water level due
to the subway constructions.

(IID) July 21, 1973 ~ August 1973

It is recognized that the end of the wall
sector S;, which is shown in Fig. 3-III with
the broken line, was removed on September
21, and the other walls were also gradually
removed in the right direction until the last
ten days of September 1973. The observed
period of the seiche indicates fairly larger value
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of about 9 min. The elongation of the period
cannot be explained by the one dimensional
model such as Merian’s formula. It was caused
by the deformation of the shape by the wall
sector Sji.

(IV) September 21, 1973 ~ October 1973

The wall sector S; in the moat, which is
shown in Fig. 3-1V with the broken line, was
removed at the end of right-hand side, and
it was gradually removed to the left until the
last ten days of October. According to the re-
moval of the wall sector S,, the observed period
was decreased gradually from 9 to 6 min.
Therefore, it is estimated that the oscillational
mode of the seiche motion was also varied ac-
cording to the length of S,.

(V) October 27, 1973 ~

In this period, the other wall sectors were
removed and the moat restored its original
shape, although its mean depth became greater
As
shown in Fig. 2, the observed period was about
6 min. it was shorter than that in the
case ().

As the shape of the moat in the cases (I),
(ID) and (V) was roughly rectangular or simply
elongated, it was estimated that the most pre-
dominant seiche was mono-nodal one to the
longitudinal direction. The calculated periods
by the Merian’s formula(Txz), Du Boys
method (Tpp) and Defant method (T5) are
listed in Table 1. As shown in the table, alj
the theoretical values of Twz, Tps, Tpr almost
agree well with the observed values in the
cases (I) and (III), since the shape of the moat
was nearly rectangular in these periods. On
the other hand, in the case (II), the cross
sectional area in the lidabashi side (right-hand

than the original one by about 20cm.

and

La mer, Tome 18, N° 4 (1980)

side of the moat) was much larger than that
of the Ichigaya side (lefthand side of the moat),
as shown in Fig. 5. Hence, the shape of the
moat was relatively deformed from the rec-
tangular shape in this period. The value of
Tyr was fairly larger by about 30 sec than
that of Tpg or Tpr in the case (II). The latter
value was much closer to the observed value
than the former one. It is seen that the Merian’s
formula could not be applied to such a deformed
shape from the rectangular basin.
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Fig. 4. Records of the seiche in each period.
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T indicates the mean period of the seiche.

Table 1. Seiche’s period in the elongated moat. 4k and 47 indicate
the deviation of depth and theoretical period, respectively.
Period htdh Tur+tAT Tpp+dT Tprp=dT Ton
(cm) (sec) (sec) » (sec) (sec)
1 Dec. 1970-Sept. 1971 107+ 10 377+21 382+22 376+21 400
—10 —-17 —19 —18 )
p I Dec. 1971-June 1973 114410 365+17 393-+21 395+22 470,
-10 —15 —18 —18 430
V Nov. 1973-Dec. 1973 114+10 366+17 367+18 365+18 370
—10 ~15 —16 —16
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Variations of the cross sectional area.

1/L=0 corresponds to the end

of the Iidabashi side and 1/L=1 the other end.

Ushigomebori Moat

(1n

1 aw

Fig. 6. Configuration of the moat in the periods
1), (I1I) and (IV). The broken line shows
the mean depth in Area a and the dotted
line in Area b.

3. Discussions based on the Impedance Theory
of Neumann
The schematic shape and the cross section
of the moat in the cases (II), (III) and (IV) are
shown in Fig. 6. As seen in the figure, the

moat was a roughly L-shaped basin® or a

C5

(a)
;
Ll by, hy. Ly '
b, hy L, 1
7 2 e Ly
Z
(b)
Z
t by, hye Ly '
1
by hy Ly 11 2,
m by hy Ly
.
Z3

Fig. 7. Models of the L-shaped (a) and the
branched-out basin (b),

branched-out basin in the cases (III) and (IV).
Moreover, we try to consider the shape in the
case (II) as L-shaped. Now, we will discuss
on the seiche motion in the L-shaped basin and
the branched-out basin on the basis of the
Impedance Theory of NEUMANN (1944).
(1) L-shaped Basin

‘We consider the L-shaped basin as the com-

) N
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bined basin along the dotted line in Fig. 7(a).
In this case, the impedance of the basin, closed
on one end, is given by

. iji e (ILi

ot s

Zi: Sq, Ci

(2>

where Z; means impedance, S; cross sectional
area, b; width, A; depth, L; length and ¢
phase velocity. In the L-shaped basin, the
impedance Z, and Z, are connected in series,
then the total impedance Z becomes

Z=Il1+2,.

Z=0 gives the period of free oscillation in the
L-shape basin, so
Zi+Z,=0. (3)

From the equations (2) and (3), the following
equation is obtained;

L,

o oLy
bici tan +bocs tan
Cy Ca

=0. (4)

Solving the value of ¢ from the equation (4),
we can obtain the characteristic frequency of
the period in the L-shaped basin.
(2) Branched-out Basin

In the case of the branched-out basin as seen
in Fig. 7(b), we consider three kinds of basins
which are connected with each other along the
After the experimental investiga-
tions of the model basin in the following section,
we found that the water masses oscillated with
in-phase between 2 and 3, and out-of-phase
between 2 and 1. Then we assume that the
impedance Z; and Z; are connected in parallel,
and the combined
with Z; in series. So, the total impedance Z
of the branched-out basin becomes

broken line.

impedance is connected

ZoZs
Z=71+ —Z2—+—Z—3‘

With Z=0, the period of free oscillation can
be given by the following equation;
oL oL

+bscs tan
[or] C3

=0.
(5)

(8) Comparison with the Observed Results in

the Moat

The values of L;, b; and h; (i =1, 2, 3) in
the cases (II), (IIT) and (IV) are shown in Table
2. In the table, Twx means the theoretical
period given by the equation (4) or (5), and Tos
means the observed mean period in each case.
Twu is smaller than Top by about 100 sec in
the case (II). It seems that the value of Tpg
or Tpr, which is obtained by the one-dimen-
sional model, is closer to the observational
period than that of Tyxy. In the case (III),
the mode of oscillation may be considered as
the L-shaped basin. In this case, the length
of the sector wall S; gives no effects to the mode,
and the period in this case keeps nearly constant
values in agreement with the observations. In
the case (IV), Tyy gradually decreased accord-
ing as the length of the sector wall S; decreased
when the length was not less than one half of
the total length of the moat. Therefore, the
change of period caused by the change of length
of the sector is well explained on the basis of
the Neumann Impedance Theory.

oL
bici tan—— + bocy tan
C1

4. Investigations by the Model Basins

For the purpose of discussing the change of
the period with the variations of the configura-
tion of the moat in the cases (III) and (IV),
we carried out the following experiments with

Table 2. The theoretical periods calculated by the Impedance Theory
of Neumann and the observed ones. '

: Ly by hy L, b hy Ls b hy Tvu Tos
Period  Shape (m) (m) (m) (m) (m) (m) (m) (m) (m) (s) (s)

I L-shaped 256 39.1 1.39 354 24.1 0.85 — — — 365 470

Il L-shaped 354 35.3 1.32 256 67.6 1.16 — — — 615 530

V branched-out 354 35.3 1.32 256
305 37.8 1.35 305
244 39.1 1.38 366

67.6 1.16 202 31.0 0.96 553 500
66.7 1.16 153 29.2 0.92 426 l
65.5 1.16 92 26.5 0.77 — 380

6
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Fig. 10. The experimental model basin (ID).
The length L of the sector wall Sz was varied
in each case. L for each run number is

shown below.

Run no. 1 2 3 4 5 6 7
L(m) 9 65 55 45 35 25 15

the small model basin of the moat.
(1) Change of the Period with the Variations
of Shape :

The basin is 128.5cm long, 15.0 cm wide and
5.0cm deep in the shadowed area, and 8.2cm
deep in the deeper area, as shown in Fig. 8.
The experimental results with the model basin

runi

stn.1 | Nv\)\/ £
stn.2 /\/\/\j[i\ I 5
s(n.3“l\/\/\|‘/\/ NN t
run2 6 sec
NN A
m\/\/\/\/\/\/\/\ 1
\ VAVA VARV

run 3

&3

2T¢=2¢ 58]

run 4

runb

%%

Fig. 11. Records in the model basin (II).

are shown in Fig. 9. In the figure, Ty means
the theoretical period calculated by the Merian’s
formula in the shadowed area, when the basin
is divided into two parts by a sector. The
observed period is shown with the solid and
open circles; the former was observed at Stn.
1 and the latter at Stn. 2 in Fig. 9. As seen
in Runs 2 to 6, the observed period kept nearly
constant values. It is seen that the most of
oscillation of the seiche is slightly affected by
the existence of the wall sector S;. In Runs
7 to 10, the wall sector S; was gradually re-
moved to the left. In this case, it is seen that

C7)
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the .period gradually decreased according to the
removal of S;. Comparing Fig. 9 with Fig. 2
or Fig. 3, we have found that the phenomenon
of the change of period in the moat was re-
formed fairly well by the experimental model
basin.

(2) Investigations of the Transition of the

Mode
We will study the transition of the mode of
the seiche motion due to the removal of the
sector Sy as shown above. The model basin is
shown in Fig. 10, and the water level is observed
at Stns. 1, 2 and 3 by the capacity-type wave
gauge. Some examples in each run number
are shown in Fig. 11. The analog records of
water level at Stns. 1, 2 and 3 are read out
with an interval of one second among total 100
sec each, and the power spectra and cross cor-
relation are computed with maximum lag of 20
sec by the method of Blackmann-Tukey. InFig.
12, the results of spectral analysis for Stns. 1,
2 and 3 are shown. It is seen that the peak
of the lower frequency components gradually
shifts towards the higher frequency bands. At
Stn. 1, the frequency of the maximum power
density is decreased due to the removal of the
wall sector S; and the phase angle of the fre-
quency components between Stns. 1 and 2 or
3 is nearly 7, when the length of S, is not
larger than one half. In this case, the water
masses around Stn. 3 oscillates nearly in phase
with that at Stn. 2. Inversely, they oscillate
out-of-phase with that at Stn. 1.

On the other hand, for the smaller length of
S2, the water nearby at Stn. 3 oscillates in phase
with that around Stn. 1 and out-of-phase with
that around Stn. 2. Consequently, it is found
that the nodal line of the seiche motion gradu-
ally transfers according to the length of the
sector when its length is not larger than one
half of the total length of the basin. And for
the smaller sector, the nodal line may be located
always nearly in the central parts of the basin.

5. Concluding Remarks

The shape of the moat was varied artificially
by the subway constructions, and the observed
period of seiche changed according to the shape
of the moat. Following results are obtained:

(1) The estimated periods by the Merian’s
formula, Du Boys Method and Defant Method
coincided fairly well with the observed period.
The Du Boys Method and Defant Method are
also applicable to the simply elongated basin but
the fairly deformed shape.

(2) When the moat was a L-shaped or a
branched-out basin, the observed period of
seiche motion can be explained by the Impe-
dance Theory of Neumann.

(8) The alterations of the mode of oscillation
of seiche are estimated by the observations
when we remove the sectional wall. These phe-
nomena were fully recognized by the experi-
mental model basin of the moat.
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Influence de la Combinaison des Facteurs Température
et Salinité sur la Croissance Larvaire de Macrobrachium
rosenbergi (De Man) (Palaemonidae, Decapodes Crustacés)*

Yutaka UNO** et Hiroki YAGI**

Résumé: Nous avons calculé le taux de métamorphose des larves, la durée du stade larvaire
et les longueurs de carapace des postlarves sur Macrobrachium rosenbergi élevées dans 30
combinaisons différentes de température et de salinité. La température varie de 20,0 a
35,0°C et la salinité de 4,5 a 18,4 % Cl. Cette espéce peut métamorphoser dans les con-
ditions suivantes: lorsque le niveau de salinité est 4,5% Cl, la température de ’eau peut
varier de 26,1 a 31,9°C, pour des salinité 7,6 et 11,1 %0 Cl, la température est comprise entre
26,1 et 35,0°C, pour 15,0% Cl de salinité, de 29,1 & 31,9°C, pour 18,4% Cl de salinité,
I'intervalle de température est de 29,1 & 35,0°C. L’équation de Van’t Hoff est applicable
pour calculer la relation qui existe entre la durée du stade larvaire en jours (T) et la tempéra-
ture de leau en degrés Kelvin (K). Les valeurs de Qi sont de 1,39 a 2,47 pour des
salinités de 7,7 & 18,4 % Cl. Pour la longueur de la postlarve, 'influence de la température
est significative & 5% de risque mais pas celle de la salinité. Ensuite nous avons estimé le
taux de mortalité par la méthode de BOX et YOULE d’aprés la mortalité observée au cours

cette expérience.

