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Océanographie chimique au large de 1’Oregon

Yoshio SUGIURA

Résumé: Des observations au large de 1’Oregon nous permettent :

1° de proposer des

méthodes pour évaluer 1’étendue de la région soumise a l'influence du fleuve Columbia et pour
évaluer le temps qu’il faut pour I’échange des eaux dans cette région, 2° de mettre en relief

la relation anormale entre le phosphate et [oxygéne dans le courant ascendant établi d’une
P yg

maniére frappante au large de 1’Oregon et la variation de ce courant ascendant, et 3° d’analyser
la structure verticale de la salinité dans la couche superficielle d’un métre d’épaisseur.
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Fig. 2. Horizontal distribution of salinity at zero
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depth. Serial numbers of the observational
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Table 1. Estimation of turn-over time
based on alkalinity and salinity.

.. Turn-over time
Salinity, %o ’

days
28 5.1
24 1.7
20 0.9
16 0.3
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Fig. 4. Relationship between specific activity of
Cr’! and salinity. See the text about the
meanings of solid and broken lines.

Table 2.
based on Cr® specific activity and

Estimation of turn-over time

salinity.

- Turn-over time
Salinity, %o time,

days
28 7.7
24 3.6
20 2.1
16 1.4
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Tidal phase at Astoria located at the Columbia river mouth, Oregon.
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Fig. 6. Relationship between (P,—F;) and (O:;—Oy).
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Py and Oy show phosphate and oxygen concen-

trations at the observational time at the particularly chosen subsurface depth, #. P; and O; show
phosphate and oxygen concentrations at the observational time at the arbitrarily chosen depth, 7.
Figures by plotted points or the origin of coordinate show the depth of water collection.
Locations of the stations concerned are shown in Fig. 7.

€62



A v a v o

SR = 111

I
LEN—
45N —
P -
/
\
h ~
LAN
7
L3N g/ —
¥
3
3 32.8 s P
42N L\ 2l / |
S~ ) >3 e
. | W ] \l
130 W 128 W 126W 124W
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Figures by isolines show salinities in %o.
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Fig. 8. Relationship between phosphate and AOU off the Oregon coast.
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Fig. 9. Vertical distribution of 4P and 4O at St.
62. Curves suggest the possible pattern of ver-
tical distribution of relative photosynthesis.
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BEEDS HTERNEZANE TR DL ENT
X5,

PIEOBIRERMB % L, Fig. 10 o X 510 7c
B B, B 0m 25 75m % To, 14 (O
R KL, B (—40 LA 100m %
Wz 5HHRIPLEALCELRBEDOKTH S
DI L, BEE 100 m TOREL] (O @i 5K
i, EOKDBRFEL DB E AN HEHLT
ERBEOKTHLEELZLNS, 22T, 4L
AD/v (v ZBAKDOBE L H~OEE £ 45) T
Hb

4. BET Im ITOEFOBVERELZD

B

e /TR AR BE SR L B 5 o,
B TD I 7 wicEBL e 5 % E % K
Cy 9, FRUDE, By BB\ TBHZT
» T2 TDEEW, MBENEKROENT S B HE,
B 2mx5m, EX 1m oKk, ZKKEDHE
KEBEAAI (9K 30 43), KBEDIZIF ok
mF 05, 1, 2, 5, 10, 15, 20, 30 cm D& B
HERK (13 1RF 30 43 2% 14 W5 30 o) %47
70 » 7o B/KIZIE, 50cm f4, JEX 10cm oA+

(8D



ERNRE R LN A S A 113

77— ABBIICIENN, ZHhC Y AT Th
BHTAENLARY =FEXBCC, BN L
7oo BIEHEE IS 0N, ZORSHE
TRy, ®R, AR E DL T ESDS
FEBEOETRBEI) -, PR A—AL S

Y Y RIOBBFELOE ST THELL. BB
TOBARL, MRIRAKRD MNeHIE--K, RR

WERD O R & THilshitic.

FRRD & & &AL 2 vl Cfiie » Thte, Hilh
oo 14 B, St. 4 (126°30'W, 45°10'N) ¢ 1 [,
19 Bz St. 32 (125°30'W, 46°32'N) <2 [H, 14
Hic St. 56 (1831°03'W, 42°01'N) ¢ 2 [A| &%
il otz D& L, AN 5.3cm, £X 30cm
DYV E—DTERIC T AT HIZE 5 E, 723 A
ERA A B SEE AV, BKRL, oo T A
Hirv ) v =N i EH S, Bk, T A0%
BIAICBE R EIRT, v I VE—DFENFL S,
COFRAKEE 20cm B 6, H Sem oK
@Ha EACID AT, chg E— + ORHD

EE K TR ZZ LA, LIEB S £ FED
%%L%qto%®@ “Hki/7hbhoﬁ
LEBOBIKEIKAE T METD LI HD
ZRAD LT, 6 HOBKEOHEZRBITHL 120
HoE, BHEFERESF TR L, ToRR
# Fig. 11 wi$, Fig. 11 i, Wy BoE
L EDThbH,

F9, v aviicont, BUHFT 30 4
% OMAIR TRl &M & 17 » 7o Ao B
RaHhb L, 0.01% LITOEEHI»E BOWT
FTdbhb, TRIEDOWTE, ERENSRT,
BEOLSHEINETETOND, TOIIEMNT,
Mﬁ%ﬁ&%%*%é#%bh&bmﬁﬁm@%

ARKBEFLZ LN TELER S, St 32 0
ém,%®£%%%bﬁmﬂzéom%oui®
HESBEEN 40 em VIFED & 2 ACEDBNDL, &
DOEENL, WrBEBOBA T oOWTh BdHbNI,
RL, Wy BoBa, EOBBOBEINLR
WL 10em ERABNEECE AT EH LT

o TOZERNELKEOENTHS,

AV 2o 3 PRI A HERED #EIT
R LB B, St 4 OBAJTERTHELE

St. 4 St. 32 St.56 Jogashima
S ‘s S o S “fee S e
[ 340 342
0 2867 69 31.93 .95‘_'_327 3 0
\‘ o
X !
!
E %
(o] ,/
- o,
c
a
[
=)
r Q
e e

Fig. 11.
upper 1 m layer off the Oregon coast and that

Vertical distribution of salinity in the

in the upper 30 cm layer in the water contained
in the concrete reservoir at Jogashima Is.
Locations of stations concerned are shown in
the text.
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Distribution du pH et son interprétation aux environs du Japon

Yoshio SUGIURA

Résumé :

La relation entre le pH et ’AOU obtenue par la théorie de BUCH et la recherche

de SUGIURA et YOSHIMURA sur l'acide carbonique total est en accord avec des observations.
Le pH:r de I’eau de merse compose de deux parties distinctes: 'une dépendante de la tempéra-

ture et de la chrolinité et 'autre en indépendante.

Aux environs du Japon, il est plus haut

dans les eaux de température et chrolinité élevées. Il est donc plus haut dans le Kuroshio que

dans 1’Oyashio.

Cependant, la différence du pH entre le Kuroshio et I’Oyashio est plus forte

que la différence prévue théoriquement, ce qui s’expliquera si 'on suppose 1’échange lente du

gaz entre 'eau et 'air.

Le pH des eaux profondes dans le Pacifique du Nord-Ouest suggere la

dissolution de CaCOQs, qui n’est toutefois pas si clairement suggéré par les données du pH a la

mer du Japon.
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Fig. 1. The pH to AOU diagram for the Kuroshio and the Oyashio waters.
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Fig. 2. The pH to AOU diagram for the
Kuroshio waters at the depth of 50
to 200 m.
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The pH to AOU diagram f{or the
Oyashio waters at the depth of 50
to 100 m.
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Fig. 4. The pH to AOU diagram for the

Kuroshio and the Ovyashio surface
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On the Maintenance of the Turbulent Reynolds Stress
in the Surface Boundary Layer*

Noriyuki ITwATA**

Abstract :

A new interpretation and formulation on the maintenance of the turbulent

Reynolds stress in the surface boundary layer is proposed and compared with other reasonings.

It is concluded that the turbulent Reynolds stress in the so-called constant stress layer is pro-

portional to the nondimensionalized mean velocity profile curvature and to the turbulent inten-
sity of the energy containing eddy. As a geophysical application the modification of mixing
length and reduction of mean velocity gradient due to the wave-induced Reynolds stress over a

disturbed sea surface are formalized.

1. Formulation of the Reynolds stress

We may assume that the turbulent velocity
field in the surface boundary layer will be re-
presented as,

ui(X, t):S dAi;(X, n) et (1.1

dA: (X, n):jKdBi(K, n, 2)e'kX (1.2)

where the integration is over the horizontal wave
number plane and over all frequencies. This
decomposition of velocity field implies that the
turbulent shear flow consists of mean velocity
field and superimposed neutral perturbations with
arbitrary wave number K and frequency 7, so
that we consider neither the mutual interactions
nor the self-excitations of these superimposed
sinusoidal disturbances.

These neutral disturbances are to be considered
as the limit of self-excited disturbance imaginary
part of the phase velocity ¢; tends to zero.
According to the stability theory, Reynolds stress
due to self-excited disturbance is related to the
vorticity theory (LIN, 1954),

u Ci

drkn

dz

:PLT)Z

(1.3)

where prime denotes the differentiation with

* Received March 11, 1968

** TInstitute of Coastal Oceanology, National Research
Center for Disaster Prevention, Hiratsuka, Kana-
gawa, Japan

respect to the vertical coordinate z.

In the limit ¢;—0 the equation gives rx,,=
const except U=c,. Then, for neutral oscillation,
the Reynolds stress remains constant except for
a discontinuous jump at the critical layer, U=c,.
The extent of this jump can be given.

