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Measurement of Capillary Wave by the Moiré Method*

Harumitsu TAKAYAMA™* and Tomosaburo ABE**

Abstract: Ripple-damping effect can be considered as one of the causes of slicks. This
effect is due to surface films of surfactants. The damping of waves by surfactants has been
known since old times. Especially, the damping of a capillary wave is significant. For the
purpose of studying the damping effect of the capillary wave, at the first step, the authors
examined the properties of regular waves produced by the wave generator in the small scale
wave channel. As the wave length of the capillary wave is short and its wave height small,
the wave was measured by the moiré method. The method is available to measure the
instantaneous horizontal-distribution of the small scale wave height. In our experiments the
frequency range of the generated regular waves is 15~100 Hz and that of the wave height is
0.01~0.2mm. It is found that the calculated damping coefficients for a clean water surface
coincide with the theoretical values as shown by LAMB (1932).
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Fig. 2. Principle of the moiré method by means
of observation of light deflection by water
surface.
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Fig. 4. Moiré in case of rippled surface.
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Fig. 6. Comparison between the moiré method
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Fig. 8. Relation between the ratio (H/H,) and
the distance. The frequency of the wave is
35 Hz.
X :Observed results in case of clean surface
water.
® :Observed results in case of water surface
over which surface films of surfactants spread.
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@ :Observed results in case of clean surface
water,

—:Theoretical line based on the theory given
by LaMB (1932).
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O :Observed results in case of water surface
over which surface films of surfactants spread.
—:Theoretical line in case of clean surface
water.
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Examinations of the Isolation and the Stock Culture
of Marine Ciliated Protozoa*

Tsuneo KUME**

Abstract: Marine ciliated protozoa were isolated by the micropipetting method from sea water
samples collected at Tokyo Bay and Aburatsubo Inlet. Examinations of the stock culture of
a clone of marine ciliate Uronema sp. were carried out by incubating in four types of culture
media. In the peptone sea water medium or in the sea water medium with suspension of a
bacterium Pseudomonas sp., the cells of Uronema sp. disappeared within four weeks of culture.
However, the use of a biphasic medium of peptone-agar and sea water was successful for the
maintenance of the cell density of Uronema sp. at 10*/m/ for more than four weeks owing
to organic nutrients exuded continuously from the peptone-agar to sea water. It was inferred
that favorable conditions were maintained for the growth of the ciliate near the surface of
the peptone-agar.
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Table 1. Composition of the nutrient agar
(1.5 %) used for biphasic medium

Bacto-peptone (Difco.) 0.001 %

Bacto-yeast extract (Difco.) 0.001 %
dissolved in 80 % ASP12

pH 7.0-7.6
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Interactions between a Marine Ciliate, a Heterotrophic
Bacterium and a Diatom in Mixed Batch Cultures*

Tsuneo KUME**

Abstract: Experiments of batch cultures were made by inoculating a marine heterotrophic
bacterium Pseudomonas sp. or a mixture of the bacterium and a marine ciliate Uronema sp.
into axenic cultures of a marine diatom Skeletonema costatum at the stationary growth phase
to observe the growth dynamics of the diatom and the ciliate for 30 to 65 days. In mixed
cultures of the bacterium and the diatom, the growth of the diatom was maintained stationary
for two weeks, thereafter sudden degradation of the diatom cells occurred. When a mixture
of the bacterium and the ciliate was inoculated to diatom cultures, the diatom density became
temporarily low just after the inoculation, but it recovered and became higher than that of
axenic culture within two weeks. The growth of the diatom inversely correlated with that
of the ciliate. Thus, by feeding the bacteria the ciliates must have a role of promoting the
mineralization of organic materials produced by the diatom and regenerating inorganic nutrients

for the diatom.
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Interrelationship of a Marine Ciliate and a Marine Heterotrophic

Bacterium in Continuous Culture Systems*

Tsuneo KUME**

Abstract: Culture experiments of a marine ciliate Uronema sp. and a heterotrophic bacterium
Pseudomonas sp. were made in three types of continuous culture systems to clarify the prey-
predator relationships of bacteria and ciliates in the marine environments. In mixed culture

systems, periodical antagonistic relations of the microbial populations were observed in the

culture vessels adjusted to the dilution rate (D) of 0.95, 0.0125 and 0.0083 hr™'.

Amplitudes

of the oscillation in the microbial growth were less at lower dilution rate in the culture
systems, and the amplitude was one order of magnitude for the bacterium and within one

to two orders of magnitude for the ciliate.

In the separated systems, the antagonistic relations

were observed six days after the inoculation of ciliates in the mixed culture vessels adjusted
to the dilution rate of 0.05 and 0.0083 hr™*, and the amplitude of the oscillation was within
one order of magnitude. Formations of the microbial flocs were remarkable during the
growth of ciliates which may induce microbial production of the mucous substances. The
floc formation possibly inhibits the feeding of the ciliates on bacteria and promotes the growth
of the bacteria in the flocs; i.e., this process might be responsible for the antagonistic oscil-

lation in the growth of the bacteria and ciliates.
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Fig. 6. Fluctuations of the growth of a ciliate
Uronema sp. (U36) and a bacterium Pseudo-
monas sp. (P04) in the static mixed continu-
ous culture system adjusted to the dilution
rate D=0.0083 hr™! and supplied with 0.01 %
peptone-seawater.
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Fig. 7. Fluctuations of the growth of a ciliate Uronema sp. (U36) and a bacterium
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Seiche Motions Induced by Wind in
the Ushigomebori Moat*

Akio YANAT** and Tomosaburo ABE***

Abstract: This paper discusses the wind and the characteristics of seiche from observation
data on seiche produced by wind blowing on a shallow water of a rectangular moat. By
focussing attention on variable wind velocity, the relation between the wind and wave height
of seiche, produced by power of wind corresponding to the fluctuating predominant frequency,
was inferred by the conception of forced oscillation. Concerning the seiche produced by wind
alone, the data obtained did not conflict with the above method of conception. The study
showed that in order to produce seiche with higher mode it was necessary for the wind
velocity fluctuation to have greater intensity than that producing seiche with lower mode,
and that the form .of seiche produced would:not be charactexrized by only the magnitude of

the wind velocity.

1. Introduction

The Ushigomebori moat, which forms a part
of the Edo**** C(astle’s outer moat, is nearly
rectangular and the depth of the shallow water
can be assumed to be constant. The moat is
medium in size between water tank in a
laboratory and natural lakes or bays. There-
fore, the geophysical phenomena occurring in
the moat provide many interesting problems.