1. Introduction

La crevette Macrobrachium rosenbergi (DE
MAN) est actuellement une espéce commercial-
lement trés importante dans le monde. Elle vit
en eau douce et estuaires de la région Indo-
Pacifique. Récemment la culture de cette espece
a été mise au point mais il reste quelques
problemes au niveau biologique. Par exemple
le rendement que l’on obtient varie en fonction
de climat, particuliérement la température et la
pluviosité sont de premiére importance, bien
qu’il semble difficile d’expliquer ce phénoméne
biologiquement (ALDEROICE 1972, COSTLOW et
al. 1960). D’aprés I’étude de P’influence de la
température et de la salinité, on peut penser
que la combinason de ces deux facteurs agit
sur la croissance larvaire de Macrobrachium
rosenbergi. Nous remercions tout particuliére-
ment Messieurs le professeur honoraire T.
KUROKI & I'Université des Péches de Tokyo

I

et le professeur K. KATSURA a I’Institut de

* Regu le 28 Mai 1980

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

Technologie de Tokyo qui ont mis & notre
disposition leurs programmes d’informatique

et nous ont souvent conseillé.

2. Matériel et méthode

Les larves de Macrobrachium rosenbergi
utilisées pour cette expérience proviennent de
la 4éme génération de larves élevées dans notre
Laboratoire d’Ecologie animale, ot sa premiére
génération a été importée de Malaisie en 1973.

Pour récolter les larves qui éclosent au stade
zo€, les crevettes gravides sont placées dans un
bac (307/; 8,9% Cl). L’expérience commence
immédiatement aprés 1’éclosion.

Les différents élevages larvaires ont été
réalisés dans le méme type de bassin et en
méme temps dans notre laboratoire. Les bassins
utilisés sont des aquariums en verre de 50 litres
munis d’un double fond et d’un air lift. Ils
fonctionnent en circuit fermé avec un débit
d’eau et environ 200 m/ par minute.

Les filets d’élevage sont suspendus dans ’eau
au milieu de ’aquarium. Leurs dimensions sont
180x 153 x 125 mm et 0,095 mm de maille (article
japonais normalisé No. XX 13).
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Fig. 1.

Les aquarium- sont remplis de 45litres d’eau
de température et de salinité précises. Les larves
reparties au hasard, sont au nombre de 50
individus exactement dans chaque filet. Ce
systéme déja appliqué par IGARASHI (non
publié) a donné de bons résultats chez les
crevettes du genre de Palaemon.

Elles ont été nourries a 10 heures chaque
matin avec le Brachiopode Artemia salina au
stade nauplius juste éclos dont les oceufs pro-
venaient de San Francisco a cause de leur plus
haute valeur calorique ensuite la viande de
clams Tapes philippinarum a été utilisée comme
nourriture adjuvante & partir du 14éme jour
jusqu’au postlarve.

Afin de préciser I'influence de la température
et de la salinité sur les crevettes larvaires, nous
avons réalisé les 30 combinaisons indiquées au
‘Tableau 1, et calculé chaque fois le taux de
métamorphose (en pourcentage de survie des
larves).
salinité de chaque combinaison, de l’eau douce
filtrée dans le filtre 4 charbon a été ajoutée.

La longueur de la carapace des postlarves et
la durée larvaire (en jour) ont été également

Pour réaliser les différents taux de.

Z94 mm

Systéme de bassin d’essai; Filtrage et circulation d’eau.

prises en compte.

La température est maintenue constante grace
4 une résistance et un thermostat, et pour éviter
I’influence climatique, la régularisation est
realisée chaque matin. La salinité (chlorinité)
est titrée par argentimétrie (AgNQOs;). La
longueur de carapace des postlarves est mesurée
immédiatement aprés la métamorphose, sans
les tuer, a ’aide d’un micrométre sous micro-
scope binoculaire. La longueur de la carapace
est prise de la base des pédoncules oculaires
au bout postérieur de la carapace. Aprés la
mesure les postlarves sont placées dans une
solution & 8% de formol neutre pour les con-
server comme spécimen.

3. Résultats

Les 1750 larves, stade zoé, juste apres I’éclo-
sion sont élevées avec les 30 combinaisons dif-
férents de température et de salinité indiquées
au Tableau 1, (donc 50 larves par combinaisons).
La température varie de 20,0 a 35,0°C et la
salinité de 4,5 & 18,4 %0 Cl. Le Tableauletla
Fig. 2 indiquent le taux de métamorphose des

larves dans les conditions suivantes: lorsque le

(12)
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Tableau 1. Influence des combinaisons de la température et de la salinité sur la méta-
morphose chez des larves de Macrobrachium rosenbergi. PM, pourcentage (%) de méta-

morphoses; T, durée larvaire en jours.

Température _Cl (%0)
°C 4,50,20 7,60, 31 11,10, 48 15,00, 44 18,4%0,17
23,0x0,3 EM 0 o 0 0 0
PM 24,0 40,0 30,0 0 0
26,1£0,2 37,83, 60 43,1£5,69 34,72, 20 - —
991403 PM 40,0 78,0 74,0 72,0 42,0
103 32,4+2,42 | 24,7+2,69 29,842,832  26,8%1,84 35,53, 56
305404 PM 44,0 . 86,0 82,0 74,0 62,0
504 7 36,6+2,35 | 27,5%2,36 24,6+2,13 26, 8+2, 39 27,2+1,74
319405 PM 44,0 88,0 78,0 66, 0 52,0
905 25,1+1,79 = 24,9%2,73 25,12, 98 24,2+3, 39 23,4+1,79
PM 0 4,0 12,0 0 6,0
35,0£0,4  p - 27,010 28,00 — 28,00

niveau de salinité est 4,5% Cl, la températue
de ’eau peut varier de 26,1 a 31,9°C, pour
des salinités 7,6 et 11,1% Cl, la tempéra-
ture est comprise entre 26,1 a 35,0°C, pour
15,0% Cl de salinité, de 29,1 4 31,9°C, pour
18,4%0 Cl de salinité, I'intervalle de température
est de 29,1 a 35,0°C. Par contre, pour 4,5
%o Cl de salinité aucune larve ne vit au dessus
de 35,0°C et en dessous de 23,0°C de tempéra-
ture, pour des égales a 7,6 et
11,1% Cl, il n’y a pas de vie en dessous de
23,0°C, au niveau de 15% Cl de salinité, aucune
larve ne vit au dessus de 35,0°C et en dessous
de 26,1°C, au niveau de 18,4% Cl, aucune vie
en dessous de 26,1°C.

Les conditions convenables pour obtenir plus
de 50% du survie sont a lintérieur du cadre
en pointillé sur le Tableau 1. Si la salinité est
inférieure a 4,5% Cl, le pourcentage de survie,
quelque soit la température, n’excéde jamais
50%.

Le Tableau 2 représente les durées du stade
larvaire (de D’éclosion a la métamorphose) en
jours en fonction des combinaisons de tempéra-
ture et de salinité. A mesure que la tempéra-
ture augmente, la durée moyenne du stade
larvaire diminue de méme que la variation
(déviation standard). Le nombre de métamor-
phoses quotidiennes est indiqué sur la Fig. 3.

salinités

100

—O— 4.5%—%—— (8.4 %0
—@— 7.6%0
—0— IL.1%.

—aA—15.0% (enCl)

50

POURCENTAGE DE METAMORPHOSE

20 25 30 35
TEMPERATURE , °C
Fig. 2. Influence des combinaisons de la tempér-
ature et de la salinité sur la métamorphose
chez des larves de Macrobrachium rosenbergi.

L’équation de Van’t Hoff est applicable pour
calculer la relation qui existe entre la durée du
stade larvaire en jours (T) et la température de
P’eau en degrés Kelvin (H). Nous avons calculé
d’abord la relation entre H et T avec la méthode
de YAGI (1929) avec les valeurs du Tableau 2,
puis la valeur du Q.

pour une salinité de 7,6%. Cl

log 1/T=14,68—3,6Hx 1073
pour une salinité de 11,6% Cl

log1/T=11,17—2,61H x107®
pour une salinité de 15,0% Cl

log 1/T=6,96—1,33Hx10-®

C13)
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Tableau 2. Nombre de métamorphoses de Macrobrachium rosenbergi dans différentes
combinaisons de température et de salinité; a, b, ¢, d et e représentent les

températures de 26,1, 29,1, 30,5, 31, 9 et 35,0°C.

Jour aprés
éclosion

Cl (%)

4,5 7,6 11,1

15,0

18,4

a b c d e

[

a b

C

d e

a b

c

d e

19 Jours
20

21
22
23
24
25

26
27
28
29
30
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32
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Totale

1
1
4
0
0
0
0
0
0
3
0
4
2
1
1
1
0
1
0
1
0

12202222 0 20394344 2 15374139 6

0363733 0

021312 3

Pourcentage de
métamorphose

2440 4444 0 4078 8683 4 30 74 82 78 12

0727866 0

0426252 6

pour une salinité de 18, 4% Cl
log1/T=7,68—1,56H %1073
Ces résultats sont indiqués sur le Fig. 4 et
I’on peut calculer la valeur de Qio entre 25°C

et 35°C par la méthode de YAGI. On trouve augmente.

(145

diminue rapidement

N

ces valeurs dans le Tableau 3.
brachium rosenbergi,

Chez Macro-
Quo

maximale pour une salinité de 7,6% Cl et elle

la valeur de

4 mesure que la salinité

est
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Fig. 3. Nombre de métamorphoses de Macrobrachium rosenbergi dans les
différentes combinaisons de température et de salinité.
Tableau 3. Valeurs de Qqo selon I’équation
de Van’t Hoff.
e L
7,6 %0 Cl 2,468 log(T) .
11,1 1,925 \
15,0 1,393 A \ B
18,4 1,445 30| \ -
\

Les combinaisons de température et de salinité \
pour lesquelles la survie dépasse 509 sont o5l B S
indiquées ci-dessous; pour une salinité de 7,6%0 \,\ '\

. ! )
Cl la température minimum est de 26,7°C et '
la température maximum de 33,4°C, de méme c 5
pour une salinité de 11,1% Cl minimum 27,4° 20
C, maximum 32,9°C, pour une salinité 15,0%o T i
Cl minimum 28,2°C, maximum 32,8°C, pour
une salinité de 18,4% Cl minimum 29,7°C, .
maximum 32,1°C. 25 L X

Comme on peut voir sur le Tableau 4 et sur N 1 . 1
la Fig. 5, la région dépassant 80% de survie 30 35 30 35 ot iop

X

est extrémement petite et la variation de la
température diminue évidemment 4 mesure que
la salinité augmente.

On peut calculer la zone qui a été déja pré-
sentée ci-dessus avec 1’ hypothése de BoOX et

Fig. 4. Relation entre la température (°K) et la
durée larvaire (T) dans 4 différentes combi-

(155

naisons; A 7,6 %0 Cl;

%o Cl;

D 18,4 % Cl.

B 11,1 %Cl,

C 15,0
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Tableau 4. Pourcentage de métamorphoses des crevettes larvaires Macrobrachium
selon les résultats, dans 30 combinaisons différentes de température et de

salinité. min, température minimale;

max, température maximale.