571{,n:TK,n<C—>_TK,n<C+>
rze c -y
jzlfif:c})zéFci? K
Us ci _ (]//
S etdU
Lrl (U—=¢)+c? KU’ pe

=lim 0wt dz

€10

=lim
¢;—0,

7 e A
_ —asf %
=@ ~—~—1>, 1.4

KU <zm 1.4
where 2, denotes the critical layer. Thus the
abrupt change of the Reynolds stress occurs only
at the critical layer 2=z, and in the other
regions it remains constant.

In general the neutral disturbance in the
boundary layer with wave number K can take
arbitrary frequency »n varying, say, from zero to
infinity. However the contribution to the Rey-
nolds stress through the formula (1.4) is only
possible for the neutral disturbance whose fre-
quency 1s

n=K-U(z). (1.5)

Thus at some given height 2=z, and given
wave number K, the frequency n of effective
disturbance to the Reynolds stress must be taken
as n, and all the other disturbances with n#n,,
have no contribution to the Reynolds stress at
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2= 2.
Spectral representation for vertical component

of turbulent velocity vector may be given (PHIL-
LIPS, 1967),

The disturbance to be considered must have the relation (1.5), so that we may write,

Substituting (1.8) into (1.4), we obtain,

0*=V (K, n, 2)dndK (1.6)
1N\ (-
UK, n, 2) :(2—..> jjw(x, Y, 2, tpw(x+ry, y+re, 2, to+1) e " KO gpdr a.n
0.°=U (K, n, 2) 6<?7-1l7_1> dndK
=¥ (K, K-U, 2)dK. (1.8)
._L/v// . 2z
52'1(:%,0?[7@ (K, K'U, Z)J(;’;—l)dK (19)

It must be noticed that (1.9) denotes the jump of the Reynolds stress due to one neutral disturbance

with wave number K and consequently with frequency n=K-U(z,).

If we confine ourselves to the

motion in the x—z plane, then the total jump of Reynolds stress is given by,

b4

) —_ l,f//
or(2) =np—= 5<>~~— 1

(j, Zm

where K, denotes the lowest wave number
determined by the viscous force (LIN, 1954),

I 2y 1

R ey = Uty 3

(1.1D)

where d; means the thickness of the viscous
sublayer and K, is the highest wave number
contributing to the Reynolds stress in the bound-
ary layer, so that higher wave number compo-
nents than K, could be regarded as isotropic and
have no contribution to the Reynolds stress.

Now we consider the turbulent Poiseille flow
in which it is well known,

tg(z)+r(z>:pu*2<l—%'>, (1.12)
where 7,(2) denotes the viscous stress and § is
the distance from the wall to the center of the
channel. In the outer region of this boundary
layer the effect of viscous stress is negligible, so
that the Reynolds stress decreases linearly towards
the center of the channel. Comparing (1.12)
with (1.10) we assume presumably that the
extent of the jump of the total Reynolds stress
at two points separated each other by dz remains
constant in the outer region down to the edge
of so-called constant stress layer adjacent to the

wall. Moreover we assume in the region near

R dK

>S’( O(K, KU, )
KO K ’

(1.10)

the wall @, in (1.8) could be represented as,

(T)lezil*?q;(f; Rl) dé 5 §=K=z. (1.13)

It means that the spectral form of the vertical
turbulent velocities contributing to the Reynolds
stress could be normalized by nondimensional
wave number Kz alike in the case of the general
turbulent vertical velocities. ~ Substituting this
into (1.10) and regarding the above reasonings
we arrive at the conclusion that the total Rey-
nolds stress at the outer edge of the constant
stress layer is proportional to the extent of the
total jump of these Reynolds stress in the outer
region, which

must be constant down to the

edge of constant stress layer.

(2 —2U" [ = \(* ¢(5 R
;)—(f% = const %T(; 5(*-1)} i%) ds,
U s / . Re So <
(1.14)
where
2 Ze .
&= i a=K,z,.

Uz &’
2, denoting the height adjacent to the constant
stress layer but still in the outer region. On
the contrary, in the constant stress layer the
jump of the Reynolds stress must remain negli-

gibly small. Then we must have the following
relation from (1.14)
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50:«1% ;’2 >a (1.15)
which gives immediately,
xR
vz v (1.16)
Uy o«

For example we put a=1, u4d1/v=25, usz/v=
10%, then it follows U/usx<30 which could be
regarded as representative values for the outer
edge of constant stress layer.

Thus, at the outer edge of constant stress
layer §i+d&—a and the Reynolds stress in this
layer would be given,

—=U"” o(&, Ry) .
7(2) =const 2 pu*{ 3 ~df .
_zljll pa(g(é(!)

=const .,A,F,/,,,,, T
4 Sa

(1.17)

The turbulent Reynolds stress is then propor-
tional to the nondimensional velocity profile cur-
vature and to the turbulent intensity of the
energy containing eddy.

In the atmospheric surface bounnary layer we
may assume a«=1 and it is well known in the
unstable case ¢(&,, R:) increases in proportion
to the absolute value of Richardson number to
the contrary of decreasing &, (GURVICH, 1960).
Moreover in this unstable case also increases the
nondimensional profile curvature, so that the Rey-
nolds stress increases in unstable conditions and
decreases in stable case.

2. Comparison with other reasonings

From momentum transfer hypothesis the tur-
bulent Reynolds stress is given by,

de 2

c=pr(52Y,

g 2.1

where / denotes the mixing length and it is
usually assumed near the wall /=kz. On the
other hand Karman’s similarity hypothesis gives,
d aUu
AU,
dz

When we substitute (2.2) into (1.17) we ob-
tain simply,

[=

(z) = puﬁx—% (2.3)

thus the Reynolds stress becomes proportional to
z/l, for constant stress layer it follows from
(2.3) I=kz, that is, Prandtl’s assumption.

Near the smooth plane wall we must take
into account the viscous shear stress. With the
absence of horizontal pressure gradient it declares
making use of-(1.17),

du 2<d2U/ au
pux"\

2, 27 ey Phadadl _ ¢
o= I e e [ SACR)
where d; denotes the lower bound of the formula
(1.17) and we shall assume this height as the
outer edge of viscous sublayer where it holds,

Us _uey (2.5)

Ux v

Equation (2.4) is easily integrated and we get,

U_1y, [i+ L (zfﬁl)]-l-B. (2.6)
Ux K £ v

For 239, it is reduced to the well known semi-
logarithmic formula for velocity profile on the
smooth plane wall. At the outer edge of viscous
sublayer it follows

—[’i:iln%qLB. (2.7

Uy K
From. (2.5) and (2.7) we obtain,
B:i{fé% _L In <17> . (2.8)
v £ K

Now the value of B can be calculated in so far
as ux0y/v is given. For example we may
assume,

S 2.9)
v K
then (2.8) gives,
B=49. 2.10)

From momentum transfer hypothesis it is de-
rived under the same assumption as above
(ROTTA, MILES referred by HINZE, 1959, p.
479),

BRotta:i[ln (4/6)_1]4-‘”;:761 . (211)
&
The difference between (2.11) and (2.8) is

given,

(18)
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BRmta'—B:L[ln (4)—1]=0.93. (2.12)

K

3. Reynolds stress over disturbed sea surface

Let us now consider turbulent boundary layer
above the sea surface. We shall assume a stati-
stically steady state in which the total shear
stress can be regarded as constant and viscous
stress neglected,

7:(2) +74(2) =const, (3.1)

where 7,(2) denotes the turbulent Reynolds stress
and 7,(2) the Reynolds stress associated with
the momentum transfer to the surface waves.
When we use momentum transfer hypothesis we
get from (2.1) and (3.1),
1 EQZEZL@ . (3.2)
ux dz [
where

1 f(=VI=74 ()

() = mffj , (3.3)

Putting /=2 MILES attempted to estimate the
reduction of wind profile curvature due to wave
induced Reynolds stress (MILES, 1965). It must
be noticed here that the mixing length concept
derived from Karman’s similarity hypothesis is
not applicable in this case, because we get from
(2.1), (2.2) and (3.1),

1 dU _ 1

“ e

: 1—f

which shows the gradual increase of wind profile
gradient near the sea surface. This contradictory
result is due to the fact that the wind profile
over sea surface can not be decided exclusively

by the turbulent motions.
From (1.17) and (3.1) we obtain

] (00 ~ 3k 2 7
. ,dg :i exp [_j ;9,,@, dz i . (3.5

ux dz 2 z z

(3.4)

Comparing with (3.2) we get for the mixing
length,

o 00 ~ X
[=k2v1—1,*(2) exp ({ S dz] (3.6)
LJz z
which shows that the mixing length is modified
due to the wave induced Reynolds stress.

4. Concluding remarks

The above considerations show that the tur-
bulent Reynolds stress could be regarded to be
proportional to the curvature of the mean velo-
city profile in the region adjacent to the wall.
On the other side momentum transfer hypothesis
predicts the Reynolds stress proportional to the
square of the nondimensional profile gradient.
In so far as we concern ourselves with the tur-
bulent boundary layer adjacent to the wall, both
formulae predict naturally so-called semi-logari-
thmic velocity profile indiscernibly. However
when we take into account of the other induced
Reynolds stress, the above derived formula pre-
dicts the modification of mixing length and in
general larger amount of reduction of wind
profile gradient over disturbed sea surface.
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A Note on the Wind-Wave Interaction*

Noriyuki ITwWATA**

Abstract: Over disturbed sea surface wind energy is drained from the mean wind to the
ocean wave at the critical layer where mean wind velocity is equal to the propagation velocity
of perturbation induced by sea surface motion. On account of this energy transfer, turbulent
Reynolds stress can not remain constant vertically, but decreases towards the sea surface. It
results the modification of wind profile and then of the energy transfer coefficient. OQur attempt
is to compute numerically this wind-wave interaction using linear model both for air and water
motion. It is concluded (1) the modification of wind profile is due not only to the interaction
between wind and waves but also to the surface irregularities of ocean surface wave fields. (2)
energy transfer coefficient increases rapidly for some particular components of perturbations
whose phase velocities are approximately equal to the wind velocity near the surface, (3)
energy transfer coefficient is also affected from the interaction outside the critical layer so that
we must take into account of this contribution.

