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Stocking effects on asymmetrical population
growth under delayed regulation®

Seiichi WATANABE**

Abstract: The constant rate stocking effects are considered on the population with delayed
asymmetrical growth. The stocking increases the equilibrium level of the population. If the
asymmetrical parameter is large, the stocking produces instability of the equilibrium. Contrarily,

if it is small, the stocking produces stability.

The constant rate harvesting has contrary

effects to that of the stocking. The proportional harvesting has a stabilizing effect on the
system. The stocking is an effective way for controlling natural populations.

1. Introduction

The asymmetrical population growth is known
to occur in the case that the density dependence
is not linear to the population density. Recent
evidence reveals that it is an important factor to
describe the population dynamics (PELLA and
TOMLINSON, 1969; GILPIN and AYALA 1973;
FLETCHER, 1978; THOMAS et al., 1980; MUEL-
LER and AvYALA, 1981). Such a growth is
formulated as,

d];it) :r[l_{_%@}jp(z), (1

where 7, K and 6 denote intrinsic growth rate,
saturation level, and the parameter of asymmetry,
respectively. The P(#) denotes the population
size at time #. Still more, the growth of a given
population is often regulated by the past popu-
lation size (NICHOLSON, 1954; MORAN, 1959;
MAYNARD SMITH, 1968). The dynamics of the
population with time lag regulation is studied
for fishing effects (WALTER, 1973), and stability
of the equilibrium (JONES, 1962a, b; KAPLAN
and YORKE, 1975; HADELAR, 1976; STECH,
1978). The simple delayed logistic model pro-
posed by HUTCHINSON (1948) is,

aP@) (. Pi—7)
o —r{l— K~}P(t), (2)

where 7 is time lag and P(¢—7) is the population
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size at time ¢—7. This equation is analyzed by
MaAy (1973, 1976) and MAYNARD SMITH (1974).

Another factor for which more theoretical
studies are needed is that of population dynamics
with stocking. In actual cases of sea farming,
it has been common to stock natural population
with juveniles reared from eggs. This paper
introduces an analysis made of the asymmetrical
population growth under delayed regulation with
special reference to the case in which the stock-
ing takes place.

2. Model and its analysis

The asymmetrical logistic population growth
under delayed regulation together with harvesting
and stocking treatments is described as,

i :r[l—{P(;T)}B:IP(t)JrR—f, (3)

where R is the stocking rate and f the harvest-
ing function. Assuming the harvesting rate to
be constant (f=H=constant), when dP/dt=0,
the equilibrium level P* is the value which
satisfies the following equation;

K

r

pro+l_ KOpP¥— ' (R—H)=0. (4)

When neither harvesting nor stocking occur
or R—H=0, the equilibrium level is K. If f=
hP(#), where h=constant, the equilibrium level
P* is the value which satisfies the following
equation;

2
P*o+1_<1__é> Kﬂp*—KTRZO. (5)
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Stability of the equilibrium

The local stability of the equilibrium is de-
termined by the neighborhood stability analysis.
Denoting a small perturbation from the equilib-
rium by z, the population density is represented
by as P(t)=P*+x(): Differentiating both sides
by ¢, we get dP(t)/dt=dx(t)/dt. Substituting
this into equation (2), we get

dfzit) :r[l_{ P*+aIc<(t—r) }0]

x{P*+zO)}+R—F. (6)

Taylor expanding the { }? term, and neglect-
ing 2nd and higher order terms of z, we get
the following equation for f=H=constant:

- ll-(e) o

_0(%)0,@@—@} 7

When R—H=0 or R=H=0 (in these cases,
P*=K),

dx(2)
dt

=—rliz(t—7). (8)

If time is measured in units of 7, then

d;;r) _ _rr[{( g)”_l}x@)
N

Putting a=r7{(P*/K)’—1} and b=r0c(P*/K)’,
the equation becomes
dx(t)
dt

When R—H=0, a=0 and b=rfr. The equi-
librium is stable if

rlr<z/2, D
and unstable if
rot>n/2. a2z
When f=hAP(z), the local stability is determined
by
= {(%)
Pk r < + " 13x(#)
8
+0< %k ) x(t—‘r)]. (13)

Measuring time by 7, we get

d§§t> _ _ﬂ[{<§>0+é—l}x(t)

+0< —?)Hx(z—l)]. ad

Putting a=rr{(P*/K)"+h/r—1} and b=r0r(P*/
K)?, this equation is expressed in the same
manner as equation (10). When R=0, the equi-
librium is stable if

™ h
1—%<7<1. (15)

and unstable if
LSNPS (16)
r 20t ot &

When r—h<0, the population becomes extinct.

3. Stocking effects

The case of f=H=constant
Assuming rr=constant, the stocking effects
are given as follows. If R increases, the param-

eters @ and & increase as

b3_ 6,
U
2 8,
1 S
-2 -1 1 2 a

Fig. 1. Stocking effects on the system described
by equation (3) (see text) under the condition
of constant-rate harvesting (f=H). Increase of
stocking carries the point rightward along the
b=0 (rr+a) line. Arrow shows the direction
to which the initial point moves by stocking.
The constant-rate harvesting carries the point
to the contrary direction to that in the stocking.
Stability domains are calculated by MAYNARD
SMITH (1974). S, stable region. U, unstable
region. See text for symbols a, b, 6; and 6.
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b=0(rt+a), b>0. an

The gradient of the straight line (17) depends
on the parameter 0, as indicated in Fig. 1. If
0:>6,>0, the gradient 6, is steeper than that
of ;. If 0 is large, the stocking affects strongly
the stability of the equilibrium, and produces
instability. Contrarily, if 4 is small, the stocking
ensures the equilibrium to be stable (Fig. 1).
The harvesting has a contrary effect to that of
stocking.

The case of f=hP(t)
In this case, the relation between @ and b is,

b=0{(r—h)t+a}, b>0. a8

If (r—A)r=constant, the stocking effects on
the stability of the equilibrium are similar to
the above-mentioned case (f=H=constant).
The harvesting decreases the height of the line
(18). It means that the sufficient harvesting
produces stability (here assumed r>4) (Fig. 2).

When 6+#1, the
growth occurs.
on the system.

asymmetrical population
It provides the various effects
In the practical operation of

controlling natural populations, these effects must

b

a

Fig. 2. Stocking effects on the system described
by equation (3) (see text) under the condition
of proportional harvesting (f=hP). Increase
of stocking carries the point rightward along
the =6 {(r—h)r+a} line. Arrow shows the
direction to which the initial point moves by
stocking. Dotted line shows the harvesting
effect on the system. Harvesting downs the
line parallel to the initial one. @ changes the
gradient of the line. Cf. Fig. 1 for symbols.

be taken into consideration. In some cases, the
stocking produces serious effects on the popu-
lation dynamics (WATANABE, 1983, 1986, 1987,
1988). In the present study, it is clarified that
the stocking plays a very important role in
the time-delayed asymmetrical population growth.
It seems to be reasonable that the stocking is
effective for controlling natural populations.
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Coastal and bottom topographic effects on the path dynamics
of the western boundary current with special reference to
the Kuroshio south of Japan*

Yoshihiko SEKINE**

Abstract: The Kuroshio region south of Japan is characterized by a small coastline incli-
nation from west-east direction and narrow continental slope in comparison with other western
boundary currents. The Kuroshio shows bimodal path characteristics between large meander
and no meander path, but the large meander path is not observed in other western boundary
currents. A barotropic numerical model is used to study the coastal and bottom topographic
effects on the path dynamics of the Kuroshio in the present study. It is shown by a flat
model that a western boundary current along a zonal northern coast has a tendency to generate
a large meander path. Conversely a western boundary current along a coast with larger
coastline inclination from W-E direction apts to flow along the northern boundary, in which
if both a small horizontal eddy viscosity and a large in- and outflow transport are imposed,
an instability of the coastal flow is carried out and a separation of the current path is formed.
It is also demonstrated that if the topographic effect of the continental slope is included in a
model, it suppresses the formation of the meander path by the topographic guiding effect
along the geostrophic contour. These results indicate that the formation of the large meander
path is strongly connected with the instability of the frictional boundary layer current along
the coast. If the instability occurs and the relative vorticity advected offshore region by the
mean flow is balanced with the Rossby wave motion, a meander path is formed. These
results indicate that zonal coastal boundary and steep narrow continental slope found in south
to Japan have a larger possibility to form a large meander path than those of other western

boundary currents.

1. Intreduction

The Kuroshio is a western boundary current
in the North Pacific. It has been widely accepted
that the Kuroshio takes one of the two relatively
stable paths south of Japan, which is known as
bimodal path characteristics. One stable path
is rather straight and it is referred to as no
large meander path. Another path exhibits a
large meander south of Japan and it is referred
to as large meander path (e.g. STOMMEL and
YOSHIDA, 1972; NisHiDA, 1982; Isiml et al.,
1983). Recently, KAWABE (1985) showed by
the analysis of the sea level data at the Izu
Islands that the Kuroshio takes a large meander

* Received April 21, 1988

** Tnstitute of Geosciences, National Defense Acade-
my, Yokosuka, 239 Japan
Present address:Institute of Oceanography, Facul-
ty of Bioresources, Mie University, Kamihama-
cho 1515, Tsu, Mie, 514 Japan

path about 40% of the total time period and the
no meander path is furthermore divided into
two types referred to as nearshore and offshore
non-large-meander paths. It should be noted
here that the large meander path is peculiar to
the Kuroshio south of Japan and
phenomenon is not observed in the other western

similar

boundary currents.

Fig. 1 (a) shows the topographic features south
of Japan.
those of other two representative western bound-
ary regions shown in (b), it is noted that
the Kuroshio region south of Japan has some
characteristic features of the coastal and
bottom topographies. (1) The existence of the
Izu Ridge is peculiar and its topography rises up
from a flat basin to block the Kuroshio flowing
over it. (2) A coastline inclination from west-
east direction is relatively small in south of
Japan, in particular from Shikoku to the Boso

If we compare this topography with
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Bathymetric chart of the three western boundary regions

60° 0w

(a) south

of Japan (after TAFT, 1972), (b) east of the North America (left) and

east of the South America (right).

The solid bands in right bottom show

the distance of 500km in each panel.

Peninsula. In contrast to this, the coastline in-
clinations of other western boundary currents
are relatively large (see Fig. 1b). (3) The width
of the continental slope is relatively small in south
of Japan. Namely, the averaged width of the
continental slope south of Japan is about one
third of that of the Florida Current region.
Considering that the appearance of the large
meander path is peculiar to the Kuroshio, there
is a possibility that the large meander path is
caused by the characteristic coastal and bottom
topographies south of Japan mentioned above.
So far, many authors have investigated the
path dynamics of the Kuroshio south of Japan.
As for the topographic effect of the Izu Ridge
denoted in the item (1), because the relatively

deeper region over the Izu Ridge exists between
the two islands, the Hachijo-jima and the Miyake-
jima, the Kuroshio has a tendency to pass this
region, which has been referred to as the gate
effect of the Izu Ridge (cf. WHITE and McC-
CREARY, 1976). The gate effect was studied
by some authors (e.g. MASUDA, 1982; CHAO
and MCCREARY, 1982; CHAO, 1984; YASUDA
et al., 1985). However, recent sea level analysis
by OTSUKA (1985) suggested that the axis of
the Kuroshio is not confined to the gate region
over the Izu Ridge.

As for the topographic effect of the conti-
nental slope denoted in the item (3), many
authors have studied by use of various models
(e.g. ROBINSON and TAFT, 1972; ENDOH, 1973,
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1979; SEKINE, 1979, 1980; SEKINE and TOBA,
1980; MIURA and SUGINOHARA, 1982) and
commonly pointed out that if the lower layer
motion touching the bottom slope exists, the
topographic guiding effect on the current to flow
along an isopleth of the depth is prominent.
Recent direct current measurements have clari-
fied the prominent velocity in the lower layer
(e.g. FUrkAsaAwA and TERAMOTO, 1986) and
it suggests that the topographic effect may not
be neglected in the path dynamics of the Kuro-
shio. Recent numerical model with the realistic
continental slope and the Izu Ridge (SEKINE,
1989a, b) demonstrates an impotant role of the
topographic effect of the Izu Ridge and the
continental slope south of Japan. In particular,
SEKINE (1989b) pointed out that the formation
of the large meander path is confined to a nar-
row parameter range over the continental slope,
but a large meander path dominates if a flat
bottom basin is assumed.

