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The Fishing Ground of Set Nets and the
Distribution of Fish School —I
Research on Fish School by Fish Finder

Yoshihiro INOUE

Abstract: The catching ability of the set nets is mainly depending on the behaviour of fish
schools migrating to the sea-area where the nets have been set. In this studies, the distribu-
tion of fish schools coming near or close to the set nets was researched by means of a fish

finder, and obtained the results as follows:

1) The size of fish schools is divided into three groups (small, middle and large). Most
of them are small and middle sized groups and large sized group is a few.
2) The small sized groups are found in the areas of sallower water and the large sized

groups are found in the areas of deeper water.

3) Each research area has a characteristic on the size and number of fish schools de-
tected and the areas where the large and small set nets have been set show the tendency

that the numbers of schools detected are numerous.
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Fig. 1. Sea-area sampling design for fish school research.
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A: Comparison between morning (M) and afternoon (A)
B: Comparison between the former period (F) and the latter period (L)
C: Comparison between the case when schools detected are numerous (Nj and the

case when the schools are few (F).
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Table 1. The number of three sized groups

in four areas characterized by the size of
fish school detected

Size of
‘Character- ~.groups Large Middle Small Total
istic area by ——
Large sized group 35 27 6 68

Middle sized group 1 39 14 54
Small sized group 1 21 26 48
Bank 2 36 26 64
Total 39 123 72 234
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group

Large sized
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Fig. 9. The number of three sized groups de-
tected by the fish finder. Figures in areas
show the detecting numbers of fish schools.
A: Few area in detecting number
B: Ordinary area in detecting number
C: Many area in detecting number
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Table 2.
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Fish fauna by the daily order of catch caught by the set nets

Large set net

Small set net

Fish Percentage of order i Order Fish Percentage of order

Small mackerel 21 % 1 Small mackrel 26 %

Mackerel 10 2 Small horse mackerel 25

Squid 9 3 Mackerel 12

Horse mackere! 9 4 Pike 12

Frigate mackerel 9 5 Round herring 7

Oval file fish 6 6 Middle horze mackerel 6

Grunt 5 7 Horse mackerel 5

Cutlass fish 5 8 Middle mackerel 2

Pike 5 9

Flying fish 4 10

Small horse mackerel 3 11

Middle mackerel 3 12

Small squid 2 13

Middle sized yellow tail 2 14
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In Vitro Studies on the Green Type Mutant of Porphyra yezoensis UEDA

Takaaki KOBARA, Akio MIURA and Yusho ARUGA

Abstract:
found in cultivated Porphyra populations. One is composed of a wild type sector and a
The other is composed of a wild type sector, a red type sector, and a

Two kinds of peculiar variegated fronds of Porphyra yezoensis UEDA have been

green type sector.
green type sector.
studies that the red type mutant fronds can be derived from the red type sector of variegated
fronds. Variegated fronds with red type sectors are thus chimeras, where the red color
probably arose by spontaneous mutation. The red type mutant fronds have been found in
In contrast,

In the same species, it has already been confirmed through in vitro

high frequency in cultivated populations in various localities.
mutant fronds have been found yet in the field.
In order to ascertain the genetic character of the green color,

no green type

in vitro studies were
made on variegated fronds having a green type sector. Green type mutant fronds have been
obtained from the green type sector. The life cycle of the green type mutant of P. yezoensis
has been completed and is the same as the ordinary P. yezoensis life cycle. As a result, it is
evident that variegated fronds with a green type sector are also chimeras, and that the green
color probably also originated by spontaneous mutation analogous to that for the red color.
The reason green type mutant fronds have not yet been found in cultivated populations

probably results from the very low frequency of occurrence of variegated fronds having the

green type sector.
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Fig. 1. Laboratory culture of the green type mutant of Porphyra yezoensis UEDA.
a: Parental variegated frond composed of a green type sector (dotted area) and a wild type

sector (white area). b:
Incubation of parental frond pieces. d:
piece of parental frond. e:

Pieces of the parental frond cut from the green type sector. e:
Frond germling and conchocelis filament on the
Green type mutant frond which developed from the frond germl-

ing. f: Carpogone, antheridium, and sporocarp on a green type mutant frond. g: Carpo-

spores from the sporocarp. h:
from the carpospore. i:

Conchocelis filament and conchosporangia which developed
Conchospores from the conchosporangia. j:
frond which developed from the conchospore.

Green type mutant
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Fig. 2. Habit of a wvariegated frond and two
green type mutant f{ronds in Porphyra yezo-
ensts UEDA. The latter fronds originated
from the former.

1: A variegated f{rond composed of a
wild type sector (W) and a green type sector
(G), collected in a cultivated population at
Shitazu, Futtsu City, Chiba Prefecture, on
Dec. 27, 1974. 2:
frond cultured in vitro from a monospore

A green type mutant

from the green type sector of a variegated
frond. 3:
type mutant frond which developed from a
conchospore in vitro. Retardation in the
antheridium and carpospore formation was

A large grown, mature green

observed.

ldcm L7c b (Fig. 3-8), #3650 KIC I —IFA
BT REE S O EES, #HE 70cm, #Eig 15cm
CEL, ZOERCERL CIERAE, @EE
WTBHHE#ERGTL, BECBEOESEEY 5
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Fig. 3. Photomicrographs of a parental frond piece, frond germlings and conchosporangial
branches, and a photograph of juvenile fronds of the green type mutant of Porphyra
yezoensis UEDA.

1: Surface view of a parental frond piece immediately alter being cut from the green
type sector of a variegated frond showing ordinary vegetative cells. 2:  Surface view
of the same parental frond piece after 8 days in culture showing metamorphosis of vege-
tative cells into monospores or sporocarps. 3 and 4: Frond germlings and conchocelis
formed on the same parental frond piece. 5: Conchosporangial branch formed in about
2 months in free-living culture. 6: Mature conchosporangia on a free-living concho-
celis filament. 7: Frond germlings which developed from conchospores on a synthetic
string. 8: Juvenile fronds which developed from conchospores.
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A Numerical Study on the Effect of a Thermal Pollution
on the General Circulation in an Ocean*

Kenzo TAKANO

Abstract: A numerical study is done on the effect of a strong heating of a narrow surface

along the western boundary, as representative of a thermal pollution, on the general circula-
tion in an ocean. Although little is known about the dispersion mechanism of heat in the
upper layer, it is shown with reserve that no significant large scale change is brought about

in the temperature, salinity and velocity fields.

