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Seasonal variation of three-dimensional circulations
in the Gulf of Thailand

Tetsuo YANAGI® and Toshiyuki TAKAO™"

Abstract: Seasonal variation of three-dimensional circulations in the Gulf of Thailand is in-
vestigated by diagnostic numerical calculation using the observed water temperature, salinity
and wind data during NAGA cruises from October 1959 to August 1960. The wind-driven cur-
rent dominated and the circulations were nearly barotropic in the Gulf of Thailand throughout
the year. The clockwise circulation developed at the central part of the Gulf of Thailand both

in the northeast and southwest monsoons.

1. Introduction
The Gulf of Thailand is situated in the
southwestern part of the South China Sea and
its averaged depth is about 40m (Fig. 1). The
NAGA cruises were carried out to investigate
the seasonal variation of water temperature
and salinity distributions in the whole area of
the Gulf of Thailand from October 1959 to
August 1960 (Fig. 2, WYRTKI, 1961). The observ-
ed results were analysed in detail and the char-
acteristics of seasonal variations in water tem-
perature, salinity and density fields have been
revealed (ROBINSON, 1961; WyRrTKI, 1961). How-
ever the seasonal variation of three-dimensinal
structure of water circulation in the Gulf of
Thailand has not been elucidated yet.
PoHLMAN (1987) conducted a three—dimen-
sional numerical experiment in the whole area
of the South China Sea including the Gulf of
Thailand with the horizontal mesh size of 50
X 50 km and vertical 12 layers. He showed that
the monsoon gave the largest effect to the sea-
sonal variation of circulation in the Gulf of
Thailand and a barotropic counterclockwise
circulation developed in the Gulf of Thailand
during boreal winter and a clockwise one dur-
ing boreal summer by the monsoon. Azmy et al.
(1991) calculated the horizontal two—dimen-
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sional wind—driven current in the Gulf of Thai-
land with fine mesh size of 20 km X 20 km
under the uniform sea surface wind and con-
cluded that a counterclockwise circulation
dominated at the head of the Gulf and a clock-
wise one at the central part of the Gulf during
boreal winter and a large clockwise one during
the boreal summer.

In this paper, we conduct a diagnostic three-
dimensional numerical calculation using the
observed water temperature, salinity and wind
data during the NAGA cruises from October
1959 to August 1960 in order to elucidate the
seasonal variation of three-dimensional water
circulation in the Gulf of Thailand.

2. Observed data

The observation stations of NAGA cruises
cover the whole area of the Gulf of Thailand
are shown in Fig. 2. The water temperature, sa-
linity and sea surface wind are objectively in-
terpolated on mesh points with the size of 10
km using the exponential function of Eq.(1)
with the effective length of L =100 km.

sos|-(1 )1

T(z,y) = — 2
ool (1]

where T ( z, y )denotes the interpolated value
at the point( x,y ), ¢ the observation station,
7: the length between the interpolated point(z,
y) and the observation station 7 and T: the

(D
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The Gulf of Thailand. Numbers show the depth in meter

and Stn. D is the deepest point in the Gulf (water depth is 83m).

observed value at station .

The seasonal variation of interpolated hori-
zontal distributions of water temperature, sa-
linity and denstiy (sigma—t), which is calcu-
lated using the conventional nonlinear state
eqution, 5 m below the sea surface is shown in
Fig. 3. Surface water temperature is the highest
during March to April 1960 because the solar
radiation is the strongest in this season. Hori-
zontal gradient of water temperature is very
small except at the mouth of the Gulf during
March to April 1960. Low salinity water mass
spreads along the northeastern coast of the
Gulf of Thailand in October 1959 and during
June to August 1960. On the other hand, a re-
markable salinity front develops at the mouth
of the Gulf during December 1959 to January
1960 and during March to April 1960. The den-
sity field is similar to the salinity one and this
means that the density distribution is mainly
governed by the salinity distribution in the
Gulf of Thailand. This fact suggests the the

Gulf of Thailand has the characteristics of estu-
ary.

The seasonal variation in vertical distribu-
tions of water temperature, salinity and den-
sity at the deepest position(Stn. D in Fig. 1) in
the Gulf of Thailand is shown in Fig. 4. The
stratification develops during March to August
1960, in the southwest monsoon season, and the
water column is vertically well mixed during
Octover 1959 to January 1960, in the northeast
monsoon season.

The seasonal variation of the interpolated
sea surface wind observed by researching ves-
sels during the NAGA cruises is shown in Fig.
5. The northeast monsoon prevailed during Oc-
tober 1959 to January 1960 but the southwest
monsoon during March to August 1960.

3. Diagnostic numerical calculation

The horizontal mesh size of numerical model
is 10 km X 10 km and the water colum is verti-
cally divided into ten layers with the sigma-
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October, 1959

December — January, 1959

Station 01~35
October,19"™ ~October,30"

Station 01~05
December,12™ ~December,13™
Station 06~37
January,22™@ ~
January,30"

March — April, 1960

Station 01~05
March,18" ~March,19"

Station 06~39
April 23 ~May, 1™

June — August, 1960

Station 01~05
June,22™
Station 06~47
August,2™ ~
August, 13"

Fig. 2. Observation stations during the NAGA cruises.

coordinate. Using conventional notation, the
governing equations under the cartesian coor-
dinate are as follows
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Fig. 3. Seasonal variation in horizontal distributions of interpolated water temperature,
salinity and density 5 m below the sea surface in the Gulf of Thailand.
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Fig. 4. Seasonal variation in vertical distributions of interpolated water temperature, salinity
and density at the deepest position (Stn. D shown in Fig. 1) of the Gulf of Thailand.
_ is time, p is pressure, o is water density, o, is
B= Lo=l (5) the reference density, g is the gravitational ac-
Po celeration (=980cm?s™), A» (=5X10°cm? s™')
oU " oV L ow 0 ©) and K, (=5%X10°%cm?® s ') are horizontal eddy
or Oy 0z viscosity and diffusivity, respectively. A,
(=10cm®s™) and K, (=10cm? s™") is the verti-
‘17174 U7+ V£+ WQZ cal eddy viscosity and diffusivity, respectively.
ot oy 0z T. andT, denote r and ¥y components of the
P T 5 oT tidal stress. T is water temperature and S is
= Gix(Kh o ) oy (Kh oy ) @) salinity. The density is calculated from 7 and
S with use of the conventional nonlinear state
6 8T i equation.
6 (K ”F>+7<T -1 The last terms in Eqgs. (7) and (8) are called
v terms which are introduced by SARMIENT
6S oS 8S and Bryan (1982) to prevent calculated values
5i U or + V oy + Wﬁ T and S from deviating greatly from observed
values 7 and S*.In other words, if there is an
_ ( x 98 oS > < e oS > @) observed density that significantly deviates
oxr \ " "ox Gy ke oy frome a local advective—-diffusive balance, the
density is smoothed by the model to satisfy the
(K ﬁ) +7(S"—S) balance to some extent. The degree of modifica-
(9 0.

Here U, V and W are z (eastward), y (north-
ward) and z (upward) components of residual
flow, respectively, f is the Coriolis parameter, ¢

tion is represented by 7. For small 7, the
model is near to be independent of the data and
approaches prognostic models. For large 7, the
model is restricted by the data and approaches
purely diagnostic model(Fujio and IMASATO,
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Fig. 5. Seasonal variation in interpolated sea surface wind observed by researching
vessels during the NAGA cruises in the Gulf of Thailand.

1991). We prefer a larger v because we intend
to diagnose velocity field from hydrographic
data, not to predict it. As long as we use a
larger 7, the density deviates little from the
observed values. Hence the derived velocity
is almost independent of eddy diffusivity as
discussed later. In this case, we use y =1/12
hours. The change of 7 affected little to the

calculated results in this numerical experi-
ments.

T:and T express the effect of the tidal stress
to the residual flow field (averaged circulation
over the tidal cycle) and is calculated using the
following equations,
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Fig. 6. Tide-induced residual current generated by

4 major tidal constituents (M, S,, K, and O.) in

the Gulf of Thailand.

or oy
= {u%Jrv—%} )

Here u and v denote the tidal current compo-
nents in r and y direction, respectively and
{ } the average during one-tidal cycle. Tidal
currents of 4 major constituents (M., S,, K, and
0. are already calculated in the Gulf of Thai-
land (YaNacI and TAKAO, 1998) and the tide-in-
duced residual current generated only by the
tidal stress of 4 major constituents is shown in
Fig. 6. A clockwise residual circulation with the
speed of about 5 cm s7' is induced near the
head of the Gulf of Thailand and many eddies
are generated in the whole area of the Gulf.

The boundary condition for momentum is
no-slip condition at the lateral wall. The bot-
tom stress (77, té’ ) is given as follows,

U LAV
,oO(AL, LR )— (2, ) (10)

(rf,qf) = pOT,f(U\/UZ-i- VvEVvYUR+vE) (1D

where 7Z =0.0026) is the bottom drag coeffi-
cient.

The sea surface is assumed to be free—sur-
face, and the sea surface drag force( ¢}, 7, ) is
given by

ou v\ _ ..
.00<Av 5 Yo ) = (7, 7)) a2

(2.7 = 0, Cl WAWH W] WA W+ W, ) (13)

where p. (=0.0012 g cm ®) is the air density,
C. (=0.0013) the sea surface drag coefficient
and W.and W, the wind velocity in z and y di-
rections, respectively.

The boundary condition for water tempera-
ture and salinity is a no—flux condition at the
lateral wall, at the bottom, and at the sea sur-
face. We cannot give the approapriate inflow
and outflow conditions across the mouth of the
Gulf of Thailand because we have no observed
data on the water exchange between the Gulf
of Thailand and the South China Sea. There-
fore the radiation condition is adopted for the
sea surface gradient and velocity along the
open boundary of this model.

The leap—frog scheme with use of Dufort—
Frankel method is adopted for the temporal ac-
celeration term, viscosity term and diffusive
term and the Euler—Backward scheme is in-
serted every ten time steps (the time step is 120
seconds). The central difference scheme is
adopted for the advection term and the semi—
implicit scheme is used for the calculation of
water elevation (BACKHAUS, 1983).

We conducted several other numerical ex-
periments by changing the magnitude of hori-
zontal and vertical viscosity and diffusivity
but the calculated results did not change ex-
cept the small change of the speed of residual
flow.

4. Results

The calculated results on the seasonal varia-
tion in circulations at the three depths are
shown in Fig. 7. A clockwise circulation and a
counterclockwise one developed from the sur-
face to the bottom at the central part and at the
mouth of the Gulf of Thailand, respectively, in
October 1959. Such circulation pattern did not
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change except the weaker current speed dur-
ing December 1959 to January 1960. A clock-
wise circulation and a counterclockwise on
developed from the surface to the bottom in
the northern and southern parts of the Gulf, re-
spectively, during March to April 1960. Such
circulation pattern did not change except the
addition of a strong clockwise circulation at
the mouth of the Gulf during June to August
1960.

The observed data of residual flow (aver-
aged flow over tidal period) in the Gulf of Thai-
land are very limited. The cmparison of
observed residual flows at 7 stations in March
1961 (ROBINSON, 1974) and calculated ones at
the corresponding stations during March to
April 1960 are shown in Fig. 8. In current meas-
urements during March 1961, the Roberts Cur-
rent Meters was lowered on the hour, starting
just below the sea surface and continuing at
various intervals to the bottom at each station.
A complete lowering was made in an approxi-
mately twenty minutes. The observed values
were considered average for that hours and the
averaged value during 26 to 29 hours were
calculated to obtain the residual flow at each
station (ROBINSON, 1974). In Fig. 8, the thin full
lines show the observed residual flows at vari-
ous depths of each station and the thick full
line the averaged sea surface wind during the
current measrement. The broken lines in Fig.
8 show the calculated ones at the corre-
sponding stations in our calculation.