1. Preliminary remarks about the wind profile
over sea surface

At present some observations and experiments
show (TAKEDA, 1963; TAKAHASII, 1958; KUNI-
SHI, 1963) that the mean wind velocity profile
over sea surface is not compatible with the
logarithmic one, which is so well documented
over fixed smooth surface. It has been inferred
that the transfer of momentum to the surface
waves from the wind blowing over water must
affect the wind profile (STEwWART, 1961) and
moreover the reduction of the profile curvature
has been calculated (MILES, 1965).

Our attempt is the same in principle with
Miles’ one but we have assumed from the first
that the affected velocity profile can be represented
roughly by logarithmic one with so-called zero-
plane displacement and from this assumed velocity
profile is calculated the energy transfer ccefficient,
which has been used to compute the wave-
induced Reynolds stress and once more to cal-
culate the modified velocity profile by this stress.
Of course the difference between assumed and

* Received April 9, 1968
** Institute of Coastal Oceanology, National Research
Center for Disaster Prevention, Hiratsuka, Kana-

gawa, Japan

resultant velocity profile is much smaller for this
shifted velocity profile than for usual logarithmic
one, moreover it gives more adequate value for
induced Reynolds stress.

The following reasoning is referred to the parti-
cular coordinate system, whose origin coincides
with the air-sea interface so that the boundary
condition may be applied at any stream line
Y =%¥o; thus, the wind velocity at the boundary
need not vanish (MILES, 1957). However, the
observations of wind profile have been mostly
made at the fixed point, say, from the mean sea
level, rather than at a fixed point y from the
interface.

By a Taylor series expansion we get a repre-
sentation for the mean wind velocity which is
valuable up to the crest of surface waves (PHIL-
LIPS, 1965),

S G
Uly = U(y)+§(y—y)2U”(y). a.n
If we put as an example,
Uy)=usiln |:7;j— +exp (V) —1} , (1.2
0

where V, is the nondimensional mean velocity
at Yy =%, then we obtain from (1.1),

Uy

=ln H% texp (Vo)—q—dv (1.3)

Cz21)
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s S(K) exp (~2Ky) KK
AV = — — , (1.3a)
2y° [ Y4 exp (Vo)—l }

Yo
where S(K) denotes the spectrum of the dis-
placements of air-sea interface. Now let us

assume the Neumann spectrum,

< — ﬁ,z;z g [\3, (__ZKm> -
S(I&)KdK_\/Es\/A oo o~ K,
(1.4)

where 5% is the mean-square slope of the inter-
face and is given by numerical expression (COX
& MUNK, 1954)

=1.1X10" 4[//),(01.1“,)"1/3

(1.4a)

K,, is related to the wind speed at the anemo-
meter height as K,=¢/U®.. Now we shall
define the following quantities,

L]”
=In Y ., Q= 9o Aj=— .

2 >
Yo [Z5% 1251

After some
(1.3a),

P 2 85223/ $K5,0(2)
av=y/2 [1+exp< Elexp (Vo) —1j 7 1

= V'QWeXP(C)}
Ay

manipulations we obtain from

(1.5a)

where Kj;,; denotes the modified Bessel fnnction.
Evidently 4V increases towards the wave crest.
At y=1/2H;,10 (Hi, is so-called one-tenth
heighest wave) we have,

_ Alz ng /10 )
If we put,
Us=10m/s, A;=10, £2=10-2,
H;,
9o —0.21x1.27
we obtain,
Vo 0 1 2 3 4

UV)ew 0.164 0.164 0.162 0.159 0.152

Thus the velocity reduction at the wave crest
amounts at most some fractions of u; for Q=
10~% which is representative for fully developed
rough flow.

2. Wind profile over disturbed sea surface

We consider the portion of the turbulent
boundary layer over fully arisen sea surface in
which the total shear stress can be regarded as
constant and the viscous shear stress neglected.
Then we can write,

Te(y)'i_fw(y):Pu*Q, (2-1)

where 7, represents the turbulent Reynolds stress
and 7,, the Reynolds stress associated with the
momentum transfer to the surface waves.

From momentum

transfer hypothesis  we

dU 2
=02 . 2.2
Te¢ pl( 'y > N (Z.—/)

where [ denotes the mixing length and it is
usually assumed near the wall / is proportional
to the distance {from the boundary,

[=ry, (2.3)

where & denotes the Karman constant. Sub-

have,

stituting (2.3) and (2.2) into (2.1), we have
immediately,
au ;
Y &Y 1 ru/ou, (2.4)
U d’y

where 2 =uy/k.

As MILES has pointed out (MILES, 1965), the
assumption (2.3) is only valid when z,/r,—0.
Using a new formulation of Reynolds stress
(IWATA, 1968) we obtain in neutral conditions,

T
Te= py? *5(—/— . (2.5)

Substituting into (2.1) we get formally,

U ) 1
v ar =exp| ——
uy dy ou* .
The object of this paper is to estimate numeri-
cally the effect of 7, to the wind velocity gra-

dient and the feed-back of this modified velocity
gradient to the t,.

7 dJ (2.6)

3. Numerical calculation of the wave-induced
Reynolds stress

For a Fourier-Stieltjes component of surface
waves, it is shown (LIGHTHILL, 1962)

C22)
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v0dy,
vy

orw(y)=p
where O denotes the perturked vorticity and is
given approximately by
O=Uwy—h=U @ —-hU").
Then we have
v0=—pU"(hv .
Now, air at levels y other than y,. suffers appro-
ximately sinusoidal displacements,
v =1, cos (o)
with frequency
o=K[U(y) —c]

the corresponding displacement is given,

o
h=—""sin (at)
G
then we have
oU” -

V0= = et W) sin2KU=0)) e

Following the Kinsman’s arguments (KINSMAN,
1965, p. 568),
variance v0, then it follows,

UL
orw(y) =pr { KU, — D ’}

o [N

;/WW.UZdy’ (31)

we expect small but finite co-

+p0A

where suffix ¢ denotes the critical layer at which
U=c and the range of integration is over the
fully developed turbulent flow excluding the
region y.+0, of the critical layer.
(PHILLIPS, 1965) by

56#{,%31 }1/2. (2.2)

A is a numerical constant proportional to the

0. 1s given

correlation coefficient between v and 6.

In order to evaluate the wave-induced Rey-
nolds stress, we must at first get the solution of
inviscid Orr-Sommerfeld’s equation governing the
wave-induced perturbation flow over sea surface
(MILES, 1957),

(U=0)¢y—[K2U—=0)+Uyl¢=0 (3.3)

subject to the boundary conditions that the

interface shall remain a stream line and that the
disturbance shall die out at infinity.

In the turbulent air flow over a corrugated
solid wall ¢=0. There is no critical layer in the
flow and the contribution to ér, from Miles

regime vanishes. In this case we obtain from

(3.1),
sro=pA| =V 5a (3.4)
ru(y) =0 jy Ko7 :
After transformation of variables,
LY
Ve—t, 2= L gmupnia, b, (3.5)
Uy Yo

where 7 denotes the surface displacement, we

get from (3.3),

LW:V‘Z‘?;—< ZV+51—~>¢ 0. (3.6)
dz

Approximate solution of this equation is given
(MILES, 1957) by,
¢=V exp [ — Kyoz] 3.1

which satisfies the boundary conditions,

o) =V(e), =z=0.
$(00) —0,

/00,

Thus we have vertical velocity from (3.5) and

(3.7
v=¢,=iKum(x, HV exp (—Kyez) . (3.8)

Substituting (3.8) in (3.4) we get (PHILLIPS,
1965)
AKa?

01, (2) = pus® e 2

( V" Vexp (—2Kyy2) dz,

3.9
where « denotes the amplitude of surface eleva-
tion. Together with the expression of turbulent

Reynolds stress (2.2), (2.3), we have the gov-
erning equation from (2.1)

d[ dV AKa? , d*V
Zizt ds ] +m2rc2y | T exp (—2Kyy2) =0
(3.10a)
or using the relation (2.5) we get,
da [ zsz d V}
dz d=? | d=
AKa?  d*V , _
+ - 21:3/ 1%4 px exp (—2Ky,2) =0 (3.10b)

(23)
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Table 1. Induced Reynolds stress calculated from (3.9) using (3.10a) and (3.10b)
A=1.6X10"3 is assumed.
- Uxd (/
B —_—
a N Cat G, T1 Ta Th
(1) 0.157 356 0.18 0.222 0.203 0.185
(2) 0.314 720 0.387 0.896 0.608 0.492
(3) 0.304 335 0. 445 0.391 0.332 0.291

(3.10a) and (3.10b) are numerically integrated
for the first three models of Motzfeld’s experi-
ments (MOTZFELD, 1937). The
shown in Table 1. The integration is due to
the method of Runge-Kutta-Gill and the initial
values are taken at w(=Inz)=12, where,

‘/roc = Coo 5

results are

Vo'=1,

and integrated downwards up to the edge of
viscous sublayer {; at which,

ffiy_
E5:In~y0~:1n Yo 2400,
Yo :kyo

where wuyyo/v =0.1108, wsys/v=7.0 are assumed.
The step of integration is 4£=0.01.

71 is computed by using semi-logarithmic

profile, 7o and 7, are obtained by using the
mean velocity integrated from

(3.10a) and (3.10b).

Fig. 1 shows the computed velocity profile
and vertical distribution of induced Reynolds
stress for the case II of Motzfeld. We see that
t1 is unnaturally overestimated owing to the

respectively

assumed logarithmic velocity profile and this
inadequacy disappears in zo and =, by self-adjust-
ment of wind flow over corrugated surface
through the interaction between turbulence and

induced perturbations.

The modification of wind profile due to the
induced perturbation is not large but obvious.
The increment of mean wind velocity at the
edge of viscous sublayer amounts to about 10
percent for the case II.

It is interesting to note that modified wind
profile can be roughly approximated by the
semilogarithmic profile with adequate zero-plane

Fig. 1.
stress distribution over corrugated surface

for the case II of Motzfeld.