1. Introduction

The thermal pollution is usually discharged
into the coastal surface water and then brought
into the offshore water by the advection and
diffusion. While there are not a few studies
on the advection and diffusion processes, very
little is known about the surface layer mixing
and the dispersion of the coastal water as well
as the pollutant into the offshore water.

Since the large scale effect of the thermal
pollution starts from this stage, it should be
still beyond the scope of the numerical approach.
Understanding of it is certainly one of the final
goals of the research of ocean physics.

While such is the present status of arts, too
simple and too idealized numerical models are
often used to estimate the large scale environ-
mental change due to the thermal pollution.

The motivation of the present study is to
approach this problem by using a little more
realistic model.

2. Model

Since the present model is the same as that
described in detail in another paper (TAKANO,
1975b) except for the thermal boundary condi-
tion at the ocean surface, only some of the
important points are mentioned about the ge-
ometry of the ocean, the governing equations,
the boundary conditions and the numerical
integration in time.

* Received April 10, 1976

** Rikagaku Kenkyusho, Wako-shi, Saitama-ken,
351 Japan

The ocean is bounded by two parallels 70°
apart and by two meridians 48° apart. The
southern boundary is on the equator. Symmetry
is assumed with respect to the equator. The
depth is constant (4,000 m).

The grid points are 2° apart in both longitude
and latitude. The temperature, salinity and
horizontal components of the velocity are calcu-
lated at five depths of 20, 120, 640, 1,280 and
2,760 m. The vertical component of the
velocity is calculated at four depths of 70, 380,
960 and 2,020 m.

The equations of momentum are linearized.
Recent observational and theoretical studies
reveal the presence of the intense meso-scale
eddies in the mid-ocean. While these meso-
scale eddies likely do not affect the large scale
heat transport (HAN, 1975), it is not yet known
whether such intense eddies are present in the
coastal water, too, and whether they drastically
affect the mixing of coastal and offshore waters.
In the meantime, the meso-scale eddies are
ignered here, which allows to use the coarse
grid not enough to resolve these eddies.
Therefore, the effect of all the subgrid scale
processes is parameterized, as usually done, by
the horizontal and vertical eddy diffusivity.

A formula by FRIEDRICH and LEVITUS (1972)
is used for the equation of state to calculate the
water density as a function of temperature,
salinity and pressure.

The external gravity waves are filtered out
by putting the vertical component of the ve-
locity equal to zero at the ocean surface. There

14
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is no friction at the bottom, no slip at the
lateral boundary. There are no heat and salinity
fluxes through the bottom and the lateral
boundary.

The coefficient of horizontal eddy diffusivity
for momentum is required to be large enough
corresponding to the grid size, otherwise a
computational noise prevails over the whole
ocean (TAKANO, 1975a). It is taken as 2.0 X
10%cm?/sec. The momentum advection has no
significant effect for this magnitude of the eddy
diffusivity.

The coefficient of horizontal eddy diffusivity
is 2.5x10%cm?/sec for the heat and salinity.

The coefficient of vertical eddy diffusivity is
assumed to be 1.5cm?/sec for the momentum,
heat and salinity. Whenever a vertically un-
stable stratification develops, the coefficient of
the vertical eddy diffusivity for the heat and
salinity is made infinitely large as a parame-
terization of a strong vertical mixing that
instantaneously restores a neutral vertical strati-
fication.

The circulation is driven by the surface heat
flux, surface salinity flux and wind stress. The
wind stress is prescribed. The surface salinity
flux is equal to the product of the predicted
surface salinity and the difference between pre-
scribed evaporation and precipitation. The
surface heat flux other than the thermal pollu-
tion is made to be proportional to the difference
between the predicted surface temperature and
a prescribed reference atmospheric temperature,
as done by HANEY (1971). The coefficient of
proportionality is taken as 50 cal/cm?/day/°C.
All the external forcing, reference atmospheric
temperature, evaporation minus precipitation
and wind stress, varies with latitude only.
Figure 1 shows the external forcing.

Prior to the present study, the circulation
driven by this external forcing was calculated
for another purpose (TAKANO and MATSUYA-
MA, 1974), which is used as a control experi-
ment, hereafter referred to as CE.

In addition to the ‘“‘normal heating’’, an ad-
ditional artificial heat flux is supplied to a small
region of 1° wide in longitude, 10° long in
latitude from 21°N to 31°N along the western
boundary. The location of this region, some-

T (dyn/cm?)

70> L L L - n L i i
|

LATITUDE
EN
?

T T T

0 10 20 30 -80 5 100
Ta {°cy E-P (cm/year)

Fig. 1. External forcing for the control experiment.
The reference atmospheric temperature, wind
stress and evaporation minus precipitation are
denoted by T4, 7 and E-P, respectively.

what arbitrarily chosen, nearly agrees with the
location of the northward western boundary
current.

The additional downward heat flux Q4 is
distributed as follows:

4=28.54x 10 3cal/cm?/sec

% 0.1 for 21° to 23°N, and 29° to 31°N,

x 0.4 for 23° to 256°N, and 27° to 29°N, (1)
x 1.0 for 25° to 27°N.

The total amount of the additional heat
flux over this region is 1.268x10'3cal/sec.
Hugeness of this heat flux is readily understood
by contrast with other figures. For instance,
it is reported on the basis of an estimate of
the Japanese Atomic Energy Commision that
the heat discharged in cooling water from all
the power plants of Japan will be about 4 x 10!¢
cal/year (or 1.268x10'%cal/sec) in 1990. At
present, the maximum net upward heat flux
released from the ocean surface in the North
Pacific is located south of Japan. BUDYKO
(1963) estimates its value to be about 3x 1073
cal/cm?/sec. Both figures are smaller by one
or two orders of magnitude than the additional
heat flux Q.

