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On Acoustic Analogy for Oscillations in Harbours and Bays*

Shigehisa NAKAMURA**

Abstract: An acoustic model is introduced to solve the problems concerned with oscillations
in harbours and bays. At first, a theoretical consideration is given to the acoustic analogy
of water waves. By the use of the electronic equipments, an uniform acoustic field is
prepared and assured in order to find out the frequency characteristics of amplification factor
in models of harbour and bay. The experimental results of the acoustic models for Longbeach
Harbour, California, U.S.A. and for a rectangular harbour are compared to the results of
the hydraulic and theoretical models presented by LEE (1971) and by HWANG and Tuck (1970)
to find a good correspondency in the amplification factor. The necessary and limiting
conditions are also considered for the acoustic models to clarify that the acoustic analogy is

useful for solving the problems of oscillations in narrow-mouthed harbours and bays.

1. Introduction

There have been many experimental studies
on water waves by the use of water tank.
Especially, the problems on oscillations in
harbours and bays have been mainly solved by
hydraulic and numerical simulations. The
author introduces an acoustic model in this
article to solve the problems concerning to
oscillations in harbours and bays. The acoustic
model make ease to solve the problem in a
short time with low cost.

An idea of the acoustic model for water wave
in coastal zones was proposed by MORROW (1963)
and applied in practice for a wave resonator
at the entrance of a harbour model by JAMES
(1968). SHAW rnd PARVULESCU (1971) have
developed also their acoustic model for water
waves. The author have learned the previous
acoustic models to assure whether or not the
acoustic model is useful in the study of oscil-
lations in harbours and bays. This article in-
cludes the theoretical back-ground of acoustic
analogy and acoustic model experiment.

2. Analogy

Wave on the water surface is one of the
surface wave or a wave propagating on an
interface of the water and the air, on the other

* Received May 30, 1977
** Disaster Prevention Research Institute, Kyoto
University, Uji, Kyoto 611, Japan

hand, the acoustic wave propagates in the
medium as a wave of condensation and rare-
faction. The water wave is physically different
from the acoustic wave. Although, both of
the two waves is similar to each other pheno-
menologically. And the basic equations govern-
ing the two waves are quite similar or same
to each other in form under some given con-
ditions. These similarities give a base that an
acoustic model is useful in solving the pro-
blems of oscillations in harbours and bays. A
consideration and conditions are introduced as
follows (cf. NAKAMURA and KOGE, 1977).
When an acoustic field is composed of a gas
(for example, air), the equation of state should
also be introduced as well as the equations of
motion and continuity. For a convenience of
the consideration in this article, an isothermal
process is considered in the acoustic field to
hold the Boyle-Charles’ low. In practice, it
might be prefer that the acoustic field is kept
in higher temperature so as that the gas acts
as an idealized gas. And, it is necessary that
the amplitude of acoustic pressure ps is suf-
ficiently small compared with the mean pressure
of the gas po in the acoustic field, i.e., the
amplitude of the density variation caused by
the acoustic wave is sufficiently smaller than
the mean density of the gas, in order to hold
the similarity phenomenologically and theoreti-
cally. Another extreme example of the water

1)
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wave is a breaker which corresponds to a
shock wave in acoustics. This should be solved
considering energy balance, under a consider-
ation of an adiabatic process to hold an analogy
between them, though the breaker is not in-
cluded in this article. As a necessary condition,
uniformity and homogeneity of the acoustic
field are considered which correspond to those
of the water wave field. Adding to that, it is
necessary to remark that the water waves are
two dimensional so that a two dimensional
analogy of acoustic model should be established
in advance. That is to say, a thin layer of the
acoustic field bounded by two solid wall might
be taken to simulate the water wave field.
Acoustic theory suggests that the layer of the
acoustic field is as thin as possible in order to
obtain an accurate acoustic analogy of the water
wave.

Now, giving suffices w and s for the notations
concerning to the water wave and the acoustic
wave respectively, the equations of motion for
the two fields are described as follows,

dvy 1
= w w! wVw w
7 o grad pu+V (Wl wbw) (1)
dvs 1
E—— —E grab Ps +Vs(Ussts) ( 2 )

where the notations v, p, p and v are velocity,
pressure, density, radial vector and kinetic
viscosity respectively. And

d 0 0 0

E:7t+u—a; —1—"0@
_8 ., 3
0x oy
v=(u, v)

The co-ordinate O-zy is chosen to correspond
to the surface of the water wave so as that the
acoustic analogy ratios of length and time are
introduced.

Xe=riXw, Ys=riYw, ts=ritw (3)

where 7, and 7, mean proportional constants
for length and time respectively as the acoustic
analogy ratios. Using the relations in (3), the
analogy ratio of velocity is described as follows

wee(B)(E) o

And, the pressure gradient terms in the
equations (1) and (2) lead to obtain the follow-
ing relations

Ps=7pPw, Ps=TpPw (5)

where 7, and r, are proportional constants
respectively. The viscous effect in the field is
assumed to be negligible in this article.

As for the vertical velocity of the water
surface,

og

Ot

which corresponds to the equation of continuity

in the acoustic field,

Dops _ 00s
Dt,  0ts

+U&'Vsps:0

As for the isothermal process of the gas, the
pressure p, is proportional to the density, so
that the above equation of continuity in the
acoustic field in term of the density ps is re-
written in term of the pressure ps.
@i“*'vs‘VsPs:O (7)
Ots
Therefore, the elevation of the water level { in
(6) corresponds to the amplitude of the acoustic
pressure p; in (7) formally. In order to es-
tablish the relation between { and p; it is useful
to introduce a ratio 7¢ as follows:

ps=r¢-L (8)

If the relations p=po+ps and H=h+{ (h is
the mean depth) are given a priori, we have

(pot+p)=ri(h+0) 9>
then, we have
po=reoh (10)

Refering to the relations (8) and (10), we can
find that the exact acoustic analogy is established
when ({/h)=(ps/po). Nevertheless, actually it
is scarecely possible to have the above relation

C2)
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in the acoustic field with the mean pressure of
1l atm. and the temperature of 15°C of the
medium and in the wave field with the wave
basin of 10 cm depth. Usually the ratio ({/A)
is larger than the ratio (ps/po). This fact shows
a limit of reliability in the acoustic analogy of
And this limit will be relaxed by
an approximation through an acoustic model
experiment.

water waves.

3. Uniform acoustic field

An effort has been focused to produce an
uniform acoustic field in order to carry out a
model experiment of oscillations in harbours
and bays in acoustic analogy.

(1) Conditions for an accoustic model

experiment

The merit of an acoustic model for water
waves is to make ease to obtain a result in a
certain accuracy. When the acoustic frequency
band for the experiment is selected to be in an
audible frequency band of acoustic waves, the
generator of acoustic waves consists of a loud-
speaker of 10 cm in radius which is driven by
a commercial power amplifier and some in-
expensive microphone of capacitance type can

Generator

(Amplifier H Recorder J

Wave Wi
Ggr‘{erutor cveGuu e
Hydrauric
Mode!’
Wave Basin
(0)
Low Frequenc
Oscil gfor 4
’ Amplifier Recorder |
Amplifier
"—I——j Synchroscope
Microphone
Digital
Volt~Meter
(Acoustic
Model
Auditorium
- Acoustic_Absorber ]
(b)

Fig. 1. Block diagram of experiments in
hydraulic and acoustic models

be installed in the walls or ceil of the acoustic
model to measure the pressure at numerous
points of interest. Then, we can make ease
to carry out an effective experiment in a short
time with a little labour and low cost. The
acoustic model is so inexpensive that this may
be introduced for a preliminary test of designing
in relation to oscillations in harbours and bays.

(2) Equipments and facilities

The facilities of an acoustic model and a
hydraulic model are compared each other, for
example, as shown in Fig. 1. In this case, a
space of 0.8 m high, 1.0 m wide and 2.0 m long
is prepared for an acoustic field confined by
the walls of uretan-foam rubber sheet (10cm
thick). A loudspeaker is located at S in Fig. 2.
The frequency of the acoustic wave is selected
by a low frequency oscillator. And the sinu-
soidal signals from the oscillator are amplified
and lead to emit at the loudspeaker. The
signals detected by the microphones are ampli-
fied to lead to a recording system. Reading
on a digital voltmeter and monitoring by a
synchroscope are also utilized.