Mean velocity and induced Reynolds

Va and 74 are referred to (3.10a)
Vy and 74 are referred to (3.10h)
A=1.6X107% is assumed.
(1.2). Dotted lines in
Fig. 1 denote these modified semi-logarithmic
profiles.

displacement such as

The calculations were carried out by assuming
A=0.0016, one order smaller value than that of
Phillips’ estimation (PHILLIPS, 1965). However

it enters into the calculation as the product with,

usa | UsYo L.
= —*}L», so that the other estimation of ux
v

and ¥, could easily alter the magnitude of A.

Let us now consider the wave field represented
by Neumann spectrum (1.4) and assume the
wind direction is opposite to the direction of the
wave propagation. It follows from (3.9),

(24)
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@ A A
pU*Z 8 ),Q

If we put 2=3x%x10"2, A;=10, A=1.6%x10"3, Us=20m/s,

[ (— V”)V[l—l—f x/Qz}expL—%\/Qz}dz

(3.10¢)

we see the induced Reynolds stress is

the same order of magnitude with Motzfeld’s experiments (see Fig. la).

Now that the order of magnitude of A is anticipated,

we shall try to compute dz,, from (3.1).

Equation (3.3) is converted by the transformation (3.5) into

_ 49

Lol= gy t—vn av

where prime denotes the differentiation with
respect to { and

¢
L@jo = —

Uy
When the velocity profile V= (3.11) is reduced
to the one which MILES & CONTE have com-
puted (MILE & CONTE, 1959; hereafter we
reference this paper by the symbol ).
have seen before,

As we
modified velocity profile due
to the induced Reynolds stress would be simu-
lated by the semi-logarithmic profile with zero-
plane displacement, we shall integrate (3.11) for

N
n

Fig. la. Mean velocity and induced Reynolds
stress distribution over Neumann surface
(wind direction is opposite to wave direc-
tion).

Jo and T4 are referred to (3.10a)

Uy and 73 are referred to (2.10b)
Suffix 1 and 2 are referred to respectively
Ur=10m/s and U:=20m/s, £2=3%X1073.

o g
+ W : oy

N2 ’
¢ >+ 1 ,,V,,,,,V]p_o (3.11)

Viw, V2

the mean velocity profile (1.2).
is the same as in I.

The procedure
The second solution of
(3.11) is represented by the regular solution ¢y

$y= B¢ In [V +w,] +¢3,

where @3 satisfies (see I, Equation (3.4)),

14\ maj B-

L,, R ,,,,}Z]
V+ ‘LUQ 1% + ZU() 1%L i
2B do

- 42 3.1
Vi dV (3.13)

The boundary condition at the interface (I, Eq.

(3.2)) is,
o(0)=V(0)+w, at {=0 (3.14)
and at the infinity,

dp 0

“ 5=0 ¢
e i () o at — 0,
av o owt V'

(3.15)
B is constant and given from the theory of dif
ferential equation,

[

‘/”2 V4we=0

(3.16)

In so far as we use (1.2), the solutions of
(3.11) and (3.13) near the singular point V4w,
=0 are the same form with I (I, Eq. (3.3) and
(3.5)), only the boundary condition (3.14) is
different, so that the energy transfer coefficient
to the wave is given by,

, ..woz ‘/// V/}
= — |2 e e | (317
2 ﬂ.Pc‘ 0 i: V! Je ( )
or from resulting pressure acting on the
interface,

P=(a+if)pu’Ky

2 5
a+if=—Vot+wy) 3’2’ (V/)C:O(l—'gig}i

(3.18)

(25)
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Substituting the approximate solution of (3.11),

oo / c 2
so=t| (VoL )etas
e U

into (3.17), MILES gives (MILES, 1957),

(3.19)

g= zsc[fﬁi +1In® (76) + Q(E)] . (3.20)

From (1.2) we have, however,

2 | ¢ ’
&= o 1texp{ — '>—exp Vo
< > ) u .
< Uy
Here we must notice that the second term of

the right hand side of (3.20) could be very
great for some components to which,

(3.21)

£ xln[er—1]=V,.

Ui

(3.22)

The numerical procedure to determine § is the
same with 1. We write simply the sequence of

computation to arrive at a and § (I, Page 364).

d Q by .
o= —I: (B + ) ’B(pl’ )g] v

dv ’[)2 ‘/7/ ¢

do 2 93 . By !
ay= —[— S —~ 4';7(,'% +- ";JD—I*-

dV  we® Vv V4w e

ag=Bp1 (Vo) In [~ Vot wo) [+¢3(Vo)

ay= % +[In (V+2we) I

as = (Vot+wy) [Bo' (Vo) In{—(Vo+wo)}
+¢3' (Vo) I+ B (V)
— (Vo+wy) Bod (Vo) a,

as=Bo (Vo)a,—az

ar;=aBp/' (Vo) (Vo+wy)

ag=nB¢; (V)

From (3.17) we get,

(V0+‘ZU()>2 ”LU()Z -
=y eWo
aﬁ“—l—ag .Q
or from (3.18) it follows,

9
W A5ty + Aty

2 agdtag?

a=—Vy+wy) e V""Zg)‘ Ll + st — A7ts J .

ag® + ag?

B=Vo+wy) e Vo

The computed values are shown in Table 2 for

Table 2. Energy transfer coefficients for
zero-plane displaced logarithmic profile

V0=2.96875.
c
I - &
3 —1.9742 0.2787
3.03125 —5.2871 2.3829
3.0625 —6.4062 9.7565
3.09375 1.2901 13.6893
3.125 5.6272 10.6977
3.15625 6.5887 8.2269
3.21875 6.5545 5.8525
3.28125 6.2377 4.8346
3.34375 5.9623 4.3022
3.40625 5.7356 3.9760
3.46875 5.5433 3.7583
3.53125 5.3743 3.6027
3.59375 5.2213 3.4855
3.65625 5.0792 3.3935
3.71875 4.9451 3.3186
4 4.3957 3.0894
5 2.7160 2.5618
6 1.4353 1.968
7 0.7287 1.29
8 0.7613 0.647
9 1.7382 0.19
10 3.9489 0.017~0.018
11 7.6576
12 12.904
13 19.688

the case in which

V=2.96875, £=0.01.

It is seen that B increases according as c¢/u;
becomes small and reaches maximum value for
wave component whose phase velocity is nearly
equal to the wind velocity near the interface.

4. Wave-induced Reynolds stress from the out-
side region of critical layer

It remains to determine the second term of
the right hand side of (3.1). For convenience
we shall write,

. ) B Ec—Kﬁc;WSE
P, £ ~AL -

\p-2ds,

(W<0) “.1)

(26)
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5<§c>:AJ°° JK&*WszA, where d. is 'the‘ thickness O.f critica ‘1ayer‘ given
te+Koe W by (3.2). @, is the solution of (3.11) in the
(W>0)  (4.2) upper and lower range of &, respectively. Thus
IVE~Q\L‘ , the total induced Reynolds stress is given from
“ (3.1,
ey =ou] 50, )0, e o0, ) |k, @3
Uy 1
Using the same procedure in the above paragraph we get finally,
2
()
9-12= (g agt)? Lol + agts)* + (apdls — dsats)* ] (4.4)
(V(’#*‘> f c 2 -
|6, 2= ~<% V+a32) (B 514 In (V— / ~~>—a4}+gv3] , (4.5)

where

@g=Bop1(V)as—

d@3= B¢ (V) In <~;— —V) + o3 (4.6)
1
dg=aBp1 (V) .
Obviously (4.4) satisfies the boundary condition,
?(0)2=W(0)?.

For the velocity profile (1.2),
(3.2),

()
Yo
Thus the thickness of the critical layer depends

Now the
wind velocity at the both edge of critical layer

we obtain from

/
_ALEC—Si exp( ;;>Ka[¢0! . @4

upon the steepness of the wave fields.

Table 3.
the values at {=0.4811,

Energy transfer coefficients from outside the critical layer.
where V=3.0.

is given,

(4.8)

From adequate empirical formula for surface
slope spectrum, we may be able to estimate the
thickness of critical layer from (4.7) and so the
limit of integration. For example, let us use
the following slope spectrum which can be de-
rived from standard power spectrum (PIERSON

& MOSKOWITZ, 1959),
[/ ¢
db;*)’

-\ N\ F“ 3( ¢ 7>4'
(Ka :e< u1> expt v )|
(4.10)

7 and 7 denote

1V1n=i10“5 ‘Vm {rom (48)
c 7 \‘ {3{, c R “/
o Y 0 —¢ U,y 7 0
123 Yo o o
4 2.502 2.501 0.953 0. 0.020
5 2.260 2.062 0.741 0.053 0.011
6 2.157 1.577 0.553 0.578 0.005
7 2.204 1.032 0.389 1.001 0.002
8 2.557 0.516 0.250 2.042 0.001
9 3.379 0.154 0.137 3.225 0.001
10 4.786 0.0142
11 6.731 0.638
12 9.149 0.
13 12.076 0.

€27)
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where €=7.4%x10"2, U,=10u; are assumed.
Thus we could estimate the limit of integration
from (4.8), but the estimation of 4, is rather
delicate, so that we should show the results of
numerical integration for which W,=+1.0X
10-3 together with the one bounded by (4.8) in
Table 3.

The integration is carried by assuming A=
0.0016. From paragraph 2, we have anticipated
that the value of A is somewhat doubtful but it
is concluded from these calculations that the
contribution to the energy transfer from outside
region of critical layer is not negligible wh enthe
thickness of critical layer has not been con-
sidered.

5. Velocity and stress distribution over disturbed
sea surface

Now we confine ourselves to consider only the
contribution to Reynolds stress due to Miles’
regime, so that it follows from (4.3),

wof 1 € s ,
Geu(E) = puﬁp(!), >(A7/)~ (5.1)

Ui

then the total Reynolds stress is given by,

r”v(C) —_—.[)1412‘; V‘3<Q’ *:{1 )E( L({1>d(§1> s (52)

where Y(c/ug) is the slope spectrum of ocean
surfaces.