The thermal pollution discharged as hori-
zontal heat flux with horizontal momentum flux
in most cases is represented here by a down-
ward heat flux Q4 over a western boundary
region; in other words it is assumed to be in-
stantaneously brought from the coast to the
offshore, This assumption might be justified,
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because the incoming horizontal heat flux is
concentrated in a thin surface layer, and the
time scale of the heat dispersion from the coast-
al water to the offshore water should be much
shorter than the time scale of the general circula-
tion. The incoming momentum flux is negligible.

3. Result

As to the control experiment CE, starting
from an initial state, the time integration of
the equations of momentum, heat and salinity
was carried out over about 18l years to reach
an almost steady state. A midway state at
the end of the 172nd year in CE was picked
up as initial state for the case subject to the
additional heating, hereafter referred to as AE.
The time integration is further forwarded over
47 years for AE. A period of additional 47
years is long enough to reach an almost, though
not complete, steady state to be compared with
the result of CE.

Figures 2 and 3 give the temperature and
salinity fields at a depth of 20m. Compared
with CE, the temperature is increased by up
to 6.5°C at the region subject to the addition-

TEMPERATURE 20M

LATITUDE

0 M
10 20 30 40
LONGITUDE

o

al heating. No significant difference is found
elsewhere, however. The salinity is not affected
even at the additionally heated region. This
limited weak effect of Q4 is reflected in the
horizontal component of the velocity at a depth
of 20m shown in Fig. 4. There is practically
no difference between AE and CE.

For the deeper layers,
linity and velocity fields by AE are almost identi-
cal with those by CE.

Figure 5 shows the total northward trans-
ports of heat and salinity by the mean horizon-
tal and vertical circulations and eddy diffusion.
Both curves by AE and CE are not different
from each other.

The above result indicates that a considerable
amount of the heat additionally supplied in the
western boundary region leaves upward through
the ocean surface to heat the
without dispersing all over the whole ocean
To look
over the heat outgoing from the ocean surface,

the temperature, sa-

atmosphere,
far from the western boundary region.
the surface heat flux is calculated from the

predicted ocean surface temperature and the
prescribed reference atmospheric temperature,
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Fig. 2. Temperature at a depth of 20m by CE (left) and AE (right).
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Salinity at a depth of 20m by CE (left) and AE (right).
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Fig. 5. Northward transports of heat and salinity
as functions of latitude by CE (broken lines)
and AE (full lines).

Over most of the ocean surface, the upward
heat flux through the ocean surface is larger
in AE than in CE. The difference (heat flux in
AE minus heat flux in CE) is calculated for
some western boundary regions defined by two
meridians, and is tabulated in Table 1.

Table 1. Upward heat flux increase in AE

Region - ah
. ward heat Ratio to
Width from ﬂfx increase the total
from to the western (10" cal/sec) Q4 (%)
boundary
21°N 31°N 1°(longitude) 24. 27 19
21°  39° 1° 36.72 29
21°  31° 3° 45,26 36
21° 39° 3° 61.57 49
21° 39° 5° 73.54 58
21°  43° 5° 84.55 67
21°  45° 7° 94. 02 74

An amount of 1.268 x 10'3cal/sec was addition-
ally supplied to a region of 1° wide in longi-
tude extending from 21°N to 31°N. Of this,
19 9% goes out immediately after from the sur-
face of this region. The remaining 81 % is dis-
persed in the surroundings. The greater part
(74 %) is lost from the surface of 7° wide in
longitude, 24° long in latitude. The heat re-
leased from the ocean surface brings about an
atmospheric change, which in turn brings about
a change of the ocean circulation. To our
present knowledge, however, it is difficult to
estimate what results from such a large scale
ocean-atmosphere interaction,

The highest temperature in AE is 30.82°C
at 28°N on the western boundary, increasing
by 6.43°C from 24.39°C in CE. It should be
kept in mind, however, that the amount Q,
is tremendous compared with both the predicted
thermal pollution from the power plants in
1990 and the heat flux presently exchanged
between the ocean and the atmosphere. When
Q. is reduced by a factor of five by using 5.708
% 10~3cal/cm?/sec in place of 28.54 x 10~3cal/cm?/
sec in (1), the temperature at 28°N on the
western boundary is 25.37°C, highest in the
middle latitude region, increasing by only 1°C
from CE. One-fifth of Q4 in (1) is still 20 times
as large as the predicted thermal pollution in
1990.

It is sometimes noticed that the future ther-
mal pollution discharged from Japan might give
rise to a catastrophic increase of surrounding
sea water temperature. Although it is prema-
ture to draw firm conclusions, the result of the
present study suggests that a strong heating of
a western boundary region scarcely affect the
ocean temperature and circulation.

This study was supported by the Ministry of
Education as part of the Special Project Re-
search ‘“‘Fundamental Research for the Preser-
vation of Marine Environment’’, No. 111310.
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On the Behavior of Sea Foam and Physical Meaning
of the Foaming Factor

Tomosaburo ABE

Abstract: It has been long believed by many people that foam of an ordinary sea water
last very little, however, a certain kind of them, which contain some amounts of natural
surfacants extracted from plankton (for example, mainly a certain kinds of diatom at the Fukura
shore, Yamagata Prefecture) and seaweed, not only last long time, but become one of origins
of salty wind damages. That is, in the season of prevailing westerly north winds, enormus
amounts of stable sea foam (i.e., longlived and tenacious ones) are produced at a breaker
zone or a certain shoreline of the Japan Sea and some of accumulated sea foam are scattered
in inland direction by wind turbulences, then various kinds of disasters are happened (for
example, electric current leakage, corrosion of metal, and so on). Such phenomema often
occurred at the Pacific coastal lines of Japan on the season of the typhoon and high winds.
In this article, such peculiar properties of sea foam are shortly described and specially

physical meaning of the foaming factor is discussed experimentally and theortically.
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Accumulation of stable sea foam

(Fukura).

Fig. 1.

