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Local Probability of Maximum Wave Height*

Shigehisa NAKAMURA**

Abstract:
obtain a local probability of its appearance.

Maximum wave height was studied with an assumption of Poisson process to

The concept of the local probability was already
introduced by NAKAMURA (1981) in a study of invasive tsunami.

was considered to find a good fit to the observed result.

A modified Poisson process
As a specific application, a case

study was undertaken for maximum wave height at Susami, the south of Japan, in order to
obtain local parameters which characterize the yearly or monthly maximum wave height.
Additional remark is a way to consider the wave period in the analysis.
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Fig. 1. Location of the wave gauge for study at

Susami on the west coast of Kii Peninsula.
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Fig. 2. Exceedance frequency of the yearly
maximum wave height.
(a) n=1.2, A=53.3exp(—0.5 H"?); (b) n=1.1,
A=17.0exp (—0.5 H'*!); and (c) n=1.0, 4=7.39
exp (—0.5 H).
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Fig. 3. Exceedance probability P of the yearly
maximum wave height. H(m) referring to (a) in
Fig. 2 (time duration ¢ is taken as a parameter).
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Fig. 4. Exceedance probability P of the yearly
maximum wave height. H(m) referring to (b) in
Fig. 2 (time duration # is taken as a parameter).
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Fig. 5. Exceedance probability P of the yearly
maximum wave height. H(m) referring to (c) in
Fig. 2 (time duration ¢ is taken as a parameter).
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Fig. 6. Frequencies (Ng and N7) of the monthly
maximum wave height. Hu(m) and its period
T (sec) for 86 months from April 1974 to
September 1981 at Susami Wave Station.
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Fig. 7. Exceedance frequency 4 of the monthly
maximum wave height Hy(m). The two
asymptotes are: (a) n=1.3, 4/=24.43 exp (—0.5
Hyu'?); and (b) n=1.2, 4=5.37 exp (—0.5 Hu'"?).
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Les glucides dissous en poids moléculaire élevé
dans ’eau du Golfe de Sagami*

Masahiro OcHIAT**, Atsuko SUZUKI** et Takahisa HANyA**

Résumé: Aprés avoir désaliné I’eau du Golfe de Sagami avec la membrane en ultra-filtration
(Amicon UM-10), les glucides dissous en poids moléculaire élevé retenus sur la membrane
ont été analysés. Ils ont été hydrolysés et les sucres produits ont été dosés par la chromato-
graphie en phase gazeuse. Les teneurs en glucides dissous se sont rangées de 20 a 130 pg/!
et le carbone de glucides dissous ont constitué de 2 a 7% du carbone organique dissous.
On a pu diviser les glucides dissous en deux groupes suivant le dessin de la composition des

sucres. Les glucides qui ont été constitués par seulement le glucose et le rhamnose se sont

trouvés dans ’eau profonde.

1. Introduction

La matiére organique dissoute dans ’eau de
mer constituant un grand nombre de composés
organiques, il est trés important de révéler ses
espéces chimiques pour savoir ses rdles divers
dans la mer. On trouve surtout les glucides
dissous sont trés importants comme le .substrat
pour des microbes dans la mer aussi bien que
les acides aminés et les protéines. Bien que
Ion ait mesuré les glucides dissous dans des
régions de mer différentes (WALSH et DOUG-
LASS, 1966; HANDA, 1S66), la connaissance sur
la composition détaillée de sucres n’est pas
encore suffisante jusqu’a maintenant (BURNISON,
1978; MOPPER et al., 1980; LIEBEZEIT et al.,
1980). Nous avons dosé les glucides dissous
par la chromatographie en phase gazeuse aprés
les hydrolyser par ’acide chlorhydrique et révélé
la composition de sucres de glucides dissous.

Nous remercions Monsieur le professeur N.
Taga et les membres de son laboratoire a Ocean
Research Institute, University of Tokyo, qui
nous ont offert I'’eau du Golfe de Sagami.

2. Matériel et méthode
L’eau de mer a été prélevée dans le Golfe
de Sagami (35°06’N, 139°20’E) dans 10 couches

* Manuscrit regu le 25 juin 1982

** Département de Chimie, Faculté des Sciences,
Université Métropolitaine de Tokyo, Fukasawa
2-1-1, Setagaya-ku, Tokyo, 158 Japan

de 0 a1,200m au 27 juillet, 1979, avec un
échantillonneur de Van Dorn (25 litres). L’eau
de mer a été conservée & —20°C au congélateur
jusqu’a l'analyse. Aprés avoir été filtré par la
filtre en fibre de verre (Whatman GF/C), qui
avait été préalablement calciné a 450°C pendant
2 heures, le sel dans ’eau de mer a été éliminé
par la membrane en ultra-filtration (Amicon
UM-10) qui a retenu des composés en poids
moléculaire plus que 60,000. Pour compléter
le désalinage, on a lavé la solution restée sur
la membrane quatre fois avec ’eau bidistillée.
L’échantillon désaliné a été lyophilisé et celui
séché a été analysé pour les sucres par la mé-

thode de OcHIAI (1980).

3. Résultat et discussion

Les glucides qui ont été retenus par cette
membrane en ultra-filtration (Amicon UM-10)
ont été responsables de 44 % de glucides dissous
totaux d’aprés le résultat examiné utilisant I’eau
douce du Lac Saino-Ko, Japon (Tableau 1). On
n’a pas pu faire surtout de la différence de la
composition relative de sucres dans les échantil-
lons entre retenu sur la membrane et sans
fractionné (Fig. 1). Le résultat suggére que
I'on peut évaluer la composition de sucres dans
I’échantillon sans fractionné du résultat obtenu
de celui fractionné,

Le profil vertical du carbone organique dis-

sous est indiqué sur la Fig. 2. ILa concentration



[—J sans fractionné
E BB retenu sur UM-10

Fig. 1. La composition relative de sucres dans
les eaux sans fractionnée et retenus sur la
membrane,

R, rhamnose: F, fucose; Rb, ribose;
A, arabinose; X, xylose; M, mannose;
Ga, galactose; G, glucose.
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Fig. 3. Le profil vertical de glucides dissous en
poids moléculaire élevé.

en carbone organique dissous a été haute dans
I’eau de la surface, diminué brusquement & 10 m
et a donné la valeur constante de 0.9 a 1.0
mgC/[ & partir de 20m jusqu’a 100m. Elle a été
de 0.7 a 0.8 mgC/! dans plus profond que 150 m.
La Fig. 3 indique le profil vertical des glucides
dissous sont la somme de huit sucres dosés:
rhamnose, fucose, ribose, arabinose, xylose,
mannose, galactose et glucose. La teneur en
glucides a été basse dans l'eau de la surface et
a donné la valeur relativement haute de 10m
jusqu’a 60m a part 40m. Elle a été basse
(moin de 20 pg/l) dans plus profond que 100 m.
Les teneurs en glucides se sont étendues de 20
a 130 pg/l dans I'eau du Golfe de Sagami quand
on a corrigé les valeurs mesurées par le taux
des glucides retenus par cette membrane (Amicon
UM-10). Les teneurs dans l’eau du Golfe de
Sagami ont été plus basses que celles d’aprés
HANDA (1966) qui a dosé des glucides dissous
dans ’eau de I’Océan Indien par la méthode de
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Tableau 1.

sur la membrane (#g/l).

La teneur en glucides dissous dans les eaux sans fractionnée et retenue

RH FU RI AR
S.F. 27.2 11.9 3.9 6.8
R.S. M. 10.8 5.2 1.9 2.3

XY MA GA GL Total
13.5 29.8 31.0 22.6 147.5
5.9 13.3 13.9 11.3 64.0

S.F., échantillon sans fractionné.

R.S.M., échantillon retenu sur la membrane (Amicon UM-10).

RA, rhamnose; FU, fucose; RI, ribose; AR, arabinose; XY, xylose; MA, mannose;
GA, galactose; GL, glucose.
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Fig. 4. La composition relative de sucres de glucides dissous en poids

moléculaire élevé dans les eaux du Golfe de Sagami.

la réaction au phenolsulfrique et a donné des
valeurs de 190 a 660 pg/l.

Le carbone de glucides dissous a constitué de
2 a 7% du carbone organique dissous & part
la valeur de Om et on n’a pas trouvé les taux
trop bas quand les glucides dissous ont été dosés
par la chromatographie en phase gazeuse.