With the expression of turbulent Reynolds
stress (2.2) and (2.5), we have from (2.1) after

transformation of variable,

1 00 C c c
R - z<~f— >d<~~ ):1
VEE K* jw:)p< u1> uy u

(5.3a)
v .
<1—‘*‘7‘>+1b1d:1. (5.3b)
After differentiation with respect to { we get,

2V//_,41617[3(Q’ VX (V) =0 (5.4a)

Lpve " 1 7 5.4F
e [VT -V }4—;273(9, VHZV)=0. (5.4b)
Now we can determine the velocity profile from
these equations by solving numerically and then
the induced Reynolds stress. For that, however,
3 must be given, which in turn is in principle

to be calculated only when the velocity profile
is known.

For convienience we assume the velocity
profile as (1.2) and from this 8 has been cal-
culated as discussed in the preceeding paragraph.
Using these calculated 8 we solve (5.4a) and
(5.4b) by Runge-Kutta-Gill method. Here the
slope spectrum of ocean surface must be known.
There are some empirical formulae for that. We
shall now use Neumann spectrum, because this
spectrum yields the observed linear relation be-
tween mean square slope and wind speed (COX
& MUNK, 1954),

e - - \2
L’(c)d(::2\/f ET exp( —2<f§—> Jdc, (5.5)

where § is mean square slope and given by
(1.4a). Assuming U.=Au; we get finally,

X (>: 9 4 2w
<U]_>d< Uy 22> 10 Voz (gu)*?

ol -2 M) oo

Numerical results are shown in TFig. 2, which

Fig. 2. Mean velocity and induced Reynolds stress

distribution over sea surface.
Suffix a and b are referred respectively to
(5.4a) and (5.4b).
Suffix 1 and 2 are referred respectively to
Ui=10m/s and U>=20 ms.
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shows the vertical distribution of mean velocity
calcualted by using 8 which is computed from
(3.17) and/or (3.18) assuming V(,=2.96875 in
semi-logarithmic velocity profile with zero-plane
displacement. Recomputed velocity profile for
Vs, resembles to the assumed one and gives rea-
sonable induced Reynolds stress.*

The mean rate at which energy is drained {from
a parallel shear flow to a surface wave of wave
number K and phase velocity ¢ is given by,

5E:(31w-c. (5.7

Substituting (5.1) and (5.5), we obtain,

04

o 8 6 P T

2

elo

Fig. 3. Mean rate of energy transfer to surface
waves with amplifying factor of Miles
for Neumann Spectrum.

* We do not say that the recomputed velocity can
be approximated by (1.2), which gives also ver-
tically constant turbulent stress distribution and
there is no capability to allow the existence of
induced Reynolds stress from (2.1). We use (1.2)

only to compute more adequate 5 numerically.

5 @
512‘:2\/ 2 2 eS8
bl Ja U1

cor| o) Ja)- o

The amplification factor of Miles’ is defined as,

L1 6E  pa flc/ur, D
C=—" =" T
g 0K pu

(c/un)?
In Fig. 3 are shown the calculated mean rate of
energy transfer and Miles amplification factor {
for normalized Neumann spectrum,

()l £)= - SO
Uy Ug 2\/% 732 ﬁlS

U o

(el Al2)] o

Evidently for modified velocity profile (1.2) with
V=2.96875, rate of energy transfer reaches
maximum for a component whose phase velocity
is equal to the wind velocity near the sea sur-
face. It must be noticed this maximum rate of
energy transfer moves with wind speed from

B9

Ny

[oN
o

ro AN T D

N w0 CD(\’A

Wh D @O,

N

9

2 4

)
o
o
o

2 4 16 [I5]
UaiMs )

Fig. 4. Amplification factor of Cox and Snyder
for 17 m surface wave.
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high frequency part to low frequency region.

Fig. 4 and shows the amplification of factor Cox-
Snyder (Cox & SNYDER, 1966) for 17m wave
using the above 8. Numerical results give about
half order smaller values compared with the ob-
served ones. Presumably it would be due to the
omission of enery transfer coefficients 7 and o
from the outside region of critical layer.
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(1) BESHOMEGEN» b ORI, HEOMK IHCl S, @5 0BG B TCRBIRILIR VW,
b, EE, B LE LIRS RERIOERK (B2, ERKOMEE) kb, (2) Txr¥—
ZERE D RE5r O BB EESYIC A LT, BARAD LR, WK < EEOBM L R 3 a2 #oRE
BRI L TR TARE A% (AL ZHIIHMOEBE L EELAVWEETHS),

LRSI, BsEsnS L A2 BUNARLOBRICIEEBL TV, BEBECRIONES—
B L TERTRETHEDAH, FELFENRSE LR EAEI LR -» TOAHEAIE B IE ERLI B
%,
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Etude de Peffet du feu dans la péche et de son opération (IT)

Yutaka IMAMURA

Résumé :

montre le résultat suivant:

L’observation de la réaction du poisson, en particulier,

Trachurus japonicus,

Le poisson s’installe plus longtemps dans le coin obscur que dans le

coin clair dans le cas des lampes blanche et pale, ce qui est le cas contraire des lampes breue

et rosée.

1l s’assemble, presque sans exception, prés de la lampe verte.
est du Japon, Cololabis saira s’assemble prés du feu de 1 a 5 lux.

Dans la région nord-
Le temps qu’il faut I'as-

sembler dépend non seulement de ’intensité lumineuse mais encore de la distribution de la

température de ’eau.

3. BITEXNT 2ROITE
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Hnbhbh - Twb, 4k, BRI OHRZIGHK
THEY » THRERZEID LD ETHAH, &
BRI 2E 2 DY Tk, B0 HRNE
i, BT 5 B OERENER, B0 EITD
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(2) faofgkieh
ROBRENOFEIZOWTE HLLBELD
BEMSENTEI, LhL, 240, 2%
HeBEEahTnb, FEaRBCETL AV 5ER
FR»HHEE oM%Y BT 5 L0 5 a2 E
DCOMERTH D, Tz, FEENERTRED
BRYAACHABEESZ LN TEL X 51Tk
ST I ERBRD, Tihbb, BHIOMHESE
ENTThD, ZBOH HETKE T, 89
o, T, BFRIUHVEOET BEORK
MNRED Z &b EEELC AORKREN L
EAHTFICED TN, TPy FIERWT, EU
FroORIL 2000 L H - T, Y AT ZIRBD
gHa K iE, KX, FIROM, KOES, i, &
DL L - TU & 3T bIF L Tw5D, &
MO T7 2DBEENE RTD LWL HTHS
5o Eio, BMOAKENYEETAHHITIAND
FECL - THEELEINT VWD,

2) ®ITCHdT 57 0T

HKBOWRREDORL ZEC 457 2 OfTE%
KEBHICIAN 7o JOLFIAREO BB L L T
AR, BEIrLHEMLC B YT T T5F
Ty Del b TRBHPIERZB L TWb, Lok
-0 FREIERZHEMCERE L, 207k
&, EEFEFE e s B oBin, il
WEDEBERLAREEENTLHTHA ),

(1) EBRoME

KB Fig. 28 Wk Lz= v 7 Y — b kKBETIT
e, JERAENO X 51 27T Ric%s Uiz, KiE
WX 60 cm, AMOKITIEAKT, Kik EBI LICH
U< UTes EEEEOKEL 18°C Th » oo IR
FERZDBIAT 100V 20 W o &R DT A AU
Too EERITFAD 20W DTS 8 A% L TCH
DX 5K OO _EINCER % K L 45°
DEMAELOLIKCREL 1o NECEELRA

L !
Q0.75w
T8 12 03 718 T8 4 28 0 T T
P Ve Ve I U Wy Ve < K LR
737479 10715 -16-21-32 7] e

Fig. 28. Experimental apparatus and section
of the tank.

L---Fluorescent lamp.

200 500 600 700 mm

ig. 29. Spectral distribution curves of fluorescent
lamps.

P---Pink light. G---Green light.

BW - Blue-white light.

=
)

D--Daylight.
B--Blue light.

FORICIBIME A -, SBITDEE A
7 vovd Fig. 29@mR+4, 7 v (Trachurus japo-
nicus) DK ET 18 cm, = 0f 300 BEA A%
T3HUEHEBEL, 208 () ZEBRICH I,
EEIKE o dik, 4RKiceire 4 FONELYE
W, Foducfair AR T 10 o RIES A 7
5o MM ERBRCHEEZBR G TRAY BRI T,
HIT XD 252 RTECEML 7 AOB LT
Lo Lo T, 1EBRIZ EoRDOER R
30n Tho, RUZEFOERLIET, ORI
SR, 30nX3 B Th ot (=20 )

(2) EBoORE

D FHEIORER KENONKIEKERE A
Table 36 Rd, EERATE (0~304r) DDy
MEMBI LR D B B4 Fig. 30 wc, #%¥
(30~60 73) & Fig. 31 R, ARG E W
T WHOARNCEB AT 52, LIESLLLT,
FULKIEDBE AU KIRIC BREE L Ev it 7o - Foo 55

33)
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105 < WnT, A 2B, THENHS HHWT, AL KERERRE KRS L I
WK, BIBET RS KBNS B L 7o, AUAT 30 ~Toe MEEORT, BHRTEHCARE , Tz,

< D x N R T <. 3
R o '%?o 0, |00},0 '}, 0} 00 | 00 -0 1o %% oe| oo 0% 00| 0
), N Y OO v 000 \ N\
CEOUCHR] 08 [ ool XIS RSI38] ¥] ¢ oS 8830 0 [io [0 [saa) O
Y = - . ’ = - - ; . - : r
50010 | o ¥olgo| foof 000} 0 500|032 .00 [ 00 o5l 04 0400] 0
300 100 50 0w 3 2 (lux) 3m loo 50 10 0 3 2 (lux)
Fig. 30. Fish distribution in the lighted tank Fig. 31. Fish distribution in the lighted tank,
within 30 minutes after released. during 31~60 minutes after released.
010 and less. ®--50. 010 and less. @50,

Fish numbers--(nX15) X3. 2n=20. Fish numbers--(nX15) X 3. n=20.
Table 36. Illumination in Table 37. Illumination in Table 38. Illumination in
every section. every section. every section.