Recently, CHAO (1984), SEKINE (1984) and
YOON and YASUDA (1987) made numerical ex-
periments with an inclined coastal boundary from
W-E direction denoted in the item (2). It has
been commonly demonstrated that the occurrence
of the large meander path is carried out in larger
volume transport in comparisen with the case of
the zonal coastal boundary. However, the param-
eter dependence of the medel ocean has not
fully been performed in the models of CHAO
(1984). More detailed study on the coastline
inclination was made by YOON and YASUDA

Table 1.

101

(1987). But their model has some shortcomings;
a topographic effect of the continental slope and
the model dependence on the intensity of eddy
viscosity has not been considered. Furthermore,
because their model covers only the Shikoku
Basin and the eastward outflow is made at the
gate region of the Izu Ridge, the current path
not through the gate region represented by the
offshore non-large-meander path (cf. KAWABE,
1985) is omitted in the discussion.

In the present study, the topographic effect
of the coastline inclination and continental slope
is examined by use of a simplified numerical
Emphasis is placed on the association
with the topographic effect of the continental
slope, the dependence of the intensity of eddy
viscosity and the volume transport of the in-
It will be shown that the condi-
tion on the appearance of the large meander
path is very complicated and the clear observa-
tional verification of model parameters is needed
to draw a firm conclusion on the path dynamics
of the Kuroshio south of Japan.

model.

and outflow.

2. The model
In order to see the specified roles of the coast-
line inclination, the continental slope and other
physical parameters, eleven runs with different
model and/or the model parameters are performed
(see Table 1). Barotropic model is assumed for
all the cases. Schematic view of the model
ocean is shown in Fig. 2.

In the first phase, a flat bottom with a depth

The parameters, coastal and bottom topographies, and boundary in-

and outflow transport for the experiments discussed in this study.

Coastal topography Continental Total transport Horizontal
Run no. (Tilt of the coast from the slope, 4h of inflow dissipation, Az
E-W direction in degree) (m) (Svy) (cm?s™)

1 0° 0 40 5% 10°

2 10° 0 40 5%10°

3 20° 0 40 5% 108

4 30° 0 40 5% 10°

5 0° 100 46 5x10°

6 0° 200 40 5%10°

7 0° 500 40 5%10°8

8 30° 0 100 5X 108

9 30° 0 150 5%x10°
10 30° 0 100 10°
11 30° 0 100 5% 10°
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Fig. 2. (a) Schematic view of the flat bottom model with four different northern coastal
boundaries. (b) Schematic view of the model with the constant continental slope.
P

Two sections of the bottom topography are also shown in top and right.

in three runs (see Table 1).

of 1,000m is assumed and only the northern
coastal inclination is changed among Runs 1-4
(see Table 1).
the Tokara Strait to the Boso Peninsula has an
angle of about 30 degrees from W-E direction
(see Fig. 1) and this angle is similar to those of
the model employed in Runs 4 and 8-11. If
the coastline between the west of Shikoku and
the Boso Peninsula is considered, the coastline
inclination decreases to about 20 degrees, which
is similar to that of Run 2. In the second phase,
the specified topographic effect of the conti-
nental slope is examined. In these models, the
rectangular basin is assumed and only the
gradient of constant slope is changed among
Runs 5-7 (see Fig. 2(b)). Here, since the bottom
effect of the continental slope is studied, the
effect of the Izu Ridge is excluded. The effect
of the Izu Ridge will be studied in the succeed-

The straight line drawn from

4y is changed

Table 2. List of symbols.

x  eastward component of Cartesian coordinate
y  northward component of Cartesian coordinate
u  z-directed (eastward) component of velocity

v y-directed (northward) component of velocity
z relative vorticity

¢  volume transport function (stream function)

h  depth of the ocean

f  Coriolis parameter (f=fo+8y, fo=7x10"%s"")
B8 factor in Coriolis parameter (=2X1071%s7!
Apn coefficient of horizontal eddy viscosity

2 A2
:,ﬁ.ﬁgﬁ
T

large-meander path, the outflow is carried out
at the eastern boundary corresponding to south-
eastern region off the Boso Peninsula. Basic
equations are vertically integrated vorticity equa-
tions under the hydrostatic balance and the beta
plane approximation:

cm™?)

P? horizontal Laplacian operator

ing paper (SEKINE, MS) with reference to the Oz ouz Ovz 3
multiple steady state of the current path. On ot ox oy v
I B R N

the basis of the results of previous two phases,
the condition on the appearance of the large

meander path in a large coastline inclination is f( ?u +@)+A;LV 2, e
checked in the third phase; a specified large % L
nonlinear effect by large in- and outflow is given Div. Fr
in Runs 8 and 9 and a smaller eddy viscosity is v w0 (1 3p
given in Runs 10 and 11. Zza_a—y:$<z5‘;>
In all runs, the system is driven by an inflow 3 /109
and outflow through the boundary. The inflow + @(75&)’ (2)

is given at the western part of the southern
boundary corresponding to the southeast off Kyu-

shu. In order to include the offshore non-

where all the symbols are listed in Table 2. A
slip boundary condition is imposed at the southern
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and eastern boundaries and a viscous boundary
condition is assumed at the western and northern
boundaries. The equations (1) and (2) are solved
numerically with the grid resolution of 30 km
(east-west) and 20 km (south-north) for Runs 1-9
and the resolution of 15 km (east-west) and 10km
(south-north) for Runs 10 and 11 with the smaller
horizontal eddy viscosity. A leap frog scheme is
basically used in the finite form of the local time
change and an Euler backward scheme (MATSU-
NO, 1966) at every 20 time step is employed to
suppress the growth of computational modes. The
space difference form of (1) is the same as in
BRYAN (1963) and the Poisson equation (2) is
solved by the successive over relaxation method.

Stationary in- and outflow are assumed at the
boundary and a sinusoidal form of the horizontal
velocity distribution is employed. Boundary con-
ditions at the inflow southern boundary (y=0km)
are

6=o— o cos <—Z—lx> for 0<e<Li) (g
d=20 for Li<x<1290km ,

where ¢ is a half of the total transport of the
in- and outflow, and L; (=210 km) is the width of
the inflow (see Fig. 2). The similar boundary

condition is imposed at the eastern outflow
boundary (x=1,290km),

0=2 ¢ for 0<y<660km
$=do+do 605[5(0—660) } 4
2
for 660km <<y<800km ,

where L; (=140km) is the width of the outflow.
In all runs, the volume transport function at an
initial stage is set to be parallel to the western
and northern boundaries and it will be also shown
together with the results of time integrated
numerical solutions.

3. Results
3.1. The effect of the coastline inclination from

W-E direction on the western boundary cur-

rent (Runs 1 to 4)

The results of Runs 1 to 4 with different
northern boundary are shown in Fig. 3. The
time variation of Run 1 depicts that a small
current separation from the northern boundary
is formed gradually by the lapse of time and a

cyclonic circulation appears in its coastal side.
The large meander flow pattern of Run 1 with
a cyclonic eddy shown by the negative transport
function between two anticyclonic circulation is
almost similar to the observed large meander of
the Kuroshio south of Japan.

The results of Run 2 show that an initial
straight path forms meander patterns more slowly,
but some different meander patterns are perceived
in comparison with those of Run 1. The sepa-
ration of the current path from the northern
boundary is carried out in the downstream region
and the current path flows zonally for a long
distance from the western boundary. So, the
generated coupled anticyclonic and cyclonic circu-
lations have longer zonal diameter. If the meander
patterns in Runs 1 and 2 are assumed to be station-
ary Rossby waves, their wavelengths are evalu-
ated, 27+/U/B for Run 1 and 27U cos(10°)/
for Run 2. It is thus suggested that the stationary
Rossby wave has shorter wavelength in Run 2
by a factor of ~/cos (10°). However, this contra-
dicts with the present results showing that the
wavelength of Run 2 is longer than that of Run
1. This contradiction is caused by the neglect
of the effect of northern boundary, and if the
boundary effect is considered, the Rossby wave
can not behave as in an open area. It is pointed
out that the stationary Rossby wave theory
(e.g. WHITE and MCCREARY, 1976) is appli-
cable only in the open ocean and to include the
effect of coastal boundary is needed in the
dynamics of the large meander path. The total
flow pattern of Run 2 resembles the observed
offshore non-large meander path -classified by
KAwaBE (1985).

The results of Runs 3 and 4 show that the
initial current path furthermore shifts westward
and a narrow coastal current along the northern
boundary is formed. Although some small eddies
are formed in south of the main current path,
they give no major influences on the time evolu-
tion of the current path. These results demon-
strate that formation of the large meander path
is strongly suppressed in Runs 3 and 4. It
should be also noted that northward flows along
a western boundary in Runs 1 and 2 are stable
and they continue to flow along the boundary.
In summary, a western boundary current along
a larger coastline inclination from W-E direc-
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Fig. 3. Results of numerical experiments shown by the sequential pattern of total volume
transport function. (a) Run1, (b) Run 2, (¢) Run 3 and (d) Run 4. Contour interval

of the two neighbouring volume transport function is 5 Sv and the region with the
negative transport function is stippled.

tion has a stronger tendency to flow along the

coastal boundary in comparison with those along
zonal coastal boundary.

To see the difference in the coastal boundary

effect, Fig. 4 compares the time variation of the
term balance in the vorticity equation (1) be-
tween Runs 1 and 4. One point, referred to as
i point, is in the coastal side of the main current
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Fig. 4. Time change in the relative vorticity and five terms in the vorticity equation (1) at
the two points. The distance of the two points from the northern boundary is 20 km
for i point and 120 km for o point. The zonal position of the two points, which are
shown in the right of figures, is middle of the obligue coastal boundary (x=540 km from
the western boundary). (a) Run 1, and (b) Run 4. Z, Jz, Jy, Fr, B and T¢ show the
relative vorticity, eastward and northward vorticity advection, horizontal eddy viscosity,
planetary beta and total vorticity change (local change) terms in (1), respectively.

axis, where positive vorticity is given in the
initial condition, while the other o point is in
the offshore side of the main current axis with
the negative vorticity in the initial stage (for the
position of these two points, see right map in
Fig. 4). At the i point of Run 1, three terms
show poor compensation and no stable vorticity
balance is achieved; the total vorticity change
0z/0t is always negative and the relative vorticity
changes from positive to negative at about 30th
day. In contrast to this, the vorticity change at
i point of Run 4 shows oscillating feature be-
tween the positive and negative values and it
becomes stationary (nearly zero) after about 30th
day: the stationary vorticity balance is made
among two positive nonlinear terms and the
negative f{riction and planetary beta terms.

At the o point of Run 1, the prominent posi-
tive nonlinear term —0uz/0x contributes to make

the relative vorticity positive. However, at the

0 point of Run 4, the time variation in the
relative vorticity is rather small due to the
balance of the four terms in (1). An apparent
local time change of Run 4 is detected in 15-20
days, when the passage of an anticyclonic eddy
in the offshore side of the main current axis is
perceived (see Fig. 3). After the 30th day,
stable vorticity balance is established among the
positive friction and one of the nonlinear term
—0vz/0y and the two other negative terms.
The planetary beta term is secondary. The
stationary flow pattern of Run 4 is due to this
stable vorticity balance.

Another possible cause of the difference in the
results between Runs 1 and 4 is originated in
the deformation of the current path at the
western north corner of the model ocean. In
Run 1 larger positive vorticity (cyclonic circu-
lation) is given in the mean flow at the western
north corner, while the corresponding vorticity



106 La mer 26, 1988

2

e

TOTAL CHANGE

Sl

BETA TERM BETA TERM ADVECTION
T Wy
\/\, .
A,v
¥y ﬁ //
- [
TOTAL CHANGE FRICTION T10TAtL CHANGE FRICTION

o T

CE O @ 'j@ o

v’\ 0 %
@ IR ]
BETA  TERM ADVECTION

d

- .A

BETA

TERM ADVECTIGN

b

Fig. 5. Spatial vorticity balance at the 50th day (upper four panels) and at the 100th day

(lower four panels). (a) Run 1 and (b) Run 4.