La Fig. 4 indique la composition relative de
sucres dans les eaux de chaque profondeur.
On a pu diviser les glucides dissous en deux

groupes suivant le dessin de la composition de

sucres. Bien que les hexoses tel que glucose,
galactose et mannose aient été prédominants a
0, 10 et 40 m, le pourcentage en chaque sucre
parmi les glucides n’a pas été si large. Tandis
que rhamnose et glucose ont constitué plus que
80 9 des glucides & plus profond que 60m et
les autres sucres ne se sont presque rien trouvés
ou ont été trés petite concentration. OCHIAI
(1981) qui a fait I’expérience de décomposition
de lextrait des algues attachés sur des galets
a montré que la composition de sucres dans
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I’extrait est devenu presque identique a la fin
de décomposition de 30 jours. BURNISON (1978)
qui a mesuré des glucides en poid moléculaire
élevé (PM plus que 300,000) dans le Golfe de
Quint a montré que galactose a été prédominant
(51 9% de glucides) en été mais chaque sucre
est devenu identique en hiver. Bien que des
hexoses ont été prédominants parmi des sucres
dans les eaux de 0, 10 et 40 m, les autres sucres
ont existé aussi en certains taux. On a trouvé
que cette composition relative de sucres etait
semblable a celle de glucides déja dégradés en
partie. Tandis que la composition de sucres
d’autre groupe a été bien différente de celle de
sucres déja connue. La composition de sucres
que MOPPER er al. (1980) ont analysés dans
quelques régions de mers a été aussi bien différ-
ente de celle de sucres dans cette étude. BARBER
(1968) a présumé que la matiére organique dis-
soute dans la mer profonde pouvait étre consti-
tuée par les composés résistants & la dégrada-
tion microbienne, comme la cellulose. Dans
les résultats de cette étude on peut expliquer
I’existence de glucose comme un composant de
la cellulose mais il nous reste encore a révéler
I'existence de larges quantités de rhamnose.
Cette étude étant préliminaire, pour révéler
des roéles divers des glucides dissous dans la mer
il est nécescaire d’accumuler keaucoup de données
sur les glucides dissous dans nombre de régions
de mers et des donnés de facteurs qui réglent la

production et la dégradation de glucides dissous
dans 1'eau de mer.
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A Preliminary Observation on the Neuston in Suruga Bay*

Hiroshi HATTORI**, Katsuhisa YUKI***, Yu. P. ZAITSEV****
and Sigeru MOTODAM****

Abstract: Observations were made at two stations located in the inner part of Suruga Bay,
central Japan. Chlorophyll @ and microplankton in the surface film and in the subsurface
layers (10, 20, 50, and 100 cm depth) were observed on the samples of water. Zooplankton
sampling was made by towing nets (0.35 mm mesh width) through the depths of 0-16 cm and
5-50cm. In water samples, a large accumulation of phytoplankton cells was observed in the
surface film compared with those in the subsurface layers, but only a slight increase of
chlorophyll @ was found in the surface film. Dinoflagellates, consisting mainly of Prorocent-
rum micans, were markedly concentrated in the surface film. A blue-green alga, Anabaena
sp., and three species of diatoms, Chaetoceros breve, Synedra gaillonii, and Rhabdonema
arcuatum, were found in the surface film, but not in the subsurface layers. Tintinnids which
were major components of microzooplankton mainly consisted of Tintinnopsis beroidea, T. sp.,
and Dadayiclla ganymedes. The tintinnids were distributed throughout the depth of sampling
off Yui (Stn. 1), but largely concentrated in the surface film with less number in the subsurface
layers off Miho Key (Stn. 2). In net samples, Spumellaria (Radiolaria), Hyperiidea (Amphipoda),
Lucifer, brachyuran zoea and megalopa (Decapoda), Creseis and Cavolina (Pteropoda), and fish
larvae and eggs were mainly collected from 0-16cm layer but rarely from 5-50 cm layer.
They are considered to be hyponeuston (0-5cm depth). Eighteen species of copepods belonging
to the Candaciidae, the Pontellidae and the Sapphirinidae occurred in hyponeuston and the

dominant species were Labidocera acuta,
chierchiae, and Pontellina plumata.

1. Introduction

The term ‘‘neuston’” was proposed by Swedish
hydrobiologist, E. NAUMANN, for pelagic com-
munities distributed only in the surface skin
layer of the pond (NAUMANN, 1917). The
studies of neuston were then extended to the
sea by ZAITSEV (1960). A thin layer just below
the surface of the water is called ‘‘surface film”’
or ‘‘skin layer”” where characteristic organisms
Recently the
knowledge of this layer has been extensively
advanced (GARRETT, 1965; GOERING and

and some substances accumulate.

* Received June 18, 1982
** Laboratory of Oceanography, Faculty of Agri-
culture, Tohoku University, Sendai, 980 Japan
*** Matoya Bay Oyster Research Laboratory,
Matoya, Mie, 517-03 Japan
4% Institute of Biology of the Southern Seas,
Odessa Branch, Odessa 270011, USSR
*¥#¥kk Faculty of Marine Science and Technology,
Tokai University, Shimizu, 424 Japan

L. detruncata, Pontellopsis yamadae, Pontella

MENZEL, 1965; HARVEY, 1966; JARVIS et al.,
1967; WILLIAMS, 1967; NAKAJIMA, 1970;
MARUMO et al., 1971; NisHizAWA, 1971;
TAGUCHI and NAKAJIMA, 1971; TSYBAN, 1971;
SAIJO et al., 1974; VAN VLEET and WIL-
LIAMS, 1980). The communities in the aerial
side of the surface film are called ‘‘epineuston’
and those in the water side within 1 mm depth
are called ‘‘air contour communities’’. The
communities from the surface to about 5-cm
depth are called ‘hyponeuston” (GEITLER,
1942; ZAITSEV, 1961).

Several types of samplers have been devised
for the purpose of collecting these special com-
munities in the surface film and underlying very
shallow layer (for the microorganisms: GAR-
RETT, 1965; HARVEY, 1966; for zooplankton
and fish larvae, ZAITSEV, 1960, 1962; DAVID,
1965; BIERI and NEWBURY, 1966; SAMEOTO
and JAROSZYNSKY, 1969; BEN-YAMI et al.,
1970; KoMAKI and MORIOKA, 1975; MATSUO
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et al., 1976; MORIOKA, 1981). On the occasion
of the visit of an author (ZAITSEV) to Japan by
the research fellowship awarded by Japan Society
for the Promotion of Science, the authors plann-
ed a cooperative research on the neuston in
Suruga Bay, Pacific coast of central Japan. The
plan was designed to compare the communities
of phytoplankton and microzooplankton in the
surface film (air contour communities) and those
in the subsurface layer (plankton), and to com-
pare the communities of zooplankton and fish
larvae in the upper 5-cm depth (hyponeuston)
and those in the 5-50 cm layer (plankton).

2. Material and methods

Two stations off the coast of Yui (Stn. 1) and
off the Miho Key (Stn. 2) of Suruga Bay were
occupied in the daytime on November 21, 1980
(Fig. 1). The weather was fine and calm and
the sampling of neuston was successfully com-
pleted.

Series 1. Water sampling for microplankton
observations and chlorophyll 2 measure-
ments

i. Sampling of air contour communities (sur-

face film communities)

A simple rectangular screen, 90x45 cm, made
of nylon cloth of 77 meshes per 10 cm (mesh
width, 1.1 mm) was prepared. To one side of
the net, a pipe made of vinyl chloride, 18 mm
in diameter, 45cm long, was attached. Both
ends of the pipe were closed with rubber corks
so that the pipe floated on the sea. At the
opposite side of the pipe, 3 weights were attached

e 1

35°00’N

3L0'N

13820 138%0€
Fig. 1. Location of stations in Suruga Bay.

(30 g altogether) to the screen. In sampling,
the screen was cast into the sea holding a line
connected to the pipe. The screen cast was
suspended under the floating pipe. It was then
hauled above the sea surface by holding the
pipe. The surface film water adhering to the
mesh openings of the screen by surface tension
was raised in the air and drained into a bottle
through funnel. This collection can be made
One liter
of surface film water was obtained by 10-15
casts of this screen. Two liters of water sample
was taken from surface film at each station.

ii. Sampling of water from 10, 20, 50, and

100 cm depth (subsurface communities)

For sampling the water from 10, 20, and 50 cm
depths, a simple type of sampler, so-called
Mayer’s bottle (RUTTNER, 1963), was employed.
One liter glass bottle is weighted with lead at
the bottom of the bottle; lowered with the
stopper in place, and opened at the desired depth
by a jerk on the line. Five liters of water were
taken each from 10, 20, and 50 cm depths at
the two stations.

only by a small boat on a calm sea.