Phenomena occurring in the Ushigomebori
moat have been already reported by MORITANI
and ABE (1972, 1973, 1978) as the seiches
produced by earthquakes and by sudden change
in the shape of the moat. From the obser-
vation data of change in direction and velocity
of wind and water level compiled from January
to June 1971, the present treatise attemps to
discuss the characteristics of the seiches which
were considered to have clearly been produced
by wind alone.

2. Fundamental Equation on Seiche Caused
by Wind

Rectangular coordinates are taken as shown

* Received February 1, 1979
** Mejiro Gakuen Women’s Junior College, 4-31-1,
Nakaochiai, Shinjuku-ku, Tokyo, 161 Japan
*** Faculty of Science, Science University of Tokyo,
1-3, Kagurazaka, Shinjuku-ku, Tokyo, 162 Japan
*##+% Ldo is the ancient name of Tokyo City.

in Fig. 1. When the length of the moat is
indicated by the letter /, its width by a, average
depth by 4, and z-component of the speed of
current by u, the equation of motion can be
written as:

0 opP 0?
u 8u___£_+ft‘__%’ )
o 0z

ot TYr T T ow

where P is pressure, p is density of water, and
¢ is coefficient of viscosity of the water. The
equation of continuity, when { represents ele-
vation of water due to the seiche, can be
written as

¢ 0 du
ot

—dz. (2)
—_nox
When atmospheric pressure is represented by
Py, P=Py+g({—=2). The surtace condition is

X z

o o

S

Fig. 1. Schematic diagram showing
the co-ordinate axes.

(24)
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given by

ou
u— =X(x,t), =z=0
0z
where X(z,t) is the tangential stress per unit
surface of water due to wind blowing in the
positive z-direction (e. g., WADACHI, 1938).
The bottom condition is given by
ou

U— =

z2=—h.
0z ’

Therefore, the equation (2) can be written as:
0% 1 0

=——— {X(z, )+ RLSENES
92~ p oz ’ S

Assuming that the term on the right-hand side
of equation (8) and ¢ (z, £) can be separated into
time dependent function and space dependent
function, the equation can be expressed as;

X D)= 5 B, (4D
ox s=1

U, D)= élas@xs(x) : (5)

Using these equations and solving equation (3)

on the condition that initially (¢=0) as(z)=0 and
das

dt

=0, the following equation can be derived;

oo XS
I =
‘=<I> t> SEI pks

S;Bs(t) sink(e—n)dp. (6)

Equation (6) has the form of the equation re-
presenting the output of the oscillatory system,
for a similar example, the characteristics of wind
vane (YANAI, 1978).

If the wind speed fluctuates with predominant
frequency s, the input of the oscillatory system
is expressed by

2 k
Xz, t)= —Ci\/w—' cos —zcoswit. (7)
al g
Assuming that this is applied on the oscillatory
system, the value of the elevation of water

{(x,t) can be expressed as;

. C. /2 ks
Uz, t)— — - cos —x
0 al a

X{ l_ . lzi(cos @it—Ccos kst)}‘ (8)

ks —aof

2.0 T T T T

ELEVATION OF WATER LEVEL

0 . i Il L

wy wsy w3 wy, wg
FREQUENCY OF SEICHE

Fig. 2. The elevation of water level estimated
for each frequency of the seiche motion which
is induced by the purely random wind. The
solid lines represent { with several ks and the
dotted line that when space and time para-
meters changed simultaneously. ®:, eigen-
frequency of the seiche; ks, the parameter of
spatially variable wind speed.

If the wind changes its energy partition to have
the predominant frequency corresponding to the
seiche’s uni-nodal frequency w: over the whole
area of the moat, the moat will be subjected to
a forced oscillation to produce a predominant
oscillation with the frequency of @w;. So long
as the seiche is considered to be a forced oscil-
lation by the wind, the production of bi-nodal
and tri-nodal seiches must contain corresponding
forced frequencies of ws and ws.

Fig. 2 shows the variations of water elevation
which were approximately estimated under the
condition: cos (ks/0)=1 in equation (8) and C;
In this
figure, the elevation of uni-nodal seiche is taken
as the unity and then the solid lines represent
&z, t) for several ks while the dotted line re-
presents {(x,#) when space and time parameter
changed simultaneously. The uni-nodal oscil-
lation period is most likely to occur while it
becomes less likely as the number of node in-

is constant with any 7 in equation (7).

creases.

3. Study on Observation Records
The wind velocity was measured by a 3 cup
anemometer with electrical counter and the wind

direction by a wind vane. These instruments

(25)
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Fig. 3. Schematic form of the moat and the locations of the instruments.
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Fig. 4. Records of the water level and the
wind speed.

were placed together with other meteorological
instruments in a shelter located at the middle
of the moat. The level of the water surface
was recorded by a float type water level meter.
Fig. 3 shows the location of the instrument
shelter as well as the rectangular shape and size
of the moat. The main factors causing the
occurrence of the seiche in this moat are change
in atmospheric pressure, earthquake, increase
and decrease of water in the moat, and wind.

Among the records obtained from observation
during 180 days, the seiche caused by a mecha-
nism other than wind was removed, then the

object of the present discussion was limited to
the cases where the direction of the wind was
constant. Moreover, analyses were made from
the following 4 patterns:

(@) The seiche in which the uni-nodal was

most prominent.

(b) The seiche in which the bi-nodal was most

prominent.

(c) The seiche in which the tri-nodal was

most prominent.

(@) The seiche in which all nodals were

prominent.

Fig. 4 shows the results of these 4 patterns.
Since the length of the moat is 610 m and the
average depth of the water about 1.0m, the
fundamental period of the uni-nodal oscillation
will be computed about 6.5min by using the
Merian’s formula. Accordingly, the frequencies
of uni-nodal, bi-nodal and tri-nodal oscillations
become @;=2.57x107*Hz, @.=3.08%x1073Hz
and ws=6.16x 1073 Hz respectively.

The average velocities of the wind in the
above-mentioned 4 cases are 1.9m/s for a,
1.8m/s for b, 2.4m/s for ¢ and 2.0 m/s for d.
There are no direct relations between the occur-
rence of seiche and the magnitude of the average
velocity of the wind but rather between the
seiche and the variation of the wind, namely
the change of the wind velocity with time.

4. Result of Analysis

Fig. 5 shows the spectrum analysis of the
data on water levels for each cases. The letter
a,b,c and d correspond to the 4 cases shown
in this figure. This shows the respective pre-
dominant oscillations of the seiches at the par-
ticular time.