Contour interval is 5X107'%s™% and the

regions with negative vorticity change are stippled.

change in Run 4 is relatively small due to the
smaller deflection of the mean flow.

Fig. 5 compares spatial distribution of the term
balance in (1) between Runs 1 and 4 at the 50th
and 100th day. Fig. 5 shows that the friction
term is important near the coastal boundary and
the planetary beta term is dominant along the
western boundary, while the nonlinear term is
noticeable along the main current axis. In both
runs, the northward flow along western boundary
has a vorticity balance between the planetary
beta term and the friction term in the coastal
side of the main current axis, but it changes to
balance between the beta term and advection
term in its offshore side; the frictional boundary
current (MUNK, 1950) is suggested for the for-
mer case and the inertial boundary current (e.g.

MUNK et al., 1950) for the latter case (for the
relationship between the frictional and inertial
western boundary currents, see VERONIS, 1966).
It is suggested from Figs. 4 and 5 that the
advection term is dominant in the offshore region
in Run 1 and it yields remarkable total vorticity
change (0z/0t) there. This means that the initial
coastal flow in Run 1 is unstable. In contrast
to this, the time change (82/0¢) is very small in
Run 4 because of the vorticity balance among
advection, friction and beta terms, and it means
that the initial current path along the boundary
is stable.
3.2. The topographic effect of the continental

slope (Runs 5-7)

The results of Runs 5-7 with the continental
slope are shown in Fig. 6. Because of the longer
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Fig. 6. The same as in Fig. 3, but for (a) Run 5, (b) Run 6 and (c) Run 7.
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time response of the topographic Rossby wave,
the numerical integration is carried out upto 750th
day. A meander of the current path is perceived
in Run 5, but the amplitude of the meander is
smaller than that of Run 1. Because the topo-
graphic effect of the continental slope is more
prominent in Runs 6 and 7, the main current
path has a tendency to flow over the continental
slope. The amplitude of meander decreases from
Run 5 to Run 7, and it is clear that the existence
of a steeper continental slope suppresses the
development of the meander path more remark-
ably. The different flow pattern of Runs 6 and

7 from that of Run 5 is a generation of eddies
along the western boundary. These eddies act
as a southward topographic Rossby wave in the
northward mean flow.

The vorticity balance of these three runs at
the 5th day is shown in Fig. 7. In Run 5,
the time change 0z/6¢ is mainly due to advection
term, while the topographic divergence term is
relatively small. However, as the gradient of
the continental slope is increased, the divergence
term becomes important in the vorticity balance.
In particular, the total time change in Run 7 is
mainly due to the divergence term and it forces

@)
SO0. DAYS 100.DAYS 200.DATYS
300.DAYS SO00.DAYS 750 .DAYS

Fig. 8. Results of numerical experiment.

S00.DATYS

750.DATYS

(@) Run 8, and (b) Run 9. Contour interval
of the volume transport function is 15 Sv.
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the current path to flow along the geostrophic
contour (f/h), which is well approximated by
the isopleth of the depth (%). In comparison
with the results of the flat bottom model shown
in Fig. 3, these models show that even in a
model with zonal northern boundary, the for-
mation of the large meander path is suppressed,
if the topographic effect is remarkable. It is
thus suggested that the appearance of the large
meander path in the Kuroshio flow is associated
with the fact that topographic effect of the
continental slope is confined to the narrow con-
tinental slope south of Japan (see Fig. 1).

- 3.3, The effect of large in- and outflow volume

transport (Runs 8 and 9)

In order to see the condition on the appearance
of the large meander path in the model with
large coastline inclination, the large in- and out-
flow volume transports of 100 Sv and 150 Sv
are given in Runs 8 and 9, respectively (Table 1).
The results of these two runs are displayed in
Fig. 8. It is shown that initial current paths of
both runs along the northern boundary are
maintained stationary and the total flow pattern
shows no prominent difference from those of
Run 4.

Vorticity balances of Run 9 along 2=540km
at two times are shown in Fig. 9. Vorticity
balance is made by the two dominant nonlinear
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terms —0zu/0x and —dzv/0y. But the two
terms compensate each other and the total non-
linear effect on the time change 0z/0¢ is small.
Beta term and friction term are secondary.
Therefore, total time change of the relative vorti-
city 0z/0¢ is very small and it results in no
apparent change of the initial current path along
the northern boundary. Provided that the ob-
served maximum volume transport of the Kuro-
shio is less than 150 Sv, the increase in the
volume transport yields no large meander path
in the large coastline inclination of 30°.

3.4. Effect of small horizontal dissipation (Runs

10 and 11)

The condition on the appearance of large
meander path in the large coastline inclination
is furthermore checked by the model with a
small coeflicient of the horizontal eddy viscosity.
The results of Runs 10 and 11 are displayed in
Fig. 10. The width of the western boundary
current in Run 10 is smaller than Run 8 with
the same in- and outflow. This is due to the
decrease in the horizontal eddy viscosity. In Run
10, although weak current separations are noticed,
the total flow pattern indicates the predominance
of the no meander path along the coast.

Results of Run 11 show that the flow pat-
terns at 50th day are almost similar to those
with the larger horizontal dissipation, but some

100 DAYS

-0 -
152)

VORTICITY CHANGE ( x 10

Vorticity balance of Run 6 along the meridional line passing o and

i points shown in Fig. 4 (z=540km from the western boundary).
Zonal axis shows the distance from the northern boundary.
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Fig. 10. The same as in Fig. 8, but for (a) Run 10 and (b) Run 11. Contour interval

of the volume transport function is 25 Sv.

unstable eddies appear at about 200th day.
The clear difference of the flow pattern of Run
11 from that of Run 10 is the development of
cylonic and anticyclonic circulations along the
coast. By the development of these eddies, the
meander of the current path is formed by the lapse
of time. The meander path is not stationary
and its wavelength becomes larger gradually.
In order to see the difference in the results of
Run 11 from those of Runs 8 and 9, the vorticity
balance of Run 11 is shown in Fig. 11. The
two dominant nonlinear terms —oduz/dx and
—0vz/0y almost balance at the 100th day, but
the two nonlinear terms show poor compensation
afterward. The initial current path along the
boundary is unstable in Run 11 and it gives rise
to another current path pattern. In comparison

with the vorticity balance found in Runs 8
and 9, the results of Run 11 suggest that small
horizontal dissipation gives favorable condition
for the occurrence of instability of the initial
coastal flow along the northern boundary. From
the above numerical experiments, it results that
the appearance of a meander path along the
larger coastline inclination is possible, if both a
small horizontal dissipation and large in- and out-
flow are employed. It is also pointed out that
the formation of the meander path is necessarily
associated with the instability of the western
boundary current along the coastal boundary.

4, Summary and discussion
The Kuroshio region south of Japan has some
characteristic topographies in comparison with the
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other western boundary region; a relatively small
coastline inclination, narrow continental slope and
the Izu Ridge. On the basis of the observational
evidence that the large meander path is peculiar
to the Kuroshio, the effects of coastline inclination
from W-E direction and the continental slope on
the western boundary current have been studied
in the present study. The main results are
summarized as follows:

(1) A western boundary current along a
smaller coastline inclination from W-E direction
is unstable and it has a tendency to take a
meander path. This is due to larger eastward
advection of the relative vorticity by the mean
flow, which becomes large as the coastline incli-
nation becomes small.

(2) The formation of the large meander path
is suppressed by the topographic effect of the
continental slope. If the topographic effect of
the continental slope is predominant, no large
meander path is formed along a zonal northern
boundary and a current apts to flow along an
isopleth of the depth. The narrow continental
slope south of Japan and resulted small topo-
graphic effect of the slope in comparison with
the other western boundary are supposed to be
associated with the appearance of the large
meander path.

(3) From the results of Runs 1 and 2, it has
been pointed out that if the coastline inclination
is included, the stationary Rossby wave theory
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The same as in Fig. 9,

La mer 26, 1988

A 500DAYS
c_;‘" 3*XJX
2 of|
-~ =9
8 ‘_‘\/\
e
S obrteberiiadeete.,
g_ ‘B,‘ \c/o
S - !
= 200KM
@ /
2 -2 |

..3:;

L Jy

s

but for 100th day and 500th

(e.g., WHITE and MCCREARY, 1976) is not
suitable and the wavelength of the stationary
Rossby wave is greatly influenced by the effect
of northern boundary. A western boundary
strongly deformed at the western
north corner of the basin and the vorticity ex-
change with the boundary is important in this
process.

(4) In the case with a large coastline incli-
nation from W-E direction, large meander path
is not formed even if a very large in- and out-
flow volume transport is given (Runs 8 and 9).
the small coefficient of eddy
viscosity is imposed (Run 11), a current path
separation from the northern boundary is carried
It is inferred from these models that the
instability of the coastal current path is more

current is

However, if

out.

sensitive to the eddy viscosity than to the non-
linear effect.

It has been suggested by Fig. 3 that there
exists a critical coastline inclination from W-E
direction between those of Run 2 and Run 3
that divides approach or separation of a western
boundary current from a coastal boundary. Be-
cause the coastline inclinations of Runs 2 and 3
represent the actual tilts of the coasts from
Shikoku to Boso Peninsula and the total from
south of Kyushu to Boso Peninsula, respectively,
the results of Fig. 3 agree with the observational
evidence that the large meander of the Kuroshio
is observed in the former area, where the incli-
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nation of the coast is relatively small. Although
generation of a small meander is frequently ob-
served off Kyushu, they are caused by the abrupt
increase in the current velocity of the Kuroshio
(SEKINE and ToBA, 198la,b). If a stationary
current velocity is assumed, the Kuroshio path
off Kyushu has a tendency to flow along a
coastal boundary (SEKINE and ToBA, 1980).

Next, we refer to the future problems of the
coastal and bottom topographic effects on the
path dynamics of the Kuroshio. In the present
study, the latitude of the outflow has been
fixed, but there is a possibility that the path
character along a constant coastline incli-
nation is changed if the outflow latitude is
changed. The numerical experiments by YOON
and YAsuDA (1987) showed that in a model
with 23 degrees coastal inclination (A,=8x10°
cm?s™Y), a large meander path is formed if the
volume transport is greater than 40Sv. How-
ever, the present model showed that meander
path is not formed in the Runs 3, 4,8 and 9.
This discrepancy is due to the difference in lati-
tudinal distance of the inflow and outflow; the
latitudinal distance of the present model is 710
km, whereas that of YOON and YASUDA (1987)
model is 350km. If the latitudinal distance is
small, the effect of coastline inclination on the
current path is decreased. Therefore, the latitude
of the outflow is supposed to be an important
factor of the path dynamics and this problem
will be examined in succeeding paper (SEKINE,
MS). Furthermore, the present study has shown
that even if the outflow latitude is fixed, the
path character is changed by the intensity of
topographic effect of the continental slope and
eddy viscosity. As for these problems, obser-
vational parameterization has not been well
carried out. It is strongly needed to do obser-
vational parameterization for drawing a firm
conclusion on the path dynamics of the Kuroshio
south of Japan.
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Hole-drilling predation by Octopus vulgaris on abalone*

Hiroshi Kojmma**

Abstract: An Octopus wvulgaris of 296 g in wet weight preyed upon 36 abalones of 26-98 mm
in shell diameter during June 23 to July 31 in a laboratory tank of 412 liters. Five abalone

shells were drilled by the octopus among those killed by the octopus. Four boreholes among
five were characteristically oval in shape and very tiny in size ranging from 2.2 to 2.4 mmX1.0
to 2.0 mm at the top and from 0.3 to 0.7mmX0.15 to 0.5 mm at the bottom. A single bore-
hole located at the position of a hole created by Cliona sp. was measured 5.6X4.2mm at the
top and 3.1X2.4mm at the bottom. Many narrow vertical grooves created by octopus were

recognized on the wall observed by SEM.

The injection of the excretion from the posterior

salivary gland of the octopus into abalone foot caused a constriction of epipodia and tentacles.
Hole-boring will be conducted for injecting of the paralyzing venom into the victim to weaken
when the octopus fails to detach a prey by force with arms.
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2 KB ITEY, &k, RERORL S BRI ANY
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Table 1. Number of abalones (Haliotis) killed by a 296 g octopus by size class in a labolatory
tank. Numbers in parentheses represent the emptied shells drilled by octopus.