0.lm 0.lm
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Fig. 2. Acoustic field: S is a loudspeaker and M
is an acoustic harbour or bay model
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(8) Uniform acoustic field for the experiment

In order to prepare an uniform acoustic field,
what is the characteristics of the acoustic waves
is studied. 1) At first, the intensity of the
signal picked up by the microphone is observed
as a function of the distance from the loud-
speaker. When the out-put of the loudspeaker
is constant, the in-put signal picked up by the
microphone decreases with the distance from
the loudspeaker as we have learned in the
theory of sound, As shown in Fig. 3, we can
see that a uniform field is formed in front of
the loudspeaker between 1.6 and 1.9 m in dis-

f=5 KHz

00

Eeff(mV)

50

X(m)
Fig. 3.
function of distance from loudspeaker

Intensity of acoustic wave as a

X=180cm Eeff

£25 KHz
s

8 ©° 8

o [e] 8 1.0 [e]

le) O
tos 0

50 —40 =30 20 A0 O 10 20 30 40 50

Y cmy

Fig. 4. Lateral uniformity of acoustic field
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tance, which was also suggested by a potential
theory of sound propagation from a point
source. 2) And the intensity of the signal from
the loudspeaker is proved to be proportional to
the signal picked up by the microphone. 3)
Lateral uniformity of the acoustic field is found
by a simple experiment as shown in Fig. 4.
4) Frequency characteristics of the loudspeaker-
microphone system in the acoustic field is
checked and calibrated. 5) Emission of a
sinusoidal sound from the loudspeaker results
in the generation of a sinusoidal acoustic wave
with different wave height.

Adding to that, an acoustic model for oscil-
lations in harbours and bays requires the
condition that the acoustic field is uniform and
homogeneous, so that the above results should
be refered through the acoustic model experi-
ment.

4. Acoustic model

The purpose of this article is to clarify whether
an acoustic analogy for oscillations in harbours
and bays is possible as it has been for the
hydraulic similarity. The author has tried to
find out how accurate the acoustic model in
reproducing by an comparison of an acoustic
model of Longbeach Harbour (California, U.S.
A.) and of a rectangular harbour, the theoreti-
cal oscillations of the harbours and their hy-
draulic experiments presented by LEE and
RAICHLEN (1971), by LEE (1971) and by HWANG
and Tuck (1970). The dimension of the
acoustic model of Longbeach Harbour is taken
as shown in Fig. 5, that is, the acoustic model
of Longbeach Harbour is cut out of five acry-
lite plates of 1 m wide, 0.2m long and 0.5cm
thick. The acoustic model is 1/3.99 of Lee’s
hydraulic model and is 1/18753 of the proto
type in scale.

In the acoustic harbour model, the acoustic
wave length L, is determined by the given

d=1.4cm

Fig. 5. Acoustic model of Longbeach Harbour
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velocity of the sound ¢; and the acoustic frequen-
cy fs (or the acoustic period T%) as follows:

Lg:Cs'T['S:cS/fS (J-l)

where the velocity of the sound ¢; in m/sec is
a function of the air temperature 7°C, i.e.,

¢;=331.0+0.67 (12)

On the other hand, water waves in the basin
are approximated and assumed to be long wave
and

cw= vVgh ¢R)!

to reduce the wave length L, by the use of
¢w for the given water depth 2 and the given
period Ty or the given frequency fw. And then,

L, ("S'Zi

() (B
L= Lw - CwTw - Cw ’[vw )’— et
(14

where re=7r, and rr=r.

Now, assume A=30cm to obtain c,=172.8
cm/sec for the hydraulic model and 7=15°C
th obtain ¢;=340 m/sec for the acoustic model,
then, we have the constant

re=196.7

The scale of the length for Longbeach Harbour
is taken to be

r.=1/3.99

And we obtain the following value, i.e.,

rr= 1t =1/784.8=1/r, (15)

Te

When the nondimensional wave number of the
acoustic model corresponds to that of the
hydraulic model, the relation should hold

kwaw = ksas (16>
And then,

2nr, 2T rary
—r= o n
rL e
The existing acoustic waves emitted by the
loudspeaker propagate in the three dimensional

(

AN

space to form a spherical front. What is the
best way to get an acoustic analogy? There
should be sveral barriers to overcome through
the acoustic mode! experiment. The height of
the acoustic harbour model, 7.e., the distance
between the ceiling and the bottom in the
acoustic model is taken as a variable parameter
b. The height denoted by & is obtained by
piling the acrylite plates prepared for the ex-
periment. And the acoustic model experiments
were carried out for 5=0.5, 1.0, 1.5, 2.0 and
2.5cm respectively. Two acrylite plates of
rectangular were used to form the ceiling and
the bottom floor of the acoustic harbour model.
The entrance of the harbour in the model is
located so as to face the loudspeaker. And a
microphone is installed in the plate for the
ceiling.

The four stations, i.e., A, B, C and D are
taken as shown in Fig. 5 to observe and com-
pare the acoustic model to the hydraulic model
and to the theoretical model. The amplifica-
tion factor are reduced as follows. At first,
the intensity of the acoustic wave I, in front
of the harbour entrance is observed for the
acoustic frequency ranging from 50 to 4000 Hz
when the harbour entrance is closed. After
that, the intensities of the acoustic waves at
the stations 14, Ip, Ic and I are observed for
the same acoustic frequency band of Ip to
reduce the ratio, for example,

Ru=14/I QL)

This ratio R4 is defined as an acoustic amplifi-
cation factor at the station A. The ratio Ry
is a function of the acoustic frequency as well
as the observed values I, and I, are. In Fig.
6, the reduced ratio R4 for 6=2.0cm is shown
by circles. The theoretical response function
obtained by LEE (1971) is also drawn by a full-
lined curve in Fig. 6. As for =0.5, 1.5 and
2.5 cm, the ratio R4 is obtained to show as in
Figs. 7 to 9 and to find out that the theoretical
anticipation suggested the height & must be
small, though the reduced ratios showed that
the acoustic analogy held much better when
»=2.0 or 2.5cm than when the value of & is
smaller. Judging from the result shown in Fig.
6, the discrepancy between the acoustic and the

5
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7 T T T T T

St A —— Coupled-Basins Theory {Lee)
rys i o Acoustic Model

(b=2.0em)
st 4

Amplification Factor (R)

Fig. 6. Amplification factor of Longbeach Harbour
in acoustic model at St. A (b=2.0 cm)
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Fig. 7. Amplification factor for 4=0.5cm
at St. A in Longbeach Harbour model

theoretical models is caused by three significant
causes, i.e., 1) in the range of 6.0<ka<8.0,
the amplification in the acoustic model is much
smaller than that in the theoretical model. This
fact should be caused by the acoustic waves in
this frequency range corresponding not to long
waves but to deep water waves, 2) in the range
of ka<<1.5, the disagreement between the ex-
periment and the theory might be caused by the
exact difference of the approximated boundary
conditions in the model, 3) and the other causes
of the error through the experiment depends
on the accuracy of the instruments and the
procedure. An important factor is the error

7 T T T T T T T 7
St. A — Coupled-Basins Theory (Lee)

o (b=15cm) o Acoustic Model

€ st

S

S

o

fhd

c

2

B

R

E

3

<

Fig. 8. Amplification factor for 4=1.5cm
at St. A in Longbeach Harbour model

7 T T T T T T T
St. A — Coupled-Basins Theory (Lee)
é (b=2.5cm) o Acoustic Model
o
™
Z 51
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2
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3
< 2
1
0 . )

0 1.0 20 3.0 44‘0 5.0 6.0 7.0 8.0
ka

Fig. 9. Amplification factor for $=2.5cm

at St. A in Longbeach Harbour model

in selecting of the acoustic frequency for I4
and Io. The error affects the accuracy of the
amplification factor Ry.

In Fig. 10, the relation b/d and ka is shown
for St. A. From this diagram, two types of
the effects are found, 7.e., the one is that the
value of ka at the resonance varies against the
value of b/d and the other suggests that the
scale effect of the acoustic field is significant
when the value of ka is nearly equal to 0.7.
The similar diagrams for the other stations are
drawn to obtain the similar results. Figs. 11
to 13 for the sations B, C and D correspond to
Fig. 6 for the station A.

6D
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20 Long Beach Harbor St. A
o 1.5}
-
1.0}
05}
+ Max
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0 i L 1
0] 0.5 1.0 1.5 2.0
bA
Fig. 10. Relation between b/d and ka
at St. A in longbeach Harbour model
Parameter is amplification factor
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Fig. 11. Amplification factor of Longbeach Harbour
in acoustic model at St. B (,=2.0 cm)

A similar acoustic experiment is carried out
for a rectangular bay of a constant depth as
shown in Fig. 14. The author concludes that
the acoustic analogy holds well for a narrow-
mouthed bay or harbour after comparison of
the acoustic model with the hydraulic models
by LEE (1971) and by HwANG and Tuck (1970)
as shown in Figs. 15 and 16 for the two stations
A and B in the rectangular bay.