The observed residual flows in March 1961
shows principally the barotropic strcture ex-
cept Stas. 2 and 6 and such a characteristic of
observed residual flows is well reproduced by
our numerical experiment as shown in Fig. 8.
The dominance of barotropic structure of resid-
ual flows even in the most stratified season of
March, as shown in Fig. 4, suggests that the re-
sidual flows in the Gulf of Thailand show the
barotropic characteristic throughout the year
as shown in Fig. 7.

Roughly speaking, the calculated residual
flows and observed ones coincide at Sta. 1 ex-
cept a discrepancy of the current direction in
the deep part. The calculated residual flows at
Sta. 2 coincide with observed ones excpet a dis-
crepancy of current direction in the surface

layer. The calculated direction of residual flow
at Sta. 3 coincide with the observed one though
its speed is much smaller than that of observed
one. The calculated speed of residual flow at
Sta. 4 is much smaller than the observed one,
perhaps due to the weaker wind speed during
March to April 1961 than that in March 1960.
The calculated residual flows at Stas. b, 6 and 7
do not coincide with the observed ones, per-
haps due to the different wind direction and
speed in both periods.

5. Discussion

The circulation pattern in October 1959 and
that during December 1959 to January 1960 are
very similar as shown in Fig. 7 though the hori-
zontal density distributions in both periods are
different as shown in Fig. 3. On the other hand,
the sea surface wind patterns in both periods
are very similar as shown in Fig. 5, that is, the
northeast monsoon prevails. These facts sug-
gest that the main component of residual flow
in the Gulf of Thailand during the northeast
monsoon is the wind—driven current.

The residual flow patterns during March to
April 1960 and during June to August 1960 are
also similar except those at the mouth of the
Gulf as shown in Fig. 7. The southwest mon-
soon prevailed in the Gulf during both periods
but the sea surface wind patterns were differ-
ent only at the mouth of the Gulf as shown in
Fig. 5. These facts also suggest that the main
component of residual flow in the Gulf of Thai-
land during the southwest monsoon is the
wind—-driven current.

Uisng a baroclinic three-dimensional prog-
nostic model, PoHLMAN (1987) showed that the
dominance of barotropic circulations in the
Gulf of Thailand during both northeast and
southwest monsoons. However, a counterclock-
wise circulation developed during the north-
west monsoon and clockwise one during the
southwest monsoon from his calculated results.

It is very interesting to note that the similar
clockwise circulations are induced at the cen-
tral part of the Gulf under the opposite sea sur-
face wind patterns during the northeast and
southwest monsoons as shown in Figs. 5 and 7
by our calculation results. One of the reasons of
discrepancy between our results and those by
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PoHLMAN (1987) may be the difference of the results may be the difference of the sea surface
mesh size of the used numerical model, that is, wind patterns in both models. The horizontal
the horizontal mesh size of our numerical gradient of sea surface wind vectors is rather
model is 10km X 10km though that of PoHLMAN large in our model as shown in Fig. 5 because

(1987) is about 50km X 50km. Another reason they are snap shot results during the field ob-
of the discrepancy between both calculated servations though the horizontal gradient of



Seasonal variation of three—circulations in the Gulf of Thailand 59

sea surface wind vectors in PornLman (1987) is
very small because he used the climatological
mean of sea surface wind compiled by
HELLERMAN (1968).

We conduct other numerical experiments on
the residual flow in the uniform density field
using the same governing equations from Egs.
(2) to (13) including the tidal stress. The calcu-
lated wind—driven and tide-induced residual
current 5 m below the sea surface under the ob-
served sea surface wind shown in Fig. 5 during
December 1959 to January 1960 are shown in
Fig. 9 (a) and those during June to August in
Fig. 9 (b). Both results are similar to the calcu-
lated ones including the observed density field
shown in Fig. 7 except the weaker current
speed. This fact suggests that the basic pat-
terns of residual flow in the Gulf of Thailand is
determined by the monsoon and the tidal
stress. The density field strengths the current
speed of residual flow.

Lastly we conduct numerical experiments on
the residual flow in the uniform density field
using the same governing equations from
Egs.(2) to (13) including the tidal stress under
the uniform sea surface wind, which is ob-
tained by averaging the observed sea surface
wind over the Gulf of Thailand; the east-
northeast wind with the speed of 5.5m s™' dur-
ing December 1959 to January 1960 and the
westsouthwest wind with the speed of 5.1m
s 'during June to August 1960. The results are
shown in Fig. 9 (¢) and (d). The result shown
in Fig. 9 (d) during June to August 1960 is simi-
lar to that under the observed sea surface wind
field shown in Fig. 9 (b). However the residual
flow under the uniform sea surface wind dur-
ing December 1959 to January 1960 shown in
Fig. 9 (¢) is drastically changed from that
under the observed sea surface wind shown in
Fig. 9 (a), that is, the counterclockwise circula-
tion develops at the central part of the Gulf in
Fig. 9 (¢) instead of the clockwise circulation
in Fig. 9 (a). This fact suggests that the wind
stress curl is very important to the residual
flow field in the Gulf of Thailand, that is, the
clockwise circulation at the central part of the
Gulf during the northeast monsoon is gener-
ated by the negative vorticity of the sea sur-
face wind at this time.

The results of this study suggest that the sea
surface wind curl plays a very important role
in the determination of residual flow pattern in
the Gulf of Thailand. Therefore we have to elu-
cidate the detailed horizontal distribution of
sea surface wind over the Gulf of Thailand for
the study of water circulation in the Gulf.
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Cephalopods eaten by pelagic fishes in the
tropical East Pacific, with special reference to the
feeding habitat of pelegic fish

* %

Kotaro TSUCHIYA ", Hiroaki OKAMOTO™ " and Yuji UozumIi**

Abstract: Cephalopods removed from stomachs of pelagic fish in tropical East Pacific were ex-
amined. From 131 stomachs of 14 pelagic fish species, more than 40 cephalopod species of 20
families were identified. 309 of prey cephalopods were occupied by the onychoteuthids consist-
ing by at least 3 species followed by the Ommastrephidae (14%), and the Bolitaenidae (7.0%).
Predominant prey species for Xiphias gladius was epipelagic octopus, Tremoctopus violaceus,
which shared 17% in number. There were some differences between prey species composition
between two species of tunas, Thunnus obesus and T. albacares. T. obesus fed on more deeply dis-
tributed, mesopelagic species than 7. albacares. A coincidence in time and depth was detected be-
iween predatory fish and prey cephalopods. Small onychoteuthid species, Onykia rancureli was
most abundant in number among prey cephalopods (21%). It shared 29% of prey cephalopods
for Thunnus obesus. From frequency of occurrences in fish stomach contents, O. rancureli seems
to live in epipelagic or upper mesopelagic waters, abundant around the bottom of mixing layer,
and thus plays an important role among food of 7. obesus and T. albacares. From the species
composition of eaten cephalopods, the major large pelagic fish discrete feeding depth with minor
overlaps, such as, surface layer for bill- and swordfish, around bottom of mixing layer for tunas,
and midwater for midwater scombrids. Only Alepisaurus ferox seems to be a vertical wonderer.

1. Introduction

The tuna and billfish are well known as
the major predators of cephalopods (e.g.,
DRAGOVICH, 1970; MATTHEWS et al., 1977; PINKAS,
1971; ToLL and HESS,1981). Also, many species
of pelagic fish, such as Alepisaurus ferox, con-
sume pelagic cephalopod stock (e.g., MOTEKI et
al., 1993). However, the detailed taxonomic
analyses of prey cephalopods have been rather
scarce (RANCUREL, 1970; OKUTANI and TSUKADA,
1988; ToLL and HEss, 1981). The information
from the pelagic fish stomach contents is very
useful, especially in the toropical waters, of
which pelagic cephalopod fauna has seldom
been studied (DUNNING et al., 1993; SMALE,
1996).

National Research Institute fo Far Seas Fish-
eries has promoted the survey on the pelagic
fish resources in the tropical East Pacific. Dur-

* Laboratory of Invertebrate Zoology, Tokyo Uni-
versity of Fisheries, Konan, Minato, Tokyo 108 -
8477, Japan

* *National Research Institute of Far Seas Fisheries,
Orido, Shimizu, Shizuoka 424-8633, Japan

ing the survey, they investigated the stomach
contents of pelagic fish caught by longline. The
present study aims to discuss the feeding habi-
tat of pelagic fish based on exact identification
of cephalopods in fish stomach contents, and to
clarify niches of prey cephalopods in oceanic
food web.

2. Materials and Methods

Materials examined in the present study
were collected during the fisheries surveys on
the potential resources of tuna and billfish
undertaken by the National Research Institute
of Far Seas Fisheries (NRIFSF). The surveys
were carried out in the tropical East Pacific in
June and July 1994, and June and July 1995 on
board the fishing boat FR/V Kaihatsu-Maru,
chartered by Japan Marine Resource Research
Center (JAMARC), and R/V Shoyo-Maru, Fish-
eries Agency of Japan, respectively. The fish
were all collected with the longline from 56 sta-
tions (Fig.1).

The total nomber of fish examined were 131
of 14 species of 8 families (Table 1). More than
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Figure 1. Sampling stations.
Table 1. Number of stomachs by fish species examined in the present study
Survey 81 94 95 Total SL
month Dec—Apr. Jun—Jul. Jun—Jul. (cm)
Family Alopiidae
Alopias pelagicus 2 2
Family Carcharhinidae
Prionace glauca 6 6
Carcharinus falciformis 1 1
Family Odontaspididae
Pseudocarcharias kamoharai 1 1
Family Alepisauridae
Alepisaurus ferox 2 2
Family Lampridae
Lamprius regius 1 1
Family Istiophoridae
Tetrapturus audax 1 7 8
T. angustirostris 1 1
Istiphorus platypterus 1
Family Xiphiidae 1
Xiphias gladius 18 5 23 63-166
Family Scombridae
Thunnus albacares 3 21 3 27 94-157
T. obesus 13 39 4 56 70-161
T. alalunga 1 1
Acanthocybium solandri 1 1
Total (8 fam. 14 spp.) 17 84 30 131

60% in total number was occupied by two spe-

cies of tunas. The majority of tunas and

shordfish were almost similar in body size.
The stomachs were removed and frozen, or

fixed by 50% formalin-sea water solution on
board. The frozen samples were thawed in the
university laboratory, and fixed in 10%
formalin.
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Table 2. Cephalopods identified from the fish stomach contents

Family Heteroteuthidae
Heteroteuthis sp.

Family Ctenopterygiidae
Ctenopteryx sicula™

Family Histioteuthidae
Histioteuthis spp.

Family Lycoteuthidae
Lampadioteuthis megalea

Family Enoploteuthidae
Enoploteuthis ?leptura
Enoploteuthis reticulate
Enoploteuthis (ss.) sp.
ENOPLOTEUTHIDAE sp.

Family Pyroteuthidae
Pyroteuthis sp.
PYROTEUTHIDAE sp.

Family Ancistrocheiridae
Ancistrocheirus lesueuri*

Family Onychoteuthidae
Onychoteuthis sp.”™
Onykia rancureli
Movoteuthis robsoni ™
Moroteuthis sp.