Shell length H. diversicolor H. discus H. sieboldii H. gigantea Total

(mm) aquatilis discus

25-29 2 2
30-34 2 2
35-39 2 2
40-44 4 4
45-49 7(2) 7(2)
50-54 2 2
55-59 5 5
60-64 3 1 4
65-69 2(2) 2(2)
70-74 2 2
75-79 1 1
80-84 0
85-89 0
90-94 1 1 2
95-99 1M 1)
Total 31(4) 3 1 1 36(5)
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3. # g
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Fig. 1.
abalone shell. (Magnified X 30)

IHole drilled by an octopus into an

TR A1TEP, BB L LR THEESTTE YR L
o B TT Ve AAGICHEETEIE, BhBiilic
T, AU, Bic k 2B KR g s,
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726
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CEHEILL TN, FDhdDT L IDELENRKI X
S EHFEINRD,
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Table 2. Size of a hole drilled by octopus into an abalone shell.
Top size Bottom size
Specimen Species Shell length Major diameter Major diameter

No. (mm) X minor diameter Xminor diameter

3 H. diversicolor aquatilis 67.1 5.6X4.2mm 3.1X2.4mm

8 H. diversicolor aquatilis 67.8 2.4%2.0 0.7X0.5

9 H. diversicolor aquatilis 46.8 1.4%X1.0 0.3X0.15
16 H. diversicolor aquatilis 49.2 1.5%1.2 0.3%0.22
20 H. discus discus 97.5 2.2X1.5 0.5%0.25

16

H.diversicolor aguatilis

H.discus discus

Fig. 2. Location of the hole drilled by an
octopus on the shell of abalones. Numerals
represent the specimen numbers of prey.
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Fig. 3. The inner wall of the octopus borehole (A) and the inner wall of a hole drilled

with an electric drill (B), which was dissolved by hydrochloric acid of pH 5.4.

(Magnified X 700)
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A modelling for atmospheric precursor of a big tsunami*

Shigehisa NAKAMURA**

Abstract:
appeared after the occurrence of big offshore earthquake as found in the Japanese historical
descriptions, documents and records. The author’s interest is to show that stratifications in
the sea and in the atmosphere cause to form an acoustic caustic in each media if a source is
assumed to be located on a fault line including the epicenter of an earthquake on the sea
floor. Sound on the sea surface just above the epicenter is the strongest to propagate through
the atmosphere to form an acoustic caustic in the sky. A sound from the caustic can be
taken as if it were a cannon boom or a thunder-roll for those who are on the earth in a
range of several tens kilometers from the source. Sound can be directly detected by people
in the ground-surface layer of 10 m thick above the sea surface within a range of about

A possible model is proposed for an atmospheric precursor of a big tsunami which

80 km from the source.
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Fig. 1. Vertical temperature distribution of the
earth’s atmosphere. Meteorological layers are
classified as troposphere, stratosphere, meso-
sphere and thermosphere. Aeronomical layers
are classified as D, E, F; and F; layers.
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Fig. 2. Acoustic rays in the sea radiated out of a source on the sea floor. (a) Sound speed
is 1,560 m/s on the sea surface (¢=0km). (b) Sound speed is 1,480 m/s at the level of
sound channel which is assumed to be located at 1km below the sea surface. (c)
Sound speed is 1,520 m/s on the sea floor (z=3km). (A) Relative acoustic ray density
(RDS) as a function of horizontal distance R (in km) from the source. (B) Acoustic rays’
pattern in the sea which gives RDS distribution with a variable R as shown in (A) for
the sea surface. Rays in (B) are in five-degree angle step from the vertical (0°) to the

horizontal (90°).

ZLC, HEu, #EeA X Lol TRREmcE(l
TE5LDEL, Tk, AX LA YEOMTHEFHILR
B ELT 55D ET D,

3. BEFRTOEHR

T & 2. LR Ukilirh & 8 Ea e T oviT L
T, BhRAADHENBCA £THEAHAET S L, &
L2 1Edkt (1986c) % NAKAMURA (1988) DL 5T
L Sl oSHEn bOEb 0 i Fig. 2 DL HiC
he TTT, BEOHAL, SHEMDOEROKIER
B hic- T, TTRSMESCTLTH 0° CHEERY
CEDD OB, 1 90° TAFEHFIETHAND D ET
ARG EL, FO200ADHY 5° ¥&¥4LLL, HD
Floiextd s SHEo0E by Fig. 2 O T (Fig. 2B) ©
RUT,

AT, WECEL, BERYERL, b, KX
haEb B AR BN THRE Lizv, Licdis T,
WHE PRI b X 5 e caustics K DWW T, AL
EUb Ao THERY LA (cf. 1A, 1986c; NAKA-

MURA, 1988)

XC, Fig. 2B ICRINAFHEBRICD ESWT, &
M 2=0 k3 EROBMNELE (RDS) 230425,
Thbb, SHROBECK T SIEIZ, BETD RDS T
BHET B SO ETIE, FE b OACEERERICHT
HAHDHEIXAIALELBHENTED, TOLIT
Zz S THBECKET2TORIOEEZL LT RDSOR
BT b EDRR LD Fig. 2 EB (Fig.2
A) Thar, 2T, it (1986c) © Fig. 10 #£%#
w35 L, HEEA B LETCHERIE R=13km L]
SETHERT T O caustics e B MBI D35 23, K
S EEbh 5 FRICREE SRR LW, Licsis T,
AXD Fig. 2A @ RDS i X #3045k L% 13km
FTOHETELNEI TS TH B,

o Fig. 2A ® RDS @ R Ki$ 50HxH5 L,
Bu(EE)OEED RDS b REWELRL, R
K& W& RDSOEIRNE BT bbb, Thi,
BEOE ENRELEENDOTOEHENEH N &R
LTnb,
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4. BE%EE > CATPAEMDE
TCTC, @B blEEEYE L TR MEb A B
MBI E DX 5 bDri2REF L TR LERD 5,
B®HELE, Fig. 30X mBEANEFHAL, BETLOF
DEDLY HFOHRBCHAT S, T, N P-P %
fel, HEERZRIAT, ThHoEk BEEL) b0,
bFHrkg EEL) Bebdb0s L, ThThOEH
RENEFNBEE—HEd0L 5, WEHOEE o B LT
B AR ABEHRCITOWT, TRENICH T 4 7 A
(FHES) 1 8L 220 TERTROEE O
R B, T LT, O&EDDFER Ry R T ERD
BHROMOCAKL, BBLALORETER Rr OFKL
&0, KH UL DREW Re ORKEZEDZ DL
T 5, BWEKICH LT Rr O+HIRERGELTEL
b, HHAMMERE Rr COMOATEE S T, %
DHEBEIRASHITE L,
ZDEE, WETDER R, Rr, Rt D Tx/)V¥—
ExHdLT
Er=Er+Er (1)

Thb, CZTIE, SOOI RNVE—DfEmEIZESL
W kit s, b, BETOEDZANKE~DT 5
v JACDNWTHEZLBEE, TRTCOEEY S 2HE 2
wits &,

SClEzdf:S(hERd/+SCbETdf. (2)

WE,ZCT, fELE fEhrbEEciEL 2%
ZOFEFRETNBVRTHEDET B, ThiZ, T
T Er #B2NC L THDEEALTHD, Tb
B,

SChEzdf:S(bETdf, (3)
BAENMNELYEZ20EF0, SHRAEE FleonTHEH
ThHEE, 3) 11, IHEMHIT, BEELLEEE I
“LT

CiE;r=CyET. (4)
—J7, BREOBETO L A vF —RuEKHIC s b
ST, EORETHSD by FHD T A VF—
HERORIE A OFFCHFT 5L LT,

El:ET; {’]Alg:PzAz (5)

ok, B) XD
,,A}:,_ )01 >]/2_</,,1;03 )1/2.- X
A1‘<pz =\0.00129 ) =283 (6)
Tibb, RERES TR OR28 &5,

AIR
SOUND R .
DENSITY  SPEED T medium 11
Py )
P 0 SEA SURFACE P
c
P |
SEA WATER
medium 1
B By

Fig. 3. Acoustic transmission and reflection at
a plane sea surface. Assume that the media
I and II respectively for sea water and air are
separated by a line P-P’ as a sea surface.
Density and sound speed are denoted as p and
C, respectively. Suffices 1 and 2 are to notify
the properties of the media I and IT, respectively.
Incident ray is notified as Ry, transmitted ray
as Rr, and reflected ray as Rg.

%

CDLE, BHRHAEDOZANVF— 75 5 7 R, B
HMZBBELT, TOFFXLTRDOZAVE—+ T 5
JAREIBEATINVWTHEL I, TZTGB)ELHEIC
L,

7C2E7T:7Cn . 14" _ 330, 1.03
CiEr Ci 0:Ar? 15007 0.00129
1 \? ~
X<2813>“0'22 (7

W3 Z ki, HEL,
Ci=1500m/s, C:=330m/s

Ll LA T, BE»BERNEZZ ONDHKD
IRNVF— T 5y ) ARWHFOFERD R NVF— - 7
Ty ADR0. 22 THE, Thid, ErAEANWT
LT @ HELWETHUENBRAATE R,
EFefB e (1) OMRPBAT, fEREHEOZ FVFE— .
75y 7 AOKTI8Y% R EE TR SN ER e D &R
T 5HDNRYBEPIICEMD LS5 Th 5,

T, HERBROBAYERELT, HOT R
—3 100 erg THo&THIE, LD 2% 527k
LT, BE»BHEIAYE L TRRRCEL bR ATFED
IR VF-RBHBEMAREDZD 22X10%erg TH D, —H#
, BEMEORM TS DA vF—13 10°-10" erg &5
ZbNADT, ThHEThIE, FHEROEED =X v
F—TIZ2d, HEOHW Tz xvF— 10711071
EOREETHD,

P kkega Ui, BED L 25, WEHERIC
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IR AMB I A NVFE — 20 BT, LM/ —x
VIERBEEDO I ANF T RELDENL S XD LT
T, BRI, BhERE ORI HEE N ES S
7 4 OFITIR, BERENEREAEDSFHO 2 vE—
R 107erg BETH D (P, 1987), ZOBA, o’
X% watt B CHE LA,
mEk, PUEHRER DN, ERICEWEERNYEE
TEHEEBECK T2 BEESRTRELOW, T/hbb,
HFEA - FR%EEZL, COFEL -2 R
BREEp LEHRCLOBICE LW (e 2, HERX
GROBERER), THTHET S 2 O0BEORAH
CEREWAST BEOIHW RB L OBSAEIRATE
Zbhs, Tibb,
R=(L—I)/(L+L), T=1—R. (8)
TTC, WAEAYEEEL, I XX L 3iEKksLS
ERICHTHEES -2 2T B, T2T, HE
EROX S 7cfER e B,
HizK (30%o, 20°C) iIToWT,
I;=1.54% 107" dyne+s/cm?,
01=1.021 g/cm?,
Ci=1513m/s .
R (0°C, 1KHE) konT,
1,=42.86 dyne*s/cm?,
0:=1.2929 g/1
C:=331.45m/s .

T, LK Enw3 ki, (8) iR
R=0.999985, T'=0.000015 .

Liciio T, MEREOTFRICHETIRENIRLALSE
R, RedTIHEOLS5LbDEEZ DR
%, TOBE, BHROBHED T FVFE— 10 erg 2AVETHE
FEBELT, KT Eb- 2HFEO 2 vF—1L 1.5
X10° erg FEETH 5,

BEETI, MO LEEEXMEZTEELN (NAKA-
MURA 1988), E2YE < 7 BRKROF DM (120 phon)
HHEELV AV 120dB (F YNV X AMZ BT ECd
% (cf. RERXAROBERER), o, FELA
NEEIE P L OBERIR

120 (dB)=20 logio (P/Fo)
Thy, ik,

Py=0.0002 b (=4 7 m/x—n),
772U, 1eb=1dyne/cm® Th 3, LitisT, TEP
DEIZ,

P=0.0002x10° (dyne/cm?).