For sampling from 100 cm
depth a Van Dorn water sampler, 10 liters in
capacity, was employed. Five liters of water
were taken from 100 cm depth at each station.

Five liters of sample water thus collected were
used for observing the microplankton species
and measuring chlorophyll a. Measurements of
temperature, salinity, and dissolved oxygen were
made on the surface water and the water from
100 cm depth. Measurements at other depths
were not performed.

Triplicate water samples of 50 to 200 m/ from
each layer were filtered through a 25 mm dia-
meter Whatman GF/C glass fiber filter to which
19 MgCQ; suspension was added during the
filtration procedure. Chlorophyll @ and pheo-
phytin contents were determined fluorometrically
(STRICKLAND and PARSONS, 1972) with a
spectrofluorophotometer RF-500 (Shimadzu Sei-
sakusho Ltd.).

Remainder of the water sample was fixed in
19, buffered (sodium borate) formalin and was
left to stand for 24 hours allowing all the
plankton settled down. The plankton which
settled on the bottom of the jar was pipetted
out and observed under a microscope.
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Series II. Net zooplankton

Neuston has been collected with various types
of net (ZAITSEV, 1960, 1962; DAVID, 1965,
BIERI and NEWBURY, 1966; BEN-YAMI et al.,
1970; KoMAKI and MORIOKA, 1975; MATSUO
et al., 1976; MORIOKA, 1981). In this study,
for sampling hyponeuston from 0-16 cm depth,
a conventional ring plankton net was transformed
to the elliptical mouth net of which the frame
of mouth is 55 cm in longer diameter and 32 cm
in shorter diameter. The net is 180 cm long,
and made of polyethylene cloth, 0.35 mm mesh
width. The styrene foam floats, 14x 11X 9 cm,
were attached to both sides of the longer dia-
meter of the mouth frame so that a half of the
net submerged in the water. Sampling depth
was thus 0-16 cm and the effective mouth area
in the water (the lower half) was 720 cm?
Another net, ordinary conical net, 45cm in
mouth diameter and 180 cm long, made of 0.35
mm mesh width polyethylene cloth, was towed
at the same time in such a way that the top
of the mouth ring was positioned at the level
of 5ecm below the surface by a 1.5kg sinker
attached to the lower part of the mouth ring,
and a 4kg sinker attached on the tow line at
about 2m in front of the bridle. This net
sampled the zooplankton from the depth of 5-50
cm with 1,590 cm® of mouth area. Both the
elliptical neuston net and the ring plankton net
were towed at a speed of 1.7m-sec™* for 10
minutes. The ship was maneuvered to trace a
circular path, so that both nets were not sub-
jected to the turbulence of water at the wake
of the boat. If the nets were properly positioned,
the neuston net would sample the communities
in the upper 16 cm, and the submerged plankton
net would sample the zooplankton in 5-50 cm
depth. The animals found in the elliptical
neuston net but not in the ring plankton net
could be considered to be hyponeuston distributed
in the 0-5cm layer. These animals were
selected from the samples and sorted by genus,
family or higher levels except copepods which
were sorted by species. In sampling the nets
were not equipped with flow-meter, so that
accurate volume of water filtered by net was
unknown. Calculation of volume of water
entering into the nets was made simply multi-

plying the mouth area of the nets to distance
of tow, assuming that the filtration coefficient
is 100 9. This would cause some underesti-
mation of the number of animals per unit
volume of water.

3. Results

1. Surface film and subsurface layers (10, 20,

50, and 100 cm depth), (water sample):

Table 1 shows temperature, salinity, and dis-
solved oxygen at the surface and 100 cm depth
at Stn. 1, off the coast of Yui, and Stn. 2, off
the Miho Key of Suruga Bay. At Stn. 1, there
was a slight difference in salinity between the
surface and 100 cm depth. The concentration
of chlorophyll @ in the surface film and sub-
surface layers down to 100 cm is shown in Fig.
2. Vertical changes in abundance of phyto-
plankton and microzooplankton at Stns. 1 and 2
are given in Figs. 3 and 4.

1. Chlorophyll a

Chlorophyll a concentration was in the range
of 0.28-0.38 ug+l~! at Stn. 1, and in the range
of 0.57-0.81 pg+{~' at Stn. 2 throughout the
depths (0-100 cm). A slight increase was found
in the surface film at both stations (Fig. 2). At
Stn. 1, the chlorophyll @ concentration was 0.38
pgel~t at the surface film, decreasing to mini-

Table 1. Temperature, salinity and dissolved
oxygen (DO) at the surface and 1 m depth
at Stns. 1 and 2.

Depth  Temp. Salinity DO
(m) (°O) (%0) (m/0)

Stn. 1 0.0 20.4 32.7 5.31
1.0 21.3 33.4 5.19

Stn. 2 0.0 21.2 34.6 5.18
1.0 21.3 34.2 5.19

Chlorophyll a (mg/l)

0 S os 10
0
Eos
£
B
(=]
1.0 St St. 2

Fig. 2. Vertical profiles of chlorophyll a at
Stn. 1 (open circle) and Stn. 2 (solid circle).
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Fig. 3. Vertical changes in the cell number of diatoms (top), dinoflagellates
(middle), and other phytoplankton (bottom) at Stns. 1 and 2.

mum value of 0.28 p#g+/~! at 20 cm and then
ncreasing to 0.37 pg+/=! at 100 cm depth. At
Stn. 2, chlorophyll a was at its maximum value
of 0.81 pg+l7! at the surface film and decreased
to 0.58 p#g+/~! at 50 cm, then increased to 0.77
pg+i~t at 100 cm depth.

ils  Microplankton

Phytoplankton

The maximum cell density of the phytoplankton
was present in the surface film, and the mini-
mum was observed at 10cm depth at both
stations (Fig. 3). Total cell number in the sur-
face film at Stn. 1 (4,200 cells+/~!) and at Stn.
2 (13,800 cells+/~') was 2.1 and 18.4 times larger
than that of 10cm depth, respectively. No
remarkable fluctuation was observed below 20
cm depth maintaining below 3,200 and 5,000
cells+/™* at Stn. 1 and Stn. 2, respectively.

Superiority of the dinoflagellates in the surface
film was markedly indicated at both stations.
The main organism of this group was Proro-
centrum micans which was almost confined to
the surface film, especially at Stn. 2. In addi-
tion to P. micans, the diatoms, Skeletonema
costatum and Asterionella bleakeleyii, and dino-
flagellates, Prorocentrum dentatum and Scripp-
siella trochoidea, were also common in the sur-

face film at Stn. 1, while at Stn. 2, S. costatum
and unidentified naked dinoflagellates were next
to P. micans in cell number;

In the subsurface layers, the diatoms were
predominant below 10 cm depth at both stations,
and S. costatum was the most abundant species
at all depths. This species occupied from 709,
to 90 9% of the total diatom cells below 20 cm
depth at Stn. 2, while the bulk of the diatoms
at Stn. 1 in the subsurface layers was mainly
composed of other species belonging to the genera
Chaetoceros, Fragilaria, Navicula, and Nitzschia.

Other than the diatoms and the dinoflagel-
lates, blue-green algae, coccolithophorids, silico-
flagellates, and euglenoids were recorded. Of
these, the first two groups commonly occurred
in the surface film at Stn. 2, and the remaining
groups were constantly distributed in small
number throughout the whole depths at Stn. 1.

At Stn. 1 and Stn. 2, the number of species
recorded was 41 and 33 in diatoms and 21
and 15 in dinoflagellates, respectively. Species
occurring in the surface film were 10 and 9 in
diatoms and 7 and 3 in dinoflagellates at respec-
tive stations. Among the phytoplankton species,
a blue-green alga, Anabaena sp. (551 cellsel-
at Stn. 2), and three species of diatoms, Chae-
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toceros breve (125cells</™' at Stn. 1), Synedra
gaillonii (551 cells+/™! at Stn. 2) and Rhabdonema
arcuatum (551 cells+I™! at Stn. 2), occurred only
in the surface film.