Fig. 2. Flying of stable sea foam by winds.
Distance between two black arrows is one

meter. (Fukura)

Transport of stable sea foam by winds.
(Fukura, photo by Mr. N. SAKAGUCHI)

Fig. 3.
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Table 1. Plankton observation of the foam
liquid by Dr. R. MARUMO and others

Station: Fukura beach, Yamagata Prefecture

Date: Feb. 6, 1962 Feb. 7, 1962

Diatoms No. No. ,

per 10ml % per 10 ml %
Asterionella japonica + 160 0.3
Biddulphia auraita 2,880 0.3 —_ -
Cocconeis spp. 960 0.1 1,600 2.5
Gramatophora marina - — 320 0.5
Licmophora lingbyei 2,240 0.2 320 0.5
Melosira borreri 134,400 14.0 37,440 59.0
Navicula spp. 3,200 0.3 1,600 2.5
N. long. v. reversa 640 0.1 160 0.3
Pleurosigma affine 1,920 0.2 160 0.3
Thalassiosira hyalina 2,560 0.3 160 0.3
T. Subtilis 800, 000 83.0 20,160 32.0
Pennatae misc. 1,280 0.1 640 1.0
the others 1.4 0.8
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Physical constants of stable foam (Fukura)
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Table 2.
Density Surface tension
(g/ml) (dyn/cm)

Viscosity
(g/cm-sec)

Electrical
conductivity

Thermal conductivity
(cal*cm™+sec™!-deg™)

Foam mass 0.0113(12.0°C)

Foam liquid  0.977 (12.6°C) 27-34 (12.0°C) 0.63 (11.5°C)

Sea water*
(12.0°C)

Snow (fresh) 0.05-0.08

74.67 (19%, C1) 0.0137
(19.31%, CD
(10.0°C)

0.18x10"%-0hm™-
cm™1(12.0°C)

2.9%107%ohm™!-
em™1(12.0°C)

0.0081(12.0°C)
0. 0076 (25.0°C)

0.00135(Salinity 20%.)
(17.5°C)

* for references
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A Possible Baroclinic World Ocean Circulation
of 65 Million Years B.P.*

Kenzo TAKANO**

Abstract: A baroclinic world ocean circulation driven by differential heating and wind stress
is calculated for the arrangement of the land masses of 65 million years B.P. The external
forcing is assumed to be the same as the present one. Corresponding to the grid size of
5°%5°, the coefficient of horizontal eddy viscosity is taken as 10°%cm?/sec and the coefficient
of horizontal eddy diffusivity as 10°%cm?/sec. In contrast with the result of a previous calcu-
lation for the present-day world ocean, the presence of a strait between North and South
America and a relatively small expanse of the Atlatinc Ocean considerably weaken the North
Atlantic circulation, especially the deep western boundary current. Australia located further
south of the present location effectively stands in the Antarctic Circumpolar Current. However,
the large scale aspect of the general circulation and the meridional heat transport which is
a basic role of the ocean currents in climate are not significantly different from the present

ones.

1. Model

Recent extensive studies in various fields of
geosciences have thrown light upon the past
ocean shape. Sixty-five million years ago, the
arrangement of the land masses was fairly dif-
North and South
America were apart with a narrow strait be-
tween, which is hereafter referred to as the
Mid-America Strait. The longitudinal extent
of the Atlantic Ocean was less than that of
the present-day Atlantic Ocean. The Austral-
asia was close to Antarctica, so that there was
practically no passage between both the land
masses. The south-west Pacific Ocean widely
opened into the eastern Indian Ocean. A small
portion of the present South Asia was an island
apart from the Asia Continent.

Following a previous paper (TAKANO, 1975a)
on a possible barotropic circulation in the world
ocean of those days, the present paper is con-
cerned with a baroclinic circulation driven by
differential heating and wind stress. The
wind stress distribution is the same as that
used in the previous study. The surface heat

ferent from the present one.

* Received April 20, 1976
** Rikagaku Kenkyusho, Wako-shi, Saitama-ken,
351 Japan

flux is assumed to be proportional to the dif-
ference between the predicted ocean surface
temperature and a reference atmospheric tem-
perature which is prescribed as a function of
latitude as done by HANEY (1971). The con-
stant of proportionality is taken as 40.0 cal/
°C/cm?/day. While no reliable information is
available on the external forcing of those days,
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o] ’\ d))n/émzl
Fig. 1. External forcing: reference atmospheric
temperature (7T4) and wind stress (7).
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we assume that it was not far from the present
external forcing. It is shown in Fig. 1.

The model is almost the same as that de-
scribed in detail in a previous note (TAKANO,
1975b). The principal features are as follows.

(1) The ocean has a flat bottom.

(2) The salinity and ice phase are excluded.

(3) The water density is determined by tem-
perature only. The coeflicient of thermal ex-
pansion is constant (2.5x10-4/°C).

(4) The grid points are 5° apart in both
longitude and latitude. While the grid distance
was 2.5° in longitude and 4° in latitude in the
previous calculation of the barotropic circulation,
a coarser grid is used here according to the
capacity of the computer available. Five levels
are set up. The horizontal component of the
velocity and temperature are calculated at
depths of 20, 120, 640, 1,280 and 2,760 m.  The
vertical component of the velocity is calculated
at depths of 70, 380, 960 and 2,020 m. The
ocean depth is 4,000 m. The grid points are
staggered. The coast lines are defined by grid
points assigned for the temperature and the
vertical component of the velocity.

(6) The momentum advection is neglected,
because it has practically no effect when such
a coarse grid is used. Therfore, there is no
interaction between the barotropic and baro-
clinic components of the velocity, though the
former affects the latter through the horizontal
advection of heat.

(6) The external gravity waves are filtered
out by making the vertical component of the
velocity equal to zero at the ocean surface.

(7) There is no heat flux through the lateral
boundary and the bottom. There is no slip
along the lateral boundary, no friction at the
bottom.

(8) The coefficient of horizontal eddy viscosi-
ty is taken as 10%m?/sec, and the coefficient
of horizontal eddy diffusivity as 10%cm?/sec.
Depending on the grid size, the magnitude of
these eddy coefficients is required to be large
enough to prevent the velocity and tempera-
ture fields from being disturbed by the noise
having a wavelength of twice the grid distance.
An upcurrent scheme is used for the planetary
vorticity advection and the horizontal advection

of heat in order that the eddy coefficients are
reduced as small as possible (TAKANO, 1974,
1975¢; see Appendix).