Family Octopoteuthidae
Octopoteuthis sp.”
Taningia danae

Family Ommastrephidae
Sthenoteuthis oualaniensis*
Sthenoteuthis sp.
Ornithoteuthis volatilis

FEucleoteuthis luminosa
Hyaloteuthis pelagicus *
?Dosidicus gigas ™

Family Pholidoteuthidae
Pholidoteuthis boschmai ™

Family Lepidoteuthidae
Lepidoteuthis grimaldi

Family Architeuthidae
Architeuthis sp.

Family Thysanoteuthidae
Thysanoteuthis rhombus *

Family Chiroteuthidae
Chiroteuthis spp.* (part)
Grimalditeuthis bonplandii*
CHIROTEUTHIDAE sp. indet

Family Cranchiidae
Cranchia scabra™
Liocranchia reinhardii ™
Leachia sp.”
Helicocranchia sp.”™
?Taonius sp.

Family Argonautidae
Argonauta? argo
Argonauta hians ™

Family Tremoctopodidae
Tremoctopus violaceus™

Family Bolitaenidae
Japetella diaphana™

Family Allopodidae
Haliphron atlanticus

* Asterisk suggests the common species with NEsis (1973) and ALEXEYEV (1994).

3. Results

Cephalopods from fish stomachs were identi-
fied more than 40 species of 20 families (Table
2).

Predator which used most divergent prey
species was 7. obesus feeding on more than 35
species of cephalopods. This number of prey
species occupies about 90% in number of total
prey cephalopods. In contrast to this, 7.
albacares fed on 16 cephalopod species which
attains 40% in prey cephalopods. Xiphias
gladius fed only on 10 cephalopod species
(25%) (Table 3).

Most abundant family of prey cephalopods
was the Onychoteuthidae which occupies 30%
consisting at least of 3 species, followed by the
Ommastrephidae (149%, six species), the
Bolitaenidae (7%, a single species, Japatella

diaphana), the Argonautidae and the
Cranchiidae (5% each).

Cephalopod species that were not common
for two tuna species were 25, such as Onykia
spp. (10%) which was peculiar to 7. obesus. In
contrast, three pelagic octopods, Argonauta
hians, Tremoctopus violaceus and Japatella
diaphana were not found from stomachs of 7.
obesus. Among bill-and swordfish species,
there was no specific prey species unlike in
case of two tuna species.

Among the species occurred, Onykia
rancureli was dominant one occupying 21% in
number of all.

From stomachs of T. albacares and T. obesus,
O. rancureli was most frequent (12% and 29%,
respectively) (Table 4). Among bill- and sword-
fishes, mainly Xiphias gladius, O. rancureli was
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Table 3. Number and occupancy of prey species in stomachs of main predator fishes

T. albacares T. obesus X. gladius Others Total
no. % no. % no. % no. % no. %
Heteroteuthis sp. 0 0.0 1 0.4 0 0.0 0 0.0 1 0.2
Chtenopteryx sicula 1 1.0 1 0.4 0 0.0 0 0.0 2 0.4
Lampadioteuthis megaleia 1 1.0 0 0.0 0 0.0 0 0.0 1 0.2
Enoploteuthis ? leptura 0 0.0 4 15 0 0.0 0 0.0 4 0.9
Enoploteuthis reticulata 3 3.0 2 0.7 0 0.0 1 1.7 6 1.3
Enoploteuthis (ss.) sp. 0 0.0 2 0.7 0 0.0 0 0.0 2 04
ENOPLOTEUTHIDAE sp. 2 2.0 3 1.1 0 0.0 0 0.0 5 1.1
Pyroteuthis sp. 1 1.0 6 2.2 0 0.0 0 0.0 7 1.5
PYROTEUTHIDAE sp. 0 0.0 1 04 0 0.0 0 0.0 1 0.2
Onychoteuthis sp. 0 0.0 12 44 0 0.0 2 3.4 14 3.1
Ancistrocheirus lesueuri 0 0.0 1 0.4 0 0.0 1 L7 2 04
Moroteuthis robsoni 0 0.0 2 0.7 0 0.0 0 0.0 2 0.4
Moroteuthis sp. 0 0.0 24 89 0 0.0 0 0.0 24 52
Onykia rancureli 12 12.0 79 29.3 2 6.7 2 34 95 20.7
ONYCHOTEUTHIDAE sp. 0 0.0 3 1.1 1 3.3 0 0.0 4 0.9
Octopoteuthis sp. 0 0.0 1 0.4 0 0.0 0 0.0 1 0.2
Taningia danae 1 1.0 0 0.0 0 0.0 0 0.0 1 0.2
Histioteuthis spp. 0 0.0 3 1.1 0 0.0 0 0.0 3 0.7
Chiroteuthis sp. 0 0.0 2 0.7 0 0.0 2 34 4 0.9
Grimalditeuthis bonplandi 0 0.0 2 0.7 0 0.0 0 0.0 2 0.4
Lepidoteuthis grimaldi 0 0.0 0 0.0 0 0.0 1 1.7 1 0.2
CHIROTEUTHIDAE sp. 0 0.0 1 04 0 0.0 4 6.8 5 1.1
Avrchiteuthis sp. 0 0,0 1 0.4 0 0.0 0 0.0 1 0.2
Pholidoteuthis boschmai 4 4.0 7 2.6 1 3.3 0 0.0 12 2.6
FEucleoteuthis luminosa 0 0.0 0 0.0 i 3.3 0 0.0 1 0.2
?Dosidicus gigas 1 1.0 9 3.3 0 0.0 0 0.0 10 2.2
Sthenoteuthis oualaniensis 10 10.0 28 104 1 3.3 1 1.7 40 8.7
Sthenoteuthis sp. 0 0.0 1 0.4 0 0.0 0 0.0 1 0.2
Ornithoteuths volatilis 0 0.0 1 04 0 0.0 0 0.0 1 0.2
Hyaloteuthis pelagicus 3 3.0 0 0.0 2 6.7 8 13.6 13 2.8
OMMASTREPHIDAE spp. 16 16.0 5 1.9 3 10.0 1 1.7 25 54
Thysanoteuthis rhombus 3 3.0 7 2.6 3 10.0 1 1.7 14 3.1
Cranchia scabra 0 0.0 4 1.5 1 33 1 1.7 6 1.3
Liocranchia reinhardti 0 0.0 1 04 0 0.0 0 0.0 1 0.2
Leachia sp. 2 2.0 3 11 0 0.0 1 1.7 6 1.3
Helicocranchia sp. 0 0.0 1 0.4 0 0.0 0 0.0 1 0.2
Taonius sp. 0 0.0 1 0.4 0 0.0 0 0.0 1 0.2
CRANCHIIDAE spp. 2 2.0 3 1.1 0 0.0 1 1.7 6 1.3
Argonauta hians 6 6.0 2 0.7 0 0.0 0 0.0 8 1.7
Argonauta sp. 2 2.0 3 1.1 2 6.7 6 10.2 13 2.8
Tremoctopus violaceus 7 7.0 3 1.1 8 26.7 3 5.1 21 4.6
Japetella sp. 9 9.0 19 7.0 2 6.7 2 34 32 7.0
Haliphron atlanticus 0 0.0 1 0.4 0 0.0 0 0.0 1 0.2
Pelagic octopus 0 0.0 0 0.0 0 0.0 10 16.9 10 2.2
Unidentified oegopsids 0 0.0 1 0.4 0 0.0 0 0.0 1 0.2
Unidentified squids 12 12.0 12 44 3 10.0 6 10.2 33 7.2
Unidentified 2 2.0 7 2.6 0 0.0 5 85 14 3.1
Total 100 100 270 100 30 100.0 59  100.0 459  100.0
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Table 4. Ranking of occupancy in total cephalopod population in major fish stomachs

Species T. (OBbgjsus T. aég%ares Bill-& évg)ordfish A. (fzggx

1 O. rancureli 0. rancureli T. violaceus /. diaphana
(29.3%) (12.0%) (16.7%) (238%)

2 S. oualaniensis  S. oualaniensis H. pelagicus O. rancureli
(10.6%) (9.3%) (11.7%) (19.0%)

3 Moroteuthis sp. J. diaphana A. boettgeri
(9.1%) (84%) (16.7%)

*Collected from north off Hawaiian Islands, Dec. 25, 1979 (TsucCHIYA, pers. obs.).

scarce (5% in total bill-and swordfish).

Most abundant cephalopod eaten by bill- and
swordfish is Tremoctopus violaceus (16.7%), fol-
lowed by Hyaloteuthis pelagicus (11.7%), but
there was no pronouncedly dominant species
among prey cephalopods. Such a high utiliza-
tion by bill-and swordfish of H. pelagicus
(11.7% versus 3% in 7. albacares) and T.
violaceus (16.7% versus 7% in T. albacares) was
quite characteristic in contrast to tunas that
seldom fed on these cephalopods. The occur-
rence of large-sized Thysanoteuthis rhombus
from the billfish stomach was also characteris-
tic, though not so frequent.

4. Discussion

The pelagic fish are considered to be good
samplers for pelagic cephalopods (CLARKE,
1996; Voss, 1973; DUNNING et al., 1993). Adult
tunas are generally considered to be opportuni-
tic feeders with low prey selectivity (SMALE,
1996). X. gladius predation also suggests that it
exhibits opportunistic nature (ScoTT and
TIBBO, 1968; ToLL and HESS, 1981). The result of
the present study suggests that the stomach
contents of pelagic fish are reflected directly to
the pelagic cephalopod fauna of the tropical
East Pacific.

Almost of all species occurred in the pelagic
fish diet are epipelagic and upper mesopelagic
species, and none of lower mesopelagic species,
such as cycloteuthids or Mastigoteuthis species
(RoPER and YOUNG, 1975) were eaten.

From the tropical East Pacific, 42 species of
cephalopods have been reported by NESIS
(1973) and ALEXEYEV (1994). 19 species in the
listed species in the present study are common
to those in NEsIs (1973) and ALEXEYEV (1994).
They are all epipelagic or upper mesopelagic

species (ROPER and YOUNG, 1975). The major
families of prey cephalopod are consisted of
strong swimming squids (e.g, Onychoteu-
thidae, Ommastrephidae). This fact suggests
that the swimming speeds of predators exceed
that of prey, and a low possibility of negative
food selection occurs by avoidance of prey.
Sporadically occurred species are considered to
live in mesopelagic life in adult stage (e.g.
Taningia danae, Lepidoteuthis grimaldii). But,
those found in the present material are all in
early juvenile stages which inhabit epipelagic
zone(ROPER and YOUNG, 1975; LU and CLARKE,
1975; ROPER and VECCHIONE, 1993). The possibly
abundant species in the survey area, viz.
Abraliopsis spp., never occurred in the present
stomachs.

The main fishing depth of 7. obesus is 100—
250m which coincides with the depth of
thermocline or just below it (SUDA et al., 1969;
HANAMOTO, 1975, 1987). While, HANAMOTO
(1987) and Boces (1992) estimated that T.
obesus inhabits the depth of 200-400m, the
lower boundary of which almost agrees with
10°C-isotherm. Tracking study suggests that 7.
albacares spends most of the time in the layer
shallower than the habitat of T. obesus, at
about 30-80 m on the bottom of the mixing
layer (HOLLAND et al., 1990). Tunas are foraging
and feeding both in day and night, but seem-
ingly mainly in daytime (SHAFER et al., 1963;
KUME and MORITA, 1966). X. gladius is fished at
50-60 m deep during night (GUERRA et al,
1993). Tracking study elucidated that X.
gladius spends almost all the time at the layer
shallower than 50m, which agrees with 20-25
“C-isotherm during night, while descends to
600 m during daytime (CAREY and ROBINSON,
1981; CAREY, 1990). The main fishing depth
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seems to be almost coincident with foraging
and feeding depths of these fish. Thus, the ver-
tical distributions of pelagic fish well indicate
those of prey cephalopod species.