€26 )



VARIATION

WIND SPEED

Seiche Motions Induced by Wind in

the Ushigomebori Moat 81

Tt T T

LAY i

a-pattern D-panem_i

POWER SPECTRAL DENSITY OF SEICHE ( :mzscc )
°

w
Al

]
| Ly :

a

T T T

c-paﬂern_

d-pattern

Wy
A

w, w Wy w
2 13 2w

wy
—— N AN

4s 0 16° 2 3
FREQUENCY ( Hz )

Fig. 5.

45 162
FREQUENGY ( Mz )

0.8

0.6}

o——0

*----0

RESONANT FREQUENCY
Fig. 6. The wind speed the
resonant frequency in each seiche motion. The
values at fundamental frequency have been
used as the unity.

variation near

The characteristics of intensity of wind speed

fluctuation which produced seiches of 4 patterns

103 23 45 102 103 2 3 45 108
FREQUENCY ( Hz ) FREQUENCY ( Hz )

The spectra of the four patterns of seiche motions.

are shown in Fig. 6. This figure shows that
the form of seiche is derived from the wind
structure, e.g. in bi-nodal seiche the intensity
of wind speed fluctuation is relatively high at
the frequency ws.

5. Conclusion

It is concluded that the seiches cbserved in
the moat on windy days were generated by a
resonant mechanism between characteristic free
oscillation of the water and periodic fluctuation
of the wind. In this case the wind must blow
continuously for fairy long interval.

The statistical structure of the wind blowing
over the surface of the moat will be ergodic,
that is to say, it is more convenient to use
space parameter instead of time parameter in
equation (7). It is believed that qualitative
conclusion can be attained on the close relation
between the variation of wind velocity and the
frequency of seiche.
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Characteristics of the Currents over and near the Submarine
Col at the Mouth of Kageshima Bay, Particularly
Short Period Fluctuation of the Currents*

Masahito SAKURAT**

Abstract: Currents and temperature measurements were made on the submarine col in the
mouth of Kagoshima Bay during the periods of August 2-3 and December 4-7, 1976. During
August 2-3 the sea water temperature decreased almost linearly from the surface to the
bottom. During December 4-7, a linear gradient of temperature was found in the lower
layer on which lay the homogeneous upper layer of 60 m thick. In both cases of observations,
the semi-diurnal tidal period predominated in the fluctuation of currents. However, during
December 4-7 the resultant flow oriented to a fixed direction with the speed of some 7 cm/sec,
the mean currents in the upper homogeneous layer directing off the bay. On the contrary,
the mean currents of the lower thermocline layer directed to the interior of the bay. The
Richardson number was considerably large; therefore the stratification was stable. Accord-
ingly, the motion of internal waves propagating in the shallow water on the col might not
give rise to vertical mixing. From the measurements of temperature in the downstream side
of the col, it seems that the water was well mixed vertically as compared with those on the

col.

This mixing is considered to have been caused by the unstable lee waves which might

be realized by slow currents on the col as observed here.
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Fig. 1. Bottom topography in Kagoshima Bay.

Cross indicates Sta. B observed in December,
solid circle Sta. A in December, and open circle
the station in August.
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L DRI X » TIRT B A lREMED b 5
EEE 97OV 1 X v, EoOwAKSHILIER
CXORILIOEZET S, —F, EHi L il
WCRBTHITe ZENT X D Wk3gHs,  HAKIE A ME
ENHAEELHD, THICITE OSSN ERER
BEHXRL CABDTRIENNEELBRD, #l
2, BRANOHA, HHEEIRSARED B2
LEAT, BEIAEEL TWD & XITNEEN
HEUEBL, T, AEIDHTBENMEEL Tt~
FOEBMTORLWREELH S, FHic, BEEM
WEAMNITCH S & 21Tt shear A X e TH
B OMPNEL, BEBOMmALBAL ChEs
HUooEMERERIMBL A LEIELONS, b
L, HERPEBFIUE lee wave 23R L C, &0
ORI RLEM VBN REIN LTRSS
5 (B, 1976)P, =Dk 5 felgiRic k 5580
WAHWAHEZDLNED, WATTHDITHEE EC
DFENDRFENED L 50 DTH D% W57
DI, FAHOKE, FEOBGEHULT D
T, TORREYRET S,

2. BAFZEEKICERER

B P BT ALY ML, RED
RELTWSL8HI1E, BAVETLTWS &
Bboh 212 1EOBIAT -7, 8 HosH
I EIRF CREI Y R EL, 12 HINE 2B
A D & KF# Skm B n-88oRHE -
B R 1 BREBA AT -7, 7272 LBATIX
KR EHRIL G BN Ieh -7z (Table 1 £18),
"Dl & RO ER 2 HE i &k
BRINC oM, ZOEB R, REF L.

Table 1. Observations in the present study.

Period of

Sampling
observation Depth

interval
40m 22 sec

~ Current velocity was
Aug. 2-3,1976 54m 22 sec ot available.
67m 26 sec

Sta. A

45 m 22 sec

Dec. 4-7,1976 100 m 22 sec
Sta. B

100 m

Remarks

22 sec Current velocity was
not available.

3. HAFRLIER

D BRISCRT 5 KR $HERE S

8 A 12 OFmRETERE AT B\ TiT 5 7o K,
B8R % Fig. 2 & Fig. 3wwrt, 8o
Ba, REARM 27.1°C, ¥ K 4 75 17.2°C
T, 8X%0.13°C/m oG CHEITHRD L T
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Sl Wz B, KRIZEGD, A EThies
FRRER O KE 200 m OEH T, 100 m PZECLk
15.5°C BoER BT/t - Tz,
12054, BEBolkil A S ToKRIERE N
H60m FTCRERT 60m »HEE (120m)
L THBECED L T b, —F, 8o
B FKZE 160 m O¥E® B AT, ZE»5 80m
FCERE, 80m 2 b 1200m AL, 120m
PIENSRIBEE CEHRC/-> T, A 5E B
MTOEREBT 20m BEOEN S - T, #HE
DBEOHENEANESETEL T B, BED
TEE D S IFIEKBOEL UL T 5D T,
KB 120 m DY ECHEEE O I SE OWg K
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fcEkEzZ bbb,

2) 8 HoyE - KREHEALH

HREEE LT 5 8 HOEHS Eodid, Ko
5 oA (k% Fig. 4 KRT, ZHCk?
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30 35
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- o
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Fig. 2. Vertical profiles of temperature,
salinity and density in August.
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Fig. 3. Vertical profiles of temperature, salinity and density in December.
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Fig. 7. Histogram of current direction in December at Stas. A and B. N indicates the number of data.
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Fig. 11. Power spectra of temperature
fluctuations in December.
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Fig. 12. Power spectra of north-south
component fluctuations in December.
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A Study on the Structure of Fish Schools in Rhodeus ocellatus
and Moroco steindachneri by the Photographic Observation®

Makoto INOUE**, Eiichi HASEGAWA** and Takafumi ARIMOTO**

Abstract: In order to observe the structure of fish school in three dimensions, two cameras
were set above and beside an aquarium of 2.5X1.0X0.5m. Bitterling, Rhodeus ocellatus,
and minnow, Moroco steindachneri were used in the observation. It was necessary to correct
the distance of fish on photography because of the parallax of camera and the refraction of
water. This correction was calculated by the original method, in which the average error
was 3.0 % of the body length of the aimed fish.