The coefficient of vertical eddy diffusivity is
taken as 1cm?/sec when the vertical stratifica-
tion is stable. Whenever a vertically unstable
stratification develops, the coefficient of verti-
cal eddy diffusivity is made infinitely large as a
parameterization of strong vertical mixing that
instantaneously restores a neutral vertical strati-
fication.

The coefficient of vertical eddy viscosity is
1 cm?/sec, too.

2. Calculation

Since the momentum advection is neglected,
the barotropic circulation is decoupled from the
baroclinic circulation. Therefore, the barotropic
circulation is obtained first by solving the vor-
ticity equation subject to the wind stress curl
only as external forcing. The only difference
between the present and previous calculations
is the grid size. The initial value of the stream
function for the barotropic component of the
velocity is zero on the coast of each land
mass. In other words, there is no net flow
between any two adjacent oceans. The initial
value of the stream function at each of the
other grid points is given in such a way that the
planetary vorticity advection is balanced every-
where with the wind stress curl.

Starting from this initial state, the time in-
tegration of the vorticity equation is forwarded
for about 282 days with a time step of 5 hours.

Throughout the time integration, the value
of the stream function is kept as zero on the
coast of the composite land mass Asia-Europe-
Africa, but is calculated on the coasts of the
other land masses by means of a technique
called ‘““hole relaxation”. The average over
the last 500 hours is conserved to be used for
the horizontal advection of heat in the calcu-
lation of the baroclinic component of the ve-
locity.

As a second step, starting from an initial
state where the temperature varies with la-
titude and depth, the time integration of the
equations of momentum and heat is carried
out for 80,330 days. The time step is 18 hours.
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Fig. 2. Variation of the kinetic energy of the baroclinic component of the current.
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The variation in the kinetic energy of the ba-
roclinic component of the current is shown in
Fig. 2. A period of 220 years is too short to
reach the steady state in the whole ocean but
long enough to reach an almost steady state.

Prior to this calculation, another calculation
was done for the general circulation in the
present-day world ocean governed by the same
external forcing as that shown in Fig. 1 (TA-
KANO, 1975d). The time integration was car-
tied out for about 102,568 days. Except for
the difference in the arrangement of the land
masses, the grid structure and all the numerical
constants are also the same as those used here.
“That study is hereafter referred to as a control
experiment. Comparison of both results helps
to understand the effect of the arrangement of
the land masses on the global circulation.

Figures 3 and 4 show- the surface velocity
vectors in both world oceans. Compared with
the surface currents in the control experiment,
the North Atlantic surface currents are not well
developed and not well organized because of
the relatively small size of the North Atlantic
Ocean in addition to the presence of the Mid-
America Strait. There are no well organized
currents in the Indian Ocean, either, because
of the presence of a large island in its center.

On the contrary, the North Pacific Ocean,
larger both in longitude and latitude at that
time, produces a stronger western boundary
current.

HORIZONTRL VELOCITY - 0-0.9 ~ 0.9-1.7

S S S S S S S S S RS SO S SRS St
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The Pacific water flowing into the Atlantic
Ocean through the Mid-America Strait does
not reinforce the Gulf Stream but slows it down
by opposing the Guiana Current which flows
along the north-eastern coast of South America.
Another striking difference is seen in the Antarc-
tic Ocean. The composite mass of Australasia-
Antarctica extends northward and effectively
blocks the Circumpolar Current, though there
is no Palmer peninsula pushing northward
a long way from Antarctica which presently
stands in the way of the Antarctic Circumpolar
Current.

These features are more or less apparent
down to a depth of 640m. At a depth of
1,280 m, another striking difference is appeared
in the Antarctic Ocean. While the present
Circumpolar Current flows eastward almost
everywhere around Antarctica, the old one
flows west to south-west along a parallel of
67.5°S off the Antarctic coast. North of 67.5°S,
it flows east between the east coast of the
Australasia and the west coast of South
America, and south to south-west between the
east coast of South America and
coast of the Australasia. This comes out
clearer at a depth of 2,760m, as shown in
Figs. 5 and 6. Figure 5 gives a westward
Circumpolar Current with a weak northward
boundary current along the east coast of the
Australasia. Another point emerging from
comparison of Figs. 5 and 6 is that the North
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Gulf Stream region. (units: cm/sec)

Atlantic deep western boundary current is very
poorly developed, because the meridional extent
of the east coast of North America is limited
and a lot of water flow out through the Mid-
America Strait. In contrast to that, the North
Pacific deep western boundary current is well
developed, because, in addition to the presence
of along, straight western boundary, the North
Pacific Ocean is much greater than the present
North Pacific Ocean and the North Atlantic
Ocean.

Figure 7 is vertical sections showing the
northward component of the velocity at 42.5°N

right at 72.5°W. (units: cm/sec)

in the Kuroshio region and at 27.5°N in the
Gulf Stream region. Reflecting the coarse grid
and the correspondingly large coefficient of
horizontal eddy viscosity, the western boundary
current is too broad in both oceans. However,
the wane of the western boundary current in
the North Atlantic Ocean is clearly figured.
Figure 8 gives two meridional sections show-
ing the eastward component of the velocity
across the Mid-America Strait. There are
prevailing eastward currents in an upper layer
of 1,000 m deep, which stands in the way of
the Guiana Current to weaken the Gulf Stream.
Deeper currents are mostly westward, associ-
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ated with the wane of the deep western bounda-
ry current.

3. Temperature field

Figures 9 and 10 show the surface tempera-
‘ture.

The world ocean extends from 70°S to 70°N
in the present experiment, and from 65°S to
75°N in the control experiment, while the lati-
‘tudinal distribution of the prescribed reference
atmospheric temperature is not different from
each other. Roughly speaking, therefore, com-
pared with the control experiment, cooling is
strong in the southern hemisphere and weak
in the northern hemisphere. Due to the dif-
ference in the individual ocean shape, however,
cooling is stronger in the old North Pacific

Ocean than in the present North Pacific Ocean,
and is weaker in the old North Atlantic Ocean
than in the present North Atlantic Ocean.
The old North Pacific Ocean is more strongly
cooled than the old North Atlantic Ocean,
while in the control experiment the North
Pacific Ocean is less strongly cooled than the
North Atlantic Ocean.