Pourcentage de Cl (%)
métamorphose 4,5 7,7 11,1 15,0 18,4
min. max. min. max. min. max. min. max. min, max.
20 % 25,3 33,6(°C) 24,4 34,4 25,0 34,6 26,8 34,2 27,5 34,0
30 27,0 32,8 25,2 34,0 26,0 34,2 27,3 33,7 28,2 33,4
40 29,0 32,2 26,0 33,7 26,7 33,7 27,7 33,2 28,8 32,8
50 _ 26,7 33,4 27,4 32,9 28,2 32,8 29,7 32,1
60 _— 27,5 33,0 28,0 32,8 28,5 32,3 30,4 30,7
70 -_ 28,3 32,6 28,8 32,4 29,0 31,4 _—
80 _— 29,3 32,3 30,0 31,4 _— _—
85 _ 30,5 32,0 —_— _ -_—
YoOULE (1955) a4 l’aide d’un ordinateur. Les
différentes zones sont montrées sur la Fig. 5. ;z

Pour chaque combinaison de la température
et de la salinité permettant la métamorphose
des larves, les longueurs de carapaces de post-
larve juste aprés la métamorphose ont été
mesurés et ces résultats sont donnés dans le
Tableau 5. Puis ces résultats sont analysés
par le test F comme indiqué sur le Tableau 6.
Les différences de longueur de carapace entre
les postlarves élevées sous les différentes combi-
naisons température et salinité, on été testées
par analyse de la variance (CAMPBELL et al,
1976) comme indiqué dans le Tableau 6.
L’influence de la température est significative a
59, de risque mais pas celle de la salinité.

4. Discussion

Selon les résultats mentionnés ci-dessus, on
peut remarquer que, chez Macrobrachium rosen-
bergi,
comme indiqué sur la Fig. 5. Si on regarde
la zone ot la métamorphose dépasse 509 pour
cette espéce, la salinité peut varier entre 7,6 et
18,4% Cl et la température entre 33,4-26,7
et 32,1-25,9°C. D’autre part, celle de M.
nipponense peut varier entre 4,1 et 11,92% Cl
et entre 36,0-22,3 et 33,0-25,9°C (YAGI et UNO,
en préparation), on peut donc considérer, quand
on compare ces deux especes, que M. rosen-
bergi est plus euryhaline et plus sténothermique
que M. nipponense.

Comme l'indique FUJIMURA (1966), les larves
que 'on a fait éclore dans une eau de salinité

il existe une zone de métamorphose

20

1 1 | i

o] 5 10 15 20
Cl, %o

Fig. 5. Estimation du taux de mortalité de
Macrobrachium rosenbergi par la méthode de
Box et YOULE d’aprés la mortalité observée
dans les 30 combinaisons de température et
salinité.

entre 3 et 6%0 Cl peuvent vivre dans une eau de
salinité moins de 21%. Cl, mais on ne peut pas
comparer, malheureusement, ces résultats avec
les nétres concernant le taux de survie car
la combinaison température et salinité n’a pas
été étudiée.

D’aprés UNO (1971), le valeur de Q1o est de
2,3 pour une salinité de 5,5% Cl et une
température comprise entre 35,1 et 22,5°C, cela

(165
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Tableau 5.

Longueur de carapace en mm des postlarves métamorphosées de Macrobrachium

rosenbergi élevées dans 21 combinaisons différentes de température et de salinité

m, longueur moyenne;

N, nombre de spécimens;

sd, déviation standard.

[
Température Cl ()
° 4,5 7,6 11,1 15,0 18,4
m sd N m sd N m sd N m sd N m sd N
26,1 1,67 0,10 14 1,68 0,10 22 1,78 0,09 17 —_— — — —_— —
29,0 1,81 0,08 22 1,99 0,99 25 1,78 0,06 36 1,78 0,08 36 1,81 0,10 19
30,5 1,71 0,09 20 1,81 0,10 42 1,78 0,08 34 1,80 0,08 37 1,83 0,07 30
31,9 1,74 0,06 18 1,83 0,09 33 1,83 0,08 30 1,80 0,07 15 1,83 0,08 21
35,0 _ = 1,71 0,00 2 1,67 0,06 5 —_ 1,57 0,06 4
Tableau 6. Résultats de analyse de la variance bergi sous les conditions variées de température

sur le longueur de carapace selon le Tableau 5.
d.f, degré de liberté; F, F ratio observé; Ko,
F ratio théorique; S.S, somme des carrés; V,

variance.
S.S d.f A% F Fo
Temperature 3,85 4 0,963 3,08 3,01
Salinité 1,32 4 0,454 1,45 3,01
Erreur 5,0l 16 0,313 — —
Totale 10,68 24 — — -

coincide donc avec le résultat de cet expérience.
D’aprés le travail sur la tolérance a la sali-
nité et l'osmorégulation de SANDIFER e al.
(MS), le changement brusque de salinité par
transport des larves de 16 a 30% Cl, est
léthal a 1009 dans les jours qui suivent. Le
changement de 16 & 25% Cl, est également
léthal & 100% mais un peu moins rapidement,
7 jours. Le changement de 16 a4 20%0 Cl, par
contre ne montre pas d’effet sur les postlarves.
On peut donc considérer que la zone de tolé-
rance 4 la salinité de ces postlarves est relative-
M. rosenbergi est
euryhaline. Cela coincide avec nos travaux.

ment grande, c’est-a-dire,

5. Conclusion

1. Nous avons calculé le taux de métamor-
phose sur des larves de Macrobrachium rosen-
bergi élevées dans 30 combinaisons différentes
de température et de salinité (Tableau 1)

2. Dans la zone ol la métamorphose dépasse
50% pour M. rosenbergi, la salinité peut varier
entre 7,6 et 18,4%0 Cl et la température 33,4~
26,7 et 32,1-29,7°C.

3. Les taux de métamorphose de M. rosen-

et de salinité sont présentés en comparaison avec
ceux de M. nipponense. On peut donc remarquer
que M. rosenbergi est plus euryhaline et plus
sténothermique que M. nipponense.

4. Les valeurs de Qio en fonction de la
salinité sont de 2,47 pour une salinité de 7, 6%
Cl, 1,92 pour 11,1% Cl, 1,39 pour 15,0% Cl
et 1,45 pour 18,4% Cl.
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la combinaison des facteurs température et sali-
nité sur la croissance larvaire de Macrobrachium
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Normal Modes of Oscillation in Relation to Storm Surge
and Tsunami in Osaka Bay, Japan (3)*

Shigehisa NAKAMURA**

Abstract:

When a typhoon passed nearby a bay, i.e.,

Osaka Bay or Ise Bay, resurgence

was accompanied with storm surge to generate significant oscillation with a node at the bay

mouth.
modes of oscillation in Osaka Bay.

In this paper, resurgence of a storm surge is analyzed in terms of the lowest normal
A special reference is the storm surge caused by the

typhoon 7916 in Osaka Bay. As an extent of the analysis, the energy of the storm surge in
Osaka Bay is evaluated and an estimate is obtained for the maximum current velocity at the

bay mouth.
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Table 1. Parameters of the lowest three normal
modes of oscillation in Osaka Bay.

Mode 1st 2nd 3rd
Period (hrs) T:= 4.49 1.87 1.38
Phase (Radian) e; = 0.256 —0.30 0.483
Amplitude (cm) A;=

Osaka —37.8 —60.76 —5.25
Amagasaki —38.85 —60.76 8.4
Kobe —33.6 —21.7 8.4
Sakai —34.64 —30.38 —9.8
Kishiwada —25.2 30.28 —14.0
Hannan —25.2 30.38 —14.0
Fuke —13.65 21.7 4.9
Sumoto —12.6 21.7 7.0

Damping factor (/hr) k=  0.148 0.356 0.483
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Efficiency of an Asynchronous Read/Write Statement*

Sawa MATSUYAMA** and Kenzo TAKANO¥**

Abstract: An asynchronous read/write statement is a Fortran statement which is to eliminate
Fortran’s tacit wait-for-completion by overlapping input-output data transfer with internal
program computation. Several tests are carried out to evaluate to what extent it is efficient.
In some cases it shows improvement in saving time on a standard read/write statement.
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L 50ED0DF AN RIS T AL, EHDEHK
TlELNIc7 v 7T A LRICABTHhH D, WED
ELBEDE S EROWHE LY LTRSS, HHEIL
B EDE T LR A HAT S BREIT X » TEE
Bshs, EHEOFEX, BOFER, dfio
FHERX, REFERORY &L\ CTlKOET) &%
EORTieRDL, ZLDHDF AT r I T A
BRDLEFEBIELZ ML (Fr7 T aX
SFEEHRDO D — Ficieb) %,
BFEOEEZ~L LU CREF WL 1655, FEiks
AE 19 S LIS »72DC, 1Al0iELE

Z DT A MTLL

ik ATO0EE, £\ AHTY 2405
Thd, HHEED L ST MOV TEHE
%ﬁbf@<&%,%®ﬁﬁ%;0ﬁ%k%%@
BFEATOBRET Y FEBEECSEWIH
Rz » T B,

H+m@o FACOM MI180 % OS 1V/F4 FOR-
TRAN-HE (OPT2) T &5 L7z #5584 Table 1
Thb, 7754 1,0,0,IV i k74
BOFTAY v I 8ThbB, cpu (B) 13, HE
(g0) DHDOEERITHBHA, run (B 1T #HAND
BT EcoaFHThs (EEHBNILKTET
DR TLLigw), stan. (A) Wit B w457
NTOERS FLEEBEOPDH 5 B 4, asyn.
(B) ¥ kit iR & 5 e FERMIAR D b
Xl o ety syn. (C) W IFERBAHII
BEOABNILEE-1BE, Thb, FOFE
HEBEMBEEND, Wo L CAFIEN TV
MDY a3 7D NEL L » THENLDE BN 51T
TThHbD, stan. (A) DML &< RENT RS
ZATHD, MBEHic» CTOBRIEAIMEL,
DY a 7OEELZFLT . £ THUE
B 4 ER T

FEe6FoH (B/C) tk, cpu iz ouTik 0.85
235 1,19, run i@ oIk 0.44 5 123 ofFic
HbHo LEIDEERENT NI L IVEGNL X

Table 1. Result on FACOM M180.

test . stan. asyn. syn.

prog. M (a) (B) (c) BIC B/A

I cpu 0.27 0.78 0.66 1.18 2.89
(200) run 37 21 22 0.96 0.57
I  cpu 1.56 3.27 3.62 0.90 2.10
(2000) run 41 56 81  0.69 1.37
13.78 27.57 32.51 0.85  2.00

oy 1372 2.01

PU 43 79 2.01

I 13.70 2.01
(20000) 735 308 706  0.44  0.42
167 1.84

U185 1.66

144 2.14

¥ cpu 593 1551 12.98 1.19  2.62
(16X19) run 272 394 321  1.23  1.45
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Table 2. Result on FACOM 230-75.
test pro time stan. a5yn. <B) Syn. (C> B/C B/A
Prog. (A) "DISK MT DISK  MT DISK  MT DISK  MT
1 cpu 0.136 0.510 0.514 0.415 0.435 1.23 1.18 3.75 3.78
(200) core 6.054 32.425 38.956 23.127 29.734 1.40 1.31 5.36 6.43
1 cpu 0. 884 2.928 2.930 2.922 2. 856 1.00 1.03 3.31 3.31
(2000) core 6.947 64.090 81.921 67.708  91.500 0.95 0.90 9.23 11.79
m cpu 27.228 27.150 27.226  26. 308 1.00 1.03
(20000) core 721.734 811.548 957.130 700. 586 0.75 1.16
v cpu 7.063 12.428 10. 318 1.20 1.76
(16%x19) core 29.561 414.124 244.701 1.69 14.01
Vv cpu 345. 909 436. 966
(58%70) core 587.769 4373.933

DL REWEER LS GEREDAHRNIXD b bhic
JEEHIA A RS L0z - CTREBID ),
EEENE G I AL/ WHEC S

wmIHOH (B/A) %, cpuld 2Tk 2.00 H»
P 2.89, run Ik 0.42 25 2. 14 o b
o ZOkY, B/C LxbA-T, L0 Xhb
INEL b0t LAFNT, 1.5 1D HKR&ES
e ABEMNE L, L, B/C AL, 1H
DEREN £ b E B/A /NS e BRI
Rbhb,

I DEER Y AT AT ED XS InkERTs
%15 5 5 FACOM 230-75, M-Vi FORTRANH
(OPT2) %M, AUT R 7 ATCEHELT-
Wt Table 2 Thb, Fw7 75V ORNEL
VERUTHLN, BTADEESPLLT, KA
FEE 58 i, BIEHImE 70 mETe o Tub, 8
BEFEIFELL 4B THS, 1HD EEEILT <
Teus b2 AT 2308, HWEZATI0ELRD,