The results obtained are as follows: 1) The schooling concentration of bitterling became
close according as the number of individuals increased, whereas the reverse was true of
minnow. 2) The degree of parallel orientation of bitterling was higher than that of minnow,
and it was proportional to the swimming speed in bitterling. 3) The external structure of
schools in both species was similar to their body forms; bitterling is compressiform and

minnow fusiform. 4) When compared at 18.6 and 27.0°C, the schooling concentration of
bitterling became sparse at higher water temperature.
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Fig. 3. Fish school of bittering (R. ocellatus).
Above; from above. Below; from the side.
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Frequency distribution of the distance from fish to their nearest neighbors.
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BAMAL, HATHBNYARN BETLZ L2
BOAATDY %y 2—% V) — X% FHL CH
RRCER & T, ST XTI LT T I YOERN
DEHEDH % Fig. 2 & Fig. 3 xR,

sk, FHEI X DU BITIKOZESICK T
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B L DEBRKE~NA"T 257 =% 4,8, 16
BOBERELLTBL, ThZhoB&0HMH,
TERFTEERE, BEAHBE L, MECHEALEE
FHELOCHE D DE HEOME & EAHERE,
ABDOBENN 24T R, SEOENNIGHC
1208, 16 RoBEI UWHC24RBThD, Lk
MR OKER X 18.6 72\~ L 24. 7°C ¢, HEAD
ELREL 6.2 /L 64em ThH D, KA &
WFRSBEALL2EAENRSL AAFEO - LT, A
HEOETEXA D ER LD, EMERT A
DY H 5 E D b I\ [BE DR & T E A TRl
FE L7 SYMONS® DfHd 50, (RERIERELE
FIIDBRERHE EHELT, ABHEDOIRLIR
& OFERECHIE L7 CULLEN BY 0l 7 Hs,
BT DM E DY S © B EEr L o> TRL
2o BEIHIEZERTA2H1IBYINSEETS
REOURCAKOEREL L FL-EME TE b L
oo YT o BB S, WA, ik
R BEAE s X OB EEFR RIS D\ C oo BRI MRAT F7 1

Table 1.

5 & WITH 8|25 (1979); HLBERELE

DIETER%5,

BALEE Mk L CMBRREEE ORI ER R % Fig. 4
L Fig. 52z, b oXH bIEEK SIS
LHEREBENOETHEIEE D, JREAROEET
HEEHMEAD 5 b s, BEEHL4, 8, 16
EDJFK 0.026, 0.032, 0.051 &7ch, {REREMN
BT 5@ EBEioThb, Tiebb, @EK
DEINEE « DR DFER T INE L TW5 2
Ebnb, BROFIREE 5 L, 0N
HIER T B 4« DRDITE T L D wGFE—ta A4
U, Bhafl L CofFeicd—E L intEs
ETAC i), PTEMENT S 2 bR
HNTHsLicBbhs,

FRII 775 VLT 2 T0BHNEEDH

L33

R X 2BV OSMER X U8 R D4R
BEEBLALLDIC, T7I~YEHANTERL, E
BIoAT 27 dORERE AT,

777 AYOBE, 8RBT ERABCELEE
Lickzn, BEESREOBNZMRELETSZ &
T, OO BIIE 2 BN AR 50
e B eBERER BRI —Ee T, L
7o 2THOEHA 3B L4 BoBh, 5 BEDER,
6 BOEN, THICSRBOEND 4EH /T
TR LT, BEOLMBIIRCS, 7, 08I
58 Ch b, EEAERR15.2°C, gl 0ELEk
Eir 86cm Thoioe

BENERME B O IMC 5 BERRE 2y,
G EANORNDIENY i g Ldfenn Table
1 Thsb, 2OBE, z,v,2 BUIRDO X 5 ITED
Too BT OBEIICH » CHEKT 52 &5
BEH & AT BN O BT WA y B L, BEEE

Relation among the number of fish in a school, the density of

the school and the extention of fish school in three dimensions.

Bitterling (R. ocellatus)

Minnow (M. steindachneri)

Number of fish item 4 8 16 3~4 5 6 7~8
Index of density 0.026 0.032 0. 051 0. 060 0.020 0.031 0.018
X cm 8.3 8.5 9.1 4.7 7.8 8.0 9.6
Y cm 21.6 27.8 41.9 41.1 56.2 52.3 60.5
Z cm 5.2 6.3 5.2 3.2 6.0 4.9 7.2
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Fig. 6. Frequency distribution of the angular deviation from fish to their nearest neighbors.
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O——0O: Bitterling, 8 fish.
®---@®: Minnow, 8 fish.
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Fig. 7. Frequency distribution of the distance from fish to their nearest neighbors.

O——0: Bitterling, 8 fish.
®——@®: Minnow, 8 fish.
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96 5 & HITE HE25 (1979);

=RINGRe o

S

@

A : Horizontal plane with bitterling (4 fish).

/

B: Horizontal plane with bitterling (8 fish).

Fig. 8.

o

A

\\‘b /

Vertical plane with bitterling (4 fish).

B’

S~

Vertical plane with bitterling (8 fish).

Frequency distribution of the nearest neighbors, projected into the horizontal plane

relative to a fish oriented in the direction shown, but with its head at the center of the

(425
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C: Horizontal plane with bitterling (16 fish). C’: Vertical plane with bitterling (16 fiish).

D: Horizontal plane with minnow (8 fish). D’: Vertical plane with minnow (8 fish).

and the vertical plane of symmetry of the fish. The distribution must be imagined
circle. The circle corresponds to a frequency of 20 observations.

(43)
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Fig. 9. Frequency distribution of the angular devi
O~——0: Bitterling (8 fish) at 18.6°C.