Among pelagic fish under the study, there
are some differences in stomach contents com-
position. Pelagic octopod species of which
Tremoctopus violaceus is most abundant, are
confined to bill-and swordfish. This octopod is
a cosmopolitan in the tropical to warm temper-
ate waters of the world (THOMAS, 1977). On diel
vertical migration, T. violaceus is probably lim-
ited to upper 100 m and does not descend below
thermocline (THOMAS, 1977). BEARSLEY (1978)
has indicated that X. gladius migrates towards
the surface at night to feed and returns to
deeper waters in daytime. The fact of occur-
rence of 7. violaceus in.stomach of X. gladius
supports his view.

In the stomach of X. gladius in the Florida
Straits, lllex species were predominant, and the
majority of prey cephalopods were shared by
five ommastrephid species (ToLL and HESS,
1981). GUERRA et al. (1993) also reported the
dominant occupancy of ommastrephids in the
diet of X. gladius in the Northeast Atlantic. In
the present material, ommastrephids are not so
much abundant nor predominant. Predominant
occurrence of ommastrephids seems to relate
the massive schooling behavior of squids. Oc-
currences of Thysanoteuthis rhombus and Argo-
nauta species are also characteristic to X.
gladius diet (ToLL and HESss, 1981).

All epipelagic or near-surface cephalopods
mostly inhabit in the water shallower than
100m at night (ROPER and YOUNG, 1975 ; NESIS,
1977; LU and ROPER, 1979). T. rhombus shared
7.0% of prey cephalopods for X. gladius, while
only 2.6% for tunas. 7. rhombus stays at upper
mixing layer during daytime, while shifts to
surface water during night (ROPER and YOUNG,
1975; NESIS, 1977, 1992). This vertical migration
causes the possible availability to feeding
depth of both bill-and swordfish. Occurrence
of T. violaceus was not recognized by TOLL and
HEess (1981), and no 7. rhombus was reported
by GUERRA et al. (1993).

Between two species of tunas, 7. obesus ex-
hibits higher diversity of prey. Characteristic
prey items of 7. obesus are mainly lower

epipelagic or upper mesopelagic species, such
as Ancistrocheirus lesueuri, Chiroteuthis spp.
and Grimalditeuthis bonplandi (ROPER and
YOUNG, 1975; NEsIs, 1977; LU and ROPER, 1979).
Juvenile G. bonplandi is distributed in 200-900m
deep without distinct vertical migration (LU
and CLARKE, 1975). In contrast to this, the prey
items of T. albacares do not include such deep
dwelling species. This difference well agrees
with the difference of foraging and feeding
depth between two species of tunas as men-
tioned above, suggesting that 7. obesus has
broader feeding depth than 7. albacares.

The species most frequently occurred was
Onykia rancureli which shared 20.7% in all
cephalopods. O. rancureli is a small-sized spe-
cies. The male reaches in spent stage at about
15 cm, and the maximum female is 13 cm in
dorsal mantle length (TSUCHIYA, pers. obs.).
This species is widely distributed in the warm
waters of the Indo-Pacific. Distribution pattern
almost agrees with the isotherm of 25°C surface
temperature in winter (TSUCHIYA and OKUTANI,
MS).

Although such an abundant and frequent oc-
currence of O. rancureli from fish stomach, the
vertical distribution of this species has never
been studied. This species is very scarce in tow
net samples, and almost all of the materials
hitherto known (RANCUREL, 1970; OKUTANI,
1981; OKUTANI and TSUKADA, 1988) were col-
lected from stomachs of lancetfish or tunas.
Table 5 shows the frequency of O. rancureli-fed
fish versus total fish, and occupancy of O.
rancureli versus the total prey cephalopod in
number. In the present study, about a half of T.
obesus fed on O. rancureli. In OKUTANI and
TsuKkAaDA (1988), the frequency of this squid in
tuna stomach from the study area exceeds 70%
(Table 6). For the occupancy of prey cephalo-
pods, T. obesus also shows the high value. In
the material treated by OKUTANI and TSUKADA,
O. rancurele occupied 40% of prey cephalopods.
dominant occurrence (26%) of O. rancureli
from 18 stomachs of tuna was also observed in
sample of the 1981 cruise.

The frequency and occupancy of O. rancureli
in 7. albacares stomachs were not so high. In
RANCUREL's (1976) material, O. rancureli occu-
pied only 5% of the total prey cephalopod from
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Table 5. Frequency in number of stomachs and occupancy of Onykia rancureli to the
total prey cephalopods

Frequency *! Occupancy *?
Tunas 393%  [33/84] 243%  [92/379]
T. albacares 22.29% (6/27] 12.0%  [12/100]
T. obesus 464%  [26/56] 29.3%  [79/270]
Bill-& Swordfish 9.1% [3/33] 5.0% [3/60]
T. audax 12.5% [1/8] 6.7% [1/27]
X. gladius 87%  [2/23] 3.7% [2/30]

*1 Numerals in brackets mean no. of O. rancureli-eating fish/total no of fish.
*2 Numerals in brackets mean no. of O. rancureli eaten by fish/total no. of eaten squids.

Table 6. Frequency in number of stomachs and occupancy of Onykia rancureli to total

prey cephalopods

Frequency *!

Occupancy *?

Tunas*? 72.2% [13/18] 40.0% [38/95]
T. albacares ** 19.3%  [40/207] 46% [54/1158]
G. melampus *° 0% [0/16] 0% [0/62]
A. ferox*® 24.4% (11/45] 19% [16/84]
A. ferox*’ 24.0%  [37/154] 138%  [46/33]

*1 Numerals in brackets mean no. of O. rancureli-eating fish/total no. of fish.
*2 Numerals brackets mean no. of O. rancureli eaten by fish/total no. of eaten squids.
*3 East Pacific, Oct. 8-Mar. 7, 1980 (OKUTANI and TSUKADA, 1988).

*4 SW off New Guinea (RANCUREL, 1976).

*5 Collected from 20°-40°S, 80°~120°W (TsuUcHIYA and SAWADAISHI, 1997).
*6 Collected from N off Hawaiian Islands, Dec. 25, 1979 (TsucHIYA, pers. obs.).
*7 Tropical Indo-West Pacific and Central Pacific (OKUTANI and TSUKADA, 1988).

207 stomach samples of 7. albacares in the
Southwest Pacific. This value is similar to the
results of the present study.

MOTEKI et al. (1993) studied the stomach con-
tents of Alepisaurus feroxr in the Hawaiian wa-
ters and central equatorial Pacific. In 42
stomachs, the most abundant species was
Japetella diaphana (31% in frequency), but O.
rancureli occupied only 7.14% among 22 cepha-
lopod taxa. J. diaphana was also dominant
(36%) in the sample from Southwest Pacific,
while O. rancureli was only 1% (MOTEKI et al.,
1993). RANCUREL (1970) also reported 4% of oc-
currence of O. rancureli (as Onychia sp.) in the
stomach of A. feroxr in the equatorial Pacific.
Gasterochisma melampus is also a large preda-
tor distributed in the study area. TSUCHIYA and
SAWADAISHI (1997) examined 15 stomachs of
Gasterochisma melampus from the Southeast
Pacific, but no occurrence of O. rancureli was

recognized. These low values seem to suggest
the main feeding depth of these pelagic fish
is separated from the habitat dapth of O.
rancureli.

The vertical distributions of predator fishes
are shown in Table 7 on the basis of fishing
data. These pelagic fish feed on different prey
species according to their swimming depth at
feeding time. KORNILOVA (1980) also concluded
that sympatric two species of tunas, T.
albacares and T. obesus overlap in prey items,
the considerable differences of feeding depth
are recognized between them. From the results
of RANCUREL (1970) and MOTEK! et al. (1993),
the lancetfish feeds the cephalopods over wide
bathymetirical range, and seems to be a verti-
cal wanderer. In the epipelagic water of the
tropical East Pacific, Tremoctopus wviolaceus,
Thysanoteuthis rhombus and small ommastre-
phids are key prey cephalopods for large
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Table 7. Vertical distributions of predator fish with the characteristic prey cephalopods

Main fishing

Characteristic prey

Predator fish depth Depth(m) cephalopods O. rancureli
Bill-& Swordfish shallower ( 50-150) T. violaceus, H. pelagicus +
T. ablacares | ( 50-180) S. oualaniensis ++
T. obesus y (100-230) S. oualaniensis b4+
A. ferox { (100-300) J. diaphana + +
G. melampus * deeper (150-300) G. bonplandi, E. luminosa —

*From 25°-40° S(TstucHIYA and SAWADAISHI, 1997).

predator (e.g., X. gladius). Food of T. albacares
shows the dominant occurrence of ommast-
rephids, and also loliginids, especially in
coastal and shelf waters (DRAGOVICH, 1970;
SMALE, 1986). Epipelagic scombrid fish
Allotunus fallai in Southeast Pacific also takes
ommastrephids as a dominant food (YATSU,
1995). In the upper mesopelagic water, O.
rancureli is one of key species as the prey for
pelagic fishes. In the mesopelagic water, the ge-
latinous cephalopods such as Japetella dia-
phana, Grimalditeuthis bonplandi and Chiroteu-
this species, are the important food items for
large predator fishes. These mesopelagic cepha-
lopods are usually not so abundant in tow—net
samples (e.g., YOUNG, 1972; OKUTAL 1974).
From the view point of cephalopod ecology,
the large pelagic fish that feed in nighttime,
possibly discrete the feeding layer into three,
namely, near surface water, bottom of mixed
layer and mesopelagic water. The prey species
also discrete their habitat into the above-men-
tioned vertical strata. The fish that take abun-
dant epipelagic species, could feed on any prey
species regardless their swimming ability.
Their diet includes both muscular storong
swimmers (e.g., ommastrephids) and drifter
(e.g., argonautids). In contrast to them, the
midwater fish that take mainly gelatinous
cephalopods (e.g., chiroteuthids, cranchiids)
and weak muscular midwater species (e.g.,
brachioteuthids) having no relation to natural
abundance (CLARKE et al., 1979). O. rancureli is
muscular, nonbuoyant species. Its short and
globose mantle, broad and round fins adapt to
directional control rather than high speed
swimming (CLARKE, 1988). As the boundary of
vertical distribution of two tuna species almost
coincides with bottom of mixed layer
(KORNILOVA, 1980; HOLLAND et al., 1990), O.

rancureli that is eaten commonly and domi-
nantly by these two tuna species, is proved to
inhabit that depth with large biomass. The bot-
tom of mixed layer is a boundary of vertical
distribution and diel vertical migration of
ichthyopankton. High abundance of ichthyo-
plankton is shown in both upper and lower pe-
ripheries of this layer at night (LOEB, 1986).
This layer seems to be an important foraging
area for two species of tunas.
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Study on the working simulation of suspected perpetual engine

Shigeki KAMETANI** and Sadami YADA**

Abstract: As for a perpetual engine which continues working to the outside without decreasing
the energy, the existence is denied by various laws of thermodynamics. However, this can be
converted into dynamic energy by using the thermal heat energy etc. which exists in the
physical world. In this paper, the authors paid attention to the operation principle of a so-called
drinking duck and analyzed a basic theory concerning operation. Moreover, the dynamic
characteristic by changing in a environmental condition were simulated and the application to
the aeration equipment related to the fishery was examined.
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Fig. 1. Specification (a) and operation principle
(b) of apparatus.