5. Conclusion

As the conclusions, at first, the author proved
the theoretical possibility of analogy in an

~N

T T T T T — T

st. C — Coupled-Basins Theory (Lee)
(b= 2.0cm) o Acoustic Model

Amplification Factor (R}

Fig. 12. Amplification factor of Longheach Harbour
in acoustic model at St. C ($=2.0 cm)

7 T T T T T

St. D —— Coupled-Basins Theory (Lee)
or (b=2.0) o Acoustic Model 1
st

Amplification Factor (R)

Fig. 13. Amplification factor of Longbeach Harbour
in acoustic model at St. D ($=2.0 cm)

I

20.6cm

A8

d=4cm
Fig. 14. Acoustic model of a rectangular bay

acoustic harbour model for an approximated
long waves. Secondly, the conditions to realize
a uniform acoustic field are studied referring

7
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St. A
( b=2.0cm)
o

— Lee’s Theory
o Acoustic Model

[e]

o

I'S

Amplification Factor (R)

k!
Fig. 15. Amplification factor of rectangular bay
in acoustic model at St. A ($=2.0 cm)

to the acoustic theory and experiments. An
acoustic uniform field is necessary for a study
of oscillations in harbours and bays. Thirdly,
the acoustic harbour models are compared to
the previous hydraulic and theoretical models
which had been developed by LEE (1971) and
by HWANG and Tuck (1970) to find a good
correspondency in the amplification factor for
Longbeach Harbour but for a rectangular bay.
Adding to that, the necessary and limiting
conditions are also considered for the acoustic
harbour and bay model. As the result, the
acoustic analogy is useful for solving the pro-
blems of oscillation in narrow-mouthed harbours
and bays with the expectation of the future
refinements of the experiment.
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Physical, Chemical and Clay Mineralogical Properties of the two
Sediments from Nankai Trough and its Environs

Saburo AOKI

Abstract:: Physical, chemical, and mineralogical properties of the two sediments taken at
Nankai trough are examined by means of various methods. Results are that their pro-
perties are fundamentally concordant with those of shallow water sediments of coastal bay
or harbour of Japanese Islands. This may be due to near-shore samples, though the sediments
were collected from the depth deeper than 1,000 m.
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Table 1. Physical property of the
present samples

St. 1 St. 2
Water content (w) 76 % 64 %
Specific gravity (Gs) 2.728 2.691
Liquid limit (zoL) 38 % 61 %
Plasticity limit (wp) 25 % 30%
Plasticity index (Ip) 12% 31%
Shrinkage limit (ws) 20 % 26 %
Clay fraction less 20 % 18%

than 2 micron

Organic carbon 1.59 % 1.30%

Activity (A) 0.6 1.7
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Fig. 2. Relationship between specific gravity (Gs)
and water depth. Data except samples St. 1
and 2 are reported by Nakamura and Ohkusa

(1975).®
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Fig. 3. Relationship between plasticity index (Ip)
and liquid limit (Wz). Data except samples St.
1 and 2 are reported by Nakamura and Oh-
kusa (1975).®
ML means inorganic silt, very fine sand and
silt of very low plasticity

OL means organic silt or clay of low plas-
ticity

MH means inorganic silt, micaceous or diato-
maceous .silty clay and elastic silt con-
tained fine sand

OH means organic clay or silt of middle to
high plasticity
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organic carbon (OC) and ignition loss (IL).
Data except samples St. 1 and 2 are re-
ported by Nakamura and Ohkusa (1975).®
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Fig. 5. Relationship between ignition loss (IL)
and weight percent of the clay fraction less
than 2 micron. Data except samples St. 1
and 2 are reported by Nakamura and Oh-
kusa (1975).®

Table 2. Chemical composition of clay
fraction (<2 pm)

St. 1 St. 2
SiO: 64.87 55.02
AlOy 13.30 11.83
Fe:0; 7.55 7.40
TiOs 0.78 0.57
MnO 0.03 0.03
CaO 1.78 0.03
MgO 2.28 9.55
Na:0 1.62 1.09
K-0 1.45 1.09
H.0(—) 1.31 1.85
lg. loss 4.11 9.23
Total (%) 99.08 99.97
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Table 3. Clay mineral composition and non-clay
mineral species in clay fraction (<2 pm)
St. 1 St. 2
Montmorillonite 7% 12%
Chlorite 14 % 20 %
Itlite 1% 63 %
Kaolinite 8% 5%
Quartz present present
Feldspar present present
Calcite none present
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Fig. 6. X-ray diffraction patterns of clay fraction
(<2 pm). 1. Untreated. 2. Heated at 300°C.
3. Heated at 450°C. 4. Heated at 550°C. 5.
Treated with hydrochloric acid. 6. Treated
with ethylene glycol.

M: montmorillonite Ch: chlorite K: kaoli-
nite I: illite Q: quartz F: feldspar C: calcite
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Some Examples of the Effect of the Resolution of the Bottom

Topography on the Finite Difference Solution
of the Barotropic General Circulation*

Kenzo TAKANO**

Abstract: Two particular cases are taken as examples showing how fine the horizontal and
vertical grid distances should be to resolve the bottom topography for the finite difference
solution of the general circulation in a homogeneous ocean. In the first case, the ocean depth
is assumed to increase with latitude so that the planetary vorticity advection is completely
canceled out, though there is in reality no such a large scale, well organized bottom topo-
graphy. Comparison of the finite difference solution with the exact analytical solution shows
that the topographic effect, unrealistically magnified by assuming the constant density, is not
readily simulated. The second case is concerned with a ridge rising in the western boundary
region in an ocean of constant depth. Various resolutions of the ridge do not lead to sig-

nificantly different results.

1. Introduction

The irregular bottom topography is usually
approximated by a number of steps in most of
the numerical studies on the ocean circulation.
Although an infinite number of steps could
make a smoothly sloping bottom, practically a
limited number of steps are used under re-
striction of the computer facilities, so that they
make a terraced bottom with mural cliffs.

Very little is known about to what degree
such a stepwise representation of the bottom
is capable of simulating its effect on the general
circulation. The degree of approximation de-
pends not only on the grid point arrangement
but also on the scale and baroclinicity of water
motion and the scale of the bottom irregularity.

The present note does not deal with the
general principles of the resolution of the
bottom topography but with only a few ex-
amples in two particular cases to show the
effect of the resolution on the barotropic general
circulation in terms of the stream function for
the vertical integral of the horizontal velocity.
In the first case, the ocean depth is assumed
to increase with latitude as a sinusoidal function

* Received June 29th, 1977
** Rikagaku Kenkyusho, Wako-shi, Saitama-ken 351
Japan

of latitude. In the second case, the depth is
constant except on a ridge rising by the western
boundary.

The general circulation model used is almost
the same as that described in a previous note
(TAKANO, 1974) except for the ocean depth
which is assumed there to be constant but
variable in the present study.

A coarse grid of 1° to 4° is set up. The
momentum advection is neglected, because it
has no significant effect for a grid size greater
than about 100 km. The meso-scale eddies are
consequently neglected. As far as the present
purpose is concerned, this simplification should
not be of crucial importance.

Although the model is a three-dimensional
model, only a homogeneous ocean is dealt with
here, which makes it easy to evaluate to what
extent the finite difference solution is close to
the exact one. Then, there would be no
necessity for solving the momentum equations
as is done here. A more efficient and straight-
forward way is to solve only the vorticity
equation as a two-dimensional problem. How-
ever, since the homogeneous density case serves
as a good test of the behaviour of the three-
dimensional model relevant to the non-homo-
geneous density case, we use a three-dimen-
sional baroclinic model, of which one component

C15)



122 La mer, Tome 15, N° 3 (1977)

is the vorticity equation for the vertical average
of the horizontal component of the velocity.

The model ocean is bounded by two parallels
of 10°N and 50°N, and two meridians apart
38° in longitude. The wind stress t is west-
ward in the southern half and eastward in the
northern half as given by

T=—~COS T, (1)

where ¢ is the latitude.

The boundary conditions are as follows. The
surface momentum flux is given by the pre-
scribed wind stress (1). There is no slip along
the lateral boundary, no friction at the bottom.
The coefficient of horizontal eddy viscosity is
taken as 5x108cm?/s. The coefficient of ver-
tical eddy viscosity is 1cm?/s. The latter has

IJ? 1 1 SOON
01 '
< -
—~ \\ ’ =
5 T~ L
km ]
T T T

Fig. la. Model depth in Example 1.
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LONGITUDE

Fig. 1b. Stream lines in Example 1.

anyway no effect on the stream function for
the vertical integral of the horizontal velocity.