M180 D4 L RAU EEMECTH S,

WOERER L LTTF 1+ A2 % ) Ba LK
5~ TRESBESOE Y BAl. 2BEOML
HEMWE L - -2 L FHlOBRIL T E
L, LbL Tz, BR7—~7idohbDi A
CaVERTHLN, T4 AZXEIOY a T L
HALENDL, BErov s ORI X - Tk
FAMY s 7O VORBRBNRELIEL LS AN
78\,

#2%|D cpu & core (Z DY AT ATl core

EWVS) BEDBREERTORMTH L,

LI AEZAREMNDL DD, BRI LOMEA
bbb, HB/Clt, F4 A2 TIHIT 7
ThIZEA L E Db, 1EDEEEN £\
S NHIINE S e AMEI IS BD, KO BT R
Table 1 ofEX D RKEV,

H B/A L IV © cpu £ 2% BRIFEENRD
Table 1 OfE I D H T ERKE W,

H & B O=F

InbORERIC XD L, FERBIAHIINEL FA-
COM 230-75, M-vI FORTRANH (OPT2) T
T A EERALI TR, BROARSCEES
125N Ewv, BEOARSIEMED & cpu X1 A
4, core X4 ~% stan. (A) OEEND 107
FEleis s Z ENRE 0,

et L, FEMEIAHIICE M180, OSIV/
F4 FORTRAN-HE (OPT2) Tix B Ea01 %
W, F, OV AT ATIRARIISC—RET
BHoThdANTERPTH- T —2FHT
HIEL, stan. (A) 1 BT cpu ¥4 A3 run
FA LY HEVEL LT, 2E8LEVDOI LR
E NN

o CcEbh T e 77 a3 EEMARTIO
BHRLe 5 SAKREIND L) nbo T
Vo I, O, M 3EE(AAREED M EA LTS,
IV & V3EEREVD, BEEX TR0whb
Thbd, LIch-T, EEOHETIL» LHL
SHEERTES S EBbh b,
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Microbial Contribution to the Dynamics of Biological Elements
in Marine Environments

April 5, 1980, Tokai University at Yoyogi, Tokyo
(Convener: Humitake SEKI)

Chairperson: Shizuo TSUNOGAI

1. Keynote Address: ettt Satoshi NISHIZAWA
2. Carbon Cycle in the Oceans s reersreceiieiiienienn.. Nobuhiko HANDA and Eiichiro TANOUE
3. Nitrogen Cycling with Special Reference to Ammonia

Regeneration and Associated Food Chaineeserrreerreerininm.. Isao KOIKE
4. Autotrophic Processes with Special Reference to

Microbial Activitieg - eete-cerrareraseseeriertimmaiuiiiiiiieienenienerenneens Masayuki TAKAHASHI
5. Heterotrophic Processes with Special Reference to

MiCTODIA] ACHVIELES ++rrsrersrersrrmnmusermnmmnaeeeeertuunntererermerennsasereeeeesssmnnnns Humitake SEKI
6. Mathematical Model on Dynamics of Biological Elements-«--++-resseeeees Shizuo TSUNOGAI
Remarks for General Discussion by Chairpersom:sss-sseerrereresirennni, Shun-ei ICHIMURA
(Supplement) Carbon Cycle — Wisdom of Brain Corale--r=eersserrerseaeninnns Yoshiyuki NOZAKI
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1. Keynote Address

Satoshi NISHIZAWA*

Abstract:

Most of material transfer and transformation processes in the ocean are either

directly or indirectly coupled with any of biological activities of micro-organisms inhabiting

in it.

The coupling comprises a vast spectrum of hiological activities including in particular

photosynthetic production of organic particles by phytoplankton, subsequent transformation into
fecal material by zooplankton, and various bacterial activities as synthesizers, transformers and

decomposers.

Recently it is well documented that each of these material transformations

are mediated by a combination of reciprocal processes constituted of particulate synthesis and
liquidous release of material, organic and inorganic, into the seawater.

& B

COVYEYYADQIHER, BHLBEHO TN F
U7 DSOS B IR BEBUNE Y b EET S
BOELTEZLEDIE, WIINFERCBELHED
BOTHEEHDY VR Y ATEEXHI &I TE
TN THH5, I TREZOPCLFIHBT BRI
S THRERECEEEEZ LR IEOLORATHMERL
THEZEBEET 2 N2 L TAHLICHEEIN,

EORR Y AT LTHEN, DEPNDIEPNEER
My AT AEMBET IHAICR, RABELDYAT A
DO HCEENTBECEHEI DX 270, DE DFERE
BRI X » THDEZROCESDTBZEOHERD v A
FARGREETHD, WhIERETH S, FI v A
PHE&Z S - THRN/LDE LEDIRT O TH-
foo HEMRERBND Z ERTERNHAD, I OMENK
BRICENTA LR TERVEEZ DR, TOER
RERTIDPRNBLIIALDOENCEETND, BA
RIBRERL L TCOWHELHELLTWDR, ZORDHE
REEREE LClatAedic L - TRIATnAZ L
- T D, AYOLRBERO KO TH S, L
HLAEYO ZOBBICL » THEBINS 2ROLER
ETOBOOEERFR L D EL BRLRRNWE &1
BT, BEORRICOWTABIRRLWA L 5 TH
IR LT BT TIRAV, & UREE T 5K

* HAL RSB Faculty of Agriculture, Tohoku
University

EYO—HRREABHATHY, £ORMBYIIBH(T
=) b THIDNAEEDOLDOTHLT L, -
THTEDME SRS ES T EEoM EFT 5k
DL, Th HEEHOEHRL BT MR LH
FSHLWEADHEMERINTWAHRTHLC &
HEZ L BE, EHHRTO 00 RENFREEE
BT 5 ABOEMCENT, RADHU S DBEME
BEROZ 4 A —LVRELIKHRBEE DL LT
D% 27\,

B ] & &%

BIFYE 5 D RIRE ~OEHAEED EWICE W
TR 77 v 7 b REERICK - TTibh s 2 LIRE
FETHRV, TORRIZEROE DT B -
THis, L UEBILI N E o ROk & LT
T 5D TIRAL, WhABRIFRETHREE LT
TET %o LB, C ORFREBYIEETRYD
FREAMBTH B, (Itk/s DIF, BIFETERYIIERE
DEHBFACEOTHRIRBERG O < & 10517
ZEL, FOBREIR 1mgC/l BEDEI R - Tk
WEB L CHCHFEETDNLTHD, TDETFERYD
KE OB 5 EREFODORBALLT LY
LOTREWE, TONBSEORREERY 2L - kic
L5, @AEEYMOED LD TH ST LICEERNIX
e THRREDFDLICLEZIDLWT T4 4 ATH
%
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T, REE—REEORBE~DORIEL, B FEERY
DEB~DBIEL WD W ERLY B {WAEERES
ETHRLS NIRMEBEDOIRETH 5, BFOMRRZE, 0
MR SB ORI EY OE RS Liid{Tabh
RN LHRL TN D, RERFORMERIE LTHE
KOBTRES, FREEOEYT 7 v 7 b VA, A
BROEBEEELEAEL T, KBEOMAERL » b &
LCTHIET 2300, RTFLHET T v 7 ADFEEEILT
HDTH-C, BEXHRNIHEY T 7 7+ vk DL
NS 5O Tldinv, EBIKZ, AREROEDIX
FRETRTHEREATERINTLEIOTHS, Th
LRV y PORBEEEIR 1T Y02 — bl
BHA— MVICET 5,

R FO T AME T 7 v 7 ADQFERIERIC I,
DT 5y ) ADHRET VT 7 4 VIFEE TS HRE
Fo TWd, TRIZERBATRIES &R — AR
KU, UECTLHAERY, FABEEDL 5~2EDH
X THBKICET S, COBICRAEKERIREEALEEFE
L7snidnh T/, BERKECE - T2 B ShEK
F1D POC 238D CHRABNERTODZDETH D,
T OBKMEILHEE DO =R ML 5 H OFI T 540mg
C/m’+day THo7lco ETIRT 7 » 7 ARBY L TH
BHA—~ FLVOEETEL <NV (~100 mg C/m2-day) D 7°
7 PURET DS, COHRELWI 7 v 7 ADBPIE,
HLEOERBRBREOERNR TH D LT 27D,
HEAEREOBRA, Whid ecological rumination &%
FrL 52 b0T, LOFMAFIE EEEMOFITIL450mg
C/m’+day T & %, & D WROEFEAESIZS A TR
1,500 mg C/m?+day FEEE RO 55050, EE Ol
BECRERATALYER OB CEREHICHEIZR, £
D 1/3 3%k E L TERCTHCHESR, O 80%
12 500 m LINO IEiESR EHCEEINS, £LTED
HEEIZEY meso-pelagic /DB ELL NI 7Y T
THHI,

RERLBERE

IR R ERAEEEC L - TERECKEINS
LEBINTHDFER LD, ERICEREBNOBER
ByEERNECESD L0 bEEBCENDTHS, L
HPLEFDEEIREL LB 2mgC/IEEDLDTH- T,
WBEEN 77 ) THBEKTIFELARD, TORED
BICRIEL CIER R T B ERPWEEZEZ bR b, L
LIATREBYZ, BYTRAOFET DI LA TRESE
FIC s 555, TOBARBECEN TN T T

BFou=—%E, THETATHEAD, NITVT T4
R UIHIRE Y2, O E U CEESENC &1
EIETHRV, WHELKT B F Y 7TOREE, &
ORICHIREBYOBFIHAICEEL THEETLO8EF
ThdLICRZ 5, BIEERYOIRAEEICK N T
WRThrILd, ThEEHEOREEE L CHAT Y&
BN & CBERD D LI EDbNS, EE, kB
WIC kT BER EEYOMOBMERZIX, ~I 77T
ATBLOREY ST V7 b EALTH AR TN
Do WEEER, NI T TIRDBES AL 0, B
DR B ERNRC T E LTUREL T, BEREY4L>
LTnwd, HD5WEZDL 57 species association %
FREIRDIICHEEHEHN WL THED L H51CE
ZbNb, TORELBILOMEIMPEFHOHRD &
— VA= N— TR USRS A LI H B, W
OBAEHCIAARRT L WS DORIEEACHEE L
BN LI NEBHEBELTHE 5, #5DKES A
DR, BPOERTIHER, KAEROBELE
SBUAATES UTMRINGEETH S, EESH
A BEBE LW THRET 270 51, BEZIELL T
IPREE R A5, HECNI 7 7TOREKCS
BINBTHEDS. BMNRTOLERERDOEE X R
T HedIcE, HHLTHEEZERL 52 LRFZRT
HoT, BRCHEXRETHEICL T, ¥EEEK
FRiC 7 4 — ¥y 73 550370, WEEE S WS KER
S OBMNICEE O ZHEOEEHEFIRIE & & Z i BE
LTWw3, WIFhI L AKTOREGEI, OBYE
YO aBsYE XYL CRELFAA I NS 2 0
T, LkA-T, BHURFEEOBEFRDO TS D, T0D
BARBEFOTICS » THHELRZAER T L 20D
MEHERBICHEAPRLZRER DL R0,