Microzooplankton

The maximum occurrence of the microzoo-
plankton was observed at 50 cm depth at Stn. 1
and in the surface film at Stn. 2 (Fig. 4). The
tintinnids were mostly composed of Tintinnopsis
beroidea, T. sp., and Dadayiella ganymedes.
The tintinnids were major components of the
microzooplankton throughout the whole depths
at both stations except at 20 and 50 cm depths
at Stn. 2, where the copepod nauplii were
dominant. A large concentration of tintinnids
in the surface film at Stn. 2 was noticed.

A large number of a holotrich ciliate, Meso-
dinium rubrum, occurred below 10cm depth
at Stn. 2. Most of them were either destroyed
or deformed by the formalin preservative. They
were not counted in Fig. 4. However, there
was a tendency for gradual increase in number
of this species with increasing depth, and at
least 19,500 cells«/™' were present at 100cm
depth at Stn. 2, whereas it was rare at Stn. 1.

il. Hyponeuston (0-5cm) and plankton (5-50

cm), (net samples):

Table 2.

Assuming that filtration ratio of both neuston
net and plankton net is 100 2, volume of water
filtered was expressed by the product of duration
of tow (10 minutes), ship’s speed (1.7 msec™!),
and effective mouth area (neuston net, 720 cm?;
plankton net, 1,590 cm?).

Samples were sorted primarily into fourteen
to fifteen categories, and the number of animals
in each category per cubic meter of water was

calculated (Table 2). The number of individuals

Number of inds (x (0%/1)
2 0 | 2

L L

Depth (cm)

B Tintinnids
Copepod nauplii
[[] Other animals
Fig. 4. Vertical changes in the individual

number of microzooplankton at Stns. 1
and 2.

Density of animals in each group (inds*m™) in the neuston net sample
(0-16 cm layer) and the plankton net sample (0-50 cm layer).

Numerals in

parentheses are percentage occurrence in each net.

Stn. 1 Stn. 2
neuston plankton neuston plankton

Radiolaria 1.11 ( 2.09) 0.23 ( 0.23) 0.14 ( 0.04) 0.06 ( 0.02)
Nemertinea — — 0.11 ( 0.03) —

Chaetognatha 2.96 ( 5.57) 5.78 ( 5.59) 416 ( 1.14) 450 (1.32)
Polychaeta 0.11 ( 0.22) — — 0.15 ( 0.04)
Copepoda 34.74 (65.48) 70.91 (68.66) 275.84 (75.60) 226.37 (65.76)
Amphipoda 0.26 ( 0.49) 0.04 ( 0.04) 0.21 ( 0.06) 0.09 ( 0.03)
Luciferidae 0.38 ( 0.27) 0.05 ( 0.05) 0.41 ( 0.11) —

Other Decapoda 0.09 ( 0.18) 0.10 ( 0.10) 0.36 ( 0.09) 0.17 ( 0.05)
Heteropoda 0.22 ( 0.41) 0.54 ( 0.53) 0.66 ( 0.18) 0.20 ( 0.06)
Pteropoda 0.22 ( 0.41) 0.06 ( 0.06) 0.96 ( 0.26) 1.48 ( 0.43)
Other Gastropoda 2.41 ( 4.54) 1.83 ( 1.77) 2.08 ( 0.57) 1.73 ( 0.50)
Echinodermata 0.22 ( 0.41) 0.54 ( 0.53) 0.44 ( 0.12) 0.15 ( 0.04)
Appendicularia 9.24 (17.76) 32.16 (22.43) 76.93 (21.09) 108.25 (31.44)
Thaliacea 0.66 ( 1.24) 0.44 ( 0.43) 2.30 ( 0.63) 0.99 ( 0.29)
Fish eggs 0.05 ( 0.10) 0.04 ( 0.04) 0.10 ( 0.¢2) 0.03 ( 0.01)
Fish larvae 0.22 ( 0.41) 0.02 ( 0.02) 0.18 ( 0.€5) + (4 )

total 53.05 103. 28 364. 85 344.22
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Fig. 5. Density of animals (inds+100 m™®) in the neuston net sample
(0-16 cm layer) and the plankton net sample (5-50 cm layer).

per unit volume of water collected by plankton
net (5-50 cm deth) was twice that of neuston
net (0-16 cm depth) at Stn. 1 (neuston net, 53.1
indsem™%; plankton net, 103.3inds:m™3), while
almost the same at Stn. 2 (neuston net, 364.9
indssm™3; plankton net, 344.2inds-m™%). The
animals present in the neuston net sample (0-16
cm depth) and absent or present in small number
in the plankton net sample (5-50 cm depth) were
ranked to hyponeuston. They were Spumellaria
(Radiolaria), Hyperiidea (Amphipoda), Lucifer
and brachyuran zoea and megalopa (Decapoda),
Creseis and Cavolina (Pteropoda), larvae of
Girella and Mugilidae, and fish eggs (Fig. 5).
In copepods, Candaciidae, Pontellidae and
Sapphirinidae were mainly found in the neuston
net samples. Eighteen species belonging to the
above three families were identified. The
number of those animals per 100 m® in both
nets was calculated (Table 3). These neustonic
copepods were different in species composition
and abundance between Stn. 1 and Stn. 2.
Pontellina plumata (14.1inds+100 m~3, 36 25) and
Sapphirina gastrica (6.3inds+100 m™3, 16 %)
were abundant in the neuston net at Stn. 1,
while Labidocera acuta (50.1 inds-100 m~3, 25%,),

L. detruncata (29.7 inds+100 m~3, 159;), Pontel-
lopsis yamadae (42.3inds+100 m~2, 21 9;), Pon-
tella chierchiae (14.1inds-100 m™%, 6 %), and
Pontellina plumata (11.0inds-100 m=3, 59%;)
were abundant in the neuston net at Stn. 2.

4. Discussion

Comparison of dissolved matter and seston
between the surface film and the subsurface
layers has been made by several workers (HAR-
VEY, 1866; WILLIAMS, 1967; NAKAJIMA, 1970;
NisHIZAWA, 1971; MARUMO et al., 1971;
TAaGUCHI and NAKAJIMA, 1971; THOMAS et
al., 1971; SA1JO et al., 1974; W ANDSCHNEIDER,
1979). Most of them have mentioned that high
accumulation of dissolved matter and seston was
observed in the surface film. CHAPMAN (1981)
mentioned, however, that there was little or no
microlayer enhancement for any of iodine species,
phosphate and several forms of dissolved nitrogen.
Most of authors did not mention the accumu-
lation of chlorophyll @ in the surface film. In
this study, high concentration of phytoplankton
was observed in the surface film at Stn. 2 and
a slight increase in chlorophyll a at both stations
(Fig. 2). TAGUCHI and NAKAJIMA (1971) re-
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Table 3. Density of neustonic copepod species (inds*100 m™) in the neuston net
sample (0-16 cm layer) and the plankton net sample (5-50cm layer).

Stn. 1 Stn. 2
neuston plankton neuston plankton

Candacia bipinnata 3.1 0.7 — —_
C. pachydactyla 1.6 — — —
C. simplex — 3.1 0.7
C. aethiopica — 0.7 3.1 0.7
C. curta 1.6 — — —
C. sp. 1.6 — — —
Labidocera acutifrons — — 1.6 —
L. acuta 1.6 — 50.1 0.7
L. detruncata — — 29.7 0.7
L. kroyeri — — 4.7 —
L. minuta — — 3.1 —
L. sp. — — 3.1 —
L. immature — — 1.7 —
Pontella securifer — — 7.8 —
P. chierchiae — — 14.1 —
P. immature — — 6.3 —
Pontellopsis villosa 3.1 — 9.4 —
P. armata — — 1.6 —
P. yamadae — — 42.3 —
P. sp. 1.6 — 4.7 —
P. immature 1.6 — 6.3 1.4
Pontellina plumata 14.1 — 11.0 —
Sapphirina darwinii 1.6 — — —
S. gastrica 6.3 2.1 — —

total 37.8 3.5 203.7 4.2

ported that chlorophyll @ in the surface film
was sometimes high, but in other times low
compared with in subsurface water, in Mutsu
Bay, Aomori, and Oshoro Bay, Hokkaido, and
it was always low in Futami Bay, Bonin Islands.
Lower concentration of phytoplankton cells (Fig.
3) and chlorophyll @ (Fig. 2) in the surface film
at Stn. 1 than at Stn.2 was probably due to
the effect of land water at Stn. 1, as indicated
by low salinity.