®---@: Bitterling (8 fish) at 27.0°C.
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Fig. 10. Frequency distribution of the distance :
from fish to their nearest neighbors. El
O——0O: Bitterling (8 fish) at 18.6°C. 2
®---®: Bitterling (8 fish) at 27.0°C.
ik, 18.6°C @ i & 1% 0.032, 27.0°C 4T
0.027 &, BIR CEENBI -T2,

FEBRC T D RBAEAN O KI5 KT
LD T, x0k40KB & cCEMBZE
(18.6°C: 9.08 mg/l, 27.0°C: 7.86 mg/D) it
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T 13% O DO BARRDBN, AT 27D
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ation from fish to their nearest neighbors.
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Fig. 11. Relation between the swimming speed

and the angular deviation from fish to their
nearest neighbors.

O---0: Bitterling (8 fish), average body
length 6.5 cm.

Bitterling (8 fish), average body
length 5.2 cm.
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Fig. 12.

Frequency distribution of the angular deviation from fish to their nearest neighbors.

O——0O: Bitterling; all fish are male.

Bitterling; female : male=4 : 4.
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Fig. 13. Frequency distribution of the distance

from fish to their nearest neighbors.
O——0O: Bitterling; all fish are male.
@---®: Bitterling; female : male=4: 4.
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102 5 & B1T% H25 (1979): HILEEFLE
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Fig. 14. Diagram of correcting Z and Y by the
photo as taken from the side (a) and above (b).
CA: Camera.
O A: Optical axis.
P H: Photograph.
L F: Leading fish.
F F: Following fish.
P F: Position of following fish on a photo.
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Fig. 15, Diagram for correcting the influence
of refraction.

(48)



BB EDCFIHE & = DT 103

(S—=z) cos 04y sin =0 (3)

LUPTREYR QP #ELIER PPA Eo
& (z,y) T TI,

(S+0S—x) cos (04+00)+y sin (0+d0)=0.
ER/S=2E

(S+06S—x)cos 8—sin 0 68)
+y(sin 04-cos 6 00)=0. (4)

FAMITERROIT R A’ »HRD X 5 R D0,
A" DEEIR (D), (D ¥ARKCIHET 2 2,y T
W% AL S TS &,

0
x:S—%;sin 0cos b, y= ———S—vcoszﬂ (5)

o0
oS dp oS cos .
80 80 op ncosphsec‘o
:ﬁ cossﬂ _ hcosﬁ(l_sinzﬁ)—.a/z 6)
n cos®p n n

@, 6 % B KAns L,

1920\ —3/2
x:f<1—¥%>mﬁ0(y-$iﬁ> <P
n n

n

sin%d >j3/2 (8)

h
y=—— cos?d (l— -
&) DEETKK () O FEEEZTFRIOME I
HHIIHICRZ DB,
R A 0 DRDFTTH D, I AT DN ED
bRk coERY 9, KE DI 27 FTOHE
WEr c L95 L,

Y

tan 0 = ————
t+(—y)

p={t+(—y}tanl.
@ xv

120 \—3/2
77={z'+%cos30<1—51220> }tanﬂ. 9

@ Ry, AXEEND, 7, n ZFERHE L L TR
dhi, #F 0BT FERERD, &EED
A 0 R B, (7)) RBEMED v
HHWETHZ ENTE S, REhHAHMEEE vy Ehs
DI TAT o L T5E, x WHHNOWME R v &
MO EMNT S tan o THPTE 5,

R QBRI R fk 4 O F TR A,
FHEEE %L, ERROFETHIE LB L&A
Lo b, EHTLEED3.0% OEE L7,

X Bk

1) CULLEN, J.M., E. SHAW and H.A. BALDWIN
(1965): Methods for measuring the three di-
mensional structure of fish schools. Anim. Be-
hav., 13: 534-543.

2) Symons, P.E.K. (1971): Spacing and density
in schooling threespine sticklebacks and mum-
michog. J. Fish. Res. Bd. Canada, 28: 999-1004.

3) SyMons, P.E.K. (1971): Estimating distances
between fish schooling in an aquarium. J. Fish.
Res. Bd. Canada, 28: 1805-1806.

4) BREERR, F& W, 5F KR 1965): AFHYF,
L% EEHLEABGER), p. 26-27.

5) McFARLAND, W.M. and S.A. Moss (1967):
Internal behavior in fish schools. Science, 156:
260-262.

6) BAINBRIDGE, R. (1958): The speed of swim-
ming of fish as related to size and to the fre-
quency and amplitude of tail beat. J. exp. Biol.,
35: 109-155.

7 HE E, BALRX (1975): AROBFEFHRKITIC
BT HHEBHBEORE. HKE, 41: 1919-1227.

8) E@EFM, wlLFE— (1976): /N7 & F T OEFET
. AEARE, 17 85-90.

9) VAN OrsT, J.C. and J.R. HUNTER (1970):
Some aspects of the organization of fish schools.
J. Fish. Res. Bd. Canada, 27: 1225-1238.

10) BEEE—, (LARFK, thdE @& (1967): HEYE
¥y, k& FHIR GER). p. 353-354.

(499



La mer (Bulletin de la Société franco-japonaise d’océanographie)

Tome 17, N° 2, pp. 104 a 105, Mai 1979

TRHEZZDO 7 7 ARE

Nomination de M. Prof. Y. UNO au
Chevalier dans ’Ordre des Palmes Académiques

HILEEF L IRBERAKEAFERTHEEE -
&, 442 AUAHRESBEERGD 7 7 ¥ 2 KEEE
THBE Y EE V2 7 Y £ Ordre des Palmes
Académiques au grade de Chevalier ZEH7 7 VA
KFvA « F=Y B bBEEINE L,

VE4E10 8 14 B A CREA B A2 R HEERE 28
UT, COWESEL0RAMRGD, HFOZHEOMEIL
2T, YHZOXREREZbRZLDTT,
CWEAELLA2TEAEEH 7 5 Y AREOBAEICL S L,
T OMBOBAR, FECEYBENDT TV ARTE
BRI N HBOENNTE L RBD bhicfed T,
EEFHIEAE L b4 H ¥ CHRFEKEAEMEMER,
il e AN =PI 15 A= Vit 2~ G-I g
bR, 75 vADE  ICKBERFETIICH BDAM & &
BRLT, 737 vAKERHORECESFIh &L
HAETHEVHEY S L RERICES B D £ 2
Ao

BERYAR, WETOMLLY, FLENHEVEED
A LTREBLWIRCEER, LY a Y FX—VE
Eh O (LY AREAARERF LR LD ZHOR
HEORET ST, MR BT =S —BREP AT
BEORWEED ¥ L,

Fe YL KR, HBAREOMT, KEERO XS LH
HWAEONE L, ETH¥ELRASNLDD, KEH
READZRKOWEEEL T, SHE TOHBIFED
DN TOHRZE 7 5 VAL DBV EXHERIh
¥ U, FHHREOWHERFHE O BRI ES R
WEHiR 5 2 b D TT,