Operation principle
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Fig. 2. Saturated vapor pressure ot methylene
chloride.
P : saturated vapor pressure of methylene
chloride.

t : temperature of methylene chloride.log P=
7.409— (1.325/(t+252.6))

Table 1. Physical properties of aluminium (at
295.15K)

Density 2710kg/m”®

Specific heat capacity 0.896k]J/ (kg*K)

Thermal conductivity 204W/(m«K)

Table 2. Properties of methylene chloride.

Specific gravity 1.3255%
Formula weight 84.93

Melting point 176.35K
Boiling point 313.1K

Specific heat capacity 1.205kJ/(kg+*K)
Heat of vaporization 31.2kJ/mol
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Fig. 3. Heat transfer mechanism of apparatus
(head parl). t, : dry-bulb temperature of air,
t; : temperature of operation fluid, t, : tem-
perature of metal wall, t, : temperature of
cooling water, i, : enthalpy of air, i : enthal-
py of working fluid, q. : latent heat transfer
volume, g, : sensible heat volume, qr : toral
heat transfer volume, Ah; : enthalpy differ-
ence between operation fluid and air, At :
temperature difference between operation
liguid and cooling water.
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Dvs : BIRIEKOKESSE {kPa}
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x WO EKOREE {(kg/kg(DA)}



B KABBDIEH > Y 2 v—va v 71

X, BEFIZES O IR {(kg/kg(DA)}
¢ SRR (%}
¢ - HEBEE {%}

Th b,

(2) JRE®H L EEE BT B EEEE

LR IC 351) 3 BT, BEROL S ICEELE
fiid 2 AHIKIENSELE LIS Vi, RS O Rk
FNOBEEBOAEZEETNIT LV, TTT, #FEED
VEShFAIEE 1, EOMNC3EREE SEEBE LTHD
FoTHELZZIRVEDEELOND, LHL, KE
B & BRI & ORSBEM R AR BT U CER - RS
DEFES 3B, BBV THElE W EERRGE
DREAICLBAHOBERTE2EET ILENLD D, £
T, ARE TR, MROEBFKEREOFEXDL S
HAEBFH A DERERE R 2k, FABESD, 5> OEREIC
L2 EE FRICEST IRHNENEZE L, COHE
B id, EROVPHEGEEE —E LT AR SREBO,
WhW 3 TERED | ORGESEERe, 2RV
oG EEq, AR L ORD7 (- b, 1981),

Qo= a(t,—t) A (15)
as=Nul/d 16)
Nu=2+052Re!? Pr'/® an
ZCT,
A A ORERE {m?
d : REoRE {m}
Nu : &L MK {=}
Qv : A OBSEE {kJ}
te o MEBhRRRRE {°C}
t, - EHABEEIREE {°C}
ay : SHRERER {kJ/m?*h-K}
A BYRER {kJ/m-hK}
THbo

2T, REERSIWEHRERITHY, £/, V1)
WA Re BXU 75 v bV Prid, EXBMNELEL
B(EE (1981) £V, £HFN584X10* BLUOT1EL
1o

1, A A EET 2EBEIC OV T HEIIRD
PEMS B AR LB D B4, BIFERBICT 31
», AREBETEEE Lo
24 BIMESEEIC L 3ESREOHFHE

Fig. 4 i3, FBifkATd 21k 7L v OfgfiBEE
ity kEEm s o—Fl (BEUEEE25C) ZRLAbD
T, BEEEIREOESEMAE VI SRS 3T
3, Lichi-T, COEEESE, FEREOR - BE

60

AN

(cm)

e

v

Liquid height

N
=]

o

I

o

[

0

0 05 1 15 2 25 3
Temperature difference (‘C)

Fig. 4. Liquid height as temperature difference
for methylene chloride.

IHIE T %o
25 WBEFHORKEE
EEFEOBEIC X 2BMOIEH I 0RFIC’E, A
BB IER T B 13 A EEIRA OB ELHRE B & OB EIRE
HBEOHENLETH b, MEOHIHEEL, BENEHH
B oMIRET, boREROMERSRERLICL -
Tb—EEREL, KEHREERELOLTTHEY, T4
bHMBEAELZE L CH - [RfoZFickhiEL,
COBOBBAEOEHRI, XAEPLET ZEAO
BEEIEEE— 2 v b ERD, BEHUf, Lid-
T, ABEOREEIZ, BARRY ) OREROBE
BIEBRAEELRLCCEE L, B8, ZARKS
i B EEHHELE, FER THEES LE (199%) k&
BRI~ T ) v SEEEAR (2=015) TRV,
3, LIal—¥aviERICLBWBEN

ok Hic, AHBEIEFRBSEECZOBECE
Hah b, Fig 5 icAFRERE%S10C~35°C, HEXE
EA10% 3B & 050% & LISa0EREUSE 1 2RT,
Z0EHIZ, HEEEL0%, AKESCTIOWERLE
53, Lhl, EEOBREEHTTR, COXHHA
FEEoME - #EIRETH Y, T, BT
ZEATE, )Y /BB AEEEASLERLE
FhiEs o ¢, RESORERHEHRT ILEND 5,
%72, Fig 61, HXBEEI10%H i, MR %
LIBIC KRB U 1388 OBRINEH %2R T, KB
BUSE 13, BCEBIBOMMULrc o THRT 243,
K E R & ORI S fERiRk o B ER O #ins
FUOMSZHEOMAZIC LY, FHREOTRICHT



72 La mer

80
70 | /
__ 60 f
z $=10%
g OF
z ////
a8
40
E L~
o s
g 0 F / / $=50%
2 [ / l/
/ /
0
15 20 25 30 35

Temperature (C)

Fig.5. Theoretical output power as temperature
difference and relative humidity for appara-
tus. ¢ : relative humidity.

BHEIE RS B,
4, TTFL—Y 3 VEEAOEIGH

KB O KA DBILHI & LT, KFEBEMEATH 5
IT7 L=z VEBAOEHICOWTHRE Ui, MR
DERRDORHIE, PIERERE, FMRESRAT 2E
LRNVFE-PIARRBREE LBV DIT, BEECHAWS
20 LR D8] = %V F — ORER A EE S5 RT
KBLWTHEEIT 5L TH B, $70, ARBEPEVE
BACRIRA IS BN ETH B LIch- T, PIAITE
FERED 7 L — v a YEBIH VI, BREE O
FROEET A O & &7 S KB REENS IR TE 5,

—fRic T V- s YEEE, NIOBEBERHERET
BEMEBHD A 775 6RDETHD, £, KB
IKFEEIEHEZRE T I3EE, B o3 ERT R A
WHN 5, ABAEERIT 2, BERETOR
FEXhER, HREEEOEWEIESE ZE U o sEh 1 ofth
12, BBHORHECIERIH ) 2 MBS IC B U SR
BEAFORBHISICHY T 38 1B0ETH D, R
IKEERS B~ DI EH LV, Ld-T, ARE T,
FRENTOE/NUBREBZ I CABEES D1 7 7
LR T V—va vEBEMEL TEOEHESER
Bli, 22T, EEEoERICHNELTHHEICODVLT
&, MREhTVEEEOH vy o s EEREIC, HHES
BIOS U prEE oYM (1804 /W « 43) » 53K
7o

F7, BIES TOBRN LD, AHBIORRNITE
BRICEEIES ARSI NETH B, £IT, AHEED
BARUEHEEZHAZFEL LT, HBPREERD VI

Output power (W)

36, 1998
600 r
500 [
r=3.0
400 7
/ r=2.5
300 I /
e
100 ;,// / r=/15/
/ /
—
015 20 25 30 35

Temperature (C)

Fig. 6. Theoretical output power as simirity
ratio for apparatus. r : simirity ratio.

700

" /

N s

g 500 |

© // ¢=10%
S 400 F

o F / /
>

©

[}

<

2

G 200 g

@ b

D /

100 [

300 : A /
[ / / #=50%
r P
/
(4] 2

15 2 5 30 35

Temperature (C)

Fig. 7. Discharge air volume as temperature and
relative humidity difference for apparatus.
¢ : relative humidity.

%« IRADORH M R KRR HBAR (THS,
1996) QAT X 2 5E - (KB OB S EEEE A
Elf, TIT, KFHRKSE L, BERE L CHARS
NETERLBHENZELVAIVBALILVF-THD,
BRWICiE, HERrOBENRBEK « FokgEEK GREY,
BHAEER (58 S£Ths, MHEI BT 2KEM
LUTHLORDEMELTL— v 3 VEBOHHZESE
ZFig TIZRT, =7 L—va YEBORABEHES
Bk, A%, HEBEL0O8E, &AT 640m’
/hBETH 2, 4, FHRESEREZE L C—ET,
OGRS RTERTEX S LIRET 5 &, £/
¥1610kW O—R = x V¥ -l a h 3, chiz, =
WL 2 NEF—BETI205kW 705, 27, HBEE KX



BELLKARSBADIEE v 3 2L — Y a v 73

BUL L 20 EH & U THBLE 3M5E LDEAE,
IERA —R = 2 v ¥ —HIER I3 45MW (CURIE 1L5MW)

LD, BrxvF-—OBRAPORIERRBEEERS
N5,

5 &0

(KRS 5] OIEEEE % W 7 BEDUK AP D VEE)
AT L, ¥ 3 al—va A0, o/
DHRE» S/KEBERETH L7 L — v a3 VEE~O
HRAMEICO>VTEE L, BohicHRAR, Dok
DThHb,

1) AEBEOHNRBERRC X 2 &, IS0

THETH B EEZ 5N 5,

2) il 5 h OEAJREA I L 2 BIFEFRBESERTE

356, AEBEOERNEIONBNLOAEL L1 5,

3) 7L —va VEE~OHELEIOWTIE, fhE)

FEHE L TNESRE 0T HHYICAT OB E 2

B30, ZoBIvnd-HaoicnngEis & o

ThB, £t, B x V¥ -DAOB IS S ALE

M Eho, RHICBY A EBEAE & U TR RMEE

iElo,

DIEOEEED» S, &B R ~— 2 EDOBIROARRIcH
Fansis &, hOoEESJRE L THIE, KBEEEs L U%
BATRBEAEL S BINCER L O 2FHREEEZ 5 2
Lt kb, ERLTTRERS C oA L7, 7, KeEM
HEBEOANE SF, A TR S 2 EEGRO
L7 L—va VE OSBRI BWTEZOIEHNER
5N %, HIRBEBEOREOEAL S S Kz x V¥ —7H
BEOYIFESIES SN TLIESICBLT, AEHEES
Bz xVF—EBOBMBERO L BNEFEVTH
%,

X

BupavARL S. (1996) : The Merck Index, 12th Ed.
MERCK & CO., Inc., pp. 1035.

SEHBEEE (1988) = x v ¥ —ZHEN, BEAFEHR
Z£s, pp. 26-28.

HobeMAN, C.D. and R.C.WEAST (1960) : Handbook of
Chemistry and Physics, 41st Ed, Chemical Rub-
ber Publishing CO., pp. 2282.

HEHRE, FEE— (1979  BRAMBOMEE - U
BiEsicBd 25D, ZE5FEM - mAETE
A vol. 9, pp. 9-18.

INLEEK (1994) : RAKBECE L BIRMBEE, HESE
=, pp. 120-123.