Remarkable concentration of the dinoflagel-
lates, consisting mainly of Prorocentrum micans,
was observed in the surface film, resulting in
the great cell number of total phytoplankton in
the film. P. micans is well known to be a
phototactic species which migrates towards the
surface during daytime (HASLE, 1950, 1954).
HARVEY (1966) reported that minute flagellates
preferentially inhabited the surface film in the

offshore water of California, and that sometimes
P. micans was the most abundant species in the
surface film. Similar observation has been
reported by WANDSCHNEIDER (1979) in the
North Sea area about 75 km west of the Island
of Sylt. On the other hand, MARUMO ez al.
(1971) in tropical waters of the Pacific Ocean
and TAGUCHI and NAKAJIMA (1971) in the
coastal water of Japan reported that the diatoms
were dominant over dinoflagellates in the surface
film. In this study, the diatoms dominated
overwhelmingly in the subsurface layers.
Supumellaria, Hyperiidea, Lucifer, brachyuran
zoea and megalopa, Creseis, larvae of Girella
and Mugilidae, and fish eggs mainly occurred
in the surface layer (0-5cm). These organisms
have been reported as neuston except Lucifer
(see ZAITSEV, 1971). MATSUO (personal com-
munication) observed in Suruga Bay that maxi-
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mum number of Lucifer was at 10 m depth and
the second maximum existed in the surface
layer (0-10cm).

Pontellids have been reported as neuston
(HEINRICH, 1960, 1971; SHERMAN, 1963, 1964;
ZAITSEV, 1971; KOMAKI and MORIOKA, 1975;
TURNER et al., 1979; TURNER and COLLARD
1980; NETO and Paiva, 1981). In this study,
among 18 neustonic copepod species, 10 were
pontellids of which the dominant species were
Labidocera acuta, L. detruncata, Pontellopsis
yamadae, Pontella chierchiae, and Pontellina
plumata. Likewise former studies TURNER ez
al. (1979), and TURNER and COLLARD (1980)
reported 15 pontellid species from 0-10 cm layer
on the eastern continental shelf of the Gulf of
Mexico, and HEINRICH (1971) reported 9 pontel-
lids taken by near-surface (0-30 cm) net tows
in the eastern South Pacific Ocean (5°N-35°S,
90°W) of which 6 species did not occur in this
study (Pontella danae, P. tenuiremis, P. valida,
P. whiteleggei, Pontellopsis lubockii, and P.
regalis). NETO and PAIvA (1981) collected 7
pontellid species from 0-25cm layer near the
Cape Verde. MATSUO (unpubl.) observed 17
species of pontellids from 0-10 cm layer in Suru-
ga Bay and the dominant species in September
were almost similar to the present observation.
Relative scarcity of pontellids in the surface
layer (0-5cm) at Stn. 1, and abundance in the
surface layer at Stn. 2, will indicate that they
do not prefer low salinity (32.7 %0) in the sur-
face at Stn. 1 (Table 1). SHERMAN (1964)
reported that pontellids except P. yamadae, are
distributed in the water of high temperature
(over 26°C) and salinity (over 34.5 %) in the
central Pacific.

BEN-YAMI et al. (1970) mentioned about the
net avoidance of neustonic animals by bridles
and shackles positioned in front of the mouth
ring. HEMPEL and WEIKERT (1972) and MORI-
OKA (1981) were afraid of overestimating the
number of animals collected by floating neuston
net, as fish larvae tended to aggregate around
floating subjects. In this study, the floats were
attached behind the mouth frame of the net so
that fish larvae aggregating near the float would
not enter the net.
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Variability of the Oceanic Condition in
the Bungo Channel*

Tetsuo YANAGI**

Abstract: The ocean characteristics and their change in the Bungo Channel are investigated
with use of transparency, water temperature and salinity data at 28 stations which were
obtained every month from 1964 to 1977. As for the seasonal variation, water temperature
minimum appears in March at all layers in the whole area but maximum one appears in
August at 0 m depth in the whole area, in September at 10 m depth in the central and southern
regions and in October at 50 m depth in the southern region. Seasonal variations of salinity
and transparency differ in the northern and southern regions, that is, minimum transparency
and salinity appear in October in the northern region but minimum salinity appears in August
and minimum transparency in April in the southern region. Water temperature anomaly
from the averaged seasonal variation has the same phase in the whole area and has the period
of about 5 years. It has its origin in the open sea. Salinity anomaly has also the same
phase in the whole area and has the period of about 3 years. It has its origin in the variation
of the precipitation in the Seto Inland Sea. Transparency anomaly in the northern region
is strongly affected by salinity and that in the southern region by water temperature.
These facts show that the Bungo Channel is the connecting area of coastal sea and open sea.

. Introduction

Variability of oceanic condition in the coastal
sea, such as the Seto Inland Sea, has been
shown to some extent in this last decade (e.g.
YANAGI, 1982). However, that in the area on
the continental shelf such as the Bungo Channel
(Fig. 1) has not been shown yet. As the sea on
the continental shelf is a connecting area of open
sea and coastal sea, its oceanic condition is ready
to vary due to the variation of open sea con-
dition. On the other hand, human activity
spreads its industrial field from the coastal area
to the shelf area as the coastal area has not
already sufficient space. We have to make
clear the characteristic variability of oceanic
condition on the shelf as soon as possible in
order to progress the harmonic development
with human activity and nature there. There
are a few projects of industrial development in
the Bungo Channel. The routine oceanic obser-
vations such as transparency, water temperature

* Received September 1, 1982

** Department of Ocean Engineering, Faculty of
Engineerirg, Ehime University, Matsuyama, 790
Japan

and salinity have been carried out every month
from 1964 by Ehime and Ooita Prefecture
Fisheries Observatories. The variability of
oceanic condition in the Bungo Channel with
use of those observational data from 1864 to
1977 is shown in this paper.
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Fig. 1. Bathymetric chart of the Bungo Channel.
Dotted lines represent contours in metre.
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2. Data .

Transparency has been ohserved every month
at 28 stations which are shown in Fig. 2. In
this figure, E- denotes the observation station
by Ehime Prefecture Fisheries Observatory and
O- that by Ooita Prefecture Fisheries Obser-
vatory. Water temperature has been observed
every month at 0, 10 and 50 m depths at 28 sta-
tions. Salinity, however, has been observed every
month at 0 and 10 m depths only at 15 stations

Lo i UWAJIMA

Eis 13 €12,
ol | E,

Fig. 2. Observation stations. E- denotes the
observation station by FEhime Prefecture
Fisheries Observatory and O- that by Qoita
one. The Bungo Channel has been divided
into three regions, the northern one A, the
central one B and the southern one C.
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\ HN ,f‘”“‘.}f\o

1964 170 o 77

Fig.3. Observed transparency, water temperature
and salinity in 10 m below the sea surface at
Stn. E-15 every month from 1964 to 1977.

(E-1,4,5,7,10,11,12,15, 21, 23, 24, 25 and O-2,
11, 20) in Fig. 2. The Bungo Channel has been
roughly divided into three regions, the northern
part A, the central part B and the southern
part C. An example of raw data are shown
in Fig. 3, which are transparency, water temper-
ature and salinity in 10 m below the sea surface
at Stn. E-15 in the central region B. Only the
salinity observation started in June, 1964. We
can see that the regular seasonal variation is
dominant in water temperature time series. On
the other hand, random fluctuation is dominant
in transparency time series. The characteristics
of salinity time series is situated between the
water temperature and transparency.