(Blue light) (Blue-white light) (Green light)
Section ‘l Li%lhut;)ess Section ; Li%lhut;];SS Section \‘ Li?ll:;?)e'ss
1 480 1 545 1 710
2 560 2 710 2 770
3 470 3 ‘ 640 3 615
4 270 4 | 345 4 280
5 300 5 ! 360 5 385
6 250 6 ‘ 300 6 ‘ 260
7 47 7 72 7| 55
8 87 8 95 s | 64
9 55 9 88 9 | 55
10 19 10 39 10 i 12.6
11 24 11 31 11 ' 16.3
12 | 23 12 27 2 14.4
13 8.3 13 14 13 7.9
14 6.4 14 13 14 8.4
15 4.7 15 12 15 7.1
16 3.7 16 3.6 16 4.3
17 3.7 17 3.3 17 4.7
18 f 4.8 18 3.5 18 4.2
19 | 2.2 19 2.6 19 2.8
20 { 2.1 20 2.5 20 2.9
21 | 2.1 21 2.7 21 3.0
22 1.6 22 ! 1.9 22 2.4
23 1.6 23 } 1.8 23 2.4
24 1.4 24 | 1.7 24 2.0
25 1.2 25 ‘ 1.5 25 1.8
26 1.1 26 | 1.5 26 2.0
27 1.2 27 ‘ 1.7 27 | 2.4
(Fluorescent lamp) (Fluorescent lamp) (Fluorescent lamp)
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i) BHEBIOER KEEROKEKERE
% Table 37 i3, ZERFIN (0~304%) o &
DM ERE L DOBBEY Fig. 32 1w, £EK P
(30~60 43) % Fig. 33 R4, &M, 59 <5
WTHEIE—ISEEL, BERTHM TR L, E
HHIERE KT, BIBRE B9 5 kiR Bl < it
FLice AUT40 < BT, AitthE sk <L 5
78 72,

i) FFEJOER K& Ko KEOBE
Table 38 12 K4, FERATE (0~30 4, % F
(30~60 43) TR HEDONT LR Lo B %%
Figs. 34 & 35 iR JUTH:, fuz KEBAW

300 10050 I q o (lux)
BTG RIERE
7[5 38 s B RaTEg e

ol?0100T 9716 [0 o [od 3 0

Fig. 32. Fish distribution in the lighted tank,
during 0~30 minutes after released.
0--+10 and less. & -50.

Fish numbers--(nX15)X3. n=20.

S0 M T A 3 0
\.\ k ' & 0\\\ -88 \L\)_ 00
ENIE KR ) N
] Lol mleymsy
o 7 ,»’ ./ ,./ Vi
20l /] 0 190[7 [00]0]/0 0
5 300 10 50 10 3 2 (lux)

Fig. 33. Fish distribution in the lighted tank,
during 31~60 minutes after released.

0 ---10 and less. @ -50.
Fish numbers:--(nX15)X 3. »n=20.

oof oo ™~ | 0 00 o [, N,
0008} 00 00 [ 00 [, | )

L 00;0%00 204001 0| | J
g p 7 7
Dl 90 0l ofo] | |

700 300 100 50 10 5

2 (lux)
Fig. 34. Fish distribution in the lighted tank,
during 0~30 minutes after released.

0---10 and less ®--50.
Fish numbers:--(n X15)X3. »n=20.

O N, ~ . N - \.
ogaj%) ] ] b b \
‘lkm \ i \ H
Y H h
‘ 9 L 0_ . ., !
S5 0008 1 .'

700 300 1 50 10 5 2 (lux)

Fig. 35. Fish distribution in the lighted tank,
during 31~60 minutes after released.

0+--10 and less. 9-50.
Fish numbers--(n X 15) X3. n=20.

2L Totey ST 10 4 <CHAT, AUt
I < DI B IKEC B BEL# v s fT 8L T
Too MUT 30 43 <TH T, ATEERE < DBE B UK
HCIRENCIE R Lihe, iEns A HAIC
k<X St 57,

V) BEATOER K& X 0 KEDKES
Table 39 w4, KBTI E (0~30 4)) Lg%
(80~60 73) DBADHAEWE &0 B %% Figs.
36 & 37 WORT. SRSTRE, AU BT L
2y, RIS ) BN 7835 & 5 i
5720 T 2093 BT, FUTKTENT < D 5
KA OFFENS EFEP L ik < X 5t
ST MERTHIC L TR ST, 0
BOHFE LY SATENTITEL Tu vt

(3) FERoEzx

O+ 5 7o (1L 1, 3) 2R dkkir
R D K, BIFVCKBCE < EE s, coM
M T AT IS L Ch [ Ul AR S R
b, BTEOCHL T, 7ok Mes kg L bEEs
WL < I BERRINIC £ F 5, BEITOHA, =
DAL SR <R &E M, FUkis & A ZLES <
CEED, &< B b, HEiicsl
BOTTENIML D BT G 0 Th 5o B
et 83 Mo OR AR BB E
J8 Ak <,

BT (Ff, BE, F06, ) 2 a8 c
HAREEDES £ THe, ToWEY G5
PRI KRENL S THB, 2O EET7 o0k
DERHHEEERL B0 L HRSH
Bo BIOFRUBIOES (COEER TIX 100V
20W, 8 K) CHRALLEA, T TLEAR
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Table 39. Illumination in

every section.
(Pink light)

Section ‘ Li%lhut)?ess
1 325
2 380
3 300
4 137
5 185
6 130
7 52
8 52
9 47
10 1
11 14
12 14
13 7
14 4.7
15 47
6 | 3.4
7 2.7
18 3.9
19 9
20 19
21 2.1
22 1.4
23 19
24 1.4
25 1.2
26 1.3
21 1.4

(Fluorescent lamp)

OQ -\‘ 0\. 00 \.\9
Toe!|®e{0001000] 000y O
RO, 382@; Je [on| 0’8 081 ab} 0
100 as] 9 0| <000
1381 00{d5] [sh [0 |00
30 100 50 10 3 . 2 (lux)
Fig. 37. Fish distribution in the lighted tank,

during 31~60 minutes after released.

0---10 and less. 950,
Fish numbers-:-(nX15)X3. »n=20.

MR, RE>EHE>HABE>HKADIE TR
Bo Tiebh, 510mp <o MENE R E 0¥
WX EISTAA, 620my Wi E D
X5 KIS EIZ T R THi b, £, 7
CHHIEOBATERC, BEOHA BrCITET
bo FEBrh, ANKRECEETHEHENRLRL
2 ZHEANMCHEDLRICL DT, BREOM
BEEz Lo,

3) 2 EIENT5R0EE

AT BT 2 A5 2ET RS R,
T K S F R E D RO RITIL 5 Ty
Do LL, HAMCEOBELEMTHDhEW
5 2 i 5 Tnis by FHWEie B AT
AL TR T L EE, &0 e
LTED LS CKIGTHME2NT, EEBRAINCH
Nt

(1) EBoOB#H

T Fig. 38 wRTABOKEEZHND X 5
LTI » 7oo KEWIEEIKET, KEZ 40cm
A% - 7o RO T 100V 20 W & /Kig 0

dy ‘aoq FAENRE \0 ‘-OOQ olo RN B L o SBT3 TR KBTI 60°

oe seatooe00 135 | 55193190 | O .

‘p,- 9«6/ ’0, %(’)0 0 Of), /6./ 0% o /F %l . . — 1
30 100 50 10 3 2 (lux) : i | ; ! 06 m
Fig. 3. Fish distribution in the lighted tank, /“——ﬁ; -‘/;— —=r= 73;-/-/—/7 = ml

during 0~30 minutes after released.

0 +--10 and less. [ X0

Fish numbers::-(n X 15) X 3.

-50.
n=20.

Fig. 38. Experimental apparatus and section
of the tank.

(Water depth---40 cm.)
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Table 40. Illumination value in the aquarium.

\“\\\Section | [lumination (lux) Section /,,/'"/

Color . ‘ A B c ‘ c B’ i A “" Color

_of lamp . A i = of lamp
Daylight ‘ 188 | 1.8 | 0.8 0.8 13| 1 Pink light
Daylight 230 13 0.8 0.6 L1 310 Blue light
Daylight | 207 1.5 | 0.8 0.8 1.5 | 33 Blue-white
Daylight 220 ! 1.5 \ 0.8 0.8 1.1 ; 430 i Green light
Blue light i 300 1.0 ‘\ 0.7 0.7 1.5 i 400 Green light
Pink light | 160 ! 0.9 ; 0.6 0.7 1.4 405 | Green light
Pink light | 135 0.8 | 05 0.6 | 1.5 325 | Blue-white
Pink light 130 0.7 | 0.4 0.4 0.8 320 Blue light
Green light | 400 1.5 ‘ 0.7 0.8 1.6 285 © Blue-white

Lamp:--Fluorescent lamp

OHETHETH IS, KBIET6 S
L, BEGEXORLD KERE L ORT
(Table 40 B8, @07 voLH K E X 10.8
cm T, 3 BSOBERICH G, F9, ALK
Wohgeowre 4 FHEHECAR 10 5 8 E IS
S¥DH, SN EEBCTEYBROCTAEZRD,
A%, 0B ZLBONEBEY KT LN, E
BRix 10 o BALIC R L 7o 10 4 <H VD EERT
e ot A, WY, B X ORI
HHEHL TIWTHA 5, KL 16°C T, KR
EECHAAETAEIT T -0, ERRARBIOW, 2
T B AR TEBL 7.