CCC, IANVF-DRIBLEFLS > TRNET2HD
Lo POJI2MER U CIER S BEAIEEE 1 ocm Bz &
& D3I 200dynercm=200erg Th %, 2D L3I
HTL D&, FEL, D 200erg 12, X XWHEDE
B DEEZE - TRRPCEZ bh s EARRHAZD
DOEWD T 2 VF— 22X 10%erg I LT, &30
PNE WV COEIBERRAOERCEDL 5 KR %
B235DTHALI 0, 12id, TOBE, BHHTEROBE
PR OWT, MERRHELLTELDZZENTES
LWIOHIBIRIH LU TR LA LIciEE L T LE
MDD,

200 —————————————

z
Km

A

10 2b

30 40 59
R Km

Fig. 4. Acoustic rays in the earth’s atmosphere radiated out of a source on the sea surface
which is assumed to be located just above a fault line including an epicenter of an earth-
quake. Sound speed is 330m/s on the earth’s surface (z=0km). It is 270 m/s at the

height of 80km above the earth’s surface.

It is 562.6 m/s at the height of 200 km above

the earth’s surface. Circle (P) indicates the place where acoustic rays concentrated well
to form an acoustic caustic in the atmosphere.
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5. XRGFOEEE

TZTC, WE»DBRIHANMAFOLEDY FieonT
Bz CREbRW, i EBEEST, BEROFHED
PHBEABEL TAEHINELEELRET N&ETH 5
AR, TITTR, BEO1ENLDAZHCEREDL S
Eb2ahwWIHEE LT, BT TRYT 5, &
X Hiz Fig. 2A 056 % T, BROELOEHEHICELK
TR, FO%, REHTEDIIEbENrEZ DL
LTh LW,

DL RREHROBERDED D FHi, RIDYET
B EAEIns, FO0 &2k, 3% Fig. 1 ©&
ERETOREDIRES T EBER T EMETH 2, ¥
7z, BT, SRERADIIEEL TWHEBRIFERNYE
DLALIBFWOMETH %,

5.1. ERRKHPOREH

7, X%k Fig. 1 KRLALI KRB oRED
AENTA D LI LT, KEHhoFHOED ) F 2k
5, TTIC22 TRk Sic#i®R E 200 km £ TD
TWHEICONWTEZ S, BEROELL 2=0km OEHZH
FEE LB AOEMRIR Fig. 41073, CORHEIC
Bl T, WHEHOWEFICENT, £ 0° GrE L) 56
f1 90° GKEHA) FTOMPAT, 5°T LICTHRO/ 4
—YxbED,

o Fig. 4 %% % &, #H_ LA 100km, WEHEOEHR
P BACEEEHER 30km O EIC MO ERNAE S, O
L@ caustic DJEREHD BN D, T D caustic &,
ZERYENC A % & Fig. 4 O th /NIt R B LT
%o

Z O caustic JBRICES LT 5EHIZ, Fig.4 ¥R
NiEbnsb ki, HFEADHA60°-8° THRHEEhAED
DTHD, T D caustic DIRFENL, 13 & A E L H (focus)
CHRIET 2D EARTILDOTELEEDOERE LR
LTk, 2 CHEEOMER—FTRIE, T TOH
DORXIZ, BEOFHR COF DRI L T (85-60)/
90=25/90=0.28 FIEE L WD T LI D,
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NF— BRI I L A EOBI DBENRS RS
HOEEZBNBEDT, R b0, 280 &5 R
YONIWEREZLZOPRENCLTERTED D,

HEERLLHLE, Fig. 4 T, HEDOHFEM D
causticE THE N ED B ICET 5RMERNLS EABR
%, D caustic TiE, XL{ADLNTWD LI, HE
ERERINDHT LT D, TOEBRER, W54 TH
FcBFETL, TLC MEeh-T, Ak, Thz

LHE BT HANDEREH D VIIEHR L LTEHMT S
Ll BBDEEZ BN D,

¢, difd (1986b) 2HEHRE OBRIC DWW TR
LTAHHE2 DL, BHOHERFICONWA WD DREHHK
DRSS BB B EH LR, TOENEBECEDLS L BT
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TEBEHELERDET DRI BNV, &
iz, EEEONE CEREY L LAREA, TOTE
T, RNADEH B \WITESR L EKAINZEARH - T
REE TRV, Lkdis T, BHEIIEKTHERREORE
BRI (A, 1986a), R0k skl Te
B2 BIIHRRA, HEE THESRBANCIHE D D3
BHTRWOTELRBEOL I RENEIA LI E LD
CoFERd,

5.2. HMRBAYEZELIEFE

HENDE 10m BE F TORKER, SREREABL
{Ai7ebh, WET—REAHETIENTESLINT
BV, KEANFEMT “BHKE (cLziX, A,
1980) & L TEH b T %,

T OEL, HEROYESY 6,400km &AL, R
DWE L 10m OEICWAEHER, HEFREmohE
FEZICWREZELTY, BLF8x10'm (=80 km) [}
TOKEEEORE T, BRELEENDE > 3%
HABEAEZEDL- CTEEELLEDAH T LN TES, &
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KDL 5 A EHHDVIEFTELTHIZLLHLTH
55,
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Ba, SEALOTIRERECREREEAEIRNT
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Informations oceanographiques de France N° 7

I. —#% Informations generales

1. 752 A0EMEER| (Larecherche océanographi-

que frangaise en Antarctique)

75 v AD, EETOBEFHELIZ Tn 50’
TAAF (LSEMERITEUN) T, Wik (Adélie, Ker-
guelen, Crozet, Amsterdam) 3 L 0¥, #WiaH o b0 H
T TdH S “Marion Dufresne” B FORREF — £
I, AE, BN, MBuCh R 5BHETT. Tnb, T
RN TOEBEOH S ) © 3] 4 4 (mission de
recherche) T, Znid, XHEFH (ministére de la
recherche), CNRS, IFREMER, ORSTOM 7 &, AXH
DRESBBONEE TR I AFEBRSCHIEINT
Woo TOHFREEFDOLTIT KA TV DR, £
FEOMIECONTE 2L, BEEHROME L HOEE
KEALBELNTWS, #lziE, Kerguelen 5 Tiihbi
Twic 7 QIE(LIFFRZ, BB OMENERER &
Foo WHEYE - ABEONFICENTS, KBEOL 1 F 3
o (V=Y —HEBRBTLE Y A— 2 L EEOW),
CO; DIFHREICEDLDZ L OWRIETHTH D,

449t Territoire des TAAF,
Mission Recherche
34, rue des Renaudes,
75017-Paris
2. AEPREESODOHEE (Réle du Conservatoire de
I’espace littoral et des rivages lacustres)

R, Cof, 74 =27—n (Frs—=ad
) oK 110ha #EE LA, NEROEELHRE &
T B AT, JHRLKI2EM T, 2300RE (377 ha)
L, 75 VADBREDOLE 5500km ©5 % 380km &
S Lz 2 ke b, 1987 £ OB THEENL, 7,600 77
50T, 5% 1L,50047 5 YIREBROEREELYTH
N, BRI ECBIRO TR B, HFHEERR X
CEBEROEMNETHEDR TS, RERBEALX
Hivd, BEIBEFRIBLINTEY, TOTIOERT
W CAVaNGIE 3 (. AY (W

3. I—O9/VAFEBEEY— (Un Centre Euro-
péen de Recherche et de Formation Océanique,
Cerfo)

TNk — TN T+ A (Fos) 12, WBEEEDD D
DHETOLREMDA L REEEE T2 D%,
19884ETIC Z Wi B, T T, TDRDDFIKREH
BHC DWW T OWIYE, L4 S UfF A 7 2 b,
NATIT B ZOFHOEMERRD kb DEIFOE
BBRENTONE 5, B E O Migke LT, 1,000m®
DENEBKNE, FHYIREL BT 52D 0RMAE S
JUHEBRFEEE SIS D, S LY, THLIEY 7 v O®RE
BREnL D,

4. TOR 2,000 wEEFLONESFHHROLLOHDT
045 4 (Eros 2,000: un programme d’évaluation
et de lutte contre la pollution des mers)

Sitfdd A Higk & L7z, European River Ocean System
75 BRI ZFR SR T S T OFF A, 198747 H
18H, EF 2 TARIC AL — b+ L, EC 12H7ED B &
F 320D IEREBI S, EC OEELOIEY R T TR
L, \aER 1,400 T 75 VOFERBTHR AT T
FbH, BLEHIEA Z » X OB Tyro S0
WHEET, A5 VH, Frw—U, EF3, TTVAD
HEEMOREENEDED, AENERET D0,
o—x )itk b Y 2 ¥ (Golfedu Lyon) ~d BEH 4D
BLroREBORAEY, LK/ on 7 4 VOERILD
WIS, @ffic, Eros FHEN, I OB e - 4
BYOWMAC X B ROEE L & bk, ZORECRT
BERZOBRE A S, WKL KECHEST Z2EBZO0N 28
CTHLNELE D EWIHFETH D,

5. Bk’ 5HE (Programme ‘‘Eaux continentales’”)

MBAERRDERELCRST ) v ORE L AES 55
FeEtE A, HAE CNRS O “BrkeERE 7 v—7
OFTHRIFEINDODOH 5, MIBOMYOEEE, WAT
Y vOEREOMABE T VO TR A EI Y, W
DONRBFBICERZINT IR ENETAHETH 5.
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II. ZXkE#HRMF Agro-alimentaire

6. Jean-Gui #F s 7IXRTEREEST—%5E
(Jean-Gui: Premier prix au Salon international
de Douarnenez)

T4 AT —IVED Ky TR RTECLI874E 6 HIiC B
JEINFE 3 ENEEYHES I B \»w T D “‘idées frai-
ches” (W74 7477 20 0~0) T, TVvFsK
DLFHECHORAFMI, HEASSE1ANGZD
Nz, MEBEZBORIFOFE/CHRELI S, TVFar
HFEOIRD = A v P A CE i/ AL Ui
B, JERB ORI D “Marinous’ T, HEEDOHD
ST, BT vF s EREETET 2 ab DI,
BoEAR T -V =2 @HAD) Y, R
R CHREEZ, £V~ THTaAATH B,

£ Jean-Gui
B.P. 91 Le Luc 83340
Telex: JEANGUI 970, 026F

7. N OEZEHR—RZXE7AV (Peskiberon

cuit le crabe sous vide)

EIRk72 4 F 2 7 /7= (cancer pagrus) 13, — HKEIF
Ende, Bna e, ERAHLNC 2 AMESTHS
B, R2AFTavid, Z0OH=0BEEHMLERECON
TORFFHHE L, ToRWEE (19864 5 A 8lir)
X, COFEMEBORBICHIEHET AT LENL Tn
Do

FA 4. Peskiberon,
51, rue de Lille,
56170 Quiberon

8. AVIHBBEOTAV Iy VBB MNEE (La

boisson isotonique aux algues est née)

19874 9 H B, & DFELR 23, “Isotonic de Britt”
{L00FA), ““Sea Tonic” (FI50FAK) D4 T, HHCEk
HR 2 3%, Carantec T (k7 v —=.) © GUI-
CHOU #:12, &< Pleubian ¥+ 24— 2 HH
LT, a—o NI AELTWE 27O~ Lami-
naria digitata IO WCRBREER TR, ERMAK
HBoBLWHKkE 7V r—F5a207 Y.~ 20K
BRI Ui, SOV 2—R, HAKCENILT, BREIR
7z 17 OBFERCHAEHEZ THD, + 5 VA THBEINS
B, TONETeet QEEEION) 17, CoHMcLD
B H B CHEORT LS (667575 Y) O3FRHFL
TWd,

9. BEHBEL TOEEEE(Développment des algues

en orbite)

MATRA & AR - T, hER, ¥ %8R
DN TOBEYFINTEREE ©F L BEGEY, 1987
8 ASHEN b ET e, ThODOERNBENET /D
3, FHRTHEOHEEEAT A FEBRT, 4
PN TBEIETE ~NOFHD DB ETHD, ER
DOEDNZ, SO0 4 TORMIRERYE - ¢, E
BNRECOEBEORTERENL, —Hik CO: 04
EZT e, M (EE) 1, ETS CO: 0kl d
feb, $ER, FHBNOERDEHILOAL DT, £F
HEOR Q4RT2/) L4 vy HOEREE (#
BEROT0%) k- T, WiTLkeboflh >3
LEDTHD, B2BRBER T TLFEEINRTED,
300kg OEREEIMTHL LT BNS,