3. Analysis

(1) Awveraged horizontal distribution

Averaged values over the whole period from
1964 to 1977 are calculated and those results
are shown in Fig. 4. The averaged transparency
has the largest value of about 20 m in the south-
eastern part and has the smallest one of about
12 m in the northeastern part.
temperature and salinity at 10 m depth are about

S
YAWATAHAMA r\/)// AVATAN 2
2/ 4 sHikoku J/; SHIKOKU

Averaged water

ey
200— " \
b,
3
o o 20
,gc 10m TEMP. 50m TEMP,
(¥ f [(®]

YAWATAHAMA

SALINITY
[y

Fig. 4. Averaged water temperature at 10m
and 50 m depths, salinity at 10 m depth and
transparency over the whole period.
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21°C and 34.40 %o in the southern part and are
18°C and 33.80 %0 in the northern part, respec-
tively. Those at 0 m depth are closely similar to
those at 10 m depth. Averaged water tempera-
ture at 50 m depth has a little lower value of
20°C in the southern part and has the same

1964 70 77 1064

value of 18°C as that at 10m depth in the
northern part. The coincidence of averaged
water temperature in different layers in the
northwestern part is due to the strong vertical
mixing by tidal current around Hayasui Straits.
The coastal sea water which is identified as

7T ees 70 77

Fig. 5. Yearly averaged transparency in each region (solid line)
and in the whole area (broken line), and yearly averaged
water temperature and salinity at 10 m depth.
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Fig. 6. Averaged seasonal variation of transparency in A (dotted line), B (solid line) and
C (broken line) regions. Those of water temperature and salinity at each depth.
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colder, fresher and lower transparency is sug-
gested to flow out along the western coast of
the Bungo Channel from Fig. 4.

(2) Year-to-year and seasonal variations

Transparency, water temperature and salinity
are averaged every year and the yearly averaged
values in A, B and C regions are obtained (Fig.
5). The changes of yearly averaged values of
water temperature at Om and 50 m depths are
similar to that at 10 m depth and that of salinity
at 0 m depth is also similar to that at 10 m depth.
Variability with the period of four or five years
in transparency, that of three or six years in
water temperature and that of three years in

, AN .//\
YAWATAHAMA YAWATAHAMA
T (SPRING) //"‘? Tr (SUMMER)
2N
s i/ SHIKOKU . SHIKOKU

[cd o‘/ S

g
Kyusyu/

e,n,rw%""fbm,‘ ‘.
ry /

7

IGRZATRE

Sa(SUMMER) _

e

. "} SHIKCKU
3 é,///ﬂ‘: L)

FA TS /

UWAJIMA

salinity are seen to be dominant. The year of
high transparency corresponds to that of high
water temperature or high salinity, e.g. in 1967~
1968 or 1973-1974.

The seasonal averaged values over the whole
period are calculated in each regions A, B and
C (Fig. 6). Transparency has the smallest value
in October only in A region and that has the
smallest one in April in B and C regions. The
month of transparency minimum in A region
corresponds to salinity one in A region. This
is due to the maximum precipitation in September
in the Seto Inland Sea (YANAGI, 1982). Water
temperature has the minimum value in March
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Fig. 7. Horizontal distribution of averaged seasonal variation of transparency, water temperature
and salinity at 10 m depth. Here spring means from March to May, summer from June to
August, autumn from September to November and winter from December to February.
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Ist mode
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Fig. 8. Spatial distributions of the 1st, 2nd and 3rd mode EOF. Number of percentage
denotes the contribution ratio of this mode to the total variance. Other numbers
denote the periods of significant peak in frequency spectrum of this mode.

25



26 La mer 21, 1983

YEAR

IOm TEMP.

0% IST MODE 0%, 2ND MODE 3RD MODE

F (o C2Month") EeC®Month) (> CMonth!)

2l 2l
0% //\A\ | 0%
10"k J W 10k /\/\

E E \

r L \'/ //\J«J\\f\/dm
10°% 10°%k —

F 7532 105025 3 7532 | 05025 7532 | 05025

i

P S S N S
YE
107 L.I__Ll_uun_j_LJ_luuL,J 10°

102 10 10" 10° |
(/Month)

o

Fig. 9.

at all depths in the whole area but the maxi-
mum one in August at 0 m depth in the whole
area, in September at 10 m depth in B and C
regions and in October at 50 m depth in C
region. In C region the minimum salinity value
of about 34.00 % appears in August and the
maximum one of 34.70 % in January. This
seasonal variation is the same as that in Kuro-
shio region (MASUZAWA, 1972). On the other
hand, the seasonal variation of salinity in A
region is similar to that in the Seto Inland Sea
(YANAGI, 1982). The seasonal variation of
salinity in B region is situated between A and
C regions.

The detailed horizontal distribution of seasonal
variation is shown in Fig. 7. Here spring means
from March to May, summer from June to
August, autumn from September to November
and winter from December to February. The
horizontal distributions of transparency in sum-
mer and autumn are similar and the area having
the sharp gradient exists in the central part.
The horizontal distributions of water temperature
and salinity at 10 m depth from spring to autumn
are quite similar, that is, colder and fresher
water exists along the western coast of the
Such distribution does not
exist in winter, that is, the contour line runs
This is thought to be due
to the minimum precipitation in winter in the
Seto Inland Sea.

(8) Empirical-orthogonal-function analysis

Empirical-orthogonal-function (EOF) analysis

Bungo Channel.

from west to east.

provides an objective means of decomposing

-3 1072 '

i

10 :
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(/Month) (/Month)
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Frequency spectrum of each mode EOF of water temperature at 10 m depth.

space-time variability of transparency, water
temperature and salinity in the Bungo Channel
(e.g. YANAGI, 1982). It is carried out after
removing the seasonal variation because its
variation is fairly dominant. Fig. 8 presents the
largest three EOF modes. The first mode ac-
counts for 50-70 9, of the total variance except
the lower contribution ratio of 36 % of trans-
parency and represents an almost uniform vari-
ation in the whole area with a slight amplifi-
cation in the eastern part. The frequency
spectrum for each temporal mode is obtained
with use of the maximum entropy method.
Examples of water temperature at 10 m depth
are shown in Fig. 9. The significant periods
with spectrum peak are shown in Fig. 8. As
for first mode, the longer periods from 2 years
to 5 years are seen. Second modes have lower
contribution ratios from 119, to 14 %. Those
of water temperature and transparency have
anti-phase between in the northern part and in
On the other hand, those
of salinity have anti-phase between in the eastern
part and in the western part. The significant
periods of second mode exist around one year.
Third modes account for 3% to 7% of the
total variance. Third spatial mode of salinity
corresponds to second mode of water tempera-
ture. As for water temperature, third modes
at Om depth and 50 m depth show the anti-
phase distribution to that at 10 m depth. The
significant periods of third mode exist in higher
frequencies.

the southern part.
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4. Discussion

Transparency is regulated by the number of
plankton and detritus. In general, coastal water
is so full of nutrients, plankton and detritus
that transparency of coastal water is lower than
that of open sea water. This is reflected in the
averaged horizontal distribution of transparency
as shown in Figs. 4 and 7. We can see the
difference between the seasonal variations of
transparency in A and C regions. The northern
A region is apt to have the effect of coastal
water, that is, the lowest transparency appears
in October due to much precipitation in Sep-
tember in the Seto Inland Sea. Much precipi-
tation carries much nutrients from land to sea,
feeds many plankton and lowers down trans-
parency and salinity values as shown in Fig. 6.
Moreover, the year-to-year variation of trans-
parency in A regidn seems to depend on that
of salinity, e.g. higher transparency corresponds
to higher salinity in 1968 and 1974 as shown in
Fig. 5. The year of high salinity means the
smaller effect of coastal water to the said area.
On the other hand, the southern C region is
apt to have the effect of open sea water, that
is, the lowest transparency appears in April.
The increasing water temperature and much
nutrients due to the vertical convection in winter
feed many plankton and lower down trans-
parency value in spring as shown in Fig. 6.
Moreover, the year-to-year variation of trans-
parency in C region is similar to that of water
temperature, e.g. higher transparency corre-
sponds to higher water temperature in 1967 and
1973. Higher water temperature means the
stronger influence of open sea water with poor
nutrients to the said area. Transparency varia-
tion in B region is situated between that of A
region and that of C region as shown in Figs.
5 and 6. As a whole viewpoint, the year-to-
year variations of transparency in A, B and C
regions are similar as shown in Fig. 5 and this
is reflected in 1st mode EOF in Fig. 8(a). How-
ever, the variation from 1967 to 1968 and that
from 1978 to 1979 show anti-phase between the
northern and southern regions and this is re-
flected in 2nd mode EOF in Fig. 8(b).