(2) EBRoOKHE

KD A, A Kokt HHoRED

Table 41.

BRELEZLEENT VL ELT IV, HEMS
B IfEY, B~C, B'~C KNDYE L #4470
LAKIKTH-—- DI LD EL oD, EEH,
A BIOCA RATHAULCEERZF 2T K
Sl L, A, A RNTEHKLEAY %
TRt & Table 41 winh, KBPORDITENT
WD XD Th -1,

D Bt Hie JUTE®E»D, AeEte
M X <HEFHIERITHL Tt 2O, &
- FHBER . TS, B KELTE
FBECEIRL foe ST 7 5 <H VTR o
I e e L Tt

i) Bore: 5 JUTER, AuBttcs
bithd, UL, M < A eml g

Number of observed fish in A and A’ sections.

Color of lamp Lz:cytii:nA ‘ R?frll?e} thogl:%)ﬁ]g R::it;l?.e: f)tfofg;l}?g | LUS)::’CtiiI;nA/ 1‘ Color of lamp
i in A in A |

o ‘ % % i ]
Daylight i 188 42.7 3.3 1 141 Pink light
Daylight 230 13.3 10.2 310 Blue light
Daylight 207 12.5 52.5 335 | Blue-white
Daylight 220 30.7 1.6 430 | Green light
Blue light 300 76.6 11.6 400 | Green light
Pink light | 160 3.7 32.0 405  Green light
Pink light | 135 1.2 57.0 325 | Blue-white
Pink light | 120 2.0 47.3 320 | Blue light
Green light | 400 5.4 19.8 | 285 ‘ Blue-white

Lamp---Fluorescent lamp
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Fig. 39. Spectral distribution curves of the

fluorescent lamps.

D---Daylight. W---White light. G---Green light.
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(2) FEBoOFE
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Table 42. Average catch of horse mackerel
per an angler in one hour.

I
(11)9?2) Daylight ’ Green light
— i
[
Oct. 7 2.7 | 3.1
8 3.5 g 4.0
1

(Fluorescent lamp)

Table 43. Time required to gather fish under
a lamp in minute.

|

[
Date | Incandes- |

White Green

(1956) vlcent lamp | Daylight - light | light
T E e
Oct. 7 \ 20 | 25 ‘ 25 ‘ 20
| | !
8 20 30 I 25 35
|

Daylight, White and Green light--
Fluorscent lamp

Table 44. Average catch of mackerel per

an angler in one hour.

’ White § Green

| ;
(?égg) ‘ggrcltm[("ilijp: Daylight 14 Tighe
Oct. 9| 3 | 5.4
9 ] 3 5.5 3.4 1 5.4
0] 3 44 34 24
10| 3 4.7 3.4 4.2
10 ' 3 3.5 3.4 4.2

Daylight, White and Green light-
Fluorescent lamp

Table 45. Time required to attract mackerel
under lamps.

T
| Fluores- . Fluores- ‘ Fluores-

!
i |
Date | Incandes- |

! e N
1555 cont o 551 o8 “Civhie | “Cren?
| | | light) ; light)
1 min ‘min
Oct. 9 f 20 ~ 30 ~ i min min
9. 20, | 307 2% 7 30~
0 207 | 40~ %y | 2%
10 | 207 357 25 ’ 50 #
10 20~ 0~ 25, . 507
0 20~ 80/ % | 07

HEATCHESN, 7Y, v 2 BT
a1 TRBLOEET, 1 ALIBEYSD DD
#ID BT BRI BN T, BT
CBhEh s, BRALERORIETT v O®
ik 3~4 Fl, GEONEL IR, 0%
Birbh, ROBMTCEE ST CORBIL AT omH
HIADFECHENE L Te 5 Tinte, L L, s
DL TRET S CORRIIKbhOIES X
RIEBIL Tuvizy Fbbh, kKb ToRES %
5 EEENT A YRR D B ERICH G
BT, AESEXRE>REO ECHL < e, T
Wit Fio, B0 ERBIIRE>SELE>SHAD
M 7e 5 Tuvte, BT R EBITCH V584, *
DERFT, AOBEE, AOEBIST THRED
WA R I B Th A 5

4. KECXTZROTH (3)
D KEICEZDZ7O0TH

BER D BENE B b KN O EEBEE Ch 24,
I DOEBRTE, WALWAHIK IR &R
b, TORENPERNICHUREETN TS, Fo
Ty, CROHOERERARL CHBBT, &
DR L LofREELTEBECKLTHAS
2 ? ZONEELNCT L BIRDER AT -
Foo EBUT 19748 A 18 H (H4 29 B) fin
DEGUKERFOBECTERL 720

(1) EBOBZE

FEIA R SR o 4 ¥ ¢, SE:Rhc
bl Tl -7 EBROFH, B8 Fig.
40 RT L T, BAEE 100V 60W % kih
K& U TKIAT 1m OFEICHEE A iis <
BELIe TOTKCETLETODITH % 4 AD
FERENFRICEE L, To®RD KR 23°C
Thotoo EBROBRIKDERY Thd,

AT 20053047, 2105104y 3RO 7 U R % H,
FULE 2 BER VI BB o kB B2,
2105 30 4%, , STKOEARFERD 7 D1 10 B < B
TR T . T OBRIRBIEBER TS W
Femns, oM, HL SHBREL AR b -
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LTI LLITIT TTTTITTITTTI0] Pier

____J_r_axu'; 6lax  Alux 2lux 0

Fig. 40. Underwater lamp for the experiment of
attracting fish along a pier and the distribu-
tion of the light in the water.

THEI K& {Tn oo 221 30 43, St < ol
Bk BRI ufe 7 Uik 100 BRLE T, iBIE
BEENF EL T, O BREE T3S
KB LIRS L T, Zof, #H
B D BDNGEIR, BECINdo- T fo, BT, A
AEERRS G KIRIC L AR LR RbhD L5
18 o toe WA AIR O KSER L 16 Tux B2
T, ZOKBOBIITFERRITH - 7o 238 30 43,
SIS < DB A W SEHN O U o K EBE L
TRELAFEEAH &, Bizo Al AnEb-
Tuntes ERRILL 70 b, Brhofidf ik <
L5t » T, Fofl, EREOWICEM O /NS
BB L3l - 7oe RN O/NERTREN K
Bicky, chicfs THL B BEL TF
BHC 45 » Thunioe O 30 5%, FHED 7 213 300
BLLFCE L T, EERUIEMEO N IERK
ST, ABRTORERTH A BVic k& ik LT
Wi, Z D[R, NERE ISR L T, AULF
2T EBICHTEIT S L 5t » 7, M x OfIRAT
CHEELYE, YT vER BRELED, T
hhbRECE D, AL L COEIRKEL
P, ZOREE Figs. 41~44 R T,

(2) EBRWEREROES
EAROIREET, 7Y oXMfTENTIRD X 5T
b, IR KE G lux PITF) i BiL

IR T RN A NARARAR IR W AN ARRRRR RS

LT LI T T T Y T T Y T T TR e LI I Y TTTTITTIT T
OO O A e T
{,-ﬂl""—.—.\,;\_“ COF LR
i Vo) JF ;
—_—— N — e e m
- g— 7 +
=
o/
____;./______._________.____Zm
— — .J — e e . v s e i s o= STIL

Fig. 41. Changing movement of marine animals
attracted by a lamp with the lapse of time,
Figs. 41~44. Fig. 41 shows the movement
from 20030™ o 21230m,

L ---Underwater lamp.

F---Fish (Trachurus japonicus).
J --Jellyfish (Spircondon saltarix).
P ---Planktons.
U e O O O
AN 1 ) ///
L p /1o

3m

Fig. 42. The movement from 21830™ to 22230™.

TR & 2 X ED TH» T, BEO AL i
LD » THEE S, £ TREDREICER
INb, BELITKCHINDICHE, DAL W
KR - THRAEH S, BUOLRCEET S
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O TIO T O T II T O TTITTT

Fig. 43. The movement from 22B30™ to 23B30wm,

(T LT

T T L

Fig. 44. The movement from 23"30™ to 0"30™.
THL, ZORDITEEELL Thi, ZORAIL

B, MEOLHKWTWe, Ll
B KRB D, DWW HANLDEL
TLFE st2e Fhd 5~8 & HE LTH K
BES Ak S 2RO ANEDON, DI &
Thomd L 51, WIROE e BRSNS AT
DEFBID LSOO EAN Bb D 2 &0ED
Bht, Thbb, EATOAECERINDA
RO K EERELT L SR CEKR TRV EE X
BHo E=—VEROBDITEIN D, NI TH
FHROBEMIIEREYSEN CHHB R T TO
Vaml/s Thotee 2D Eid, [TAkEHFoT
RELADOBITECHEE CHEI D RO

£

LAMP

60
m[ BOTTOM

Observed image of a fish school near an

underwater lamp by a fish finder.