THILBEFSHEBREL LT, 775 VA2 bOHER
g R ENEERT € v £ — (CNEXO) $25\WikE
TESEYPER (INRA) »bOEMROMHAZANR
S OF bR - 12D T, AADKE
PR ROBERORBEERAS D LT, BIMER
BHOREICS - & SFRMLRRAELET O E L,

THAOHBREEEMEEBPRMEMbLT 77 v
ACEONAEZ L SBIFOIEL LTRBRERA, 7

5 v AR B R ERKAROETR L LTHADH
FRYELBET L DICBEHAEERFHBANDERD
HhEELENRERATLR,

MFHEZE A MEOEHN TRELELEINE L,
FOWELKIZEVE RBEERAN, ZOHERESE
D w7 7V ABENEZEDHREIBXERDTED
NE4, SO TCHRICBELETFTIVOR, FEE2A Ly
FECHAN A RILER Y vR Yy Ak BAREEE L
LCUIRICERS A2 TL D SORBORIFHE
2w/ o OBFET LR, COEERZALmECE - T
EhBbItbEERILTLE,

[ O BRBYHEAELICLD, 75 vV ABFFRZ
OB IR EL BT 2ERD TR, 77 VR
Dol bERLERAO-ANCENHELERLET,

IFHEHZ, 775 Y AEBROLENT, Rt
ThiBECLy, BRCHBEDHHE Y 2V 7 ) 1H
HED 9

Bl X HAS 0 DETRURD X S IBRBbIE L,

TEEH 7 7 v ZKRENMA « F—Y 2T, Fidiiln
T EENOHEDHEEY .V r ) TEERY, WO
HicFLET, AHOZECIHR LB ¥ LaRER
TR NCBBREAICESBILEL EFE5,

[RL2KEY L BEEOANT CEEE XL EE
LEOWRITIEDIROZ L THDEST, ThnbdHE
T, BE» S E L OKER¥EELH AR 5 &R,
HAN D HFEED TE L OMEEINEILT 5 DI
LELEM, ThLDOZRERAL T, {LAMEOKER
EEMORXBICWIINFEAERLTEEZDHDTHD
ES N

DR L  C#HEREOHE CHEEDKERFEZ I
RN RRRRL 2T, &5V IIHEFELY R
INBL3AhELRLEIER, S LILEEERIRE
PEEALK B DETRIE, ThEEERLVWIERDDE
A

TR AROSELIFHE LT, (LEHEEOHEEL
IHICRERERCLY, BEEVRFEORYFMCD

(505



FEHEHZOT7 7 v AE 105

WTC DRI FIEL ED D diT, SHhe d—BOK
NEBHET LB, FREIELQBEED TXEY
BEOWRLET, AHRBRICEE> 20 Lk

BWERANHORLBEAT, KEXELXRCD—FY »
YRYDOMEEL, REBER-EED LD Lk,

e BN SEBARBELER L I UDRARL
DHRBEICLD, B2 AI5HY FHEBRELY BSTEEL T
BEUOEabbVE Lk, BIEREFUKEREREL KR
ERELRO7 5 v 2 ABENEREE S =z v Uy

2—-REZRUDOL 2 OEBMEBRIOPWFERL EE
RO+ 2R OTBD THERTLR,

HALE AR SR AIN LIR20ER R T, Whin I BEY
W2 LEDELTWETH, ZOHEMCEAEDR LN
HBEEMPSEL KEMEEOWAE T7 5 v 205 OREY
FB2REFHALL LD ES, COZEREDBRE
XTEELOFHNERNICEL FizhicZ & Th -
T, 2LR0REL L THZAEDOEY THY 7,

(B



¥ = &K ¥

1. WG4 2 A5 H, REAKERFLCEWT, REX 4) PR #1255
BA&BEI, 5) WFFEEA b 28(1.2)
2. HAMIS44E 3 A30H, HEAKERFELREWT, REZL 6) HEF MR RERGREUNMREE
B&nBani, LA RAEREE BMs3EE
3. FALER HY I ” ”
_ 7 REANEESEHNEREE FEFIS2FEE
K& 7 B s §) Wk BEEHTIEEN 10(8)
BAR B EKK - fEAERR MH = 9) BAERBEAREHE 1
R A= mRLEKERRE e KEx 10) R 3IMMEBRHEEY v E Yy LAHESE 19785
4. XBOEFT - BBEOERE (BHEEL Z08IF)
B - 11) ¥ErErEYeph I kil O Lt ge £ 15
K % B, BT 19) SEEEEE - . — = 3 4 g%
N ¥ B l&iAR3-2-23 13) MFBHEKSKEHER No. 196, 197
I v e B =R T 14) HAMBFRRUE 60 B
=EERRG TREX—E2-3-1 (hFEREE L) 15) WKXUKEERTFEAT WIS 281, 2)
FA B A AT 3-10 16) 7 2IC BT 30k | 1950~ 197845
(LHEH 2 € 6 1) By Y —XNo.15
OB OB A EE¥XHE2-15-1 17) BRGHASE T 38 42 B
H=—ng V1025 18) HRMEARFILE WIEFHED ® 125
" m T i BAWHF 1,000 19) WM RFmEFHRREE 9%
g K FHa e 20) oL E o039 B
ol oH O EREWET1-21-30 2D #it w8 %59 =
BER B REHRTCFEE 22) BuEaRER FXRTITYHS  HRSUEE
X OE OB B hERXEH1-15-1 23) Science et Péche N° 282~285
A - WEEERE 24) Bulletin d’Information N° 121, 122
5. XHRROCFHEXE 25) Bulletin de I’Institut de Geologie
1) [EEHILGSH No. 72 de Bassin d’ Aquitaina N° 24
2) EEiEE %322, 3238 26) CSK NEWSLETTER No. 53
3) BALFEHR, RYEEATE £ 1H 27) JODC = 2—*% No. 18
M B B

EAEEYOITE, £H, FECHATIEELABEAN
19804 5 § 5 ~10H, {AE Concarneau T, {AMFHEEVBERGATMOE 1 H EEEYOITE, A48,
HHICBIT 5 E4# ] (First International Conference on the Behavior of Marine Animals, Ecology
and Pollution) ZPEINZ T, THILOWTOMM AL, SCHHE M E B R E b A5
WLET,

82>



Bl
#
]
B

O

BILEBFZREEA
B 2= Jdoy v
VryypJemS— TLIVA FFUF
— Nt TS5
HEE (v n¥—Ya
B EaklEx
& B BAE, WEHNA
EHE A=, T &, kH
BRE =W
E%FE HEALH
= A% W bk £ SHF
JNEHE #, SHT, SHhE—, 14,
MERR—, EAREE, MREEH, SARIE,
EEE=, THRSE, RERT, BERA,
ERIES, WE A/, UkE=, RER3E,
Hheh U 2 B
F ARE B ARFA
A HiER SAFE KL %, FESRE,