These features resulting from the geographi-
cal contrast account for: (i) lower temperature
in the northern North Pacific Ocean than in
the northern North Atlantic Ocean; and com-
pared with the control experiment, (ii) lower
temperature around Antarctica, (iii) lower tem-
perature at the northern North Pacific Ocean,
(iv) higher temperature in the northern North
Atlantic Ocean.
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Table 1 gives the mean temperature at each
level and the global mean temperature in both
experiments. The difference between the two
experiments is smallest at the surface where,
compared with the other levels, the temperature
is closely related to the prescribed reference
atmospheric temperature. It is getting greater
with depth but decreased at 2,760 m. Since
the time integration over two or three centuries
is not long enough, the temperature at 2,760 m
still varies very slowly with time. Then, it

Table 1. Mean temperatures in both

experiments (°C)

Depth (m) 20 120 640

1280 2760 Global

is not known with certainty whether the re-
latively small difference (0.54°C) is meaningful
or not.

The eastward flow of the Pacific surface
water through the Mid-America Strait slightly
warms the Atlantic surface water east of the
the Strait. The general distribution of the
isotherms in the old ocean is, however, alike
that in the present ocean. This is also the
case of all the other depths.

The temperature at 640 m is shown in Figs.
11 and 12. There is no striking difference be-
tween both figures. A tongue-like distribution
of an isotherm of 6°C in the Pacific equatorial
region extending from the Mid-America Strait

Pres. ex. 18.19 14.64 593 3.58 3.00 4.75 in Fig. 11 does not result from the inflow of
Cont. ex. 18.39 14.86 6.53 4.44 3.54 5.35 the Atlantic water through the Strait. At this
I ‘ : — : - ‘ l -
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Temperature at a depth of 640m (°C).

Fig. 11.
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Fig. 12. Temperature at a depth of 640 m by the control experiment (°C).
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depth, the warmer Pacific water flows into the
Atlantic Ocean as shown in Fig. 8 and warms
the western North Atlantic Ocean to cut off
an isotherm of 5°C east of the Strait.

4; Heat transport

The meridional heat transport is the sum of
three components: transport by the mean
meridional (vertical) circulation, transport by
the mean horizontal circulation and transport
by the subgrid scale eddy diffusion.

The mean meridional circulation transports
heat in the meridional direction by bringing
warm surface waters poleward and cold deep
waters equatorward. The second component
is interpreted as the heat transport associated
with a warm western boundary current mov-
ing poleward compensated by a colder return
flow in the central and eastern regions of the
The northward heat transports by
these components are shown in Fig. 13. The
mean horizontal circulation gives rise to a weak
northward transport at almost all the latitudes.
The eddy diffusion is much more effective,
It might
be noted that in a previous paper (TAKANO ez
al., 1973) on a seasonally varying baroclinic
world ocean circulation where the coefficient of
horizontal eddy viscosity is 10%m?/sec as in the
present study but the coefficient of horizontal
eddy diffusivity is 2.5x10%cm?/sec with a grid
of 2.5°(longitude) x 4°(latitude), the mean hori-
zontal circulation is no less effective than the
eddy diffusion except in the southern ocean
south of 40°S. A small contribution of the
mean horizontal circulation and a large contri-
bution of the eddy diffusion in the present
study are brought about by the coarse grid
(5°x5°) and the large coefficient of horizontal
eddy diffusivity.

The northward heat transports are calculated
every five degrees from 67.5°S to 67.5°N. The
sum of their absolute values amounts to 17.85
X 10%cal/sec. Of this, 53 % is the first com-
ponent, 5% is the second component and 429,
is the last component.

Figure 14 gives the heat transport in the
control experiment. Figurcs 13 and 14 are not
significantly different from each other. The

ocean.

particularly in the southern ocean.

T T T T T T T T T T T T T °
60 30 0 30 60N
Fig. 13. Northward heat transport by the mean
meridional circulation (dot-dash-line), the mean
horizontal circulation (light line) and the eddy
diffusion (broken line). The heavy line shows
the total transport.

| 10'4 cal/sec

T T _T T T T T T T T T To. T

60 30 o] 30 60N

Fig. 14. Northward heat transport by the control
experiment.

sum of the absolute values of the heat trans-
ports calculated every five degrees from 62.5°S
to 72.5°N is 15.30x 10%cal/sec, slightly smaller
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than that in Fig. 13. The fractional contribu-
tion is, however, 53 %, 5% and 41 %, respec-
tively, just as in Fig. 13.

In the study on the seasonal variation of the
world ocean circulation cited above, the frac-
tional contribution is, on the annual average,
71 %, 7% and 229, Compared
with Figs. 13 and 14, the mean meridional
circulation contributes much more effectively
and the eddy diffusion much less effectively.

respectively.

5. Concluding remarks

Since very little is known about the exter-
nal forcing as well as the ocean bottom topogra-
phy, it might be speculative for the present to
In addi-

tion, the grid is too coarse not only to show

deal with the past ocean circulation,

definitely the detail of the general circulation
but also to resolve the meso-scale eddies, al-
though it is not yet well known whether they
drastically affect the large scale motion.

However, the above calculation allows us to
get some insight into the effect of the geometry
of the world ocean on the general circultion.
As far as the large scale aspect is concerned,
the general circulation of 65 million years B.P.
has certain resemblance to that calculated for
The northward
heat transport which is a basic role of the ocean
currents in climate is quite similar to each
other.. However, there are a number of things
peculiar to the old ocean in certain respects.
Most of them are brought about by the shape
and size of the individual ocean, particularly
its extent in high latitudes. In this regard, of
importance are the ice and salinity both of
which come into full play in high latitudes
but are ignored here as well as the external
forcing in high latitudes on which no informa-
tion is available for the present.

the present-day world ocean.