HEHMEETEE Bk, BEBE (1986) - X
FFN - A PR, pp. 155.

—fiEnk, LB (1981) : =BT, pp.88-91, Fxit
R,

Lewis, WK. (1922) : Trans. ASME, No. 44, pp. 453

AKHIBEE (1980) : #r« =X V¥ —3, NHK7 » 7 %,
pp. 117-119.

NEF R (1992) - xRV F — TELEAYEY, #HX
*. pp. 125

P, ﬂﬁ%ﬁ,wé%ﬁ<w%>:xzw¥—§%
B AEHMRE, pp.8-21.

quz.mﬁﬁ %@&ﬁ AR (1996) - ik
P = 20 ¥ — OiEMAHG TR T 2057 #E 1
WARTHIC B 2 REABORFTHER & BGEE 1B
T 5HEE L0, B - B8 THEARE No.
61, pp. 65-75.

WA T B SE 1 f (1995) : MM T3 ESRES
B4, pp. T-1~T7-14, BT

FRE -, HBHRRE (1983) RIS HZ OMRE, W,
47— a38 pp. 695-700

PWHEFERE (1977 : B =R &AEES, RITHE 4K, pp.
125-136, HHERE

199610298  =Af
19985F4 A8 B 28



La mer 36: 75-84, 1998
Societe franco-japonaise d’océanographie, Tokyo

FYvy
¥ &2

L 19983 A9H (H) HWRUKERFLBLIRK
EEORERITON, BRI - 12FEELEE LTAY
RS RH s e,

2. 199843 A31H (k) HHUKERFIEBWT, F
% 9 FEESE 2 RIMELS MM, FREFE Fdo
EBY.

1) SPRKLO « 114REERTER BB SRS It D T

2) FER10 - 1R SEEFHEERS IO VLT

3) FER10 - LIEERISE, ®F, BFoEHIOL
T

4) Rk 9 FEFERE

5) SPERIOERINK B L B L UBHHE

6) PERI0FEEHENE () ik

) ERRIGEE PR () FE

8) Z o

3. 1998%E 5 A23H (+) HEIUKEKRFEIB WL TV
I0FESF#EESHr N, EREBITEOEED.
1) “ERRI0 « IR BB EEE R v T
2) PEK10 « INEESEEEMERR T VT
3) SERKI0 - IMEFRISE, BE, BHOoBEHIIOL

T
4) R 9 FEEHEEWRE
5) FHKIEHEEAEZEBRMEREREHE
6) Kk 9 FEICRERE S L UHEEWE
7) PRRIOEE HETE (R) Fa
8) VRIEETE () &
9) VRINFEYSEIEBEMEHELZESREEDR
10) % Dfth

4. 199845 A31H (H) H{ASEEEECBLTYE
ARIOEEE MR B LD I N, BREEH ERE
EZiIko LBy,

1. 4 &z COEHETHCE L 3 KRDME
--------------- O (ZF|X - 4£B) - RIRE
(AR « /Nt B (ZFEKR - A8
2. L339 FA KA OBWEEIOTT 2EE, EHO
WO ARASL AR - B g GRBEK »
A < LER (F7KK)
3. BFEBRRIKROBERY 7>~ 7 b vicKkiEd
BB OBEMN  # » /IMLKER (dhsRKBE) -
AT - EREERE G
4, WBIEASETOUMLHERE O AFRE A il B 1 2D

i =

W75 v o b v Ot OWASHE - (5 77+
THEERE - I T - ¥PH BH - B -
SASTE: « ILEMER (BRAKK)
5. & LBOMMEIcE Y 2 HA AR S OBMRKR
--------------------- OfRPAEE (MZ)EKET) -
EHER (EEBRTTE) -
PR By (BRI R) « MOLER GROKK)
6. EMTFEIC X 2EIMBEOR S OflE
--------- OFNIAZE « IEHIFEE - Zok B GUKX
7. BEFOAFLEEICE T 5 _ LA EHEE 0SS
EIRERL I & B ORIRING T
--------- OKRBEWT GUKK) « ¥E F (BHEHD -
R GRARD
8. ROPME#R (~vy +#) 2B 2HEHIREIE