WA =R, ISR, HEER B W,
AIEA, WRER, B X SN 8,
NLEE, BEFAN, ETHE, SHEE,
FH#ER, FF %, KAEX, hE#ESE,
KT, RIERARAR, R
IERE—, Ao B JIEHEER, IR AR,

fafe & L % K KX & &
HR&LEAEEERGL ARE
R A—vy v 2V
iz V= s N N -
A oE A ER KR
L ST v P T
HReH WHEMHREE 2~
ENEBEA W VB EHE S
WOE KR T EKRRSH
[V R W 7 - VI o
SR AL OB R R &

th FE =
EHHEEERNS
HFARABAEKRRN2®
a4 X - WEEREE AR
O &%k XN &

o

R TERITC

8

Vv TNYIL

B, HTHH,

(Ca o =1lD)

B, Rk,

A > 107

i
W

NFER, JIRE %, fRERS, HhE—,
BVED, M OE BRFEE ARE &
BABEE, MRBEE, MMk B, NMUEE,
PZE/UR, e %E—, AWITE, EETHE,
WATRES, 4 REHE eRER,
BT, SeHER, TR, ERKRKER,
S B U8, 2RER SATE,

E RTRE=, BEEE B% E A0

HMEE, B #, X, ©THESE,
SFARBE, BNEH, BKEEE BE&D,
RIHETRE, hEREALKE OE, kE &,
REMT, FRERT, IR B BRI
WA, BN E, RREB, $85A,
MOE, FHHE, BES R, FEET,
CRIRCCHE, R 7R, WEAME W OFHE,
BB, BNELR BERE, BE B,
WiEE—, AEE=, =EEE =F5E,
BFTE, R, RECHE, TH L,
RIIEE, RERZE, RO ©HF F,
BI=ER, LB B, L2 B, b —EF,
e —, SHZER, EUH—
(EHFIRD

TN T2 TTVA, VT UIT

4, BYz » R H

2 B &2 B

ERHTREXERET 1-1-2 =3
HRHTRERAEL 1-2-1 Bher

FEBETREAXWEHETRET 11-2 F1ELcL
FHEHTRER M 2-3

AT PET 3-4-3

AR AL 5-5-16

FEEERIRR 1-9-1

TOREER G 3-1-10 AgEe v
REBTRARMHEEART 1-21 LFEey
REAMEEXHERA 4-24-1
HAEMILF)IRRE 1-342
HRMX AR AR 6-15-10 AR
FHEATRERMBE 1-16-8

HAMEREE 5-23-7 =%
HAHWERMER L 2-2-8 DF v

AT HAT 1079

(53)



108 D & BTk H25 (1979); B{AEEELE
FHARRBEKR L R MMHAXE)] 3-14-5

HR At B R B K MRS RIX B RLET 1506

HEEZR T ERRS REMTREXEET 5

mRXEH E R A R R EAR 3-1-15 A% eov
REBESEGHE—T KR e FLUEPRXAABREN 2-6 LR

"R e EH B = AL R ER 1-8-9

hOJIBS AR T 2o R 4 A T TR ER I EAET 2-2-2 =i e
R A& HE S+ v 7 TOREEXVORAT 1-2-7 SBITERI =

HAT 7735 v/ #a 4 MZR N BJEARTIR K 2229-4

HOA W % EEKA S HEMHEREHE 2-6-1 FEAR eV

BAF P ®y FER & FUAIER TR 2-1-13 FFst e o
BEHEA B K B EGA HREIXZAR 3-1-22 W

AR v2ay 7Y — ket R R B ARGAGH 1-4

B v~ YR et WEIBTFREXMEEE 1-9-1 KEH e 85
B H & HAMHFERMA 3-9 XPZeLr BREHEFFroet—0 50
3 H i3 FURESTLRX MW 1-3-25 BALd i &T i
77 v ZAMER R & AT RERMENIE 3-20-2 88w
HOEFOE K & R & i HEEBMPREAEM 4-5 BEhner

hooX % R A& FFUBH R K H ARG KB 2-1-1

=B RN RER S REETREREYH 3-2-5 E7 L 3002 B
S VN [ HEHAPRELBEE 3-3-5 hblEen ) AHED
HqOH O & 8 fF At FEILXPE 7 B 1-14

R &R o® & TS T (O X i EBAlT 1-10-4

Lz N e U U S AW AR 1-7-17

(54)



Exploiting the Ocean by... T s K
| m |

OCEANOGRAPHIC
INSTRUMENTS

REPRESENTATIVE GROUPS OF INSTRUMENTS AND SYSTEMS
F4ARY by TAVE 1 —2Z#AAT

HLWA—7IL STD v XAF A

¥ B @UFTILYALICHESZZE

cHEF— 20 CRTIZ X AF Y ZNVER

HEF—2DCRTIZLABT 77 4 v 7FER

cCRTOFRREF) Va2 —-12LYar—% L3

sy TS IET 2R T D

@hEy PF—7OREBICKDHXSDZ &

« A5 — 4 %Y 6, Dosat, HHEDHEM

cHF—s %Sy A—IZHIIT B

BT —42%CRT, 7o0.v 4%, 7)) Vﬂfiiﬁjﬁ@x?ﬁ)

e BOBOOK OB

1506 Tsurumi-cho, Tsurumi-ku, Yokohama, Japan T230 TEL; 045-521-5252
CABLE ADDRESS; TSURUMISEIKI Yokohama, TELEX; 3823750 TSKJPN J

OVERSEAS FACTORY ; Seoul KOREA ,
IWAMIYA INSTRUMENTATION LABORATORY




<7 B

AFLERHSERICERE L, PO LR
ERAR TR & [BIREICHIER T 5 71
~RZ B D FUERECHI20 H H 0 Fe sk 2 HX
SEAHKE T, (B LHELEIZ205E 12
3 [ O HFNE & SR 1320555 1T
~[El, iz rs s 7RI LE T H»
R AT IE R I B 2 D TR & 2
TEY 3,

(4+48)

TORTEA,B,C=EM—HICh-TEY
A (553%%) """""" Im/sec VR
B(‘#‘?ﬁﬁﬁ) ......... 2m/sec LT E+
(62 €7::3579: DECIIIRERE 3m/sec °

PR — (LIR B BEEE (3594cm/secTT .