10. EECH P2 HE%AE Huitres maigres en
été)

77 AN, —RiT, “Kof, DEDEHSOD
LVWHFEHERTHDOT, HFOWBRRBENETDH b,
ol EEEOHISTEE, T OWE US
A) OHBIRFRAEERLNWI L THED, CNEHE
L&D &, s TG THRO MRS b Tzl
sy 7@FEEEALT R HFRLED EHE
ZTCWBBIER N DB, 3%, BBRILKEELNZ
22~26°C QWA 3KHLDIb L, BHA N v 7
LTHNTH LIS 5,

11. @EI—0 9 /kEDENERS (L' Association
des Technologistes Ouest-Européens des Produits
de la Péche)

1970 FICFIE L= D 22, WEFTA (West Eu-
ropean Fish Technologists Association) D4, CTHELE
NTnBR, TOERENIR, SRNEOHIENEL S
bESZ Ed B, BE, 2B, S vF—~, FTre—
J, T4VIVE, 7IVA, BEREAY,TANMT VR
A2)T7, /T z—,
Fo, AT, 4AFYR, 72u—#E, TRITFAO
B oIl TWd, #E, 7—v2EAT, B0
BEINRTRY, 1986E£7 4 V7V FTOEDT—<%H
F5 e,

HAE (CBAR, T

< ERHRE (BB ECcoRtR )

AR Gr— b AL,

KR (IR al)

RETH B,

PR U THRARR SR ATONRTEY, BiCREFE

DRI BEGRT 5 OB E WA, Thid EC H5 Wik

B HI, ALY, AT —
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CODEZ (EJFJ5) oMU~z cbnk 5, B
FTeW2nbiFde, XROX5dbDrRb 5,
- Mk (BB &R L 5HE)
« SRR HER
c RO EE
- BOHM
P E AL O RO R ES
cRAE VAHOBORE
< IR
BRI DIRIE
- R
P RIVLT AT NIRRT
TDIBDNWL D, AOAC DYy —F VCEEX
NHFFTHS, M, ZOHIEsrv—TORZ, 5~
FREBD LD TG,
M4t IFREMER
Départment Utilisation et Valorisation
des Produits de la Mer
Rue de I'lle d’Yeu
B.P. 1049 44037 Nantes Cedex

III. 2t L35 Péches et aquaculture
12. IFREMER HAEMRIESEEEFHRHRERE

(Inauguration d’un nouveau laboratoire IFREMER
de pathologie et génétique des mollusques)

H. GRIZEL K& Fi&$ 5 OBFERLS, 1987 485
HIERCHE LU 7z, BIEEY ORE LB mEapisic
Hboa, AEMciE, H. GRIZEL Kic X 3 & [
IREPARIFE R E L C, EBYORKO T, @
RHWIEERR AT 5 —F T, KRR L TER O
WIRPHEEL R T 5] e ThBH, HFICONWT
1%, Crassostrea gigas, C. angulata, C. angazi, C.
virginica, Ostrea edulis 2’3 %&itb, BE, 75 v
ADHFEFIL, T 2204, EAMEERERL OB,

1966~19734E: R b Hv e« F Crassostrea angulata
B, RADIDLITEDOBD D, MORK & Thcki<
T AN AEDRRIC L » TR LL, AEOEARY
F5, THDOORFCERANBHY, 775 v ADHEICL

{BHELAEDT, Thik-riz,

1969~ : Marteilia &, “2\T Bonamia O HH,
BRI EIED > TN DD ODELIL, T —1 5
#& (Ostrea edulis) DKRIBBRERZO & L7z (604
RIIZ 2Tt 72 Fe A8, BAER 1,000t), 1974 4ELIH# D
HEHL, TVF—= K0T 250875 v LRHED

na,

13. HDEOFEROKRZIC “T YUY & (Dépistage

des parasites de 'huitre: le teste “Elisa’)

H. GRIZEL KDF|& \ %5 IFREMER @ Ijf 45 3F &
SANOFI %0k MIEDBET, I —10 5 /SHF~D
Marteilia & Bonamia D45 O RRIL S WHE NI R X
M, 19874ERITIZT A P EERE Y P TRACIEA D,

HH£5E IFREMER, Ronces-les-Bains
Rue des Erables
Ronces-les-Bains

14. FBLONAFBEE: ¥ A (Un biodétecteur de

pollution: la truite)

INRA (E 722 o) 23, Saint-Pée-sur-Nivelle
(BEVi— T 727 4 7R TH- T lBE i
2T, HHE~DO < 2 DB X 2R A L b iHtEy
BOEAEE AR, #HRLEhDd, v AR, HHIHE
FREHTHOLH LT, AN EELEROERY
FORMICH L THIUET 5, EROEE TR, TOR
HNZARHBETH » 2o “Truitotest” & iy & INZTD
BEEZ, HE 50cm OfF M AL TRY, HTwRADR
B (R 8~14 cm) ZKBE D, IkNTNAH T AR,
HAVCI - TRETC L EE > TND A, TGRS
EHL, BATLES, MAKEKBRIAOLES &E
WBELEHT 5,

44 Herrman MORITZ
Chassant 28480-Thiron-Gardais
15, BAAFERFHTOA EIEHEEIEFEOE
B (Elevage de langoustes et d’araignées de mer
dans I’Atlantique ouest tropical)

TOORHEDORIFES, T 4 =y T TOAf I,
JF R— T TD Y E N = 2 B OARTE O T R &
Uics 4 It Panilirus argus 1%, WEEx 5T A
INFBTHELBIESE Y, PROEEZ AN TS
BIKIECRHE T 5 (BE 80~90/m?, HRlL, vHEOD
BRI X B BB, BRI LY TE
£ 65mm, A& 170mg OB O, 14 ALTERT
N 1llmm, 15gic’ s, KK, 1+ RECEIN,
mE, TTTHEMTANEEDT L > TREERT 2,
WERTHAYRT, 204 e, HWFE42.1 mm,
BE 70.7g (P Wixoiee 7 =T TDIEH
= Mithrax shinosissimus QOFE R, BIHOEH,
LB COHEDER, WTOEE, B TOBERARE
CDOWCTbhTEYD, ZOMKE, F500HT, #2T
BEE 17em (ESILTH 25kg) OHOEREEAEE



130 La mer 26, 1988

Thdo
16. ¥7FCHBIBTIDY VAUV TOMAR
(Recrutement de la crevette Penaeus subtilis en
Guyane)

HWREFREORECETIERN v/ 5 2 (PNDR
—7 5 v AWHIER N° 6 B oBAT,
BMoZozepF7riesidsm A #iIc2nwTo OR-
STOM, IFREMER JLEOBIE 08 I ic, FH, {4
HEFTFRFC L - TR R P — OFETHY UFRE
4,000t, 93875 ), CORDFAEXELLEE
L, Y2 2EBEHOFHREIEES T LRIFEKRZ
EThB, COFMDEHY A I LVBIEYA I VDR
Ahe, BAERZNRETEEICOW T TS Z
LIl Ah S,

M F. LHOMME
Centre ORSTOM
B.P. 165
97323 Cayenne Cedex
Guyane

17. 707 4 7 x=)JURTH 745 (Cap d’Antifer:

une ferme aquacole de saumons)

NT—TNDT 74 72— R, FORKEAN
THEHEE S - TLT, AME v h—OHME LTH
BEHINOER, FHHO LN, RIEGIC 415@31/0
DHD, TREE, STz —bIEER K 47,000 T
(& 120g) OH DO HAX 6 KOFEXNTT (15mX
wmx9m<xﬁn KT AT, TVl b D

— % B Uk, B AT L L BERBEZEHC X
5 WITIR, 220 8m OEfELZ S B, 1988
AR, 120~150t TH D, KEAH > 27 4
A, REBEHIEE T r ONBEREE LD DI vV —24
OEHTT, d4, EINIIZTTHD, T DHE%
53T, 19894ETH (3,000 7 5 ») 1F, Hfuh 1%,
HEWE, ARER2I = PETELTONS, ZOHE
DI 5> TnD /vy = —O F. BANK #:i2, 1989
FERITIE 1,000t DAFEHR RAALT WA,

18. T AT E(F®E (Kéroman, le port de péche

de Lorient, a 60 ans)

=0 (Lorient) 13 DI2TAEC PR L 7c & D vk

JowIE

1360F 1T - 72, N3, AEBCREWTT T VAT
®1l, 3oy TLI3IFHORTH %, 1986FED AR
13 69,444t W FD, FFSHOAR KB FIRTH

3, WHAEIZ, AT b o —fp22t, Edis (33m) 28
1 MBEEAM IS0 ER 5D, 1,500 AMGEEL T

Z)o 142,500 7 5 V&0 T 34EEHE (1988~90)
X5 T, BOMBROERILEBENORENTIRD
Oééo

IV. #E¥F i Technologies ecéaniques

19. EEEE T M SARSAT-COSPAS O##EHR%E

LTOMICERF? (La balise de détresse SARSAT-

COSPAS va-t-elle devenir obligatoire pour tous

les navires ?)

IESM i3, CoEa ) 7o s o Kl E T,
SARSAT-COSPAS OHF D 7 A b HBRINFEICHK T L
2o @ SARSAT-COSPAS ¥ 2 7 41033 Clc 1979 4¢
CHBRLAESDT, 75 RN+ EREELLEESY
FRETCNDVEZ LT AYDOHE (E24) K2~
NWEESL, o) 7T omO IESM #ic X » THEEEBEX
Nz 406 MHz O v A5 L1id 2 44 7H - T, “fa”
£ 4 7 &1fiENn %5 Kannad 406/A O8N 12m L
TOBEMETHY, [H406/BOHIE, Thll EOFENE
RERATThBH, T4, ERTFRBID 32—
1 AETaI— FMEeEnTnsd, 1RLAW KK, 1km
UToEzET, Cofarfabs, By JemEL
TWBPERALZ ENAMTHES, 77 v ATIX, 1986
SEDIBEED 500t Y EOWMIT, T OREMREH ST
BRTRY, THUMOEARDMRE 19914 F TITIZ MR
BOET UARTHIER BN T &I - T B A, i
DN TS la Mer) & eEil
ZErh itz 4 (Comité Central des péches maritimes)
O TIHENRTHLR TN D

4% S.E.R. P E.
Zone industrielle Hirgoat
56 Guidel

20. wBAKHDHEIKED (B (Faire de 'eau potable

en mer)

“Seagold” LAFZINT, WAL 10 5ETL Y v
PVOEKERELZLDOTEAFH RO KL T2, Val
Hic ko THFRINI, CORY TR, BBELOFEEL
WICHEEE L, BBEMERED 7 ¢ v & — 4N, i 98.5%,
MH#E97.5%, 75 =72L98% L EEBRETS, (LFF
YepH LN 7 ) TRDOWTHEKETH 5, 1 BRI
BhHE, 601 DKL LEMEDEK 1053515 &
WAIbTThHL, ORI T0kg/cm® DL & Fi#
T 5p, BEIZPHTH 6kg, #f 76cm, £ 10cm,
HWE 15em & ao¥s b, WAL 83m b5, Kow

TENDH LT, BENLHSEMOONEDOTH B,

(Secrétariat d’Etat a
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HA£% VAL, M. de Bona
41, rue Ybry
92522 Neuilly sur Seine Cedex
Telex: ISO-BUR 630842 VAL

21. #HEEEEIE 88 (Programme ‘‘Télédétection

spatiale 1988°")

IFREMER, ORSTOM, INRA (E:LEEFET b
ML, o 2BAREY OB FREE R CBIFERO O
705 L DI988E TR, ¥55077 T v, KRR
2HEETFEL NS, 0/ 5 L0E8L, B, K,
BREMZ, ABBMEOSHCIWT, BEZEENRLLED
TT— 2 T LT 5810 & B R FLET O H B2
DAMBIHE R ILT B LT dH D, RO 2 T4
N, ThTnREHIOEMERRC L » THE IS,