Appendix
Diflerencing of the horizontal advection of heat
The temperature 7" and the eastward com-
ponent of the velocity » are arranged on the
horizontal plane as shown in Fig. 1A, The
horizontal advection of heat for 7Ty is given by
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Fig. 1A. Arrarzement of the variables T and u.
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,
where a and 3 are constants, and d is the grid
size.

This relation leads to a centered differencing
if a=p=0.5, to an upcurrent differencing if
a=0.5 for u1+u2=0, and similarly =0.5 for
us+us=0.

We took a and A as 0.65 or 0.35 according
as w1 +us and wug+uq are positive or negative.

If a uniform flow (Uy=Us=Us=Us=U,>0)
is assumed, tke above relation becomes

0 . J
9 ry=1o [0.5((Tv+To)—(To+ T}
Ox d

—(a—0.5) T+ T —2T)]

_ (i@m) — ((a—0.5)dUT).).
0x ¢

where the subscript ¢ refers to the centered
differencing.

The braced term in the right-hand side is in
the form of heat diffusion. The equivalent
coefficient of diffusivity is (a¢—0.5)dU. The
upcurrent differencing (a>>0.5) brings about the
heat diffusion.

Advection of the planetary vorticity

The advection of the planetary vorticity ad-
vection is given by v8 where v is the northward
cormponent of the velocity and § is the variation
of the coriolis parameter with latitude. When
v and the stream function @ for the barotropic
component of the velocity are arranged as
shown in Fig. 2A, the northward component
vy for @ is given by

vo=a(vi+ve)/2+ (1 —a)(vs+vi)/2.
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-+ o

Fig. 2A. Arrangement of the variables @ and v.

This becomes a centered scheme if a=0.5,
and an upcurrent scheme if @>0.5 because of
the westward propagation of the Rossby waves.
We took a=0.875.

As in the case of horizontal advection of heat,
we get v8=(vf).+(a—0.5)df(F?P),. The last
term is interpreted as a simplified diffusion term,
because the vorticity diffusion term —AV*@ in
the vorticity equation is approximated by it if
AlP? can be substituted by —(a—0.5)dB, where
A is the coefficient of horizontal eddy viscosity.
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BELME, NERCKEBEIN TS, TD<SWO
BARASADST, HIK{ WI &TH %,

2) AR TEE

COHHERBEDEETHCEIGE L S BARNT LD
FEATHRYBDIT, BERICARLTIFLAD, HLAR
DEAITH D, ZOHBBZBEREEEBERTCT 5D
DT, BEWAEOTEROFERE DR OND, Tibb,
BA—RCEFRREBCE LAR, AORILLAEE XD
RETEZEBERNCREATE, BOBXLHTLEME
ThHBo HICBRRZHBOERABRIT EZOHETH

55, W hbMITET 2 XA Y FENRHBA, &
DRI A L K CHOFRE LD, Tt @D
b33z &T, TAKERKRLCE DA TITEHOH
HE &y, HETHEO LT HINsBATH 5,
3) FEGETEE

MFRRED ERIRZ OFBETH 5, TOWEIRIARD
BT R RIET S LS L TR EEMICHEWE W T
BERICAN, FILADLZBATH 2, TOBEKOEDH
HOFRRINHNELHDBHR, Ll IORESIZEHEC
ka0 Thd, M, HIX, fh, 58, 8D,
RERBRAINTWS, BEDOHITRY > FHROVHE,
8, TR ERAVWLNRTE R,

3. MefREOBRE
FOEZOBRRETEOEXROTHEOERCHE
D, BRELTROFEXYHF LI L2 FECHMLUT
BRTW5B, DAY TDONI SEEDHFENAIZE R
N, ThIELER-TEHDBLOHEENRER I W T &
Tro TWEER, WHIBBEOBICEWTRE, kAR
DA, BEERITEOFHEIYHU CAYTEET S
FRELT, BERVKBRCHUADDZ LEEZ TH
o TOBARUADDLFELE LT, REEZRE, &
H, RADHELHIETICE- Tk, BREEEDOI/NK
R UAD B Yk - T, WEETRAKK L THE
R EC TS T CRICHIE T E AR HARD - T
TOFERWDOTY, FORRBCHLTHENRSIRE
FCTHHICRIT 5. YPRELHEMGEFIFATS
EERABELTHED DRI ORER, FkBeRET
EROEBETRATS LI ko, TORD, T0
BHRIZECTCTHREBICRITS L O, BEh
DEERED bREL Lo TORIIT 2HEHIRC L
BETRHEEEZRTENCARICH L TREL MDD
it, BEIFECHIBEEOHNEZI U5, Thb
b, BEIKKOWE, KHOLES, KFEADTHNORH
B EDEENRKE,
FEGIETRETEOTHOHN Y 2BEE CiF
ZTISORETHDIN, TOELDDOIRBEFET
H0, BRITHTHY, ILCRKEEADOITE CH
0, AMEGEIThH D, Y&, TOMEREFHORERT
BORBIISIEAL SIS BT\ B, RNT, ADK
B, LBoErRaIcEZ, X bIAH»ORLH#ET S
D DHEEOHER, HEYRCTIRETH D, 23
W, W=, TR EREEIKREOME %ML M
FRETH B, SMETHEL 2D Pott, Trap DL TZ
DEBENERL TN 25,
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THEACHEBAIN TV, B2 5132 OEEF TR
RCAKBCE B FEHTZLORELBED b b, %
t, TORTREOBE, B ENMoMRLEDD
L EAEANT, MEORTOREE I % A
X RLTWEHDREN, KT, TOEDERSED
COWTH IR D,

1D A BiEE

CHRBECL AFEMFRED LB ThH5, BN
W LIINBETEN BTN CELEET, HECR
SROBDAOZIED, BEORKLEAANTEE, 20
HHRILRTRTEHEBMCESE LT Ch e - Tl
HRIRitdTH <, TOEE, 1 HI2EBOBELRDTE
OWICHEAL CTEINT D, FEIN LA HRENLLHHT
EFONWCIHL OGNS, TOBEICEATAA HIEEELL
THAHZTH b,