2. Case I
The ocean depth is given by

H=H,sing, 2>

where Hy is a constant, taken as 7526 m.

The depth is 1307 m at the southern boundary
and 5765 m at the northern boundary.

It is readily shown that the planetary vorticity
advection (f-term) due to the variation of the
Coriolis parameter is canceled out by the vorti-
city advection generated by the change of depth
(2). Hence, no western boundary current
appears anymore. The stream lines for the
vertical integral of the horizontal velocity are
distributed almost symmetrically with respect

10 50°N

T T T T

Fig. 2a. Model depth in Example 2.
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Fig. 2b. Stream lines in Example 2.
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Fig. 3a. Model depth in Example 3.
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Fig. 3b. Stream lines in Example 3.
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Fig. 4a. Model depth in Example 4.
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Fig. 4b. Stream lines in Example 4.
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Fig. 5a. Model depth in Example 5.
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10 . 50°N

Fig. 6a. Model depth in Example 6.
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Fig. 7a. Model depth in Example 7.
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LONGITUDE Fig. 7b. Stream lines in Example 7.
Fig. 6b. Stream lines in Example 6.
Table 1. Features of the examples in Case 1
grid size model stream total
Example levels (latitude) depth lines transport
1 9 4° Fig. la Fig. 1b 73.5sv
2 12 4° Fig. 2a Fig. 2b 208 sv
2/ 12 4° 354 sv
3 18 2.5° Fig. 3a Fig. 3b 252 sv
4 Fig. 4a Fig. 4b 15.2 sv
5 Fig. 5a Fig. 5b 3l.1sv
6 22 2° Fig. 6a Fig. 6b 82.0sv
7 Fig. 7a Fig. 7b 296 sv
7 Fig. 8 299 sv

to the center of the ocean. The problem is,
therefore, to show to what extent a finite
difference solution can simulate such a circu-
lation which is analytically anticipated.

A number of experiments are carried out for

various model depths and grid sizes. We shall
present below nine of them. The model depths
are given in Figs. la to 7a.
present the grid points at the lower and southern
boundaries where the vertical component of the

Open circles re-

— 18 —



Effect of the Resolution of the Bottom Topography 125

velocity is defined.

Starting from an initial state, the time inte-
gration of the momentum equations and of the
vorticity equation is forwarded with a time step
of 3 hours until an almost steady state is
reached. A period of 100 to 300 days is long
enough.

Table 1 gives the number of the levels, the
grid size in latitude, the number of the figure
showing the model depth, the number of the
figure showing the resulting stream lines, and
the maximum value of the stream function
(total transport) for each experiment. The grid
size in longitude is 2° in all the examples.
Examples 2’ and 7’ are somewhat fictitious cases
where the depth is constant everywhere but
there is no variation of the Coriolis parameter
with latitude in the vorticity equation, while
the Coriolis parameter is kept variable in the
equations of momentum. The circulation in
these two examples is practically identical with
the analytically anticipated circulation where
the planetary vorticity advection is completely
canceled out by the change of the ocean depth.

Figures 1b to 7b show that Example 7 gives
the best result. The circulation is quite similar
to that in Example 7/ shown in Fig. 8. Its
total transport differs very little from that in
Example 7. Example 3 gives a good result,
too. However, the effect of the planetary vorti-
city advection leaves its trace. Still retaining

STREAM FUNCTION (SV)
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Fig. 8. Stream lines in Example 7.

traces of the western boundary current, the
stream lines are croudy in the western to north-
western part of the ocean basin. Moreover,
each etream line is of irregular shape compared
with that in Fig. 7b. The total transport is
strikingly smaller (252sv), and the center of
the circulation is shifted a little to the west.
A grid size of 2.5° in latitude and 18 levels in
the vertical are certainly not fine enough.

However, the decrease of the grid size in
latitude does not always bring about a better
result unless the vertical resolution is corre-
spondingly improved. In other words, the
optimum horizontal resolution is closely related
with the vertical resolution. Figures 4 to 6
are examples of the wrong choice of the vertical
resolution for a given horizontal resolution, and
of the wrong choice of the horizontal resolution
for a given vertical resolution.

The stream lines meander in Fig. 6b. Re-
flecting the sharp change of the model depth
at a mural cliff between two adjacent steps,
the northward flow in the western region de-
flects eastward and the southward flow in the
central and eastern regions deflects westward.
Although the general aspect of the circulation
is not very fallacious in a sense that no western
boundary current develops, the total transport
is only 82.9 sv, much smaller than in Examples
7 and 7.

Such a meander further develps in Fig. 5b.
The meander becomes so strong that the weak
western boundary currents and weak eastern
boundary currents appear alternatively every
other three grid points. Since there are two
grid points on the step between two adjacent
cliffs as shown in Fig. 5a, the current hardly
realizes the depth change (2) at these grid
points on the flat portion of the model depth,
and then the western boundary currents tend
to develop on each step. At a mural cliff on
the edge of the step, however, the change of
the model depth is much steeper than that
given by (2), so that the variation of the
Coriolis parameter with latitude is over-canceled,
which gives rise to the eastern boundary current
as if the rotation of the earth were inversed.
The maximum value of the stream function is
decreased to 31.1sv, though it is still located

19D



126 La mer, Tome 15, N° 3 (1977)

near the center of the ocean basin.

Example 4 thoroughly fails in simulating the
effect of the bottom topography given by (2),
whereas the circulation in Fig. 4b is probably
a good approximate solution for the prescribed
stepwise change of the model depth shown in
Fig. 4a. The horizontal and vertical resolutions
do not match well each other. They are to be
chosen in such a way that the gradient of the
model depth is as close as possible to that
prescribed by (2) at most of the grid points.
Example 6 is an example of the wrong choice,
too. Both examples 2 and 6 are concerned with
a similar model depth, but the result in Ex-
ample 2 using a coarser grid is much better.
The total transport is 208 sv in Example 2 but
only 82.9sv in Example 6. This might be
interpreted by the fact that the gradient of the
depth (2) is properly approximated at all the
grid points in Example 2, whereas it is not so
in Example 6 where the horizontal grid size is
too small for the vertical grid size.

When there is no planetary vorticity advec-
tion in the ocean of constant depth, the total
transport is 354 sv in Example 2’ and 299 sv
This difference of the trans-
port between Examples 2/ and 7’ should be
mainly attributed to the coefficient of horizontal
eddy viscosity. The total transport is inversely
proportional to the coefficient of horizontal eddy
viscosity, because the external forcing (wind
stress curl) is balanced with the vorticity dif-
fusion alone in the vorticity equation. Although
the coefficient of horizontal eddy viscosity is to
be made large with the grid size, a constant
value of 5% 10% cm?/s is used in all the examples.
Therefore, 354 sv by a coarser grid in Example
2" would be decreased if a larger coefficient be
correspondingly taken, and 299 sv in Example
7' would be increased if a smaller coefficient
be properly taken. The difference between
Examples 3 and 7 is interpreted in a similar
way.

In Example 1 where only nine levels are set
up, a broad boundary current develops along
the southern half of the western boundary.
There are weak western and eastern boundary
currents which alternatively appear in the
northern half of the ocean basin as in Fig. 5b,

in Example 7’.

but they are too weak to be illustrated in the
figure.

In all the above examples, the mural cliffs
are made frictionless, consistent with the con-
dition at the bottom assumed to be frictionless.
Supplementary calculations are carried out on
the assumption that there is no slip along the
mural cliffs as is along the lateral boundary.
The total transport is decreased by about 10 to
20 9%; for instance, it is decreased from 73.5 sv
to 67.8 sv in Example 1, from 208 sv to 186 sv
in Example 2, and from 252sv to 209sv in
Example 3. However, there is practically no
qualitative change in the pattern of the stream
lines.

3. Case II

A smaller scale bottom irregularity is set up
in an ocean geometrically similar to the ocean
in Case 1. The depth is constant (4000 m) but
a ridge rising in the western boundary region.
Four experiments are carried out for four
different model ridges. The top of the ridge
is 400 m deep. Its geometry is shown in Fig.
9 and Table 2 for Examples 1 to 3, and in

o r(a | 1 H 1 1 1 1 1 1
"

10 24 30 36 50N
Fig. 9. Meridional section of the ridge
for Examples 1 to 3 in Case II.