1207 X (PR ORINASE - Fk 8 GIKR)
9. KR LMD S H vy v BHEREYIRONI LV
DML weveemeenmeenneeneeens ORFITE B « e -

PEREHE KK
10. BA#IC B sHsEEOR
--------------- OmfGsgEts - fnl B (X - & LD
1. FERIBROBHLEE, F4EH
~~~~~~ OBl GAKR - EHERK TERFOKID -
INEIR B (EBEEE) - BILER GRBOO
12, T —7ICEHhPT Vs — (GBHAEEE
V7 Ry 2T —DEERDDI)
........................... BA = (EEEHN ) -
PrNE— FnIRLIAKED) - ERE— vz a) -
KHE 8B GEEERD )

5. 199845 A31H (A) HILARRESBEZILBWTE
MR MsHsNI., BEOBMEBRRDOELY.
1) SFERL0 « 1EEREEELRBE AL CRESRD
2) K10 - 1IFEESREBERTRE CKESR)
3) Rk 9 EEHERYS
a) FEB

£ BB
T REA A T”V—'ﬁ,—‘
R e e e R
wEeR| 1| - | - | - - 1
E£ B 290 8 1 9 1 +1 289
pEeE | 4 - |~ | - -1 3
HUaH| 18 ‘ 4 ’ - | - 1 - 22



76 La mer 36, 1998
TEENRDL Zofth
FEES 108
BHA 2 [0 8) EERIOEREE PERES
wBae 11[m] RE@BY &R
NS R KRS 1 SPERI0EE T &
e DB 1 (=] BB
FLTEDORIT LA DER (e
FERS MBS GREUKEER) AEEREES u&ml(
b) R E&S2B &% 1,800,000 | 6, 000F] X 300A
La mar 4 5FlfT ¥HEBESE 12, 000 4,000/ < 3 A
5) PRIVGFEE¥SESHBEMEEZRAME Gl BHWELESE 250,000 | 10, 000Fq X 2501
X6, 2R) ¥oEilbse 300, 000
6) ik 9 FEICRERE R CEARSE 7= 100, 000
EHEEAMAIRIE 800, 000
A DH P9 EETH OO A 200, 000 BB, FIFE
AMEEKEGESE | 119,501 (119, 501) F & A 1
iIF & B & #/|1,110,000(Z~1824) | (1, 800, 000) & B 3, 575, 7324
¥ESBSB 12, 000( 3 &) (20, 000)
BHWLeES 250, 000(25117#1) (200, 000) FH O )
LSS F 4| 256 100 (450, 000) ORI 2,450,000 605 M X 4 E4>
K& B 110,000 (100, 000) E2R - BEE 250, 000
FH AR | 1,132, 722 (800, 000) H OB B 700,000 | MFE @%gﬁ%
O A| 206,876 (200, 000) 2 B B 20, 000 ]
F A& WA 14, 148 ( 1) = B OB 15, 000 BHE, FHEESF
= 3,211, 347H (3, 689, 502) [ FoHREH 75, 000 .
# @ w00 REZER EEST
XH O Tk 9 FETE ¥ K B| 2573
F 2 EEHIR# | 1, 950, 000 (2, 450, 000) & &t 3, 575, 7321
XK - WIEH| 277,248 (250, 000)
H OB B| 71559 (700, 000) 9) TRIEEXSESZHBEMEHEZRSTRENE
N T - 26, 220 ( 20,000) R
& & B 9, 997 (15,000 EARZEE, AHER, BAHLEE ¥, /N B
¥ L2HERR 73, 968 ¢ 75,000 INhBLR, BEIREE, MR M, A0 JE, PNEA
M & 44, 589 ( 20,000) AT, ALEE, s X W 8 LoaER
T W B 0 (159, 502) 10) % ofs
/I | 3,097, 616 a) BIAESRARA Y VRV Y ADHEBIRISHE X
WHEEERE| 113,731 hiz.
& & 3,211, 347H (3, 689, 502) 1 b) HAFEMSBKEEFREEEER L O KEI N

7) PRIGEESEIEEES

TiERBOABI N

FHEL 1 H, B2 1E, HRHERERS1E &
B4 4[RO B

vy Ry ARUEBHAORE RE

#42 [La mar] OFT (45)

SERR LV B RE R UK 1 S BME O
e

7o [FHAZOMERE] BXU [HAKEYSE

o8 oISV TEHI N,

gl &V THIIFTEREB~NO¥XERE L ZTHLSHE
EOTh N, £ HBESHHE TN, Bk
TLULr.

6. PERIOEER DMAEEEHE

Z B & aliTE CEXEAMERET)

Y. 7oA AV AERLE LAREHOEE
H BB AL



¥ £
HERSTEHT -

B ITRCBT BT 7 A RUA U A IR
KIS T 2 KB OLHEEBETH D, KE2 ~25m
DEEBICHEIREERK T 2. 75 2 RUH Y2 IBRE
BOXEN—REEZETH Y, HEMCIZBEYONE
BE LT, MBS GIRRREOEINER S A OR
BEHLLTC, EEYNCEERBEARZLTVWS, F
F, WMRREOEERICHT 2ELSEE Y, Ehko
(R & ERICBE T 2R P EINBER B TRA RS
b TWVW3B, UL, WO « HEER ORKHE &
13 BB DREE P — OFHIN] « BENLSICHT 5[
BEL OV T ORISR I9B0ERATE IS RAREFa i frd
NTWiir >k, 20 &5 b7, millfrEgtr=8
BEBEYERFEOT 5 A RUH O BHEEWMREE LT,
B OIS P % OFEFLRE KR OHH 253 5 BRI
D W TAEBE R I 1980E L d s D BT L, #
fr, BELV-HNRMEICEET A, FTERE
PRI R OMRSRBEREMP L T hiE o850
EOEBZCESOTHRELTVWE, BEOEEREEE
BHICHSPICT B bicid, ARELIBESEDIC
blro-> THE LY, BROHELIHSMCT 24680
bB. pNELE, KAT FI— b EMEERBEERO
TOoFEMICh - 2HEOKR, HEOFEF vy — v i3
MRS F v 7EHTHY, EHEAMIH O ARE TR
3, TIABMBTRIIVABELIVEL 4A~HETH
5l EERML, HEOHEFLME T 2HADERIZA
TR DFEFE « MBI L B F » v 7O & Z ke >
BEMLREOL(LTH 2 T &%, EERENOHEER
MR OBREL LSO DICT B &N TEL. F 1,
TIAEH I X OEFEPORENEHEROE LD D
DTH B &%, FEHROBEY « BENBR Y
HARBTDPOHOMICT B EMNTE, &5, o
T = MEFTETY LIk, BEOEFICHIHEHE
WicoWTbHEET 5 EhTE .

T ABEROA Y ABETE, WEAEORES I
WHEEBR T 2 KEIERICE > TELRbATVLS, L
L, PROFERLERBEENOLBEBICANE KT
LTWas., zI7T, glfTedtigikotE+ e
BEFLLEML, 7352 oWikikEoicwtd 248
XEEREED 1 WA LB AT L, H Y2 oMk
RO EREH05% L Lo BRicAmLTWwE 2 &
EHePDI, —FH, NARICL 2YBEEES R L
WEAOHBEEAEZRD 2 DO EFARERL, Hd
i W, HEHEKE, EBBISOHNLEE, o
BARNME, HESO/NS 4 — 52 ANTHELLER
HEREMNTEEE R 7 5 2 TIRL1%, # Y2 TiR06%
LIS TEAE L ZIF—-HKL, KEFVOBFYEEREH
HBEIEMTER, THbb, AYAYKIET S AWK

aul

L H 77
WHATPEICHEIELTBY, #9ART I Ak~ LD
BANCHEB T 28H%E, LARERBIC L WEEED
i OHEPH B I EMTE L.

R OB - BEEGN OE» o B Ba, miilfTs
Bk > TH S NI ERE OG- EIRER kD
AfMESOHEEICBET 2 Co &5 BARIE, BHokE
BER, mIMERO 10 OBMLETE, BHESEOSES
~OEBEREZRBT 2 0EEL SN, MO TEER
HBTH 5.

BUIATSERE Hi3, #IIOBEE b = /9 Oa & &
EEICBHT 2015, LiEo & 2 8 KB HEE O A BA RES )
HRICA T, REEEERICE T3 RARBINYES
IKDOWT b Z ORISR E LY, £ OMREEIIEND
A LTIL HEMICOFEma N TEY, A% OFICHE
RITEBIN L EMHFshT03, AFRBLE,
D& BFUITER L OMAL S B L, KELEE
WEFT RSSO LWVEREL LTI IHET LD
TH 3.

FOEZTHEMEHERES
ZEE BRHEE

FER X

1. Bt an/ v b7y ok EEAREEOZL
La mer 12 : 197-213(1974).

2. Measurements of photosynthesis and producti-
vity of the cultivated Monostroma population.
La mer 18 : 116-124(1980).

3 TIA A VABTRCHET 2 ERERAE - T.
BEERHISIHEL I B0 2BEONTH L HE =&
REFIKEF SRR E K BRI 45 1 ¢ 41-54
(1982). (EH &ILE)

4. Photosynthesis and productivity of the culti-

-+

TN

vated Monostroma latissimum population. La mer

21 : 164-172(1983). (with Y. Aruga)

TIA AV AERICHT AR - 0. B

EEOEAMIC B T 2 BEONM LS. —ERE

TKEEF RS 4510 - 57-69 (1983). (EH &3L¥)

6. TI X A VAR T AAEENHRE-T. 7
T X BEICB Y ZHEMEROFEHE. —FEAFK
FESIROTFEE S 11 ¢ 189-198 (1984). (EH & L3

T TI4« Y AFRCHETZHEENHE -V, #
YACB T AEKCBY A EROFHIEL. =
EHARFKEE AT R ER A 11 - 199-206 (1984). (&
&3

8 T I A NYABKICETAEEYNHE -V, X
ks X CHERBRIA . = EAFKEE ST
FEEL2 0 119-129 (1985). (FEM &It

9. TIA A YATHEOEEREICET 27T, B

ol



78

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

La mer 36,

35 : 34-40 (1987). (FEH & HLF)

Critical light conditions for young Ecklonia cava
and Eisenia bicyclis with reference to photosyn-
thesis. Hydrobiologia 151/152 : 447-455 (1987).
(with Y. Yokohama and Y. Aruga)

Comparative studies on critical light conditions
for young Eisenia bicyclis and Ecklonia cava. Jpn.
J. Phycol. 36 : 166-174(1988). (with W. Kida, Y.
Yokohama and Y. Aruga)

A demographic study of the sublittoral brown
alga Ecklonia cava. Kjellman in coastal water of
Shima Peninsula, Japan. Jpn. J. Phycol. 36 : 321—
327(1988). (with W. Kida and Y. Aruga)
Regeneration process of Ecklonia marine forest in
the coastal area of Shima Peninsula, central
Japan. J. Phycol. 37 : 194-200(1989). (with W.
Kida)

Photosynthetic characteristics of several species
of Rhodophyceae from different depths in the
coastal area of Shima Penisula, central Japan.
Jpn. J. Phycol. 37 : 213-220(1989). (with N.
Murase and W. Kida)

Ecological studies of Eisenia bicylis (Kjellman)
Setchell and Ecklonia cava Kjellman. Bull. Fac.
Bioresour., Mie Univ. 4 ; 73-145(1990)
Distributional pattern of Ecklonia cava (Phaeo-
phyta) marine forest in the coast of Shima Penin-
sula, central Japan. J. Phycol. 39 : 173-178(1991).
(with W. Kida)

Preferntial disappearance of chlorophyll preced-
ing digestion of malederived chloroplast DNA in
young zygotes of Monostroma latissimum by a
DAPI epifluorescence microscopy and electron
microscopy. Cytologia 58 : 331-336 (1993). (with
T. Kuroiwa and H. Uchida)

The influence of ultraviolet radiation on the pho-
tosynthetic activity of several red algae from dif-
ferent depths. Jpn. J. Phycol. 41 : 207-214(1993).
(with M. Kunieda and W. Kida)

Difference of the amount of UV-absorbing sub-
stance between shallow and deep water red
algae. Jpn. J. Phycol. 41 ; 351-354(1993). (with M.
Kunieda and W. Kida)

Underwater brightness in nighttime and behav-
iors of Japanese spiny lobster. La mer 33 : 37—
46(1995). (with T. Koike and Y. Morikawa)
BRI I AEE T 5 i O SR M & FEELS M DBIR.
JKEEHETE4S : 420-435 (1995). (Rl &3E%)

1998

22. —HEEREAICBT ST 7 A BEROEBRIELHE

7.

44 - 95-102 (1996), (ZERE & k3

wiAzE (FE2B)
K # BTiE - fEFT s
WHE B JUNKFPISHIFHESR  SHER
T816-8580
FAMAA ARG
APATEE MRIEKERSHER MILES
2500021
/N E1-2-1
HH O#ER () AAKEHaEEERE v 7 —
PALLEG
T104-0061
thtXRRET-15-4 ZBELSF
HEEKRES HRUKEARFERERFH LOMER
T108-8477
X457
Voravit Cheevaporn R

Department of Aquatic Science,
Burapha University

Bangsaen, Chonburi, 20131
Thailand

ge

LEBEW B - FEEE
(E£&E - 2B
SR BE ARREVY-—F
T721-0973 &L R ERT3-4-42
R F EUMMARTRREREE =) v
Yy —
T173-8515 RAEXINE1-9-10
TER R MERIEKERASTIEATNK AR
T229-1135 AHEERIT A R3657
NG HBEKERRE
TT79-2304  HEIRER H A FNET B A
SEE OIT EREEA N F ORFE
T152-0003 HEXEXA4-17-16
B B KEThSOKEER A RS RS
T236-8648 HEETHERXHEM2-12-4
&K F— T061-1148 Jt#mEItEE M LTFHIT-
4-14
INE BT T300-2436 HHESSFIENAE O L6
3-10
(6={:7/53=))

HABE (ZWEE  [HARMED



Y

9. 1B (A

HUAR, BOARHARS, KB & DbFEE, HLE

P,

10. SZEE (ZAE
Ko LE 152, 153, 154
BETHHER=2—-2 12, 13
B =~ — 2 37, 38
BRI S 27
NTT R&D 47 (4, 6, 7, 8)

=1

BILEFFRRE - FFHE8

P ANR— )L TV
Ty
T RF—eTS50Y
Vv — b

Ve T UFNANY 2
NIy aANR—=)eBHIT 4

Ty e

79

T b

cuR—J) FLIVAe TV

NZEWIR

SV WY —Va pmN—
Ve X NWh—)v Yypwyewd— LA

T Y=

A—=FLRF

j‘l} | < )