2) ZogEhE

2 aQRICELEEETIACTER L L BIET, B
LHADEMTHENT & iz, HEIRMD RS B &0
b, BEWTEEESEC R, 2ATRERS
WL, RURERZMN LD, RTFEIRIRAD S

52 (I11) 93

DEELDD, #ICKEDBEE T HBATEH D,
BIREHEFRIT L » T B,

3 %ﬁ%

HEEAYHWABREIEORCELY AN TELF VAR
ABADODDOTH D, Ehdokcid =%, v, #
FEEDWENL ENRD D, WELERBOL S EHEKL T
HEBECHEHEL TR E, 7=, T infrRe
THEALTET, ARRKCBBTERVWE FICHZ bR
b, SAEICIWT Pott LIFENZMECTER, b,
H=HHZHENELLDH - T,

Y BRRRIc X 57 OWEZIBENRS CHREDOH
BERAENRZED DN T VWD, TORERIBBOHND
B, ECTHLEHHCRERSIBETRTHS, i€
- TR, ZOMOBEIDXBCHIEYZT LI 5k
- T&Ef,

MegR kIR A CIREESERORKROEEXES DT
BOERTHH D, FLOBERIOREOHRTES X
DR ERMICT DI LADOFEEHL S Hadb
BRBDEEITENTES, TODBIRTT TS
ZRILL TV - ko TOFEREXHFIORCBHBICRT,

4. WEIHAE

%3 #3E (Pumping method) 138#%, Fish-pump 2%
FLL VETHEIR, BEROSFICH LI ELEL
BAROERGKEABELARWTIORBICERET 51T
Eo oo BATRIDEEL MR LAELFAL TV,
Z @ Fish-pump € X 3 RFERAGHCIZFERED 1
BThHB, Ry7OBRWEFIAEFAL T, BRICHkHK
HOAYEHECTCALBATHAEINLDDOTH B,

BI0R RACLLIAFEROERE

Kind of the

Fishing method

fishing-gear Ist step

2nd step

Examples
Last step

Handling gears Trapping method

Angling gears Luring method

Entangling Blocking method
gears (Net)

Encircling net Luring method

(gear)
Towed net Threatening
method
Scoopping net Luring or Threaten- Trapping method
ing method
Potting & Trap- Luring or Threaten-
ping gears ing method

Trapping method
Trapping method
Blocking method

Blocking method

Trapping method

Spear, Harpoon,
Rake, etc.
Hand & Line gear,
Fish-spoon, Hook, etc.
Gill net, Trammel net,
etc.
Trapping method Beach seine, Stop
seine, Purse seine, etc.
Trapping method Trawling net
Lift net, Dip net, etec.

Shrimp pot, Fish
basket, etc.
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% /z, Fish-pump BEATRET LI L, HBEK
MR L, BEAEMOEIBE s HOEREY RS
WS B, BOBREYED D A ENERITENTWDS, K
FERIBRO RN D 2 &L, HLVWREDT
CHEDEREMNLIzbDTHH 5. - T, AfFEN
FOSBETHYT5E TR A4DMENERINS
LRI /s 5 Tb,  Fish-pump WWERI NS M
WhkD X 5/l E<hb, £9, Fish-pump OEEF|H
BEDHEZAL D RBENCHAT, Lt HYEDENWE
iz » TZOABRIEAS R, REINTWEZ &2
KUITH D, £/, Fish-pump THVAZNIcEEE
5B EDILWE AT Fish-pump REFHFINRTHWAE T
LOHEETH L, BBITHONRTWA L SIL, £< oMMl
WK - Tk <BMERD D, D &I i A Fish-
pump QUNAL O FIATERFIRICHETT 5 2 L ITix
5> TWBHHR, ZDZ LD Fish-pump OWS| gD
FITT BN B LD OBRLEL 5, BB
aC@<ﬁi OERIC L DL, THEULEOLORS
, B, BREREEIC BBk B4 0 Fish-
mmp@ﬂﬂﬁ%@ém CHTZERRERTWD, A
3 RN @Ff@wmu%ﬁmfmmﬁivA>7/
>A 7O /R& N,  Fish-pump DULANAS O D
[EDMHFEA 6inch @ pump THWAKL S AFHEEL T
J, AN THETAIC 5~10em 17 T 15~20cm TH
- 720 Fish-pump DR VGAA D 5~20cm UL R
5 &, fld pump OFIUCH D 5 TV H WS L3k £
%, ZHET Fish-pump DE L DEEEA L, HROE
BORETHN TV B EEFEOIERS o < HHIC pump
TRNAAZ A2 213, TFREAELTRE L E 2
%, Fish-pump 13k, v #ETHACETEFLY (4
TYBENOSD) IV ONTREEZD 72 & F b
, TOWMEENDRBEOBEEDM.LE D, HH:
X - C Fish-pump OHIEBB AR T, L
L, T#H pump O B WaAie /i L D DRI B - T
WD Z D, BEZFONEHHD, Fish-pump D%
BEREDORES VAN T FEIN I, REEOHRL K
Jo, s K CHEDAERFERECTN, AL RIIRE
TWALH OO TITEIZ#, ZhE pump THEWN
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FAc&sETirid, 9 pump DWWAT JOII A
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fRRCTE 5, $7bb, pump DARF, BHOBKTH
BTHD, Lanl, BREMY KA SZ &8
BElLTREELWERM LA - TL %, Fish-pump 3 q] )

FHCH D BN H T, LB v 0 v 3 /hRT/h
ORI HFEH DL L EOEENTRI TV D,
Fa OFHE CI1Z, pump OWBIHNBDOBN AL R HE

HEYEHEANC LRI L TEEFNE EDTERL H

ORE»R® B, Fish-pump DFEHE L £ 0 M A3 E
Xhicd &, Fish-pump OFLWEERHANS ThH
A 5 o
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'TARGOS BlHlff 2 ¥ 2 7 &4, 1220 T

<ARGOS>, systéme franco-américain

75 v ARNFEHE2 £~ (CNES) &7
A Y s NASA, NOAA t CcHEBHRF D
‘Franco-American ARGOS location and data
collection system’ =D\ CEIBEICHEMNL 9,

ARGOS data collection and location
system (DCS) %, BEE, 8k, 74, ~N—v
DT L 5 TR T -4 Th, Ehik
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