Table 2. Model ridges in Case II

width leagth
Example (longitude) (latitude)
bottom top bottom top
1 6° 6° 9° 9°
2 6° 6° 15° 3°
3 6° 6° 17° 1°
4 10° 2° 17° 1°
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Effect of the Resolution of the Bottom Topography 127

Table 3. Depth of the ridge in Example 4.
The portion north of 34°N is left out.
(units: 100 m)

- 1211216 | 36 | 40| 40

3 12 |35 | 40 40
32

12 132 | 36| 40

5 8| 8112 |3 | 40| 40

zg 121216 )3 | 40| 40

16| 16| 20 | 36 | 40| 40

28 20| 20 | 20 | 40 | 40| 40

27 24 1 24 124 | 40 | 40 40

;Z 28128 |1 28 | 40 | 40| 40

o1 32 |32 | 32 |40 140 40

361 36 | 36 | 40 | 40| 40

23 40 | 40 | B0 | 40 |40 | 40

22024681012°
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Fig. 10. Stream lines in Example 1 in Case II.

Tables 2 and 3 for Example 4. The model
ridge, symmetric with respect to a parallel of
31.5°N, is a parallelepiped block standing verti-
cally in Example 1, a hill gently sloping to both
the north and south but precipitously sloping
to the east in Examples 2 and 3, and a gentle
hill sloping to the north, east and south in
Example 4. The volume of the ridge is almost
equal to each other. The grid size is 1° in
latitude, and 2° in longitude. The horizontal

STREAM FUNCTION (SV)
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o
o
i
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-
-
10 + T r S
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Fig. 11. Stream lines in Example 2 in Case II.
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Fig. 12. Stream lines in Example 3 in Case II.

components of the velocity are calculated at
eleven levels at almost equal intervals. The
wind stress is given by (1). The time integra-
tion of the equations of momentum is carried
forward over about 300 days with a time step
of 3 hours. Figures 10 to 13 show the stream
lines in four examples.

Approaching the ridge, the northward western
boundary current turns to the east as expected.
The turning point in Examples 3 and 4 is
located a little to the north compared with
Examples 1 and 2, although the foot of the hill
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STREAM FUNCTION (SV)

LATITUDE
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Fig. 13. Stream lines in Example 4 in Case II.

is located a little to the south compared with
Examples 1 and 2. The transport of the western
boundary current and the location of the maxi-
mum value of the stream function are slightly
different from each other. The boundary cur-
rent east of the ridge is a little broader in
Example 4 than in the other Examples, probably
due to the effect of the east side sloping east-
ward. There is, however, no significant differ-
ence between the results of the four examples.
This presents a striking contrast to Case I.
The large scale circulation and the western
boundary current are insensitive to the reso-
lution of such a small scale bottom irregularity.

4. Summary

Since the present study is concerned with
the barotropic circulation, the bottom currents
are unrealistically intensified, which in turn
overstates the effect of the bottom topography
and the resolution of it on the finite difference
solution,

In Case I, about 20 levels are required for
the vertical resolution in order that the step-
wise approximation of the bottom irregularity
H=H,sin¢p has a correct effect. Special at-
tention should be paid to the vertical and hori-
zontal resolutions which are closely interde-
pendent. A finer horizontal resolution does
not always bring about a better result unless
a finer vertical resolution is correspondingly
used. In this regard, it is useful to vary,
according to the bottom slope, the thickness of
the lowermost layer so as to correctly simulate
the bottom slope at most of the grid points
irrespective of the horizontal and vertical reso-
lutions.

The effect of the resolution appears to be of
no great importance for the small scale bottom
topography in Case II.

Reference
TAKANO, K. (1974): A general circulation model
for the world ocean. Num. Simul. Weather and
Climate, Tech. Rept. No. 8, Dept. Meteorol.,
UCLA, 46 pp.
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The Fishing Ground of Set Net and the Distribution of Fish Schools—II
Types of Fish Schools from the Image of a Fish Finder

Yoshihiro INOUE

Abstract: Similar to the previous paper, the distribution of fish schools coming to the fishing
ground of the set net in Sagami Bay was studied from the images of a fish finder equipped
on a research boat. The results obtained are summarized as follows:

1) Fish schools are divided into two distinct F and G types. The G type schools are
found in the coastal shallower regions where the set net have been set, and the F type
schools are found in the offshore of deeper water. The size of the F type is larger than

that of the G type.

2) The difference of the F and G types fish schools does not depend on the species, but
is due to the behaviour of fish schools coming to shallower or deeper regions.
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Fig. 2. Fish schools from the fish finder images.
a~f: G type fish schools. g~1: F type fish schools.
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Table 1. Image types and amounts of fish schools. and the size of fish school.
Fish amount (log) O~1 ~2 ~3 ~4 ~5 Gs: Small sized groups of G type fish school.
—— Gl: Large sized groups of G type fish school.
Image type Fs: Small sized groups of F type fish school.
G type 174 521 108 1 0 Fl: Large sized groups of F type fish school.
F type 14 114 117 50 11 X X Moan.
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Fig. 5. Thickness and length of fish schools.
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The recorded images of file fish, Navodon modestus (Giinther), in various conditions.
d: Large school detected in coastal area

Night image in set net

Image of F type

Image of G type e:
Small school detected in coastal area  f: Day time image in set net
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A Portable Long-Period Wave Recorder

Nobuo MORITANI and Tomosaburo ABE

Abstract: A compact portable long-period wave recorder is designed for the study of the
low frequency waves covering the period spectrum between the swell and the tides, and some
discussions are made on the response of the hydraulic filter of the wave recorder, based on
some assumpsions. This instrument is used both in the lakes and the shores being installed
during one or two weeks without supplying electric powers and is made with low costs.
The wave recorder can detect waves about 0.5 mm when it is used in lakes. When it is used
in shore, it attenuates both swell and tides to about less than 20 per cent their relative ampli-
tude, and it can detect wave about 0.5cm for frequency at about one cycle per 1000 sec.
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Fig. 2. A typical portable long-period wave recorder (III) installation.
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filter type wave recorder. C; and C; are
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Studies concerning the Fishery Biology of the Sea Urchin, Hemicentrotus
pi’cherrimus (A. AGASSIZ) in Kaji, Fukui Prefecture—I.
Sea Urchin Fishery

Naonori ISHIWATA, Hiroshi FusHiMI, Kuniteru MAEKAWA and Takashi NANBA

Abstract: The Japanese common littoral sea urchin, Hemicentrotus pulcherrimus (A. AGASSIZ)
is an economically important species in Echizen district, Fukui Prefecture. Therefore, in
this district several projects for the propagation of this animal have been carried out since
1910, and some ecological information has been published. However, the ecology of this
animal is largely unknown, and the available data are insullicient for the purposes of planning
the rational management of this resource. The present study covers an investigation of the
fishery biology of this resource on the coast of Kaji during the years from 1966 to 1968, and
a discussion of the methods of managing this resource based on the conclusions arrived at in
this study.

The first report is a description of the sea urchin fishery carried out on the coast of
Kaji during the years from 1966 to 1968. The results obtained are summarized as follows:

1. In Fukui Prefecture the period from July 21 to August 20 is designated the fishing
season for the sea urchin fishery. However, on this coast the fishing season is shorter than
elsewhere and was the period from July 21 to August 13 during these years (Table 1).

2. The fishing of the sea urchin is mainly carried out by women divers.

3. The fishing grounds of the sea urchin consist of six areas (Fig. 1, A-F). The pattern
of the daily change of the fishing areas was very similar during each of these years (Fig. 2
and Table 2). The main fishing ground is in the western coastal waters (A-D), especially
in water less than 2m deep; the sub fishing ground is off Takase (E) and in the eastern
coastal waters (F) (Fig. 3).
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Table 1. Fishing season of H. pulcherrimus on
the coast of Kaji for the years 1966-1968.

Fishing season Actual

Year — fishing

Beginning Close days
1966 July 23 Aug. 13 18
1967 July 21 Aug. 10 18
1968 July 21 Aug. 10 14
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Fig. 1. Division of the fisning grounds of
H. pulcherrimus on the coast of Kaji.
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Fig. 2. Daily change of fishing areas of H. pulcherrimus on the coast of Kaji during the
1966 fishing season.
One dot equals one fisherman; arabic numerals indicate number of fishermen.

Table 2.

Kaji during the fishing seasons for the years 1966-1968.