1) FEEBFFELFEHMER S

2) HIROERERBIIE: BEEREOEE ] &R

D OHHEOYE TR, REOX1F 3 o 7 RESNPE
TAVATLDL HOBELRDLZ &N X/ HE
T, BRENIT —~I%, BEOWHM - ik - EFHow
7 ik, TRBR, KE, HRLENT A 7L, BE
DIER, EYLEECIIETHEOMTETH S, KE—NX
S[AEOWMEICEEN DD, B, RECRT 3
PO EEE, BHE - BERALROHEE, AK0O#
e FNIC T DR OETH B, HERZD 5
TOMFEEHE & LTk, B/ V44 F, ERS, &
FARAOEOOTS, FHEMHRORE, HERYHE, HhH
HfERibBoENTth 5, 2) ©5 b CHEREE P
FH - TR, BEOX 1+ 7 ZABRAIER, i, #
th, W¥H% (formation) DFFHE, N4 4 b — THXND
VBB, &% - SiERMHERENRT ~< i Tnd,
22. B A ERHEOMLE (Traitement d’images sous-

marines)

GRENAT Logiciel #:i%, IFREMER @ ‘“‘PRISME”
GBI ) FIEO—BELT, [7 4y v al
GECERT R E R OEF) BV 7 b2 fEl L7, &
DV 7 M, T3V UEBEECIROE DT 4+ AT L —
WEBETH B,

T7avval BEREDO BEHO FEXTRTS
DB D, T OMEADHEN 100m F COEEME
BHEFRRTE B,

CBE COWT, F—T7 VARG, ®EREHN, K
B, KEW, BETr—TVRREDNNT A2 R T T
VEETETRRERRTE S,

¥ 7, GRENAT #:12, A « RAFTABDEREEE

HEMY 7 %, Thd IFREMER OBELE > X 5
L “IMAG” IKBEL T\W5, 1984 £7 1L R Mty
ENRcEER, 3=4 2D GRENAT Informatique
(979E) ORINLHTH B,
M4 GRENAT Logiciel
9, avenue Baron Lacrosse
29-Gouesnou (Brest)
23. A N~DI-HDEETR L AT L (Un systéme
A respiration assistée pour les plongeurs)

LAMA %3, LBS (Look-out Breathing System) &
N5 —HOEKROMREMFTLED T D, ZD¥
BIHRCco v/ b e s AR X » CGEE IR D EH1Z,
KE450m ¥ TOL A S~ OfIMEEIANG ICE bk d
DTHBA, KE2»DH 50m ETORK (EETHERLE)
Ch+o®ID, MEC L - T10~15kg DEBENRD
B2, $XT 027 DMBBMAD /O & DTRER
BIPR7R < 20 MIDOTEEI A B CTh 5, BBBEDCERD
BEmCTh B, BH &L, LBS 01 (B&K=E2E2
Look-out # 4 7 OEKHM), LBS 02 (HETH 523,
BRI TR X %), LBS 03 (T8, B#mER)
ARH D, KEB00m F T BRAATERE OB A
LT LARA 23B%I TV 5,

L&

V. 34Z0# Colloques, livres. ..
24. ORIA '87: “ATHgEL#E (ORIA 87: “‘Arti-

ficial Intelligence and Sea’’)
CALHBELE BT —wi Ly ryRYT LR
-2 CHBEI N (19874 6 § 18~19 H), BB
THTRTCONE (G, &, %, mEE, EE, LY
¥=) EBWT, ALAREE T+ A= | ¥ AT L3S
ARLTHBEREERH TR, 18DFHEN, 77
VALAENA, ST 2=, TA)HOPREL L 5 T
K&, HEEDAFOWTORIERIR TR,
IIRTAM, Institut international de Robotique
et d’intelligence artificielle de Marseille
2, rue Henri-Barbusse
13241 Marseille Cedex 1
25. BEBROLHOESEEILEREAE S (Ve
Réunion du Comité Mixte franco-japonais pour
le Développement des Océans-24-25 juin 1987)
IOAEEELE, W OhDHEERALT, 7T
&N dH B WIRETH D BILDIHR L W 20 TiR
FEERiTD & bdie, FHROAROMEED D T &2 HE
LLTn%, WY T bk T —<RIRDED TH b,
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1 ¥ ERADEY DRI

2 R O K ERTE

3 BUkEIY DR

4K

b RETYE

6 7 — & ZcHk

7 KAIKO #f (KAIKO II)

8 VR¥E DHLE ¥ & KR

9 KErEvEEETH

TNDICMZT, EHRTBRONELEINEZ5DDF —
<, SMNEOME, AIELE, MNEo s vE—, R
Bk, BERE, Tbhs,

ZOEEORT, b7 4+ V—lEAOEHOEFEER
B L CTOXREEIE oW, IFREMER & HADRZEIN
7 (AST) O TABEIRRIL Uiz, T DAHIE “‘STAR-
MER” ¢ #&&Z3IhT, JAMSTEC (HADIGERM¥EE
Mera—) ONAEER “KAIKO” %fE - TOHE1
FEFAEL, 1987E£1LAIThbN D FTETH %, 198940
b, “‘Nautile” 5 & ZOFEM “Nadir” S 233
Hhic 2, EETHOEFT T20M L DK (—4000 m
UT) #5513 3FThd, SO#H#EL, 75 v ARMD
1%, IFREMER, INRA, INSU (CNRS ), ORSTOM
ERFEORERIND 5, M E W, L. LAUBIER K
(IFREMER, 66, avenue d’Iéna‘ 75116 PARIS), H#

1988

MoORZEEZ, M. Camnya K (BHIT) 2EESL,
Y. SHIMAZAKI X GEEE), H. HoTTA & BT,
H. KANNO K GKEEFF), T. IsHINO K (CEH) 23
s, FHICONWCOMAERIE TRLE T,

L. LAUBIER

(IFREMER, 66, av. d’Iéna, 75116 Paris)

¥ 7214 Y. HENOQUE

(SFJO, Institut Océanographique

195, rue St. Jacques, 75005 Paris)

26. “French Technology Survey” :DEIT| (Un
nouveau journal promotionnel; French Technology
Survey)

ZORATREER, 79 v AOHSEOEEN RINEESE
FICHENTDHLEENLTHDDT, RETHEIL
Tnd, g, HeE L BRAZOMOEE L 27200
MEY — CAMIIN TV D,

g44: ADITECH, FTS
96, Boulevard Auguste Blanqui
75013 Paris
& IBEHFK)

[#3] 735 » A#$ Flash-France N°s 10-12 (1987

£6H30HM, TH30 BRI 8A3LEMN) 5

FEHREEER (—8PRL &) L,
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BILBEEFSEREAT SRR

o EEHERE D ORG-SR RH B K OF
SRR YRR BRI 2 WS

7 OK

= B

Les compositions et les propriétés chimiques des

minéraux argileux dans les sédiments marins*

Saburo AOKI**

CORCBECHI R B DEEHE W %
R LBIChELT LEZTEDTRY ET,
HOEHEY PO I ORFEIL, 1969FEH
BREOEBRBEMORERAE L UCHA I RS
BAZ~bFLE Uk, HBEERI “HESDOTHEICESE
KEZEQERX AAE DN, IFEERY DO IR
O FEE MR BNT TEES e, EEIAZED
BMZAWMELLTHED VAN EHBIL T NE Lk,
U CEINCE 2 bR - pigeiiEd, BARUERER
YO L O TR EERT 5 2 & TLk, 1968,
19694E1C i3k, v OBFFE 7 v — 7 B3 HBERHY B D 53 75 X
BERL, ThABRUDIIELTHERETIY 5
v I RDTE UL, L L0 5 HEONFHICIZ,
BRBUANDET VTN CORERT 5 v 7L
o TWELEZO THEDHAT MY F Lk, O
KOfERICZ, HEYERBOAFOREGHD, o F
WA DI CD THARY, e+, 42—y 7B 0 F
~AHBRELTE EDBICIRIYMEE TOMALXEL
Flik, IBDRFLWF— 22 MZ THT V7 KK
BOSERARLE L TAETE 2DIR19884 T,
REREC T #HeA BT ROEROMIc, 3
BRI D Fe A% 7 2 4 + DML ERITIERS D
T3, BEERY PR —RCEIEE O - 5L N ELE
LTk, BETHD LN T LIREFLENTHY

* 19884E 6 A 5 H H{AAE GLR) THm
Conférence a4 la remise du Prix de la Société
franco-japonaise d’océanographie

OREREERBERNEE

Natural Science Laboratory, Toyo University

4, FORRBICCEERGERER I Th 2 R
THLENTEE Ui, 1974, 19784FICIZZE O i R %
Deep-Sea Res. 1CFER L E Lcn®®, Bischoff 23T
WREMHDRR L/ v boF A bR ZOBOPE
A X B AIND LD D LT,

1980ERIC A D T L HERY T DI /r vt —4—D
WAL OB E, T R Vv E — SRR S E R E (EDX)
HMEHINLESRRD, TRETAAREEINTHE
FRODEEPLERNARICAD F Uiz, EES L)
E TR U CHEREY D OBMLY © B 98 4 37 & 3
(ATEM) ZfALREEHF Txh F$5D, #2013,
HABEREMEEE CRRAINLE L - BHE O
FRIIET Fe-P REEHERA L, TOREICOW T
U ¥ U7, B, DSDP, ODP®D #—V o 7 &RE 4 Hise
HEC L TWETH, ThbOBRINEESERBIIYED
HEICNIINTHFGTENELEE S ThET,
wEHEREY T OB OMRIET L T2044a <L 1T
D ETH, ChASMBRETEREIRL CREONET
FHECEOELLRTIHEC L 5D LELBHLTE
DET, THHREEYTTDDIZTRES S DRES,
S, KAOWHE « BEIBRED F Lk, COHEEHHED
LTHEiLZALEFIE T E T,

X 58

1) The distribution of clay minerals in the recent
sediments of the Japan Sea. Deep-Sea Res., 21,
299-310 (1974). (with OINUMA, K. and Supo, T.)

2) An iron-rich montmorillonite in a sediment core
from the northeastern Pacific. ibid, 21, 865-875
(1978). (with KonvaMa, N. and Supo, T.)

3) The distribution of clay minerals in recent sedi-
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134

ments of the Okhotsk Sea. Deep-Sea Res., 25,
659-667 (1978). (with OINUMA, K.)
Mineralogical and chemical properties of smectites
in a sediment core from the southeastern Pacific.
ibid, 26, 893-902 (1979). (with KOHYAMA, N.
and Supo, T.)

The distribution of clay minerals in surface sedi-
ments of the Okhotsk Sea to the South China

6)

7

La mer 26, 1988

Sea along the Asiatic Continent. Clay Sci., 7(2),
73-82 (1988). (with K. OINUMA).

HFHREMBE CREINABRBEYE QLY IR
3, MR SRR, 92, 243-245 (1986) (HnLEE -
Hod5 - AR L L3
EEEEY O LG —S T RBEC L 2R ED
1—. fhER2E, 28(2), 1-10 (1988) (ELEE &

e

FHE)
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La mer 26: 135-137, 1988
Société franco-japonaise d’océanographie, Tokyo

2 A
=

G 6 A 8 HAHFUKEARFICH T, BH63E
B EREL2EIN, TERHBRITROLE
b
1) BEA63, 64FE 4 RBXEMHIEMRITONT
2) RF6SF M IR B4 THRE SR A

T OFEFRICONT CREER)

3) HAREMLSEHLYSE ORI DWT

6 H1 HOMEASET, 6 MAEENDLIZ, F

EPRRES, AKMEZ (RELSBERME) MRM

BInhi,

4) HomBLESE Y o RY Y L OHEEIRN (B,

BEE) LDOnT

MEMI634 6 H 8 HIRFUKEETRWT, HTI634E
HATE R &N, TELRBERTRLOLEY,
1) Wme2EEREERL (875, WEZOM)

2) A3, GAFEITHLE, SEBEFHIEER
3) W63, 64FEHIRE (HI&R, ##%, BFE) O%

m
4) TBRGEEFLE T HEMNZRE LS
5) IHFI626E IR ERE
6) MME3FEHFEIERER
7)) WHRESERE T H RS
8) WHMGAEEYLETHRBEEBREELSTAEN
9) HAZEMLRFBUMSE
10) B2EIFULESE Y VRV T 24