P ER IE 3T RN Ok & B

— v Rk E R

— A B ke @ 2
AN S W = O i -
1= KoHL F
o B &+ E
M RXNAKfH X T
Z o BRI EE A A

'lﬁﬁﬂ:l ﬁlﬁ_ﬁA*i RS EXEN 4 THURm 1 &
A = V<~ TEL (952) 1376ft% T171




KEHNUCTIVFISAJJDKMMIHKBMUDEHJGQIBMKSFV

WAKDOWEAREDOERER & LT, BRCEHD
bhHA—~1t 57601 MK Tl OmBEET, /0
B E - R EEELSETT, B
KEW LT D, vAULRESRIE XD REHR
v L - 2~ L HBRC YR DIE
T MBI A - X~ L DERSRET,

HERFE  0~51% S

& OE 0.0004%S

B x0.003%S

kKB #55cc

& | AC 100V 50~60 Hz

HHEESH &K 2BW

S B 52(18) x43.5(E) X 21(BFT)em

s £ & H
GEERRER - AR - @R -
RAK®E - BER - Eaa -
K gt - Wl - ST -
BRSO A B E

B =
o BERET A BV EFT
HEBVBXRERRKRMEAELIODTD LT
TEL (811) 0044 (&%) & 113

22 b S8 A5 B4 PR
EiN L OERHIHEXAAKR2 —13—1 ——
dOBE o & B - koAb Ju M




{ﬁﬁmﬁ%ﬁﬁ
TS HOL T I e

CukEﬁ%EE-:f5¢/7l~yE§ﬁEE%a
RE - 8w - B - KB -IEEL-
HBIRFOBE (BRI TIR)

BIRIFE7EX AP Ialb—a>

@ BEMF - H'E - HE - HEDE

- KIERE - BHIFIEANE

@ = FEKEE 9'1%’!‘*‘\:“**:!:

E S F M RCCHE VE LT 5 — 23— 7 ) T 03(432)2971~ 5
K BR X E K h}& W KIS K B T h‘ —6 — 2 (%} L) E06(353)0858-7020
P =] H 3% AT P KR 3732!, orEATE L) €2093(321)8 8 2 4
fill 2 AT Ll 2 — 8 —15CAM R dr i e L) T0222(27)9 3 5 5
FLOR 3BT ALBU DRI W2-8-5( 7L 2 T R L) 2011(251)3 7 4 7

v &S SHMBHRREI

. R
SHTEETE TS
mﬁ@ﬁﬂﬁ%




%%@DD% 1D§E® 'S :/ '\
aqua-iung-

ltaly. Australia. U.S.A.

BA7o75>9 BRait

A - ER A RRAICEX HEAT2-4-7 (B 2 B L) T168  TEL.(03)313-8441
A4t BEXH I RFHEMEZEQE2THIS-6 T652 TEL.(078)681-32014Y)

A OM X #:EEHPREBITHEI-S T8I0 TEL.(092)741-8907-75(-0715

R B % R METPXYERS- 129 T232 TEL.(045)231- 3021

LEEEEF RHEWHEXKLIREI- 14 T461 TEL.(052)95- 501640

K BR E ¥ T ARHEXAFKEITHS-3  T550 TEL.(06)582-5604¢%)

H O3k B D EARTHIRMEETA T B36- 9(EILFEAEA) T760 TEL.(0878)51-8853

PSLZEARCEVWTIINHATRHEBESSBLT k\é@]?"ﬁ’]ﬁ?‘”f?’
Z4$% Taqua-lung, 3B S H494871S BIEESE 7o T7 50, BRES 4948785

Va4
fﬁ#

WA E TR T243 WZRJIREATIRK 2229-4 TEL 0462-47-3222]




iz}
i<}

22

EM ¥ 950
it E B 4« K B &
¥ T B B 1L E ¥ £

BtEAEA HALL 8
ERBTREARWHEAE2-3

B EFE F 5:1 01

T O :03(291)1141
BREES HRI6503
BRI # i i 57 =
El Rl Br ¥ Of H Rl #

FHEBXREAE:A 6-15-10
B E % B:11 3
T O : 03(941)6500

—
L]

<D




B 17% B25

=] R
B =
Moiré OFEIC L % Capillary Wave DFIFE «rovrrrrerrr LY, BB A=RE 55
VEEEHE AR D A HE 36 L MR TR JR T 3 B BRI v vverrevmerereee e e SOkl 62
BAEBERC K Z2HELD, (EECERIE S L OFEBEDOMITILIE o Ak fEHE 65
MR RIC 31T DWMEMER & PEB R G DML R Ak EE T
EABICRT DRI E D HHEMRY (HISL) e SANFRAE, BIERZSER 78
B VR BB LI 35 0 B E DY OB, I ZETHIT DU Tovevovenenrscsssss st A 83
NTEAFTRIPT T IATOBENEEDEFHNHEL CDMHT e HL % EHINE—, FREX 9
¥ o)

FEFEHIZD T T o/ B v erenn e e e 104
M—%gag .................................................................................................................................... 106
Tome 17 N° 2
SOMMAIRE

Notes originales
Measurement of Capillary Wave by the Moiré Method (in Japanese)
..................................................................... Harumitsu TAKAYAMA and Tomosaburo ABE 55
Examinations of the Isolation and the Stock Culture of Marine Ciliated
Protozoa (m Japanese) ................................................................................. Tsuneo KUME 62
Interactions between a Marine Ciliate, a Heterotrophic Bacterium and
a Diatom in Mixed Batch Cultures (in Japanese) -« -rrorrreremmirren. Tsuneo KUME 65
Interrelationship of a Marine Ciliate and a Marine Heterotrophic
Bacterium in Continuous Culture Systems (in Japanese) -c-erreerersevmeinein. Tsuneo KUME 71

Seiche Motions Induced by Wind in the Ushigomebori Moat---Akio YANAI and Tomosaburao ABE 78
Characteristics of the Currents over and near the Submarine Col
at the Mouth of Kagoshima Bay, Particularly Short Period
Fluctuation of the Currents (in Japapese) -:---reeroremrrmmn, Masahito SAKURAI 83
A Study on the Structure of Fish Schools in Rhodeus ocellatus and
Moroco steindachneri by the Photographic Observation (in Japanese)
------------------------------------------------ Makoto INOUE, Eiichi HASEGAWA and Takafumi ARIMOTO 91
Miscellanées
Nomination de M. Prof. Y. UNO au Chevalier dans ’Ordre des Palmes Académiques -:---ereeeer 104

PrOCRS-VErDAX cvverererrerarntenatatatrimit ettt ittt ettt ettt aa et re st e e e r e a e e i a i e e e tas 106