NIFUTONE

FROBZ S LB AN T Y TREF L
VORBEELTAELTHAZERILSA BN T
%o Wb D auxotrophy Th %, & H L FAREOERIL
ZDMDERMEC SILL {TbhTnwT, 77 T5
BEOVEREREDERBEL L THNTNETHS
5o LML TY TR, £ONAL A< ALY THEHBEL
WEEDH - - EB S0 2 BT —RBREAEBRL T
WRETAERSD D, FOXERD DL, ERNES
{ T3TEE organic aggregate I EL TW\W5, T h b
OEMMNFDEBRIZTORTICKEWT NI 7Y THO
MIFDOAEL 5 P RBBLTWE I ERHONTH 2,
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FRAHYORALERL TL 5 MICHS ORI
BRAIEDHOHEELTWA I LB L 5%, EHO
FEERIFAEREO 0 =—XTlkbh 2 TH 5
5o TDREU%—EED protozoa NEEW —FED I 7
B aREAY, REFRKZEMT S Lick > THEME
TrRBETLHZ 3T b T&i, 20X REHD
ARSI R, ER D ANEREREIC BT HEEE I
EEHRLTELI LW LILh D, BHYDEET
BB C OB RBERLIC W TTibii T &
50 TLTCENLOERNIT LHAZOHL L - THA
HENDOBRCBINLZEEZWTHESL S, HEEE
NEDPBOBRBIZEBECELTSY F ADEE L LET
bbo LTHTKTTHENBETHN, T DDOEIMN
HAIN2EAK, ToEEMREO &L, Lo/ T 7
) T ESEDFH DB END EERMT bR TWD, Th
REROTBERERS BRI 2 HET, 2EENICSH
HEEDN Y P ARG B LR CHBROREEMAEE LD
FRELTCWAZ L RBALNTHEND, XY P ADAE

RAENBE TFICRIEL Th B 2 L3N TH 5, B
EOERNIZA THRWD T, KE200mEEOHBROE
BT, REAED 1/3PEBERICEHKINRSELT, &
BEERN DRV P AR TEACELHEF FI1 4 A
food chain @ T2 F¥F—tzEkiZ, MDD UV PRI
BRI T TEERED EEZ D, ENEHE
REPICE - THERIELSBEHEYRITI0TH D, 4Rk
HEWCT B HROFE#H N DI, N7 ) TERERRE
DEOWCRZ B, LLIBROEHREE S ~&iflind %
Vot AR S A

BGHK - ) 7+ ) 2 AOFRUBHES & ONE
RLUICEHZENCEMORER L 755 2 L3 E{LERT
KA TH 5, EYOFEHIR, BBEEHUNICELX
NHEBYAT R CHEAKCERLTLIW, £
DEIFZMEIC & » T HEIGRE &R NEVHE D&
PR H T LAVEIAL T W5,

2. WPITB T A RFOEE

oH

E*-H kA

2. Carbon Cycle in the Ocean

Nobuhiko HANDA* and Eiichiro TANOUE*

Abstract: Sediment trap was deployed at 4 layers of 1.1, 2.2, 4.4 and 5.25km depths in the
northern North Pacific (45°57.7’N, 176°28.8’E) for about one month in July to August, 1978.
Organic compositions of the fresh sediment, phytoplankton, particulate matter and bottom
sediment were determined and the following results were obtained. 1) Marked difference of
organic composition between the fresh sediment and the particulate matter from deep waters

was observed. This fact strongly suggested that the particulate matter of deep waters was
hardly believed to be direct source of the fresh sediment. 2) Unsaturated fatty acids being
susceptible to biological attack, were found to be abundant in the fresh sediment even col-
lected from 5.25km depth. This fact suggests that there are some carrier system operating
rapid transport of organic materials from the surface to the deep waters. 3) Zooplankton
fecal pellet might be most probable entity for the carrier of the vertical transport of organic
matter. 4) Vertical flux of organic carbon was determined at the depths where sediment
traps were deployed. The result obtained indicated that 97.9, 1.4 and 0.7% of organic
matter produced by primary production in the photic zone were degraded in the water layer
between the surface to 1.1km depth, 1.1km to 5.25km depth and 5.25km to bottom of the
ocean (5.30 km) respectively. Amount of the organic matter degraded in the deep water layer
(1.1-5.25km depth) was found to be almost comparable to those obtained from the dissolved
oxygen consumption rates which were calculated in the deep waters of various oceanic areas

by the diffusion advection model.

* 2B RFKERBSMIEET Water Research Institute, Nagoya University
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1. GUoHIC

HEEADEBY O SRR AR S L OHI| - K%
BLTCOEREMEORAK Y - Tn5, EEEEICK
DUEENOBEY DU B 12 £ 2.0~3.6X10°gC
(KOBLENTZ-MISHKE 1968, RYTHER 1969), =7 JI]+
KR L 5EHDI133.2~3.5X10%gC LHEIRTW5B,

7z, Wil - RAEXEL CEFCEE I DB

YOSk ERThETIRLBEY O HBREYVE
(HEDGES and PARKER 1976) T, 6“C 1 LZDK
A DL BB OHRBRIERC & » TlEKr bBRFEIh D &
WeEINTWD (HEDGES and PARKER 1976), & 1
TR LT, AR R A I EBICEEL,
DX DEBY ORI PEEAY D £ 2 L F —RFO
HEBE LI S BEEY S > TWvb (STRICKLAND 1965,
SKOPINTSEV 1971, STEELE 1972), T HODEFEITH
WEERECET SABY VLN E LEMCEFED RS
BRI RN TEENAREEZRZLTHD T & a2 ML
TWb,

B 315 14 D R oy RS R A R B
(CONOVER 1964, HOLM-HANSEN 1969, PACKARD et
al. 1971) 3 L BB TRE 7V IC X SR FERFEDHRE
SO TOEITIC L » THEINTE 2, FRE
BRI KICER T 2 EHY O REFED 2. 3~14 mg C/m”
cday THBHT EERR LK. DI D THIRLRE
HEEE (100gC/m?yr) @ 0.8~5% WMHE T 55D

v U A 191

& L C4HER 0.8~5gC/m?yr OEBYLE « 7B
K DEBKCHEISR TN RGHIER RN L2 E
RLTW3,
AMETRIDO LS EBRYOREHAEYER L,
B THEBYHR S DR T 2 H B O o AR
B e DIE LA L BT YA Y b b Ty THE
BafTol, BONIKEREZUTIRONS, £k, Kig
TRHARBEFLFECAE LI DOMIL eI LD
DTH D,

2. HHYORERR

197847 A13H» 5 8 H148 ¥ TD31HRM, JeElkk
SEREOBH S (47°51. 1N, 176°20.6’E, KiE 5~3km)
YAV P o THBREL, WBRFORELXIT-
oo VAV EFT 1L, 2.2, 4.4 XU 5.25
km OEECHELL, ZOHBEEED YA Vb
FT oo FICHERE L iR FORERIL Th LR 137,
193, 70.4 3 £ ¢ 43.2 mg/m?-day CTHEEOHENICE B
o THEINZIRNTOERRBAIL TV,
HBREORER (77 v 74, fux) 1T 1.1, 2.2,
4.4 Bt 5.25km OEETER F RN 7.27, 7.33,
2.70 k¥ 2.38mg C/m?day T, FAMECHEI N
Fo [EI IR D Z A FE S 340 mg C/m?*+day (SAINO ez al.
1979) OFnFh 2.1, 2.2, 0.8 XX 0.7% HEH
LTWeo SR BOMEIRT TICHER L ZZE 1,000m O

Thb, O LRBEHELCE THEAE 1,000m DF FEZEL CEEK»DEEKCHEIND L TELE
Table 1. Vertical flux of organic carbon in various marine environments
Area Depth Vertical flux of organic carbon References
North Pacific 1.05km 12 mgC/m?-day KNAUER et al. (1979)
East Pacific 2.15 6.36 WIEBE et al. (1976)
Off Bermuda 5.4 1.23 SPENCER et al. (1978)
Pacific 0.4 3.6 Honjo (1979)
1.0 0.6
2.8 1.1
4.3 0.9
5.6 0.7
Sargasso Sea 1.0 2.6 Honjo (1979)
3.7 0.9
5.6 0.7
Equatorial Pacific 0.4 6.8 Hoxnjo (1979)
1.0 4.0
3.7 1.7
5.0 1.7
North Pacific 1.1 7.27 TANOUE and HANDA (1979)
2.2 7.33
5.25 2.38
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E—EBEERED0.8~5%—ICHIC L —KTHHD
Thbo COBERBEREONARBTARINDE
B Dk X F 95% MYEFED 1,000m LIk CERILS R
DT EHERL, BREOTRYBEIC KT 2EHERED
BEINRE D TREHRIND,

WE ¥ CHRECHIE S hicE B R R ORETROAE
EmA Table 1 WRET, HE, AWEEDRRDE
Richnhbbs, BohoERIITESELL, &
Wk & B & & BICHEAE L BRI 28RS
L LHETIND, = OBEIRIEMEK FICENT 2 HEEY
DS VI B K C A SR T Sy R A R 1 CIBRAT RS
AWEBLTWAEZ LR L T b,

3. BEBHTFEILEATFOLEER
WA R B A SEBAKIC N5 E TR FRIEEL
TWh, 224V LT oy TERPERL LR SCE

FRESH SEDIMENT
TOTAL NITROGEN( %o )
04 08

5 & H18% A5 (1980); HALBFEFELE

W B TRAERRE BLTABRERBES TIER
12.5~353 ug C/1, 1.0~69 pg N/I THIEZ R, FRCE
ATk BEN D OTFHYEEIL 258114 g C/ll ks &
002.2+1.2pg N/l THoteo DL, RHICINLDH
F45 1.5 m/day OFLMEHRE (SMAYDA 1970) TyHEEL
TeVAVIET y7RICHERT 5 & T, BE
1,000m W30 2 EHEFEOTHIZ 38.7mgC/m? day
LD, VAV Ty FCHIE L HEORIEHE
Y4 D,

Bl TR L ATy OERR AR L CaERR
% Fig. 1 WiRT. FEAXBEYOTHRARLOLE
FLFNFRN 3.5~6.9% BLT 0.5~1.1% OFEHT
AExh, SRYELEEL LDEIBP LI, L
L, HHaAEBEyo C/N {HIZ 6.5 TRIE—EL T\,

ThieH LT, BB TCRAERRER LCEERS
FREETEED 10~45% %L F6~30% & DT
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Fig. 1. Vertical profiles of organic carbon, total nitrogen and C/N in the
particulate matter and fresh sediments.
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Wioo TOEERFARBOCHEL CREN T TIRER
PBERE N ERRLT WD, L, C/N iR
BEL & bicImL, EBKTIRI0ET 2T\,

T, B CHFARBYOLTHRBER FOIL
Biciskd 5 LT, BER TR OO CRELTE
EOEREITH, FEOEEDEDOD TREWR FIK L -
THRRINDLERD 5, —RiIc, FEYOBAYICL
BHERRED C/N HEEL 35, Lichi- THAEMNL
BIBERNTFLIDSE N C/N Ex52hid 7t bk
Vo ZOARBBHILEEELL WBBRWAELTRD,
BEN TRTAETTBSOBEREOREYE Tl &%
R L TW5,

T, BB T LHEAUBYCETSHZDL 5% C/N
fBEDERIJEEFRYRE FORRIC L 2BBR T4 DIk
G OERBEOFHELCONTHELEETHHD L
BEIN B,

4. BEHBRYER
PR DE B ORI L b3 5 e DAL

40

B L L HBEBRT, EH 77 V7 P B LOEESE
YR O W ISR % & OF B R 2 el Et L
7o

Zh B DRI DN T DO IR % Fig. 2 KRT,
BH7 7 v b VIR BER 14(Ciy) 2B 24(Cas) D
FeliBtFZE L, £ 1ICCis, Cis KLU Co I 1T R
MREBAZBCEET L L 2EDd, ThKd L
T, HERMITIZ Ca v B Cos DIBIIBRD 5 B, REAFINE
BB BETH - oo TNRBEMC L 2FHY DR
PEFLERBCL DN DM ThH - T, BFREC+
& B IN I EHERENC I BUE IR TR e R
DAEBBRFELTCNWD T EERLTND,