Daily and annual change of fishing areas of H. pulcherrimus on the coast of

Number of fishermen

Date Fishing area
A B C D A—D E F A—F
a * p a b a b a b a b
1966 July 24 68 68
25 6 17 17 28 68 68
26 9 12 25 23 69 69
27 7 13 27 18 65 2 67
28 4 19 20 23 66 5 71
29 9 10 5 25 51 5 3 2 61
30 11 5 7 7 17 42 5 4 1 52
Aug. 4 7 7 13 2 11 38 2 9 49
5 5 4 20 2 6 31 6 4 3 44
6 8 13 7 28 8 16 52
7 2 1 8 13 5 10 33 6 3 18 60
8 2 5 6 10 17 6 7 10 40
9 1 1 7 14 1 16 38 2 3 9 52
10 4 4 6 14 6 30 4 9 16 59
11 1 4 1 4 10 16 4 12 15 47
12 1 2 6 16 23 2 34 6 65
13 2 4 6 12 6 18
Total 71 21 115 209 21 232 627 42
92 115 230 232 669 102 171 942
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Table 2. (Continued)
1967 July 22 88 88
23 18 23 16 39 96 96
24 23 19 19 35 96 96
25 4 18 22 41 85 85
26 12 8 35 20 75 75
27 9 11 30 6 17 67 6 73
28 12 4 21 11 48 6 54
29 20 2 14 14 50 50
31 5 27 1 8 40 1 41
Aug. 1 3 5 20 16 44 1 6 51
2 6 2 5 8 23 42 2 1 2 47
3 3 3 12 16 34 2 13 49
5 18 2 16 34 2 1 11 48
6 4 1 5 12 9 30 1 11 42
8 6 1 5 9 8 28 1 1 12 42
9 10 2 6 2 6 24 2 13 39
o 10 13 3 13 26 3 7 36
Total 148 9 114 265 9 292 819 18
157 114 274 292 837 6 169 1012
1968 July 22 78 78
23 22 33 14 28 97 97
24 11 16 24 36 87 1 88
25 13 16 24 1 23 76 1 6 83
27 12 10 24 19 65 2 67
28 19 3 14 5 24 60 5 1 66
29 10 4 10 5 24 43 5 4 57
Aug. 5 21 12 5 22 60 2 62
6 11 4 10 6 22 47 6 4 6 63
7 4 4 21 38 4 6 11 59
8 1 2 5 5 20 28 5 4 18 55
9 4 4 2 22 30 2 6 14 52
10 2 17 3 11 30 3 4 12 49
Total 127 108 159 31 272 666 31
127 108 190 272 697 28 151 876
* a, waters less than 2 m deep; b, waters more than 2 m deep.
%z Ehvbon b (Fig. 3), =D X5 PR DKE =R FAAEIC OV T, W 31 ARG
)5 A L e . S #, 124-139.
2m USRSHAHGCAEN T S0, BN S e (o) mishinsk, oA
BHTHDHENS ZEEND T, HEEN, YT, Wi, 133p.
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TORENR T &% BRI HE

BLTWENDTHAHI,

D
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X [
BHEMR (1909): FHH/hE. 294p.
M4 & (1938): N7 vy =DEFICOWT. K

EEWTFUEE, 33(3), 104-116.

BEIR &, /NIBE (1959): #BEICLB/N7 vy
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- "

Fig. 3. Annual change of fishing areas of H. pulcherrimus on the coast of Kaji during
the fishing seasons from 1966 to 1968.
One dot equals one fisherman. Oblique lines indicate fishing areas on 2nd day
of the fishing season; arabic numerals indicate number of fishermen.
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Studies concerning the Fishery Biology of the Sea Urchin, Hemicentrotus
pulcherrimus (A. AGASSIZ) in Kaji, Fukui Prefecture —II.

On the Substratum, Algal Vegetation and Macrobenthic Animal
Community of the Habitat of the Sea Urchin

Naonori ISHIWATA, Hiroshi FusHMI, Tohshi KON and Takashi NANBA

Abstract: In the previous report” an outline of the sea urchin fishery carried out on the
coast of Kaji, Fukui Prefecture, was given. In the present study, the substratum, the algal
vegetation and macrobenthic animal community were investigated in the habitat of the
sea urchin on the coast of Kaji before the fihing seasons in 1966 and 1968.

The western waters are divisible into two zones, an inner zone less than 2m deep (Sts.
1-13) and an outer zone more than 2m deep (Sts. 14-42), with respect not only to the sub-
stratum but also to the algal vegetation and macrobenthic animal community of these waters.
In the inner zone the sea bottom slopes gently from the shore, and there are many small
stones about 30 cm in diameter on the sandy and gravelly bottom, while, in the outer zone
the sea bottom slopes steeply, and many large and small stones of about 30 to 100 cm and
rocks are found on the rocky bottom (Fig. 2 and 3). Also, in the inner zone the dominant
algal vegetation is small perennial algae while in the outer zone it is large perennial algae
(Table 1). The difference between these two zones is shown also in the composition of the
macrobenthic animal community. The inner zone yields more Ophioplocus japonicus than
Hemicentrotus pulcherrimus, and in this zone O. japonicus is the dominant animal of the
community. The outer zone yields more H. pulcherrimus than O. japonicus, and in this zone
H. pulcherrimus predominates widely while O. japonicus is the subdominant animal in this
community (Table 3).

On the other hand, in the eastern waters the sea bottom slopes steeply from the shore,
and many large stones of about 100 to 200 cm and rocks are found on the rocky bottom
(Fig. 2). The dominant algal vegetation in these waters is perennial algae (Table 2), and
there are more H. pulcherrimus than O. japonicus. H. pulcherrimus predominates widely in
these waters and is the dominant animal of the community (Table 4).
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1. BEHE

Line 1 HE 1. FEEL 19664 (A 41 &) s 7

Line 2

A 1~20 B) @HERKFAFE= ER R #he o HF
KIBDOEZHRRIBC R NTAF 2 — =% FHHL T
EHEL 7, B 9cm D==F v —FHENLI
BRE) - Ty BEKR TR 420m, KR
TEALIERI 260m 3k D, Hbw 5 BD V4T
»C, r—FEBECEEL, FRETHER]L 2
ERTI, ThbLOER FICER 1 TlREND 10
m [HFEC 42 #i, 8 2 Tk 20 m RREc 13 H
REBZELFig 1A, BibricgkBo kb <
@x2m) BT, ZDb NOREDKBEAS
Y REL, FRC, KE, EHE, WEOBE
RN, v = BRIETER, REHS TR,
Fig. 1. Survey stations on the coast of Kaji TOMOBY 1095 A=y v TEEL, KB

before the fishing seasons in 1966 (A) and BIEFDIF- T, FE - FHL 7,

1968 (B). BRAE 2. P03 1968 4F (BEn 43 42 #adlian (6
H 28 H~TH 14 1) [FA#ide o pukBic s\ CTlrrs

[P
50 0 100m

Distance

50 100 150 200 250 300 350 400m
T T T T I T

.. T
E.:u‘.",q99.0-90-'9'3«9-9-9.0 Takase
Line 1

S0 7 T T T T T
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51
10 -
m
/\ Rocky 08 Rock °%0 Signe S0 Sand and
0 ~o 0%,
bottom it gravel

Fig. 2. Depth and substratum along the survey lines on the coast of Kaji.
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STe ITHRICH - T 20m IR, ErbHak
M- ClelbRe, FlEo~=9r~7%ED,
Thboow —7 FicErD 20 m REFE 140 #hs
EEL (Fig. 1,B), fbAcHiitolEblx
BT, 2RoEREA#H~,

2. REBR

1. KELEHR

AR IR <, #EERILY 1,000m
ET D, ANEORItcms - THABECE X, Bk
CEME AR L, TEARREA R ORI

2
g
° o
Nord 2%
IV Qg
.

HEY 375 U Y

Rocky bottom
o © Small stone
°

- Mud

o
o JX*

HESLELC, WL, FiRiEiEo
Ml » T 5, BB TR OECLENR
LIETENRZEHR L T 5,

SERR 1 ORHAIBSIT A KE - EE L Fig. 2
RTEY Thbo BEARTIIHLA 13 (JEE 130m
DR ¥ CIBELRER T, KBIX 1~2m
ThBHN, TRUE TR AER ©, HH 16
~20 TiEH 3m, #1437 CRESO llm ©h
bo Fio, HIA I~10TCHHERECERZE 30cm <
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-
S
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Fig. 3. Substratum in the western waters of Kaji.
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T5, i 9P TEERIREL, TOUNME
LRI i b %o 2O EHE T Fig. 3
WoRTHEY Th b KE 2m DI T A E TR,
FHUBRTIIEBTH D, TR HLORE RICKER
2m DI CILER 30~50 cm < B ALO/NEFAN £
<, KEE2~3m Tl 30~100cm < BHyv-DKPAD
BEASKENTET S, A 3m DB GEiEmm
TCREKEPEKRT, EAHELH B, ok, EUEE
NI DE R O L BOHERBRI L Hh 5,
—%, IR TR aEs e, a6 (B
B 120 m O BG) THOKBEEK 5m, Hid 8 Tk
FIm THb, THLETIE 8~ImE £k <,

Table 1.