IBF634E 6 H13H HILAHH AR ZIT B\ CHEAIG3E
[T AL F RPN R EL BN, FEREEH
LRFERRDEZY,

1. MEREMELERBRCBEIhES T 7 07 b
DT I~ LN T
~~~~~~~~~ P HE (UKD - BB ks (i K3
2. KEEY s — VANV IERICKT 5 EFOMBE
w75 VEFE

----------- D.K. Stoecker (7 X & — VHEEH) *
A0 JHGEAE) « AE. Michaels (7 X5k
— VHEEWD)
3. MBS LT RT DMAKRERLE L O RAE
........................... %%ﬁﬂg(zﬁﬁdﬁ%ﬁ:ﬁ>
4. AVIVvE2EORIE/LRE
"""""" FEE M- B - BARTE AR

5. ARA TFTFEH=DEIEAERE

""" B3 - B — - EARRI GEAR)
6. YFHVD—FEA v a 294 3
virescens O & BEIR
""""" HOEE - U — - BE8HE A0
7. FEALZ S P EACHEREREOHE (3)
""""""""" BB % -8 STEGEREY
8. HBEEWMAOREICIES B ML B DA REMIC

Clibanarius

9. EREMEMAKDCEE
..................... FREFTERG -
10. KFDED LHaOBNLDMEK 4
e a3 5 KSR
........................ R - Rk

B (L)
B

IHCVION)

4. BATI634E 6 A13H DiAAMAMEIC BV THE29MR

LM N, BEOBIEIRD £,
1) WEFI624EE SR L
D) F

2 BB ERRI
6244 H A £ B & 63FE4AH
wman 2z —  — 2
iE 4 B 347 10 31 326
= UE3 =] 32 0 5 27
TEEMRGL
HHEAS 1[5
B oA 1m
FEilEzestES 10
B 1[5
FLEFS A0 A GULREEER)
o 4 [A]

FARI63, GA4EIE T A BA
HAS AR B4 B
B2 B ELEE Y VRV T 4

# i 2 2]
EITERE 5 [a]
b) |/ #
La mer 4577

2) MBR63, GMEEERE, AHRERUERHE (KRB
B

3) WAMEENFLHZIEREHEEZLARE (FH
12 6. RHR)
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4) BRe2ERERIRER CEERT

La mer 25, 1989

% H (M
¥ AR ZE 2, 450, 000
FE-EE R 300, 000
= % & 650, 000
S - ¢ 50, 000
& B O# 30, 000
¥ L2 HRE 75, 000
T O w = 47, 696
Wm;§7rmi & - 3, 602, 696

HE 624 FE ISR B

oA G
B4 X A 8 & 535, 465
E£B &% 1,775,930
BYL£ELH 379, 830
B R i 5 342, 350
= & H 370, 000
EECUHARIE 323, 600
¥ A 42,138
B2 3,769,313

X H {am
B o KA RI & 2,073, 750
2R B 328, 840
2= B = 788, 204
% E ' 26,673
& B & 34,530
¥ HEHRE 69, 710
e # 34,910
412, 696

R AE B &

it 3,769, 313
5) IRMIE6MEE HEFTHEERE
TREEE YA I,
MPRES LE, Ba 1, FNRRES1E,
s 4 [0 DB

B2 LY B Y T L DOBE

v URY T L RO HEE S DB

FLEORT (4

fzi)
=

FRHZRERGEHERS

D
6) MBRMEIEE NI FHRERR
FREOAZI NI,
PRG3RI P
g A (M
AT FE A 4 412, 696
E£&£ 8 4% 1, 800, 000
BYLEBE4E 420, 000
e bs 250, 000
A I - 340, 000
EEAEAIRE 350, 000
I N 30, 000
= 1 3, 602, 696

) RO ARERRAEHBEEASERRY
KRR

HEAZE, MBKX=M, 5EEE A% # HE
H, sheE, B%R=, e M, B0

KRBT, PHEA, WA, RE G HBFE
g, M g
8) FH2MEELNEIE Y v R Y AL DNT

Jl&EfnT, BAZHLE~OF2/ NG LZARTS

BRN TN, T RBHSLIE THLN, B2iE
T Uiz,

HLEE Y v RV T LB7EI(GA20H), Z8E (7 A

1 H) EHEELBHEFKERFIC SN IR,
FERI63EE HILEIE T2

ZHEL: BAZE FERE)

I RS O LR R TSR (L
SR E M9 AR

WREIER: FARSEELR, HBERFEAFERER

(1969—19744E) L b 41 ¥ C HEMEEY RO
UYMOWREEY—ELTRT bR, ZOMcERMDOM
HICREINLH IO ECRA TS, HAEL
O REZZIUT O3 2ONAECHIEIN S,
1. WEEHETEY DL OM LI HR OB
BERBHERYhIC & 5 B 8 DHLEL
& XERETRIC TR, BAEOHEEICLE S 285 L5k
MO ET HERFEHLMC Uk (BRE,
A k= g, BE, MEBOMES), ik, M
R RN & T h e M LR O, 5, F
EREECUEOMEREER 22 % L CRAEY
o) &, A Fr s, hERAEEER OMED,
2. Fe RA 7 %4 + DHHCFEHEE T BSF 5H5
BEEBRY TR —RCBEEON LN EL
T b, BEARELRELEERTE,S bREI N



o2&

131E 100% b WA A 7 24 P bRERINZ 2EKD
AL aT =4 TNESITL, EOUMIENE
BAHLNIC Ui, IR FEDAA I A4 Mid Fe &
THY, HARFEEDRA 744 MIFeHE— Al E
DA FI54 P BRFER TR, ThD O XiE,
BISCHOFF (1972) AMLMEHUKMER MY R TRA L
Jvituid bORTLEE BT, BKRARX T EA L
OFREL LTI HIR TN S,

3. SEE (AEM) &k 5H5%

HAELREERN LD, bBRETRRCD CiRES
AT OB O AEM RERL, & 4 &
BREET WS, BARBTHRIMETCHERIN, <
233 CTHEMICT - HERDEOLYFE WM R &
AEM TiT7e\, Fe-P R Th3 T % HHAIT
L, BkiEHARR L, D, AEMIC X 558
B IESHNCRE D DTN B,

Plkom<, EAREL: O —E L CHEERERY
O LM OMRICE LN, HEERLY Y ~DOR
BB TREVWL O L HBT I, A4 ORI
LT, HIMEEFLEORGRETEEZ bR D,

FHENE
AAZEMNSHAH 29(6~8)

MmEEEEREER 198, 4)

gphm (s (373)

B RS S E (26)

#itE (96)

7oL (95)

MR LR 37(6,7)

LB RLHaH (101, 102)

B P ARRBRIGEH (62)

B L ARMBRERE @D
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Underwater Sliding Vehicle System (USV)
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Faired Cable
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Hydrodynamic Depressor
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Towing Speed :0~8knots

Operation Dapth:Max.400m Holizontal Dws*ance(m)
Tow Cable :8mm hydrodynamically fared stainless steel cf T e L e O
wire rope with polyurethane coating
Sensor Range Accuracy
Conductivity 20~70ms +0.05ms =
Temperatune —2~35C +0.05C E
Depth 0~4C0dbar 0.5%FS g
Data Transport :Inductive Coupling Data Communication System =
Sempling Rate  :5times per second
Sensor Battery :50hours 0
Life Trajectory of the USV

a VN 230 ME)E AR S B X R ARge2-2-20
ﬁ S KJ TEL.(045)521-5252 FAX.(045)521-1717

* ° B A T 38 F969-03 EBEREEARAEHATRINTHTE
TEL.(0248) 46-3131 FAX.(0248) 46-2288

uan BB RFEEE s« AMERICA INC.

828 MILLS PL.N.E. NORTH BEND, WA. 98045, U.S.A.
TEL.206-888-3404 TLX.230754235 TSKA SEA UD




(Za—HhV¥F=7 . =R

75 ALOH-AHFRELLT, Bffza~h1L =7
T, TEDEPFFHEICSHINL T

& ERBI—X =-+E%0

TF140 FEUBAIKA )1 4-10-21 FEE HOR 03 (471) 6401 (%)




TS B R 5C s o WM 2 fE

FETAT ST

HARL

% BEE

RRHAREXEHOTEH7EZ22E
Takaokaya Company Limited.
7-22, Ueno 6-chome, Taito-ku, Tokyo, 110 JAPAN




BLBEXERQ2REEZTE & (19831989

TR R EBEHLE
Z E: BAZE, $REESE, BUBER, SEHE, WHEH, NEER, N AER, ML, B,
m
#WSEE: H.J. CEccarbpl (735 Y R), E.D. GOLDBERG (7 # Y #), T.IcHIYE (72 Y #), T.R.
PARSONS (# 7 %)
E: OEOE— LDfER

# B o = 3

1. [3&) (BLEEFSBEE, MCESL La mer) 13, BILEEFATABRIUFNCETIHELE
HHOERE (KERLED) *, TELOFEBCIVERT B,

2. FERRERFRICKEFHSFTORERY, FEEW, B85, =23, gkt +5, TXTOHEE
B, A, EHEIER2EL 7%, BIERRBEETIV, AXEBAEIZTNTA4HE L, 400 FER
BAK (30 ©, FRREFARCE TV 24—2 (X7~ 7 0 CRBYHERE TEAT 3. £
BRICHHBERL, ThEnEACEBLRAUKE T 5,

3. FERH, b RIVEFEOANHET S, XL, ERIUNHKBAORBRZLT T ARETICR S,
FEHX (MR I 200 BOELELRLXDOEEYR, KL LTLTRL 5, 8, BXET,
LTEREBODNE, 500 FOMTEEYSTHL %, LKL, BEXBBEA»LOBBONMTERL DWW TR
BEEELOHT LT 5,

4. BREROKBERIFOLSHBETOTN LS, EBZRBIE LAV, TERSORERTZELD
EECUES, FIANMORTERNR, HERAL, BETEAOVFC(ETEO—HIALEY), BEFErE
DOk BEBIHES,

5. FREEETHLLUCEET, BR (RET R 1/2[E) tiazbhsdort s,

6. IRKBIEZIORERXZU 5,

7. EL£BCHLTRTAMNR—VETOBRLER L T2, KL, ZOHERTH- THLEEMRLE
LHEARER, CHE0BBLEEAINL T3 L0565, FABORETLITBEYEZ A58 E
UL ERBOMRMEBRR T RCZEBLT 5,

8. TRTOBBEHFLOWT, 1EBHY U0 L CHERTED, S0HRBLBHRTRCLD,
S0EPE TS h 5, FIMBRAEROR LERCRBHFIN S,

9. EROAIVRIITHDED,

T108 HEMBXEBEL-5-7 REKEAY FOWHB S

RILEEESRAZAS
BR o 25 A A B 5 % F%%
E ¥ 1,600
mEE 1 B HoooB
el B L% % ¥ 2
HEEA HILEER
RERTREXHHERAE2-3
% HF S:10 1
B OF 032911141
FEE B HN596503
H Rl & = B - =
BRI B IR S R 20 AREIR

FRESBEEAERA 6-15-10
B HE EF B:11 3
& 5 : 03(941)6500




Tome 26 Ne3

SOMMAIRE

Notes originales

Stocking effects on asymmetrical population growth under delayed regulation---Seiichi WATANABE

Coastal and bottom topographic effects on the path dynamics of the western boundary

current with special reference to the Kuroshio south of Japan -weooeerereceenns Yoshihiko SEKINE
Hole-drilling predation by Octopus vulgaris on abalone (in Japanese):«---recerveeereeesne Hiroshi Kojmma
A modelling for atmospheric precursor of a big tsunami (in Japanese):-«----- Shigehisa NAKAMURA
Miscellanées
InfOnﬂatiGﬂS Océanographiques de France NO 7 (en japonais) ......................................................

Conférence 4 la remise du Prix de la Société franco-japonaise

d’océanographie (en japonais) ........................................................................... Saburo AOKI

T LT P

B PN

B =

KBEENLOS 3 EMTERY RTEERCHTIHRMOEE (T e 38 —
BAREREORMCER LABRERRORKC IETRE - BEABIR GE o B R 8 B
751“:@7175%{1:%}]_‘ .......................................................................................... N B 18
Eﬁﬁ&@%ﬁﬁﬁ%ﬁ%@{-i—‘;v .............................................................................. ;:{:1 H OB 7\
& W

T TV AHBBEIEER (7)o cerevrm et
A A B S B AT G EE v verrre e er e s e i # K = B
o O PP

95

99

115

120

127

133

135

95

99

115

120

127

133