T, TOBRMEOHAREBENLBEORE BE K F
(POM) TRIEMTF v 7 b VB WTED bk Ci,
Cis, Coo B X Cor OFRMFBHIBMNIFEL, TOED
BERTFICRTA2EY TS V7 P rDEEFORENT &
ERL TS, L THM, BEA»DERELCEERT
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Fig. 2. Distribution of fatty acids in the particulate matter, phytoplankton,
fresh sediments and bottom sediment.
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R BRESER 2 DO D T & OHRIAHEY DA
BETDHIEEZRBLTWE3DEHEETIN S,
IRIEHLT, 0.1km 225 5.25km 1T X SEREE
DEREINICHENBICZEY 75 v 7 b v BIOR
ERFORBRAEHIC W T EDFIERRD bR
SRR S A S e, COBEREBAKCE N TE
BRI 235 T DB DS IR T ifm\&@‘%ﬁt/wJ
EBZE—HTHHDTH D,
ﬁim@%mﬂmﬁﬁh%K%m%%@®£ﬁkbf
RIBEYD e TORHEEEY S - TW5, HEOMEE
DEHEIEE ORBRS & L TIE Cis & Tk &4 5 Raafils
PR DI TIH b T\ % (TORNABENE et al-
1967), U LREEHC Zh 5 DIBE I Ciao~Cip IT R &
SEHETMAZECHFET DI LAREIh TS,
LEO and PARKER (1966) iz X 33, HHEOEEWEOD
/v VERTAER/ SRR RAERS 0. 53~0.62 TH 5 L #iE
ITWb, 5k, BLUMER (1970) RiBEHEREY,
ERBICEHT T v 7 b VBB OWTO Z OERE
NEN3~T, 22 BLUB0~100 TH5 &% RHLT

PHYTOPLANKTON
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ERINRE e e

W5, ThbOEEIINMEIENROE EXFEE RO A
Vit 5 MEABYOFS YO ER LS T EER
LT3,

T THER - T3 FHAELBYD /v v RIER/F
SEREAERIZ 0.1, 1.1, 2.2, 4.4 X5 25km @ #Hok
TENFR A4, 10, 23, 643K 29 LEES N,
BIIRRE DD THRNT LR L, TOT LIRFE
VEBMIC B X S AR O KERST IR Tid /e
RBAROWEHT T v 7 b VICERT B ERRL T
DHDLHEEIND,

—7, AEBFRIRIZBAED ZNCHHTL D REE Y
HTHEDZLRALNTWD, FARAWEF v+ 3272
F7 3 (Euphausia superba) W< Dunaliella tertiolecta
ZIRE IR CETLERE, HE LU TD Dunaliella ter-
tiolecta DSIFRER R Lics ZDiER, Dunaliella
tertiolecta 3EERICTEITT HWIET, D Cis LU Cys
FEIRIBENTER D FNFh 61 B3 X X 4% SRRy
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Fig. 3.
and phytoplankton.

Monosaccharide comp051tlan of the particulate matter, fresh sediment
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Woo THOEDESEN LN 272 51F, BrErtEy
TRRT SR TR L CFBYIREBL LEBKCN S
FTICED GRRICHEREI N TS LH B L C &
W ARITIRENIER D 43 FHEE D BT U C, RT23E B
Ko BEEZ 5. 25km TS 5 DICEST 5B &
ZHAENDLS, 4 7 ADHETR AW A ETEINSD,
IHiZ, 1.5m/day OILERE X D ORBEKOEY 7 5

Y7 b YA Skm ETUMT DO ET A (9.14F)
IH LT &b CREA N T ORERS Y SO R
PEICRFELTWAZ EHRR L TWb,

FELEY S L BB TORBER L 2 cEEDE
Bald - EDRLE (Fig. 3)o FEEKLDFELLES
RFnBI3, CORMKGE RS 2 BERE LTs v
A=A, HIIT =R, =V /)—A, Fvua—A, T35
=R, YR—A, 7a—2ABLOEF &/ — AL ERN
3N, THICKH U CEERE 500m s BERE L 2165
WFTRERY P —ABLTA F Y b~ ADWEEE B
WL, 2LO<v /) ~ARLEAT V7 b= i<y
WA= ARERSY T TWB T EXRM SN, B
FRARESRIZERE 2,000m A B ERE I N BB Fic oW T
BB LT3,

CNICH LT, FELRBPTIEA FLY b—AKL
DR b~ ADFERWP SN TH D AR, ~%v—
ALLTCR= Y ) —AHMBIC U TEBL TWD & &2
Alidhic, 20T &b EFENBYE L FDaE
VIO EEN SRR NEBKOBER T TR &%
IRTHEELNWZ B,

5. ARYOBESRICEEI HBME

FELBY OB BIIBBR T & 3 bA- TEBA
LEDLD THBICRBARKCHEINALLDTH DT &%
RTBELCONWTURTTIRBN T, 2D L5 HRERmL
WS4 A0 L I3 DN TR~ B,

Y77 v 0 b vIRFEIIR TN S DR D
HBTLC, BMCRIOEKLRZAEDEL N, LA,
HEOILEREE S 0 dIc E R SR kEK F & i 5 RE
BH Do

HEHECRNT, EEEOBCKER & LTk~
¥ A/ —(marine snow) (ALLDREDGE 1979, SHANKS
and TRENT 1980) 8 K O'&#¥ 75 v 7+ v 0 &R
(SMAYDA 1970, WIEBE ez al. 1976, HoNJO and Ro-
MAN 1978) @ 2O0%E 2 bhb, < VA — 13—
CHHEDO RBHATERINSE DT 54 (SILVER
et al. 1978), 1) =@ FEEITI121E B0 5 18R

P TH% (SILVER et al. 1978), 2) rhFEERE 1L F 1568
m/day C& % (SHANKS and TRENT 1980) 7c & OM:E
REBYOTREIEREOEGL LD 5 A HEERS
B3, 3) Y YA/ ~WRERTO HHBBD 5 HEEE AR
<, C/NfEX12.5 CF5fE) FEETH%5 (ALLDREDGE
1979) T LI3EBICHE I N B AR O 1t % 5%
(C/N fif) PHBYHR L ERRH 5,

—7, BT VT Y OERNIZE D TEW RS
[ (15~941 m/day; SMAYDA 1969, FOWLER and
SMALL 1972, WIEBE et al. 1976, TURNER 1977,
HONJO and RoMAN 1978) % &%, 5km #»it%4 5
ICET DHEIE R L £ 5~3383 HE HEIND, b
DEREYT 7 v 7 b v OERBEBEICK T 2EEHD
MEMAICES T 2T HEORIBNIERTHL T L%
TELTW2, #5750, BEOERBTREYS
YN VRBEMT T v vERBEL, #ReL T
KRB FALL, RECOESH TS v 7+ vy
ERIBKCHEL TWA EBFESNE,

6. FHRENRSEIORERE

FTTREBRZE S, JLMIERTECHsD 2EE 1.1
km IR 2 EBRFEFIRIZ 7. 27 mg C/mday TH 5
DL T, BE 5.25km T 2.38 mg C/m?-day T
Hoteo TNOLDOHEFEDECHIE T HEHRE (4.89
mg C/m?*+day) IZBEE 1.1~5.25km DZEEKT 4 &
SNEEBHBTHLEEZDNS,

ZITHEORHEBYSHEOEBKC KT 5 BIRIC
DWTIRNR D, HRYO S RIZIETFBEDOHEE LS,
MUNK (1966) 1% HEAVEOBREK (1km D) 1
RO LBABEOHRES G X IBBREFVEBAL T
ML, WA 1~4km OERBEKICKIT 2 GFREDEE
REEAS 4 pl/l-yr THH L& L7, Redfield-Ketchum-
Richards €5 (C:0=106:276 FEFH) 2@ HT 5%
51, ZOfEIF13.5mgC/mPday &7 D, ZOWHD
BEKCRD 2 2HBYNMENERTE %,

ZDH, ¥ELOMEZL - TRIBROBEEKIC K
TR ERAME ARG EI N, LORER% Table
2 Kkt TOE, BEKCKT 2EHFREEEERE
1% 0.6~4 pl/l-yr OHEFET, hid 2.3~13.5mgC/
m’-day OFBHDONEEVCHELT 2D TH - 7.

SEDOEIA YTy TERCEEINZEBKIC
B DEEYSERT 4.89 mg C/m?-day THD, TD
HREBBRE TV CEEI NGBS REC D
WS DTH DI Ehbhs oo ZOEEREECET
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LEBYONEEORBEHICHLTCEIYA YT v T
EROEILENEFRTHIOLETRBLTVWEHDE
Bbihd,

XTC, VAV E Ty TERTRDCHRBRKEDH
HRIOCEBERICET 2HEEE L EOHRE B2 ZB I L
T, TOWBRICKT ZFERREDO KB BAEY Fig. 4 I
i S

UCHRIT X » TRD 72 & OYEIRO A E B2 340mg

Table 2.
in the deep waters.

C/m’day TH - o BAEICL BHEEYO L EIE
Rbksdoe+niE, EBELLlkm KT 558RE
OTHEOMEREBLEERD 2.2% KHEET HDHT
bB, LichiaT, EMAEEDIT.8%ICHELTIHE
BYneD 1. 1km RO £ - FEBTHHT I &
Kinbd, 2O LREETKT SEERYNE (BIFRHA
HE) DIELAYREELOOmM EFTTETLTNWST
EEBIRLTW D,

Rates of dissolved oxygen consumption and degradation of organic matter

Dissolved oxygen

Organic matter

Authors consumption rate® degradation rate Area
pl/yr mg C/m?-day
MUNK (1966) 4(2.7-5.3) 13.5(1-4km) Central Pacific
ARONS and STOMMEL (1967) 2-2.5 7.6(1-4 km) North Pacific
Tsunocar (1972) 1-3 13.7(1-4.5km) North Pacific
KROOPNICK (1974) 0.6-3 2.3-11.4 East Pacific
(1-4.5km)
Range 0.6-4 2.3-14
This study 4, 89** Northern North Pacific
(1.1-5.25km)

* Determined by the diffusion-advection model.
** Determined by the sediment trap experiment.

AIRBORN PARTICLES |

EUPHOTIC SUSPENDED
LAYER MATERIALS

|[ 340(100%)

|

APHOTIC
LAYER

WATER-SEDIMENT
INTERFACE

36.3( 26%)

SEDIMENT

Fig. 4.

]

26(0.008%)| 0.36%

Degradation of organic matter produced by photosynthesis in the euphotic

zone in the northern North Pacific Ocean.
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TDXIERYOERE5.25km W 3 1F B B 1L
2.38mg C/m?+day, ¥ ciEDOHEREHE I 0. 026 mg
C/m’+day ThH 5B LEFWdk, TOZLREEL 1~
5.25km [ (BJEK) WRI2HEMO 5 R B 43 4.89
mg C/m*+day TH Y, ¥4 525km~EE (5. 30km)
D50m B (EEK) TOZh 2.35mgC/m?day T
HBZLHERLTND,

BERAKCRT D OBERILEEBEREFT Vs DERIN
BIEBAOEBRYSHE L IVT—RTHZ L33 TleD
N7z, SMITH (1978) R ATEEOEREIC NV 4 —
HERE LT EALYIC X B ETEBRBEEERE 0.02~
0.5mlOy/m’hr THDHLHELTWB, Th DB
0.26~6.4mg C/m’-day © HEYHHEE GHRE) i
L, AMETCEONLERBKC KT 5 BBy SRE &
EOLDTHEWETH 2 LHITSh 2, ZOMBEIRIERTFR
THEONIKERBKCKT 2HEBRYNBREDIZE AL 2
BYOBERBOEMIEMC Y » TERIATH230 L
T h s,

—7, BE 1.1BL0 5.25km lcisl) AR Tz F
NFEN 137 X X 43. 2mg/m?+day TH 2, DD
D7 (93.8 mg/m?+day) REBKICIWTHEEL T
DRFEICHEAL T D, FAELRBHD CaCO;s 3k
SiO: IR Ei 24.19% 3 X O 48. 4% (SPENCER et al.
1978) THHLWMEINTWD, ThODEARAT S
B, WEKTIR 22.6 X ¥ 45.4 mg/m>-day O
CaCO; & L TF Si0: BEHEL DIEFRECE  TWD 3
DEZZ BND, TSUNOGAT (1972) 13t A FEEZEE K
I BT CaCOs 36 X OF SiO; DARRER45.7 B &
X 65.8mg/m’day THBZEEXWMEL TS, TR
DIERTA HBIZEBAIC KT 5B CaCO; L
SiO: DEFAELIBIEAAES DO TH D LI 5,