HE 11 ABE2 S 9~11m EHOEL It » T by
T, TOAKIRTITBRL 72 ARECHEZE 100~
200cm <"HWDOKRIEF « KASKEDEEHL, ©
DA B/ NEAE R EET 5 (Fig. 2), 7
B, WAWAKBOERALCIEELZLOTE
ERICHY, ERELCKENRET b,

2. WBEMEE

ER 1 O IR EIIN 28, F0 5 bigEEx
3%, MEFLLE, WMEEN4ETH L, Kb
SIS B % e A o VGBI p L Table 1 iR
THED T, SMEAYBUCRS L, BEREEDOE
SAEGELSHEERETH D, D5 bHE 1~6

Composition of life-form of algal vegetation along the survey line 1

Qccurrence

Life-form Species

Station

5 6 7 8 9 10 11 12 13 14 15 16

Perennials

Large Sargassum patens
S. tortile
Eisenia bicyclis
S. confusum
S. ringgoldianum
Corallinoideae spp.
Gelidium amansii

OX@)

Small

Laurencia nipponica
Carpopeltis affinis
Gymnogongrus flabelliformis
Lomentaria hakodatensis

OOCO00OO0
OXQ]

Gracilaria textorii

Chondrus ocellatus
Semi-perennials

Dictyota dichotoma

Dictyopteris undulata

Padina arborescens O

O 000000

O

Annuals
Ceramium tenerrimum o O
Colpomenia sinuosa
Nemacystus decipiens O
Cladophora sp.
Hydroclathrus clathratus
Ulva sp. @) O
Chaetomorpha crassa
Callophyllis japonica
Meristotheca papulosa O
Champia parvula
Acrosorium uncinatum O
Polysiphonia sp. O

OO

O 0000
0000

OX©;

~
@

O
O
O
O

oX@)
OXO]
OO0

OX@)

0O
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TRY TV Y« = 7yis EO/NESEAE, H
H11~40 T vy =€ «qVET T T A
o EDORIEBAEERF BN E L T B, Hid 11~
25 (EEED T /NESEEOFHY v T2
DFGEL T B, Hio, THICRS &, HmR25~
26 #HER E L OEREAENEMAL, ThEETIE
K sEAD 7 v AL E 7 2NE BEEDEEH Y
VI RENERL, %1, BEEEOT IV IV
NEBRL, EZFEED V7 Y A~ REEEL T 5,
SERR 2 OB BTN 20ETH H, SR L E
CTRAE, WmEMEAOREERIIIRL) Z4E
HWEEE Thb, YI<ZEZ «IVEYS + T T A
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R EDOREZELERESLHEH YV v T2 H DN
L FERENMELS L T b, FOMBESEED
TIUIHF v AR, 1EEDTYFFIY
cERXT o HAXFA AV I EBRHBELT
% (Table 2),

3. KEEABHEE

EHR 1 DEHA BT B REEAEY ORI M
gtk Table 3B D ¥ L Th B, HMEEFHYIL 39
M, 1HBEY ) RN 9.4/, Fiafk
¥ 83.7 (20.9/m®) Thb, D5 bLIEEY
DIREENL88.9 %, WEEY 8.8 %, FHIE2.3
% Thbo T, BHEBY L0 [ (HHER 95.2

in the western waters of Kaji before the 1966 fishing season.

Occurrence
Station

17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42
O o O O O O o O O O O O O o O O O O O

O O O O ©C O O O O O O O O O O O O
O o O O O O O O O © O O
O O O O O O

O
O O O O O O O O O
O O
O
O
O O O O O o O O O O
O O O O o O O
O O o O o O o O O
O O O O O
o O O O O
O O O
O O O

O
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%)s BAKEY) 35 s (HIREK 83.3 %),
234 (BI% 54.8%) R bh 5,
HEREWD 5 b7 vy = ofFEk 5k 41.9%
THELEL, Rz b7 29.1%, AFH%
v=71%, THy=4.7% L%, FOMBOH
ME17.2% Thb, Tz, A7 v 7 =11 34 il
(HEHRBL0%) WEHL, D5 % 1, 6, 10,
12, 14, 16~28, 32~33 0 20 B A TS L, HHic
A 1L B OB RIE O AR Ck 17 Hi & CF
HLTWwWA, ZEe bFE37T s (GHEXR 88.1
%) THEL, £035% 2~5, 7~9, 11, 13, 29
~30, 34~35 13 HS CEE L, HicHis 1~10
DIEE O EAHE CIlX A7 vy = X b SHHE
L, THATELSL Wb, 453 FFy=-7»
Y =3 LR DS BEOEAMFCE <, &
T4 % v =11 39 A (HEEER 92.99) wHEL,
D5 H 15, 9~2D 5HETHLEL, THY =

R

Table 2.

5 A H15% H3E (1977); HILEEXLHE

30 Hud (HER71.4%) wHEL, 32, 360

2HETEBSEL T 5,

—J7, T2 OHREEFHYIITE, F05b 7
VR 61.7% THELEL, ZEE T
18.6%, 7Hhw=70%, r5%%v= 4.89%,
MDY 8.0% ThHhbH, HAEXBEL TR
L, N7V ERREVELEL, ChEIRWTZ
T FFENRELEL TS (Table 4),

3. # =

AHISE D TEAIBITAKE 2m AR ELC,EH -
MmEEA - KEEABYBENFABTL, NI
AR T B, Fe, TEAIR & FUKEE
FOBEROWBEME L WD x 50 5h b,
PEZKIR D R ClR B R R ©, MR
INETIRE L, SV T R a R T, A
B RNDEASKADND D, WK, ZDKRT

Composition of life-form of algal vegetation along the survey line 2

in the eastern waters of Kaji before the 1966 fishing season.

Life-form Species

Occurrence

Station

2 3 4 5 6 7 8 9 11 12 13

Perennials
Large Sargassum patens

S. tortile

Eisenia bicyclis

S. confusum

S. ringgoldianum

Echlonia kurome

Corallinoideae spp.

Gracilaria textorii

Gelidium amansii

Small

Chrysymenia wrightii
Semi-perennials
Dictyota dichotoma
Dictyopteris undulata
Annuals
Champia parvula
Nemacystus decipiens
Ceramium tenerrimum
Meristotheca papulosa
Cladophora sp.
Colpomenia sinuosa
Undaria pinnatifida
Callophyllis crispata

OO

o0 O O
@)

O
O

00O
OO0 000
O000
OO0
OO
ONON®)

O

OO0

OO
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KITCHING, EBLING (1961)®, LEIGHTON, JONES,
NoRrRTH (1966)?, CLARKE, NEUSHUL (1967)%
EnE, BEEOY ORI EEEEDR
F - HERCEREELRIEL, v=HOoEEN
mlleh &, MBI/t E ), L
Teis T, BT WEFROTRTH, FFEYH
REBORLEILZFTL T 5 EERLT, W
REEE s DAL HIOFF A RT3 5 B acid, AT
MOREY U ) SACEERTHLERDLS S,
AHfe s B U C KEEEBYiEF 7 v
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TWBD, MBI A7 vy =N ELSEBEL, —
F, BHAKBTL A7 v =2MBEL T\b, 2D
MEOE BHEFLEIE—HL T 50, ~7vy
=ERECEOH#ET, 72k b TIHHBRED
R AHHC S ERER - AR L T b, JI[A(1938)%
BEFR TR C A7 vy =DEEYHE
, A7V Y=OEBERCLTI 2R P TFH
ZEEBL BT ECERL WA, ARED

~

WERLIZBOKRLEERTH D2, ZOMMEILL
hZhFEoEBEFR»ZBRL w5 X5 KEDb
NbH, ok, "7V =2DLEYIEEHETHD
enmmbnhcns (i, 1938%; k&, A,
M, 19577; hif, Bk, 19628) 2, 7 Ee b
F OB DONCEIERBE RS R B 2 b g
Vo LU, AEEZEe FFHHIZ oW T,
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Table 3-1. Composition of macrobenthic animal community along the survey

Station 1 2 3 4 5 6 7

Number of species 10 11 9 11 9 13 6

Number of animals 50 45 35 93 92 193 104
MOLLUSCA 7 4 2 7 5 6
Polyplacophora 4 3 1 3 2 3
Ischnochiton comptus 2 1 2
Lepidozona coreanica 4 1 3 2 1