The seasonal variations of water temperature
shown in Fig. 6 show a little difference hori-

zontally and vertically. That in the northern
region is the same as that in the Seto Inland
Sea (YANAGI, 1982) but that at 50 m depth in
the southern region is the same as that in
Kuroshio Region. The year-to-year variation
of water temperature in the Bungo Channel is
related to that in the North Pacific Ocean.
KORT (1970) revealed the dominant period of
5 to 6 years in the variation of water tempera-
ture in the North Pacific Ocean. Such variation
gives effect to those in the Seto Inland Sea
(YANAGI, 1982) and in the Bungo Channel.
First mode EOF of water temperature shown
in Fig. 8(a) mainly represents such year-to-year
variability. Year-to-year variation of water
temperature shown in Fig. 5 is very similar to
that in the Seto Inland Sea shown in Fig. 3(a)
of YANAGI (1982), e.g. lower water temperature
in 1965, 1970 and 1976. Therefore, the period
of such year-to-year variability is considered to
Second mode EOF of water
temperature appears in year-to-year variation
from 1973 to 1974 as shown in Fig. 5. Such
variability may depend on the strength of in-
Third mode EOF

of water temperature is affected by the baro-

be around 5 years.

fluence of open sea water.

clinic variation. Such variation, for example,
is seen in seasonal variation of water tempera-
ture from August to October as shown in Fig. 6.

Seasonal variation of salinity in A region is
similar to that in the Seto Inland Sea but that
in C region is similar to that in Kuroshio region.
On the other hand, year-to-year variation of
salinity in the whole area is strongly regulated
by the precipitation in the Seto Inland Sea,
that is, the lower salinity year shown in Fig. 5
corresponds to the larger precipitation year in
the Seto Inland Sea e.g. in 1965, 1972 and 1976
(YANAGI, 1982). The variation of precipitation
in the Seto Inland Sea has the dominant period
of about 3 years and this is reflected in 1st mode
EOF of salinity. Third mode EOF of salinity
is seen in year-to-year variation from 1975 to
1976, in seasonal variation from July to August
at Om depth and in that from September to
October at Om and 10m depths as shown in
Figs. 5 and 6.
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5. Conclusion

YANAGI and AKIYAMA (1982) revealed the
wide range variabilities of oceanic condition in
Uwajima Bay (Fig. 1) whose periods are from
5-6 years to 10-15 days with use of multiyear
series of water temperature and salinity data at
In this paper I have shown the
year-to-year variabilities of water temperature
and salinity can be considered as the same in
the whole area of the Bungo Channel though
their origins differ. HHowever, the phases of
year-to-year variation of transparency differs a

one station.

little in the northern and southern regions ke-
cause transparency in the northern region strong-
ly affected by the coastal oceanic condition and
that in the southern region by the open ocean
condition. Seasonal variations of water tempera-
ture, salinity and transparency differ in the
northern region and in the southern region.
That is, that in the northern region is strongly
affected by the coastal ceasonal variability and
that in the southern region by the open ocean
According to EOF analysis,
variation with shorter periods such as several

seasonal variability.

months has not a simple spatial mode both hori-
We have to clarify the
physical mechanism of such variakbility with

zontally and vertically.

higher frequency and complex spatial mcde in
the near future.
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The Behavior of Water Table in the Seashore*

Hideyuki YAMAMOTO** and Tomosaburo ABE**

Abstract:

Field observations were carried out to investigate the relation between the behavior

of water table and the change of sea level in Heisaura Seashore, Tateyama City, Chiba

Prefecture and in Nishihama Seashore, Yuza-cho,

Yamagata Prefecture. Heisaura Seashore

and Nishihama Seashore face the Pacific Ocean and the Sea of Japan, respectively. The
amplitude of tides in Heisaura Seashore was smaller than that in Nishihama Seashore.
Coefficients of permeability in those seashores were obtained by means of the quasi-one-
dimensional non-stationary groundwater flow model. The values of the permeability coefficients
obtained by the present observations in each seashore were in the same order of magnitude
in comparison with those estimated from the sand size distribution.
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Fig. 2. Beach sand profiles in Heisaura Seashore
and Nishihama Seashore, and the arrangement
of pipes for measuring depth to water table.
8 is the beach slope.
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@, Heisaura Seashore;
A, Nishihama Seashore.

Table 1. The coefficients of permeability in
Heisaura Seashore and Nishihama Seashore.
K: is the obtained permeability coefficient,
and K: is the permeability coefficient esti-
mated from the sand size distribution.

K; (cm/sec)
Heisaura Seashore 1.3x10™"
Nishihama Seashore T;3.4X%107*

Ty~23.3hrs ) .,
To~14.7 hrs T:2.2X10

K (cm/sec)

0.32x10°"
0.45%x 107!
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Comments on Ocean Mixed Layer Experiment (OMLET)*

Takashi ICHIYE**

1. Introduction

A proposal on the ocean mixed layer study
(OMLET) was presented, as a part of the WCRP
(World Climate Research Programme) oceano-
graphic programme, by Dr. Yoshiaki TOBA of
Tohoku University at the Joint CCCO/JSC
Study Conference on the large scale experiment
held in Tokyo from 10 to 14 May 1982. This
note is to express my opinion of it as candidly
as possible but with some restraints, because

of the reason that these comments will be
published.

2. Comments on the Proposed Experiment

First, the name of the proposed experiment
is a misnomer., Its main purpose is not studying
the mixed layer specifically but trying to measure
some variables contained in the heat transport
equation of the upper ocean layer. Toba quoted
results of analysis of the data collected at the
Ocean Weather Station Tango (29°N, 135°E)
in the period of 1950 to 1953. The results
showed that the change of the heat content of
the upper 200m layer does not correspond to
the heat flux through the sea surface, obviously
because of the advection and mixing below the
surface. This conclusion may,be applicable in
any other areas of the ocean with a modest
level of water motion. An extraordinary feature
of the proposal is that it tries to measure the
advection and mixing processes near this station
by shipboard measurements combined with
moored systems using instrumentation mainly
available at the present.

The design of the experiment is rather sketchy
and thus cannot be commented in detail. How-

* Received July 10, 1982
** Department of Oceanography, Texas A &M
University, College Station, TX 77843, U.S.A.

ever, it is certain that there is no reliable method
to measure the convective term F.97 in the
heat equation, where ¥ is the current vector,
T is water temperature and ¥ represents gradi-
ent, even if ¥ is the horizontal components vy
only. In order to determine the horizontal
convective term Fj+3, T with the space and time
resolution comparable with the fluctuations of
the heat content in the upper layer, the vertical
spacings of the current and temperature sensors
should be close enough to determine these param-
eters which may vary strongly in the vertical
direction. Further, the horizontal spacings of
these sensors should be determined to provide
the horizontal gradients of the advective heat
flux but it is most difficult, since it may depend
on the mean fields of temperature and current
as well as the time and space scales of the
fluctuations to be studied.

It is almost impossible to determine 0w7'/0z,
in the present stage of instrument development,
where w and =z are the vertical velocity and
And yet the vertical
heat transport at the subsurface levels cannot
be ignored for the heat budget in the upper
layer.

coordinate, respectively.

The turbulent heat transfer term referred by
Toba as V-v’T’ may be calculated from the
observed data of velocity and temperature in
the upper layer. However, here again the de-
lineation of the mean and fluctuating parts of
velocity and temperature depends on the temporal
and spacial scales of the phenomena to be studied
and thus will cover the whole scope of the
turbulent mixing processes in the ocean (TUR-
NER, 1981).
in time and space may be more difficult than
for the gradients of the mean advective heat
transport discussed above.

Lastly, what is the purpose of measuring each

The problem of suitable resolution
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term of the heat transport equation as defined
by Toba? If it is to determine the ratio of the
advective term and the turbulent term, the
methodology and instrumentation proposed will
not guarantee delineation of these two terms.
Even if it is just to determine the contribution
from each term of V+37T, the proposed experi-
ment may fail because of many reasons cited
above, particularly lack of instruments measuring
vertical current.

3. A Suggestion for Alternative Programs

The mixed layer problem is certainly one of
the most important subjects in the physical
oceanography in recent years as stressed by
TURNER (1981). This has been substantiated
by appearance of a monograph by NIILER (1977)
and a collection of papers dealing with the sub-
ject by KRAUS (1977). Details of dynamics of
the mixed layer are left to these three references.