7. X & O

JEEIL AT ZEOBAI A (47°51. 1N, 176°20. 6/E) I +
VAV LT Tl A ATRE L CFRA B Y
Lico ZOMBHLIE, BEHT, BY75 v o v
BLOHBERCOWTHBIRS, 2EZ20T5L L
SIC BB S X CTEHBRR A REL, Fh 5o b
BEf R L, ZOER, UTFOT e iibin.iz, 1) 5
LB & BER T OB EEC KRS RS
RU, BEETHHELEGOEZEOREY T <1t it
Wo 2) L7zdi- T, HBHEICREEAKD LEF A~
e U F & BB ICRTERR T 2 RAEEL D
BBV, 3) TOLIMTFOMRBICES T 24k

v U A
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LT, 877 v b vOBERYEZ D088 H &
Bbhd, 4) ®9A Y N5 o 7ERIYD, 0O
BOBE 1.1, 2.2, 4.4 8L U°5.25km KRt 52561
RFEOPWHAT7.27, 7.33, 2.70 X X 2.38 mg C/m?-
day ThH B L% Fdlk, THOOMHEITEBAFES (340
mg C/m’-day) OFNFN 2.2, 2.2, 0.8k X050.7%
WM Uiz, Fio, WRIMICHBITT 2 E RSBl
EED0.008 % T ER-Tz, 5) WHEOEE ~1.1
km, 1.1~5.25km 3 X X 5.25 km ~ JEEEIC B\,
HBEFE WL - TH520N% EEY O FHFEh 97.9,
14X K0.7% BHEIN5S,

8. FHOHIC

EIAY LTy TERTE LR AERY B EICLT
MR 31T 2B N IERTE AL RN T & e, &Y
YTy TROWELAERNCHIII N S D TR
< BEDBZL OB L - THEADST BTN
Do LAL, SHEBRA NG BB RIEECRTDE
B ONE AR S L CHEBB ORI OWTIRIE
THREFEEEZ DD TH - 2o LR T, EBY
FamiC 7 2 HEER LB F BROMRR SR O RS T
b5,
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3. Nitrogen Cycling with Special Reference to Ammonia
Regeneration and Associated Food Chain

Isao KOIKE*

Abstract: Nitrogen cycling in the ocean is discussed with special reference to ammonia re-
generation in upper layers. Several investigations concerning the biomass of zooplankton
and their ammonia excretion suggest that, in pelagic waters, ammonia excretion by zoo-
plankton is of primary importance to meet the phytoplankton nitrogen demand. In coastal
and inshore waters, however, the contribution of zooplankton for ammonia regeneration seems
to occupy minor portion and direct measurement of ammonia regeneration by N isotope
dilution technique supports the view. The coupling of phytoplankton and bacterioplankton
metabolism appears to be mainly responsible for the regenerative process of ammonia in

coastal waters.
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(THoMAS 1970), T OEHEAT L L CEERERRE
HEON, EHEZEZRLAHCOVWTRS L, TOIRK
A CTHAHMMEERL T Ve TEERL TR, Wit
ROBENLONGEREEHCELTCRERERAN D
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University of Tokyo

Ocean Research Institute,

RYEEDLBICHI » TEV, UL, TORBHEIZ
FER TR EDDTHN T L4352 b, DUGDALE and
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duction” IC#ETFDL D TH b, LTHRICHL T HERIZ
WER T LB L > T7 v E= T ORR{LTHR
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Ik BN 0 A - TELTRbR, Wh¥d
“New Production” I # A2 D EEZ BIH, T
@ DUGDALE and GOERING (1967) @ 3% 213, FME
COWMT T I b Y OEER, FETOAYEHEIC L
S TR DHENEETERINTVET vE=TEER
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BT rEn e BUENSHROE TR T ##5 3
h, ThBREDZERDHHD 2 2LHTONB LTS
HDTH5b, UL, IBERTIEIENDDHE, 7ve
= TEOBRP BB RDE, TOXIAELH
PLOEEHAT DT LIHRT N,

—%, WERETO—KEERDRER A HER
Tk Sediment Trap 1€ X 2R FOHREBMEED
ElH» L, AEROBEREETEL LFRUONT
D 90% fil, WEEEDFEE 200~300m 7 ¥ T T4 & X
N, TOEZRBINY VIZERLAHOE TREI N,
BU—RAEECHEDONES L#HEIN TS (KNAUER
et al. 1979), I LI HFEDHE, FEEICET SRR
ERYOBRRBR COAEZOR LM EI N TN D
A, T OHDB0~0% I BERPORB CHEIN,
T OFERA U TR BRI ORI R KRN EH LT
% (DEGENS and MOPPER 1976), 1€~ C, Witk
05 —REELRET 5 E TR CEE L EEREERL
AYMOBEENMT bR TWAHE LTI, BERER
L OENREERFD 2 00BRBICEH L udicd
e ZCTRECEBERBICKT 2 EREER LAY
DOBAEREL, Zl kI rRYEHE, T ThEYY
Ty rvensF) T ORI OWT, §/ER»HOH
FTERA P TIR - CRICBFEBRTCOMEDN R & &
T, ZERTRS52LET 2,

2. FUEZTOBEEESH TSIV MY
KEBB TOEEM» DBAEINTL 2EREOER

AL LTI EZ2 DN TWEDR T VyEST ThH
Bo TNRERINAET vE=TICATHIHEY TS v 7
PR EKRE LE D S HEES, BLEECL 3T v
=7 OBk, BBOEROEECENTRSMCKRE
W IR d 5 (MIYAZAKI et al. 1973, HATTORI
et al. 1980), RBTT v E=TOELERTSE BB
LR, s v ory, NoF)T, FEIA
IABHBLEBADOREIOEY S5 v 7 PRk D
TrETOHRE, 77 TIRLBEBRERLAEY
OBT I/ KIGHREDER DD TH S, MTHIEEICE
JBERERR, YTV v bEEREOEY TS
VI PRI DICHAKOEBY T T T P EBRD VWD
¥% “‘Grazing Food Chain” & L TH#EST ST
BHZ LB (STEELE 1974), Ty E®=T7DORBER T D
BAEBECHTA2EHN TS V7 P YOBBEEERIEL X S
LT HRAREES I N T &, Table 1 2D
KRB DR E LD TURLC. INDOHRIZEHT 5
Y by OPMUERO AR YT I P ICEDSE
FROBERBEOHEDOHLAFZRL, WHAWARERR D D
2, FAMCZ W I XOFRTCEYM TS v 7 D
FEEZRDTWD, $7bb, LORFREBHICK TR
v FEMT T v vORTFEEXHEL, FERECEIR
HET 28875 v/t viIRX BT =T OFMER
EARIT LR E ST, 877 v b VIREBT VE
=T DEREZZTOKBEH) CHEL, IHRLILEK
GHEHTT I VRL B —IREECERINDER
BEHDIWRT vE=TRERERTS LT, F5E

Table 1. Ammonia excretion by net zooplankton and their contribution to
ammonia requirement by phytoplankton.

Study area ZO%E’(I)?:?;OH Zooplaz}lizc;relti%r:llmoma Contribution References
(mg/m?®) (¢g at. N/m®/day) (%)
Central gyre of the 5.3-12.4 5.0-9.3 40-50 EPPLEY et al. (1973)
north Pacific :
(mg at. N/m?/day)
Kuroshio and adjacent - 0.3-1.7 11-44 IKEDA and MOTODA
area (0-150 m) (1978)
(g/m?)
Upwelling system off 7.5-13 4.2-5.4 35-75 SMITH and WHITLEDGE
northwest Africa (0-200 m) (0-200 m) (1977)
Upwelling system off 0.2-3.8 0.7-4.0 1-25 SMITH (1978)
Peru (0-120 m) (0-120 m)
‘Coasts of Washington = 0. 42 0.14 less than JAWED (1973)
and Oregon - {0-100 m) (0-100 m) 10
Pan (mg/m? (#g at. N/m?/day)
Narragansett Bay 12-250 . 3-190 0.2-7.1 VARGO (1979)
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DEEZTT/E - T 5o

INBOERY A D E EPPLEY e al. (1973) OfF/x
- 72t A EEED Central Gyre {31, X F IKEDA and
MoToDA (1978) DFils » iz Bl & T OB EEIRIC 31
TR, 875 v 7 b voT vESTERCHT 35S
RIFIOBL ETHARDES > TWD, HIK, Th
B DHEED200~300m LLED F v VBT T 7 LY
HREELTERY, BEEXDORBEEERLIDREVE
ZEz bR TWb~Af s a@¥y7r 57 +vid, TOHHA
AHREFRTWDZLEBETHL, ThbOIPERIT
BWTREY TS V7 + YOEERIBIRKEL KD,
FRie LT _v—i, JBEET 7 ) A 0EAER TR
T 7Y AMBED CEHWEFSFELYEZ TS DTN L
(SMITH and WHITLEDGE 1977), “v—pfTld 1~25
G EEDERRENT LRI N TW S (SMITH
1978), X DI, WEBRICKI L BHT/ T v bV
DHERIZ BT 35320 F5ER K20 (JAWED
1973, VARGO 1979), FlziZ7 # U # BILED Narra-
gansett Bay 1€ 5EH O FHERZELA &\ D HEE
Bl IhTnb, ULOERILOWERENDEZZD
ENTRAHOHEDSDTH B, THODOERND
AP E R ERRERTO T v E =T OBEECHT 5E
M7 5y b OEERCHILY DERD DT LI
Shtd, Lal, HNMEROBETIEY TS v Y
ORBBREZZ S L, MEIhLEHTI V7 tvD
DD DB FY TORBERZTPTWELL D
CEREHLAGER BV, b, EaE T
v vomEERRICIE, HEIShEY T T v
FoHOEZRDS BT VE=T QR TCEEKRABEE
NADIED 30~50% 2 THY, ¥30% 12EDETH
InANZFY TORALPT VRIS TR, b1
W5 BRBHFEREZOR CTHEIND T LR EIR
TW5% (BUTLER et al. 1969, CORNER ez al. 1967,
HARRIS 1973),

3. PNECKB7ZVEZLTEREREOHE

D ER_ERAEY S v 7 P vyOT VEST O
ERIEFW TS V7 VORFELDLDKETDOT ¥
e THARERHET S HECHLT, PN T~
N7 vE=TERAW, BKTOT vEST OAEREE
PERT HRAA, TIWRBBRICE W TRET b
Uk, COHEOFEHEY Fig. 1 KWRLEEFSOE
HhEK CEBCHEINLFTHATHE, ROLS
Lhd, TFIN TV hieT vE=TE2PEMRHE

151415y
X100 (%)

A=

t=0n

Fig. 1. N distribution in PON, DON and am-

monia before and after the incubation.