MESEERR 217 LESEE . FYi-NeATF5Y
WHRFRE GBEFR) 45 2 & HEER

WHERFRE (—HEH) 23 B & .S Rhikd

WA FREENERE 27 B B O(EB &k B il B
BALXOKEE SRR R ey 60 (&F) MiLEE BBy
Memoirs of the National Science Museum 30 (FR%e) AAILE AR
Bulletin of the National Science Museum 24 (1, 2) WH30) B S /NbER
AAIC B 55 kE 37 AL Elafim BESR
WBIERE LTO ADC 7 — 5 OFFFRIHO 12 H I L5 D APRHRE  JHBERERE

38 =
Bulletin of Marine Science and Fisheries Y
BEETFOtsRanss 37
BABDOKPER TSI E 48
FRINE B s S 27

A
BE  ROMEE
=]

BAZR ATEX BEHEB h B
BH 2 REIRW SHEN T OB
RITTAR WHIMY BESIEE Rk

B 18 ElH— HoHE BE¥rE BEE
RESTEC 41 INBELR EEFIE KA B s

IEEBImSH 141

IKEE L FRRFEATIISEHRE 19

IKEE T ERF AT B 20

IKEET IR Re 7

B T PRI R R AE

RN gdge STTREE S

RRFHAEREAERSE 19

WIRF MR ERIER 19

ERKER T e T X

S LR EMEK

Journal of the Korean Society of Oceanography 32
(2, 3, 4, 33 (D

HEBEREFR 271G, 0, 28(1, 2)

BESHE 28 (5, 6)

Meereswissenshaftliche Berichte 25~29

EHREE K B SOR BREE
BN BANME BEERE sHE=
EIEIELE A0 B SARE BYEH
HHE=B PHEE EEAM Akl #
FEHEGT EEH ATHEEE mHER
HIF B MVE 38 MMLERE  SukE=
NEFIER Rk 8 M5 X W TR
INOER  (LssF5Rs fOmE B B
GEaRERTERELZEY



80

H > b

La mer 36, 1998
E M o

L'ANNEE DE LA FRANCE AU JAPON
BARICEIFTSET7S RE
HILEE R E S IR T A

KICEHDTIS U REE

Que représente la France pour le Japon ?

HA : 19984F12H18H (&) - 198 (X) -208 (H)
1% : BIh=EER—)L - ABEH
f# : BILREE

HIAET %S, HIWERSS, BRI I AFET T A
XA, HMAEBIG S, HIAERBS. BIABURY¥E,
HILEN S, BIAREEERES. HIAENE
2 HIAEE ¥4, BILHH%S, BIARESE,
{WES%, AL, BIABYS. HIATERNS,
HINVEWH4, BIAEESS. B TRES, B{AE
E2Esy, HILEYS



¥ 2 KL #F

1R 12A18H (&MR)

10:00 BAEREE CEYH TS AR

AR EE
11:00 ZHEFRHEIE R HETBER (RILE®SEE)
BALRREST{L 3R
12:00 RBiRH
IIUIRII A

F— BRABERLCHEIFSH 75 ALK&
Image de la culture frangaise vue par le Japon d'aujourd’hui
Tltwar Al TRER /TR
13:30 - 14:00 : /MRER (RILEES)
BEICE TR 75 ATEMABE, BE, *¥—
—FhI FREERLIC—
14:00 - 14:30  : BHEE (RILEL¥R)
BEAXOBSERARNSHIET SRR
14:30 - 14:45 &%
14:45 - 15:15  : BPIREK (BET7 5V AHBT T 0 ALER)
BERICEITHRRT S ANXE
15:15~15:45 : MEASFE (BABFNGHS)
KWEBRE—BEICBITIZT SV ARMORS
15:45 - 16:00 ##EELD
16:00 -16:30 a—kt—T7LA 2
w2twar A ZE R
16:30 - 17:45  : i — B+ BB (RILAFRBR)
BROBEEWRICE IS, 75 AEBFOHEETH
[(FxmzzaD)
18:00 - BEN—T 14—

81



82

La mer 36, 1998

W2H 12A19H (L¥EH)
IYMID L
T—< : BAHEOLEBRERE
Sociétés frangaise et japonaise : comparaison et réflexion
Bleyar A& HiI #w+HELEE RS
10:20 - 11:00 : Frangois SIMARD (€7 2RI
B, R, AE - BLERORY (X
11:00 - 11:30 : B A (B{LBE%ER)
#7554 & BUA—ITERBAGR
11:30 - 12:00 : FEEFRE (B{LRH*R)

TIhA—, YYRATFIV, TUT—T75 0 AYLMBBO= T8
12:00 B{KH

Eo2lwiay A% TR+ PERT
14:00 - 14:30 : KRB (BARSEERFER)
BT HHEE
14:30 - 15:00 : #  Fakk (B{AHERIRESR)
5 BERERDT SV ADREKROLH
15:00 - 15:30 2—b—7LA ¥

B3ty iar 4 REBEHNE B EEE 1
15:30 - 16:00 : FEEE (ALBEER)
SHOTZ AOHBHNEEE BEORE
16:00 - 16:30 : HiD # (R{LEED)
7S5 VATIRAFEESHA DD —FHBHTORRLR
16:30 - 17:00 : HEER (R{EEES)
TS VRAICBIIAREBERF —K¥LIS ¥



% & i # 83

W3H 12A20H (HER)

(]

\

IURIDI A
F=X:IJSUAREELAER

Sciences frangaises et le Japon

10:00 BHSXOEE  : HAEH

RMAUME  As: RLBE

10:05-11:00 : Xavier LEPICHON (2aL—%a - K- 752D
HP2RECETABCOVWTORAZEZ LD GERMD

BLBleyrary A% TRHE+REE

11:00 - 11:30  : KAER (B{LEHS)
E#, BORVDBLKTROBLEFOHD

11:30-12:00 : REFEL (B{LAEED)
BRERZORE—AREYBEORERSE

12:00 BRH

Eotyrar A& 0 MAGRERER + A E R + iR 8eE

13:30 - 14:00 : A& — (BILTEEHSR)
BEHEEZ—RLODITIEL

14:00 - 14:30  : J\KRER (B{LfwEED)
TS5 VRAEARICH T DKERBREDOLER

14:30 -15:00 : B0 {8 (BAEIHS)
BAFLEORRKRESEHOBIG D

15:00-15:30 a—k—7LA1 Y

B3ty rar A KER+ERNEE

15:30 - 16:00 : BREAK (B{EwmEs, BLAAZS BLRERSD)
EWMRICEITBRALOK

16:00-16:30 : FEE # (B{LE&%)
HYINAFFo /00 —DNW LT Z—d~ b LaBeEs

16:30 BA=OEE AMEE (H{ASE)

PAS® T4 - N—F4—



84 La mer 36, 1998

E M 5 #
SERE 1 LAR BERTER R 2R K WP RT3 R SE D N 55

B DWT, FRDIMOAZELTED ET, §EL <Id. MUWFgEFTR— LA
~R—=< (URLIZ http://www.dpri.kyoto-u.ac.jp/default j.html) ZZIRX N2 H,
XMW~ WA D RN E T,

I

c

paill

1. BN GERPIEAK S
(1) — BT DL

(D) HrEIERIBFEAN OB O
(3) DFFEEsz Sl

2. HFFEERK . EALKREROENIUIEHEBE O E - UI9eEXid ohn
ICHEL B3

3. HEEHE: retick s HEEEORH, 2720, —RdLHEpgE &
DWIGHERIC DWW TIE, R EEN S HHEHEREI L T
<7EaEN,

4. BFgEHIM . —RSLEUISNE. SERKIVEAA DN SERRI24E2H £ T
Bt mrgeid. SERRIVAEAA NS ERISHESHET
WF 9% 8 2 1, SERIEAA NS ERRIE2H £ T

5. HIEEWIRR : SERRIOEIZALLH ()

6. MWHHHEIL:
T611-0011 SR RYTE
SR K22 1) KW TR 5 AT e By Rk b
TEL: 0774-38-4010



3] R - ]
TV vy /7 BT KA S
$et 4 - = L o 2
By mBEEzgm A B OB
AHRet 3 fn B R OB R
BXed » 4 ¥ a2 v
()M ¥ £ % !’ M B % &
kX2 M A& W B 5
y—exzrv=7Yrsy HKXécu
= % WM o#B & X & #
HBXL2£d B - HMHERBRBWRR
IO I NI B~ -
EHANKRBEREERXRDE S
B X & d .1 i) 2
7 > 73 X 2 #
BAedt HMEARBEGEC S -
rmAed W B K ok B W

BAX7 7735y 73X e&ud

) = # £ & W =R B
(LW X7 LEB)

I SO TS > St WP S s

BRAer #® £ LK & #
0 # OBl L % B X & #

X w88 3 28 W A

2 B

HATHEREBRI2 - 15-6
SHERMETHEXHREHEI7 -2 -3
RERMEHhRESMES -2 -9
HEMHE KRS ~ 34 -3
HERSCRR TEAAR 4 —20— 6

HIUMPa S REBRIH BTSRRI 3 ~ 1 - 5
BRSMTFRERAMEL - 18 ~ 12 JLEELA
HEMABXAFFAN2 - 31 -8
HEMEHKBR®S — 14— 10

ORGSR EL#HRHL -2 -8
WRHRXHEAT 1 - 1, 3 - 401
HEMEBEERE/N3 - 14 -5

AR XME4 -3 - 18

BEMEHRE EEF6 —~ 7 — 22
HAMIEEBXAE3 - 41 — 8 {RE™Y x R k 5F
HBERNONZEY 116906 — 10

B R Ve R THIRT 283

PRI ATHIR K 2229 — 4

BT RERAFN2 -3 -6

RS TR EAXMEERBE 2 — 2 — 4 JARBTEF EIL TR
AP RXBAEL -8 — 14

F SRR S ADE BT A AHE 230

HRESORXE R L — 7 — 17



BEEMERZADICHAT IEXRTHDEL
FRUATS P Fr2) L ERRUMT —— @

®

i I E
575551 FICISL 75./
La mer la mere, I’'amour pour la mer!
S“I' = H & 5 &K NV = =t
. 283 FESHFHTEHT2-1 TEL 0479(22)7555 FAX 0479(22)3538
| o SUER - KEESR BEUNVN D F - EVEE- HH2—T -t |




#Hix. BMR £t
Chelsea Instruments (&% LA CTDRT)

NHFAA—H—TT,

Aquashuttle /Aquapack
Bz 7727w bIL
REfE 8—-20/v b
=< —FH5—TINTY TN A LBIER
CTDaH—«FPIoTFTINv7
T EE 1~55mS/cm(0.01mS/cm)
! B —2~32°C(0.005°C)
s B 0~200m
WHKE 0.01pxg~100pg/0Q ff
AEY— 50,0007 —% (1B#)

RSy o

(I LimTeD = IVoZT7) RS
2 Biospherical TII1 R SCHR & HX R A4 5-14-10
((é;); Instruments TEL 03-5820-8170

NF27 Ine. FAX 03-5820-8172




H
e
9_‘..
S
>
hig
H
am

PF Sk

E)
HBAE

ul

* B

ml

AT B4R

M P AR

LFEOEYVE (HETHHIO%EDF5) LY B %

UTRESEHRAD

At

s 28 »HTH ¥
R FiE H—F

=Ty
cu
4

AZHLAE RS © T150-0013 A H A8 X E L 3-9-25
(#) BIL=HEA

H L # F =

BEREHS 0 00150—7—-96503




L]

BILERFRSREEEES (1998-1999)

B E . niEx
B A= JEHUEE, 5E B FALZE MLER W O EIE—
AZEE : H.J.CeccaLpt (75 ¥ ), E.D.GoLpeerG (7 * Y #1), T.R.Parsons (# 4 %)
¥ EALRE GEER

B o F 5
1. 753 (BIBEFSHBIE . BOGESZ La mer) 13, BIAEREFSTLEBIUFNICHETL2ELE
»o0ETE (KEREST) %, TELOFEBEIIVERT 3,
2. RRIEEEBIUOKEFHEITORE R BEEH B EFL BEAL LT3, $ToBE
W, A3, ERELERI2EET 3, BEREE TV, zi:j(ﬁmm,.}i(ﬂ‘«’cﬁulﬂjt L, 400 FFEE
BAEE oS0 8, $AREFEERCS TNV 2= FIX 7~ 7o TREXSER) TIEAT 3, BF
EGQUD$$% &, TNENAERE BBEE T 3,
&H L, EIFEEOMIALET S, 7270, BBLIUONRBORER AT EEXIES,
A%ﬁxumﬁ>wi%mm‘@ﬁﬁft+MX@$E% Bl & L THIRA B, 0B &Amﬁmm
rEEE ®ﬂu,ﬁ&m;®my EX2OIA B, 7L, BREEN»SOEE @Wi SWVTHE
mEZES ®%E&?éo
BREROFEFERREIBEETIEC T NI Y. EHBRURBLLIE L, EEBEOERREESLD
mﬁuwvcm%7ﬁ®hwﬁ I, MEERSr, BOTASER (BEiTAo—H5IB2Es), HTER
FOBNT & BEMEICHE S,
5. ERUIAR TR E UTHET, R MREZ R I/2EE i sohsbord s,
6. MRILBHEZEOREERSZT 5,
T, FEBIHLTRTHRIA-YETOESEIEBET S, 2770, COHEENTS - THEEHRES
%Am>ct BHICEIEDBRAEZRAELE TINS5, FLEBORETITRELEBL 258k
UL BRBOHRMERRITNTEEEE (10000MH/B) &9 3,
8A9«T®P%E§»OVL,1@%t@ﬂﬁﬂ)%zﬁﬂf ERTE 5, B0EEHEA 20 ERKICLD,
5!\‘ ;:xD—tFl'iLL,C PF?QGQ’L%Q m“ﬁhuﬂ%lﬁﬁ%&ii?ﬂii&m by Lk—l:tulhéll'béo
9. J%:’M'J@l_b X TEDED,
T108 BIEENEXER 457 ERKERE LOER &
HiNBEZEHEEZES

l

(9]

«!5-

Fo
/

1996 F 9 B 25 HENR] " - 5 36 &
1998 5 9 ff 28 EBRFT B Kl %23
E M ¥ 1,600
wmE & L 0O fiE &
1T B H L B # % £
HMEEA HILAESEW
HEREEAXERSE 3-9-25
B & & 5:150-0013
B OE03 G2 T641
&2 & 5 00150-7-96503
0 Rl =& 1 B — -
H &l B @ L oW kBRI A

FEHESORRETEROR 4-20-6
B OEE B 113-0022
T .03 (5685) 0621




Tome 36 N° 2

SOMMAIRE

Notes originales
Seasonal variation of three-demensional circulations in the Gulf of Thailand
........................................................................... Tetuo YANAGI and Toshiyuki TAKAO 43
Cephalopods eaten by pelagic fishes in the tropical East Pacific,
with special refrence to the feeding habitat of pelagic fish

--------------------------------------------------- Kotaro TsucHiY A, Hiroaki OkAMOTO and Yuji Uozumi 57

Study on the working simulation of suspended perpetual engine

(iN JADANESE) «+rorrvreeseersrrress ittt Shigeki KAMETANI and Sadami YADA 67
e 10 L N 75
fefer e oy B==R
b E WG

................................................................................................... M EHE e SERE 43
BEREATEORREENS» OB ONBERESE, RU
BFEEOEMARE (IO
................................................................................. EIEAES - FAAEET - BEHT 57
BELIAABEBEDIEBI S 3 m Lo &/ 8 3 weeemeemm et BAES - RHEE 67

A ETEE e T 75