The one-dimensional models so far developed
on the mixed layer as discussed by NIILER
(1977) and by TURNER (1981) are not un-
animously accepted, nor valid and verified in all
The slab model of the mixed
layer is attractive in its simplicity but its para-
meterization is full of ambiguities, whereas the
closure scheme approach in the Ekman layer
turbulence has a wide gap in observed data,
particularly that of turbulent fluctuations of
temperature and velocity. These problems may
be solved not by a large-scale experiment envis-
aged by Toba but by more controlled series of
experiments coupled with instrumentation devel-
opment and model building.

cases Or oceans.

An alternative to the large scale experiment
proposed by Toba is enhancement of the data
collecting program at four Ocean Data Buoy
Stations (ODBS) operated by JAPAN METEORO-
LOGICAL AGENCY (JMA) (1981). These stations
are located at four different oceanic areas: No.
3 at 25°40’N 135°55’E south of the Kuroshio,
No. 4 at 28°20'N 126°06’E on the shelf of the
East China Sea, No. 5 at 37°45'N 134°23'E in
the Japan Sea and No. 7 at 39°30’N 145°30'E in
the Oyashio water. The stations are operated
mainly for obtaining surface meteorological
parameters needed for daily weather forecasting
by JMA but these buoys also measure oceanog-

raphic parameters such as surface waves, the
speed and direction of the current and water
conductivity at 3 m below the surface and water
temperature at 3, 20 and 50 m below the surface.
Sixteen meteorological and oceanographical pa-
rameters measured are transmitted automatical-
ly every three hours on the hour on two radio
frequencies.

There are several advantages for utilizing these
stations in monitoring the mixed layer param-
eters. First, the stations are located strategi-
cally in regions representing four different hydro-
graphic regimes; the subtropical water, the
continental shelf, a semi-enclosed deep basin
and the subpolar water. Second, the main-
tenance of the buoy systems seems to be super-
ative with overhaul every year and their mal-
function has been immediately noticed and recti-
fied. Third, the stations have been operated
since about 1975 and two stations (No. 3 and
No. 7) are near the previous Ocean Weather
Stations which were monitored since about 1946.
Therefore, the long-term tendency in the upper
layer thermal processes may be studied with
these data. Fourth, the buoy systems have been
proven to be seaworthy together with sub-
surface sensors mounted on the mooring cables.

The only modification needed for monitoring
the upper layer oceanographic parameters is to
install more temperature and current sensors
below the surface and a data-storage device
within the buoy hull. Numbers of these sensors
and their depth intervals may be decided differ-
ently for different stations, Most of the data
collected with additional sensors may be stored
and retrieved at some intervals instead of trans-
mitting on real time.

The main purpose of data collection with
these buoy systems is to obtain information on
heat exchange processes in the upper ocean layer
in different hydrographic regimes without much
extra expense. As for the mixed layer problem
the analysis of the data collected may be limited
only to develop the one-dimensional models but
both the slab model and the closure approach
will be substantially improved by increase not
only in quantity, but also in the quality of the
data. This will be further assisted by the pros-
pect that these data can be collected in different
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meteorological conditions and in different hydro-
logical regimes.

4. Concluding Remarks

This note is admittedly vague in its criticism
on the proposal of Toba and in suggestions of
an alternative. This is mainly because of the
nature of the original proposal which has
characteristics of the Japanism Sect as explained
by BENDASAN (1975). 1 hope there will be
more criticism and comments from scientists

involved in the WCRP.

The work is supported by a contract with the
Office of Naval Research and partially supported
by a contract with the National Aeronautics
and Space Administration.
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A Fundamental Field Experiment on Ocean Thermal Energy
Conversion by the Form of Freshwater Production*
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Abstract: A trial field experiment on OTEC, Ocean Thermal Energy Conversion, was carried
out in August of 1980 at the station off Shimane Prefecture, western Japan Sea. The experiment
was conducted by the team of Nagasaki University supported by some students and officials
concerned. The plant ship Kaio-maru, 510 gross ton, was anchored at the position of NW
38km from the Cape Hino. The sea depth was about 220m. The water temperature was
about 22~25°C at the surface and was about 2°C at the depth of 190m. For the pumping
the bottom cold water, a flexible vinyl chloride pipe line with a submergible pump was used.
The pipe line was composed of a cubic strainer having a size of 8 m®, the main pipe connecting
the strainer and a pump sized 180 m in length and 16 inch in diameter, a submergible pump,
and connecting pipe between pump and plant ship sized 30 m in length and 14 inch in diam-
eter. The freshwater production plant was assembled from a LiBr heat cycle unit (Fig. 5),
and a distillation unit (Fig. 4), sized 130 cm in width, 80 cm in depth and 200 cm in hight.
The temperature of pumped cold water through the pipe line rose 1.1°C, and that of warm
water from surface increased by the heat cycle and reached 44°C. The cold water was
pumped up in the rate of 35 m®/h. Only 2007/h cold water, 1/175 part of pumped water,

was used in the plant, and 2.3 //h freshwater was obtained.
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Art. 1

Art. 2

Art. 3

Art. 4

Art. 5

Art. 6

Art. 7

Art. 8

Status de la Société franco-japonaise d’océanographie

11 est formé une Société qui prend le nom
de la “‘Société franco-japonaise d’océano-
graphie”’.

La Société franco-japonaise d’océanographie

a pour but de resserrer les relations entre

océanographes francaise et japonais ainsi

qu’entre spécialistes des produits maritimes.

A cette fin, la Société se propose:

a) d’organiser des conférences,

b) de diffuser les traductions
concernant les études océanographiques,

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

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

d’ouvrages

par

e) de promouvoir 1’échange réciproque de
savants,

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

g) de publier un bulletin scientifique,

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

La Société peut comporter des

spécialisées dans un domaine particulier.
Ces ne peuvent se constituer

qu’'en vertu d’une décision du Conseil d’

Administration.

sections

sections

Le siége social est fixé a la Maison franco-
japonaise, 3, 2-chome,
Chiyoda-ku, Tokyo 101.
Des sections locales de la Société peuvent
étre constituées
d’ Administration.
Toute personne

Kanda-Surugadai,

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

Les membres de la Société se composent
de membres ordinaires et de membres
donateurs.

Le montant de la contisation est fixé comme
suit:

—membre ordinaire: 4,500 yens par an.

—membre donateur: 10,000 yens par an,

ou un multiple de cette somme.
Ce montant peut

I’Assemblée générale.

étre modifié par

Art. 9

Art. 10

Art. 11

Art. 12

Art. 13

Le Conseil d’Administration geére les af-
faires de la Société. Les membres du Con-
seil d’Administration sont élus pour deux
ans par 1’Assemblée générale, composée de
tous les membres de la Société.
rééligibles.

Les membres du Conseil d’Administration
élisent parmi eux:

Ils sont

—un président

—des vice-présidents

—cing administrateurs-délégués

—des administrateurs

—deux commissaires aux comptes
Le Conseil d’Administration
I’accord du président,

peut, avec
désigner certaines
d’honneur,

de la

présidents
membres honoraires ou
Société.

personnes comme

conseillers

Le directeur francais a la Maison franco-
japonaise est désigné comme président d’
honneur.

Le président, représentant de la Société,
préside 1’Assemblée et le Conseil d’Admi-
nistration.

Il peut-étre remplacé a la présidence d’
une séance par un vice-président.

Les administrateurs-délégués pour
fonction d’assurer la liaison et la coordi-

ont

nation entre les activités de la Société et
celles de ses sections spécialisées ainsi que
de ses locales
finances de la Société.

sections et de gérer les

Les commissaires s’occupent de la com-

ptabilité.
L’Assemblée générale est convoquée une
fois par an pour entendre le rapport du
Conseil d’Administration et pour délibérer
sur les questions importantes concernant
la Société.

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

Le président peut éventuellement convo-
quer 1I’Assemblée générale pour des sessions
supplémentaires, avec la décision du Conseil
d’ Administration.

Art. 14 Les présents statuts peuvent étre modifiés

par I’Assemblée générale.
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Publications de la Societe franco-japonaise d’oceanographie

Collected Papers on the Carcass of an Unidentified Animal Trawled off
New Zealand by the Zuiyo-maru. 1978. 83pp. ¥ 2,000.

La mer (Edition spéciale pour la commémoration du vingtiéme anniversaire),
Sommaire complet, Tomes 1-18 (1963-1980). 1981. 56 pp. *¥ 1,000.

Proceedings of the First JECSS (Japan and East China Seas Study)
Workshop, 1981. 1983. 94pp. ¥ 2,000.
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