Water sample was collected from Tokyo bay
(10m in depth) in 26 June, 1979 and incu-
bated under simulated iz situ conditions.
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KELBAEDAENWEEZ DN D,

O BN-7 v ESTORREMES FiRR, FORKT
EgE7 vE=TOAEREESHERRS L WD HTRE

(41 )



202 5 & H18% H4F (1980); HILNGH¥LHE

BREERE- TWB, L L—AT, ZOERICIIHARR
FRWERGNEE SRWeD, SETHbhBAE
DEERIZ 5~20] MDOKEZIDERZF > T B, K-
T vE=TOERCEST 2 RENEYPRFCHLE
M7Ts5 o by, BIChky VBT S VO L v ERFIC
BT 22 EAEBERZ LR, TOHEOREATH B
(HARRISON 1978, CAPERON et al. 1979), Z D Wt —
DFNT, #60m® ODBREEX/DOT T AF v 7Ny J I
KT TORERLEEY Ric® TFELOTH, TRIT
BN-FYE=2TEMETCTVEZTDLY THRTER
HHELRFIN H 5 (HATTORI et al. 1980, AR &Bfih
1979), T OERDOEE, /¥y 7 HICiZ Copepoda % &
SR TAEM ST 7 b v ELOKREFEUEER
L, FOEBETTCOT vE=THERBESAEINT
W3, Fig. 21, TOERTOERE Ilm CRISHT vV
E=TZER KK PON £#%hD "N 204 1:BMICH
T BEEBRELE R Uic, ERIZ I ARA H108HDICH
FThHFENY 7 —N—BDHV =y F ALTITbI,
Mo S, R 1ZFE—KBICHE (5ppb) OKFEEAML
ZHD(R) LM (S) THD, 204 S,R kKik
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Fig. 2. Changes with time in .'*N content in

ammonia and PON :in bags, moored in Sa-
anich Inlet, B.C., Canada.
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Fig. 3. Rates of uptake and production of am-

monia at 1 m in bags, moored in Saanich
Inlet, B.C., Canada.
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BLZIRNR, BT Vs LY OHREBEYSTC
WHIEZEIRL TS, 2ED, TYE=TOHAE
CREWYT 7 v b Y PUSNDORF D Z OBEKBRTIEA
OB TWBEZ e ZOERIZTELTWS,
TVvE=TOREECEST 5AYRTE LD HiEC
TEH~DDHBFEELT, T4 NVE—=HATEY TS v
gy BT by, NITF)TEERSBIL, &
SHTOT vE=THERBEYHET S HEREZ R
%, Table 2 13, Fig. 2 A UAKRTEEICTL- 7
DEIBRERO—DOBRPRLIEDDT, REHKE
8um DX L7 4 vi—% - CHFEET 2 FlL,
Bum L FO/MTOT Vv E=TDEN ZHBLK AR
BEFEORKEEE L LSO THS, T2 TH WK
8um DY A i, TORKCEHEENS <17 0F)
W75 b RELRRAEDE TS v R RE
WERLEDTHD, EBR1 THDHET VE=TOERE
LD AHDOHERIIC 8 um LITF O M TEFBEDOEK
DLBIAET LT 5, UL, ZOEBROBFARY
TS5y b v ELTREERTETH- 2k, Chl.a d
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YC-CO: LD T HH 8pmUTFTTRRESHILTEY,
Y7o v b YBREOHRREEVRS ED L,
ER 2 OB HCREKTOEB T 7 v 7 b vHNEID S
DTHHTT EnB,8um D7 4 Vi — Tk BFBTH
PNBOREM TS I v DAHETHD, Chl.a BLT
PON #iz 2 A XL/ L TRV, #LT, ZOX3%
FHTRT Y E=2TOLY HKIOEREENZ LA
EELRNT Ehbhd, LEBRST, TR B OKEE
R, Y77 7 PRV RTHT Y EZTOAER
B OBRECTETLTNWD I EERTHDTH b,
Table 3 1 1pm D7 4 VE —THMUEITINEY S
SV EVENITY TR LUZHBRTCOWTREL
TRERE IR U T Tl RAKDES, N/ F7U 7
Z1pm UTOSEICIZE A EIR\WSA, Chl aldidiE
Takkirhb, TYE=TDLH LB LT & 53k
1m P FTRELLBRA L, EFEIE~RTL/4~1/15
DEICE » T do T2 THWE Lgm LITFOS MRS
I 7Y TEBOTRWOOLBEEEBRER L ITENRS &
DMK T B, N7 7)) TEREERY LT TRESR

Table 2. Effect of size fractionation (8 #m) on nitrogen metabolism.

Microzoo- 14 Ammonia Ammonia
Chl. @ plankton PON CO: uptake uptake production
(eg/D (x10%/0)  (pgat.N/I) (ugat.C/I/h) (¢g at. N/I/day)
Exp. 1 August 16-18
Bag 2
Control (A) 4.5 37 9.5 1.1 3.09 2.90
<8um (B) 0.80 2 4.7 0.21 1.12 1.27
(B)/(A) (0.18) (0.05) (0. 49) (0.19) (0.36) (0.44)
Exp. 3 August 23-25
Bag 3
Control (A) 0.92 51 4.5 0.79 2.23 1.84
<8um (B) 0.85 3 4.1 0.69 2.25 1.91
(B)/(A) (0.92) (0. 06) (0.92) (0.87) (1.01) (1.04)
Table 3. Effect of size fractionation (1 #m) on nitrogen metabolism.
Bacteria 142 Ammonia and Ammonia
Chl a number PON CO® uptake nitrate uptake production
(eg/D) (xX10%/ml)  (#gat.N/I) (pgat.C/l/h) (pg at. N/I/day)
Exp. 4 Aug. 30-Sept. 1
Bag 2
Control (A) 9.7 1.6 6.2 0.85 4.33 2.70
<lgm (B) 0. 08 2.0 2.7 0.05 1.18 0.74
B)/(A) (0.01) (1.3) (0.43) (0.06) 0.27) 0.27)
Exp. 5 Sept. 6-7
Control (A) 11 1.5 8.4 3.4 5.30 4.76
<lgm (B) 0.12 1.4 2.8 0. 005 0.34 0.27
(B)/(A) (0.01) (0.93) (0.32) (0.001) (0.06) (0.06)
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DB, 1HA—F—DERTR, HVETLE
WI LR IRLDERIBIRLTERD, TVE=TOER
CREHTS V7 b v eabHREREROGFENEE
THDHTERBTRHEINS,

DT riR, BEHOERBK T bR 7 4 V& —IT
L BRYRROF— 2 H2HWELDTCT VvV E=TDER
HBELHORT L OMHBEYFARIERLDD FBR I 1
5., 37bb, TVE=TOEREERX T VE=TDLED
CHBE (r=0.87, n=27) B X R RE#KESR (PON)
DE (r=0.70, n=28) & HEHNLIWHEEZ R,
5T, TRHOMRAELDTHDBE, BERTIR, &
RICRBEEITR - COWDEH T 7 V7 P vicRESIHSD
EUEOHEENT V=7 OBEECIRERREE 2
ZLTRD, SDRERELZ DN T L S YT 5
YO P VIREDREEOLD ZHEHHE, FRICEEL &
RER L RBROBEEL NS, WhW ANy T4 7
NVTORBEITREL, o414+ 5 7 RERD
BEERARBI - TWB I ERHEEI N %,

Table 4 1%, ®N P L —F—ETHEI LT V2T
EROEHMEE COKBCEINIEHTT V7 b D
HAFEHD B IKEDA (1974) X% M- TEY 7S5 ~ 7 b
VIRE BTV ESTHAREOHEELITR, ME % HE
L7z s DT, 19774ED 60m® D/~ 7/ EE L 19785ED 51
DR FVERMODZ OO RER L, WIhOBAKD
BNBETOT7 v E=TO EREELCTL Ay PEMT
7V PR HEESRERERDS MNP, 19784F I

Table 4. Ammonia uptake and production in
surface waters of Saanich Inlet, B. C., Canada.

CEPEX CEPEX
small bag large bag
September 1977  August 1978
Biomass (rg C/0)
phytoplankton 30-105 60-360
(rg/D)
zooplankton 11-21 30
(>202 pm)
microzooplankton - 18
bacteria - 22-74
Activities (pg at. N/I/day)
ammonia uptake 0.24-1.3 2.3-5.3
ammonia
production 0.41-0.77 1.4-6.0
ammonia
excretion 0.001-0. 004 0.005
by zooplankton
ammonia excretion - 0.1

by microzooplankton

Wtc=4 7085 7 P yOFESBI0%UTTH
Y, Tablel KRLERDOBBETOF —&%—L—FKL
TRERIC 5 T\W5, ZODIIBEDEH A, /7Y 7O
BERBHELNL BN, TORREH T 7 V7 bv
IIEH L, Y75 7 b ONI0%DEYEER R
5> Tk, —RIC, BRI 557 7Y 7TOREFRR
LHEMBOB %L INTWSEDT (PARSONS et al.
1977), TZCHBLNLER Thi DL baEl,
HBLBINBONY 7Y THERCAHL WD ETR
i, TORECHTHESREDLDTRENVT ERTHE
N5, BE, WBECRACARTHEINLT I/ BO
T5 w2 RART) Y VEBTLIHEYD 0.1~2.4 M (F
#H1.1ppM)DETH D (AzaM 1980, FLE), Th DD
HINIT I/ BRDH D ETREERICE D TENRDAH,
BRODESRKET I/ ShTT7 vE=2T7OERICERT
%,
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4. Autotrophic Processes with Special Reference to
Microbial Activities ’

Masayuki TAKAHASHT*

Abstract: Photosynthetic growth of phytoplankton in the sea is discussed on the following

three aspects;

(1) characteristics of marine environments on photosynthetic ‘growth, (2)

species specificity of photosynthetic growth for each environmental condition and (3) different
size and shape characters of phytoplankton and their ecological meanings.
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DEPTH

Fig. 1. Schematic diagrams of photosynthesis
limitation by light intensity (I), nutrients (N)
and temperature (T) in stratified (A) and
mixed (B) water columns. Simultaneous
photosynthesis limitation by light intensity,
nutrients and temperatute is indicated by
hatched area. P, D¢ and Dn are photo-
synthetic rate, compensation depth and mix-
ing depth, respectively.
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Fig. 3 13 Skeletonema costatum, Thalassiosira sp.
Olisthodiscus luteus & Gymnodinium sp. %8B HE & $
HRMOBLERET, ZERLOCBEXRBEYEL~OIE
FERELICERTH D, DL OKFRKIE 0.1pgat./l D
Y VBRI LR ERT, DT P BZLV, ZD7
DY vBEENZAZLICLD, saaT 4 vEEREE
Ui BEMmdE iz Y be—ro 4 ic#nlc, P &
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FTHEEBEBRRICHND LFIENEEZEL L, Fe,
Mn 8L 23 ¥ B ET 2~3 EREOHMNAIG
HohNII T X, U EOERIL, XK dbBRIcX
Sz un 7 4 VvERRICL L EERELEDONISTH
%o

OEREABEEECEET AL, K2 OEETIS
WP R DTN bnD (Fig. 4), H1ELSED
S. costatum 13, v un7 4 VMTROIUIGE £ H
CT, P& NRRLIIFENROEETH D, H2E S
D Thalassiosira sp. 1%, S. costatum [FEkk, ZER

STRATIFIED (A) MIXED (B)

ALGAL BIOMASS

ALGAL BIOMASS

DEPTH
DEPTH

Ttz T3

Fig. 2. Schematic diagrams of increasing
patterns of algal biomass in stratified (A)
and mixed (B) water columns. to, t1 ... tn
are time durations, D¢ and Dm are com-
pensation and mixing depths, respectively.
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Fig. 3. Various nutrient effects on the growth
of a natural algal population. Diel increas-
ing rate was estimated from diel chlorophyll
changes. Culture experiment was conducted
by suspending a natural algal population kept
in dialysis tubes into a series of nutrient
enriched filtered sea waters. Filtered sea
water, which contained 0.1lgg at. PO.~P/[,
0.5ug at. NO;+NO:—N// and 3. 5¢g at. NHy
—N/I, was served as control. Number in
each bracket indicates the amount of nutrient
enriched in pg at./l. [After FUKAZAWA et
al. 1980b.]
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Fig. 4. Various nutriént effects on the growth
of each natural algal species. Diel increasing
rate was estimated from diel changes of cell
numbers. Dominant algal species in the
initial water were Skeletonema costatum,
14200 cells/ml (—O~—), Thalassiosira sp.,
1570 cells/ml (—@—), Olisthodiscus luteus,
90 cells/ml (--+A++), and Gymnodinium sp.,
30 cells/ml (~+-3~+-). [After FUKAZAWA
et al. 1980b.]
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Fig. 5. Actual changes of algal population used
in the culture experiments of Figs. 3 and 4
in natural water in Osaka-Tanigawa Harbor.
Changes of chlorophyll and cell numbers
were shown by solid line and average in-
creasing rates during 5 days (division/day)
were by histogram. [After FUKAZAWA et
al. 1980b.]
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Fig. 6. Size spectra of suspended particles in

oceanic tropical (upper) and temperate (lower)
waters. [ After SHELDON et al. 1972.]
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Fig. 7. The evolution of algal species and subsequent possible changes in -
the pelagic food chains. [After PARSONS 1979.]
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5. Heterotrophic Processes with Special Reference to
Microbial Activities

Humitake SEKT*

Abstract: There are various compounds in the marine ecosystem. Each organic compound,
dissolved or suspended, retains in water on the balance between the amount of the compound
putting in and out the system. Heterotrophic processes by marine microorganisms are major
constituents of the biological cycle in any region of the ecosystem. The importance of the
contribution of microorganisms to this cycle in the marine environment is shown and dis-

cussed,
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Fig. 1. Simulated model of cellulose dynamics
in the waterchestnut ecosystem of Lake Ka-
sumigaura, Japan. [J: Standing stock of
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