Rhyssoplax kurodai
Lucilina amanda

Gastropoda 3 3 3
Sulculus diversicolor aquatilis
Scutus sinensis 2 2 2
Cellana toreuma
Granata lyrata
Omphalius rustica 1
O. pfeifferi carpenteri 1
Batillus cornutus 1
Marmarostoma stenogyrum
Astralium haematragum
Purpuradusta gracilis
Thais bronni
Kellettia lischkei
Pollia subrubiginosus
Pusia hizenensis
Aplysia parvula

Bivalvia 3 1 1 1
Arca boucardi
Striarca symmetrica
Modiolus agripetus

Septifer keenae 1 1 1 1
Spondylus cruentus
Cardita leana 2
ARTHROPODA 1 1
Crustacea 1 1
Paguristes barbatus 1 1

Pagurus lanuginosus
Hapalogaster dentata

ECHINODERMATA 43 40 33 86 87 186 104
Ophiuroidea 6 15 15 55 63 77 50
Ophiothriz sp.
Ophioplocus japonicus 6 15 15 55 63 77 50
Asteroidea 5 6 4 10 9 11 3
Asterina batheri 1
A. pectinifera 2 3 2 5 8 4 1
Henricia nipponica 2 1
Coscinasterias acutispina 3 2 2 3 1 6 2
Echinoidea 31 15 13 15 14 91 50
Mespilia globulus
Pseudocentrotus depressus 1 1 3
Hemicentrotus pulcherrimus 29 12 11 14 11 87 49
Anthocidaris crassispina 1 3 1 1 3 1 1
Holothroidea 1 4 1 6 1 7 1
Stichopus japonicus 1 4 1 6 1 7 1
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line 1 in the western waters of Kaji before the 1966 fishing season.

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
17 14 8 6 13 14 7 5 14 16 12 17 16 12 10
168 95 126 34 125 78 34 52 125 180 299 172 137 227 128
11 13 5 45 12 1 4 9 17 18 22 11 9 5
4 4 30 4 6 8 2
3 3 29 2 1 6 1
1 1 2 4 2 1
1
1
5 9 5 12 5 4 9 11 18 12 9 9 5
1 1 1
1
2 1
1 1 1 1 2 6 3 1
1 4 2 1 6 6 3 1 1
5 3 4 6 1 5 6 6 3
1
1
1
1 3 2 1 2
2 3 1 2
1
1
2 3 2 1 1
4 3 1 1 1 4 8 2 13 14 2 3
4 3 1 1 1 1 4 8 2 13 14 2 3
1 1 6 5 1
2 2 4
3 1 1 1 1 1 2 5 2 3 9 1 3
153 79 120 34 79 65 32 48 112 1565 279 137 112 216 120
106 53 39 17 11 31 6 3 24 32 61 36 34 69 17
1
106 53 39 17 11 31 6 3 24 32 61 35 34 69 17
8 8 4 1 3 3 1 6 5 5 2 7 4 10
1 1 1 1
5 3 2 1 2 3 1 6 3 8
2 5 2 1 3 2 4 3 2 1 1 1 2
37 16 77 16 65 29 25 45 81 118 206 99 70 140 93
1
1 2 1 1 2 8 4 8 5 3 11 3
35 15 70 13 33 27 13 19 62 108 190 " 55 127 75
1 1 5 1 32 2 11 24 11 6 8 17 12 2 15
2 2 2 1 7 1 3
2 2 2 1 7 1 3
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Table 3-2. (Continued)

5 & H15%

B35 Q977); RILGAEFEEME

Station 23 24 25 26 27 28 29
Number of species 13 15 11 11 8 6 16
Number of animals 120 201 101 151 48 35 61
MOLLUSCA 5 32 3 3 2 2 6
Polyplacophora 1 19 3
Ischnochiton comptus 1 19 2
Lepidozona coreanica 1
Rhyssoplax kurodai
Lucilina amanda
Gastropoda 4 13 2 2 2 2 3
Sulculus diversicolor aquatilis 1
Scutus sinensis 1
Cellana toreuma
Granata lyrata
Omphalius rustica
O. pfeifferi carpenteri 1 6 1
Batillus cornutus 1 4 2 1 2 2 1
Marmarostoma stenogyrum 1
Astralium haematragum 1 1
Purpuradusta gracilis
Thais bronni
Kellettia lischkei
Pollia subrubiginosus
Pusia hizenensis 1
Aplysia parvula 1
Bivalvia 1 1
Arca boucardi 1
Striarca symmetrica
Modiolus agripetus
Septifer keenae 1
Spondylus cruentus
Cardita leana
ARTHROPODA 4 3 1 4 6
Crustacea 4 3 1 4 6
Paguristes barbatus 2
Pagurus lanuginosus 1 1
Hapalogaster dentata 3 2 1 4 4
ECHINODERMATA 111 166 97 144 46 33 49
Ophiuroidea 16 52 18 40 3 10 18
Ophiothrix sp. 1 2
Ophioplocus japonicus 16 52 17 40 3 10 16
Asteroidea 2 8 7 5 6 1 3
Asterina batheri
A. pectinifera 1 7 6 4 5 1 1
Henricia nipponica 1
Coscinasterias acutispina 1 1 1 1 1 1
Echinoidea 93 105 69 95 34 22 27
Mespilia globulus
Pseudocentrotus depressus 10 17 10 23 8 5 10
Hemicentrotus pulcherrimus 73 81 58 66 17 14 2
Anthocidaris crassispina 10 7 1 6 9 3 15
Holothroidea 1 3 4 3 1
Stichopus japonicus 1 3 4 3 1

(54)



BHERIC BT 537 v = DREAYFNBIFE—11 161

30 31 32 33 34 35 36 37 38 39 40 41 42 Total
8 6 7 8 12 7 1 1 6 5 1 2 394
56 13 31 15 42 15 1 2 13 11 3 3 3514
2 8 3 19 2 4 4 310
3 6 1 1 108
3 6 1 1 83
23
1
1
2 5 3 12 1 2 2 4 181
1
10
1
1 4
19
1 3 40
2 4 3 1 2 g 3 80
1
1 4
1 1
1
1 1
1 2
1
15
1 1 21
1
1
1
1 15
1 1
2
2 1 1 81
2 1 1 81
1 19
1 1 14
1 48
52 5 30 12 22 13 1 9 7 3 3 3123
24 2 2 3 9 5 2 1 1025
4
24 2 2 3 9 5 2 1 1021
4 1 2 154
5
4 1 2 91
4
54
26 3 23 8 11 7 1 6 6 3 3 1888
1 2
9 2 8 1 3 3 1 1 165
10 8 4 6 1 1472
7 1 7 3 2 3 6 5 3 2 249
2 1 1 1 56
2 1 1 1 56
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Table 4. Composition of macrobenthic animal community along the survey line 2
in the eastern waters of Kaji before the 1966 fishing season.

Station 1 2 3 4 5 6 7 8 9 10 11 12 13 Total
Number of species 13 12 9 8 6 10 4 5 3 5 4 4 83
Number of animals 367 301 347 174 43 39 16 22 4 10 5 15 1343
MOLLUSCA 12 28 6 3 3 3 1 56
Polyplacophora 2 24 1 2 29
Ischnochiton comptus 2 24 1 2 29
Gastropoda 10 4 5 1 3 3 1 27
Scutus sinensis 1 1
Omphalius rustica 2 2
O. pfeifferi carpenteri 2 2 1 7
Batillus cornutus 2 1 3 3 2 1 12
Astralium haematragum 1 1
Aplysia parvula 4 4
ARTHROPODA 1 2 2 1 6
Crustacea 1 2 2 1 6
Paguristes barbatus 1 2 2 1 6
ECHINODERMATA 354 271 341 171 40 34 16 22 3 9 5 15 1281
Ophiuroidea 45 47 68 37 20 4 3 9 3 4 1 9 250
Ophiothrix sp. 2 2
Ophioplocus japonicus 45 47 68 37 20 4 3 9 1 4 1 9 248
Asteroidea 3 6 13 3 2 9 1 2 39
Asterina batheri 1 1
A. pectinifera 2 4 10 2 2 8 1 2 31
Coscinasterias acutispina 1 1 3 1 1 7
Echinoidea 305 218 260 131 18 20 13 10 5 2 6 988
Pseudocentrotus depressus 18 11 13 19 5 7 7 8 1 1 4 94
Hemicentrotus pulcherrimus 258 196 240 109 10 9 4 2 1 829
Anthocidaris crassispina 29 11 7 3 3 4 2 3 1 2 65
Holothroidea 1 1 2 4
Stichopus japonicus 1 1 2 4
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