Hmé@ﬁt%@ﬁ@$mmﬁWKﬁfOTVé

twis b, kT rBE2ELEE, SO0
mw,ﬁwﬂéw&ﬁé&%f BOTTENL Hr
Thb. BB WEREICEIN S 58 W B AL
o fTENEES, AR %, B, ADEY
%@M@éiéf@ék_mﬁwwr~ﬁﬁ<ﬁ
Bo Mo, TkcETFra i HEEL S
<, TTHLENTHh L, Thilie, MRoFET
bAh, SITHENE S, AN s st v &
OfFENE B D, PRI T B, Kb, &
AT X5l h, S ORRIE D BT
bh, TUOKEERNSLN L, Tihhbb
AEIOEEE S DI AV KIK X D, )Luh‘”D /;’!’}T@
I LV KIRICELS<ET H, L) OE
BTLRLTH -0, BH <, fLJ@ﬁL@@im{}f
LA ETHA I, KT DEMOIT KT
HE S o fOBRY Fig 45 W MHHF MK O FE &
CTRd Ok oHE

2) KRICHFT BT TOTE

v e EORER 1955 AEDISk, HWER, K
EOHBEOWITNIEEFELSILREINRT VD, oD
B, ¥V EEARARE» D JOERI O
MR CI Y B2 b2 & Thh, ZOWED
B, DML LAY KD ERDEET
wE DL, ZIZTiL, kT AEY v DiTE A
it THREMIT AN, EBNT 1957 10 H 30H
711 H6BE ol (A4 7.9~139 ), 4t

(41>



146 5 A Hek FoH
feE 38 B 13 4y, WEE
2o

(1) EBog#

142 B 41 4ok cERL

(1968); H{LHEEEFEAGE

EBAMOERITE Fig. 46 Word, XOE 14T 4m i} *
| i
S3 SRk 100V 10° W2 [, % 2 4743 100 | ] |
V10°W 3 i & 500 W 1 {iF, % 3 47443 100V 10° P i
W s 5 2 {87 5 -~ T . .
SMHE 500 W2 e mfT Lo BBIEE VT, Fig. 46. Attracting fish lamps equipped on the
af 2 it L R
A b EATZRRC S0 LT chie £ 59 broadside of the research vessel.
VOITEABE L, 2o, KR oKEEE L ---Fishing lamps.
Y, B2FEOTCHELEL CHUMLI, Tofix $%---Measuring point of illumination.
Table 46. Illumination values (Jlux) of underwater in saury fishing ground.
Date (1957) | The depth of water (meter)
~ Water L T Notes
Nov. 4~5 0 1 2 3 4 5 7 10 12 15
- _Cosurface T T T U e T
16" —44m ;195 18 15 12 10 9.3 9 7 5.5 4 3 Sunset time
178—32m 110 100 80 65 45 30 25 20 10 7 5 Put on the light
21h—27m 145 110 95 85 70 50 40 20 14 10 6
4h—34m ! 115 110 80 65 50 30 25 20 15 8 6 Fish dispersed
Sh—15m | 128 125 85 70 55 45 30 25 15 8 6 Put out the light
ghoo1m | 9 0.2 0.2 0.1 Sunrise time
Station: Long. 142°41"E, Lat. 38°13'N  Moon age: 10.5th
Table 46 o34, ZOED H IO % X132 0.02x Wy REC O R BT T TSI O B2 ik

0.01 lux T - 72,

(2) HBEo#hE

B S o v = OITEE R TRKD L D
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D ZokET, T kCELRTET LA
BEE, T RGO BN R DB R

Tro MDA 0BT A KA FEECHNL L, =
DOIFER O = O OB KRR KR 15.5°C TH
B, OEISCHRIIC 17°C Pl EoEw
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(KRB OB DT RIF T » oo

i) ke FEonicAmAnfTEic 20 ThL L,
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WK IR A L S Th B
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Ecological Studies on the Feeding of Fishes —1I*

— Satiatien Amount as Indicator of Amount Consumed —

Naonori ISHIWATA**

Abstract : Since the amount of food consumed by a school of fish varies with time, in

attempting to obtain a constant value for the amount of food consumed it is necessary to feed

the fish to satiation. In this research, ‘‘satiation amount’’, the amount of food required to

satiate a school of fish in a single continuous feeding, was used as the indicator of the amount

of food consumed.

1. Introduction

Recent research by Russian marine biologists
under the title of ‘“animal trophic ecology ' has
opened new areas for research covering ecological
problems on the feeding of fishes (IVLEV, 1961).
These problems are important fundamental sub-
jects for research from the viewpoint of both fish
culture and fisheries. Particularly in fish culture,
the amount of food consumed is related to the
amount of food fed, the growth and eventually
the harvest. Although much research has been
devoted to the amount of food fed, however, the
available data are insufficient to advance research
on the amount of food consumed.

KARIYA (1956, 1960) published studies relat-
ing to the amount of food, in a single feeding
or in a day, would satiate a school of fish,
and the amount of growth expected from such
feedings.
as the common carp and goldfish. In the present
study the same problems are taken up mainly

He examined stomachless fishes such

<

with stomached marine fishes. First, ‘‘satiation
amount’’, the amount of food sufficient to satiate
a school of fish in a single feeding, is used as
the basis for standardizing the amount of food
consumed. Second, conditions affecting the satia-
tion amount are examined. Finally, the rela-
tionships existing between the daily frequency of
feeding and the satiation amount, and between

growth and satiation amount, are examined.

* Received April 18, 1968
** Tokyo Universtity of Fisheries

The author is deeply indebted to Prof. Y.
OHsSHIMA of Tokyo University for his kind
guidance and assistance. At the same time, the
author desires to express his gratitude to the
following persons: Asst. Prof. S. EGUSsA of
Tokyo University and Prof. T. YOSHIHARA of
Tokyo University of Fisheries who gave useful
advice, Prof. I. KUBO of Tokyo University of
Fisheries who gave every convenience during the
preparation of the manuscript, Prof. I. TOMIYAMA,
Director of the Misaki Marine Biological Station
and Mr. K. TAKANO, Head of Shizuoka Pre-
fectural Fuji Trout Farm who afforded every
facility during the experiments.

2. Satiation amount as indicator of amount

consumed

The first problem encountered in experimentally
determining the amount of food consumed by
a school of fish is whether a constant value can
be obtained or not. In other words, whether
the amount of food consumed can be obtained
or not under set standard conditions. It was
necessary to take up this problem and the fol-
lowing experiment was made.

An experiment was made on the change of
the amount of food consumed in each minute
using 20 jack mackerels (11.0 cm in mean body
length, 33.7g in mean body weight). They
were kept under running water conditions in a
reserve tank (240 cm long, 128 cm wide and 40
cm deep) of the Aquarium affiliated to the Misaki

Marine Biological Station. Pieces of mackerel

(44)
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Mean amount of {ood consumed per fish in grams

~
P . SN
1

o‘i*i—v*}——#+4_4.

B S sl ved S =Y

N 5 10

15 20 25

Time in minutes

Fig. 1.

after starting of the experiment.

- sumed in each minute;

consumed in each minute.

meat as food were fed in sufficient quantities
so as to satiate* them. Food was given them
in small quantities and additional food given
only after the food previously given was com-
pletely consumed. In this way care was taken
to avoid leftovers of food in the tank.

The result of the experiment carried out on
November 18, 1954 is shown in Fig. 1. The
water the experiment is
17.1°C and the water flow is approximately 60
I/min. As shown in Fig. 1 the amount of food
consumed in the first one minute was very large,
but as feeding continued the amount of food
consumed in each minute decreased gradually
and it reached zero at about 20 minutes after

temperature during

* The word ‘‘satiate’
of eating until no more can be eaten. The
““satiation amount > is the total amount of food
consumed during a period of feeding. As the
result of being satiated, a fullness of the stomach
and a psychological feeling of satiation occurs.
When satiation occurs, the appetite for food is
thought of as being lost temporarily.

)

is defined here as the act

Change of amount of food consumed by jack mackerels with time
Lower curve, amount of food con-
upper curve, accumulative amount of food

starting of the experiment.
cumulative amount of food consumed in each
minute increased rapidly at the beginning and
subsequently leveled off to a constant after about
20 minutes.

Therefore, the ac-

The above experiment is just one example.
However, since the amount of food consumed
by a school of fish varies with time, in attempt-
ing to obtain a constant value for the amount
of food consumed it is generally necessary to
feed the fish until the accumulative amount of
food consumed reaches a constant value, or, in
other words, the fish are satiated. If the fish
are not fed to satiation, the value for the amount
of food consumed will change with each feeding
experiment and a constant value cannot be ob-
tained.

%3

In this research, ¢ satiation amount’’,
the quantity of food required to satiate a school
of fish in a single continuous feeding, was used
as the indicator of the amount of food con-

sumed.
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TEIKOKU SANSO K.K.

(Filiale de L’AIR LIQUIDE, Paris)

Ses 23 Usines, 23 Agences et Bureaux de vente, 22 filiales,
100 distributeurs produisent et distribuent:

Gaz Industriels: Oxygéne, Azote, Acétyléne dissous, Argon,

Néon, Hélium, Xénon, Krypton, Propane, Butane.
Matériels et produits pour la soudure
Installations de séparation et de purification de gaz a basse
température

Son Département Développement représente au Japon les procédés
de nombreuses sociétés. entre autres,

L’AIR LIQUIDE

Société Chimique de la GRANDE PAROISSE

Société d’Electro-chimie, d’Electro-métallurgie et des Aciéries
électriques d’UGINE

Compagnie de Filage des Métaux et des Joints Curty (CEFILAC)
Compagnie PECHINEY-SAINT-GOBAIN ‘
Compagnie de Produits Chimiques et Electro-métallurgiques PECHINEY
Société KLEBER-COLOMBES

Le Méthane Liquide

Société des Treés Basses Températures

Société PRAT-DANIEL

Institut Frangais du Pétrole

Compagnie Générale de Télégraphie Sans Fil

Compagnie des Compteurs

Société POCLAIN

Société HISPANO-SUIZA

Société NADELLA

Société GURY

Société HYDRO-MECA

Société de Forgeage de Rive de Gier

~te. ete. ...

22/1 Takamatsu-cho, Hyogo-ku, Kobe, Japan
P.O. BOX No. 522, KOBE PORT JAPAN
(Siége Légal: Nihon Gas Kyokai Bldg. 38, Kotohira-cho. Shiba,

Minato-ku, Tokyo, Japan )
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PRECISION ECHO SOUNDER
FOR DEEP SEA RESEARCH

12, 000 meters below the sea surface can be sounded

with a good accuracy.

W RLIARSE C28H L T 12, 000m
i TOREFEE I, ok
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THBERTE 2% CT. FHiov
F— Aot L LT
DEFICER L HIEFF L, ot
WE»FTEET,

4% £ Feature

This ecquipment is fer sounding
sea bottom as deep as 12,000
meters from a marine research
ship with very high accuracy.

It has various ranges cof seale;
however, the scale range is
automatically shifted fiom one
to another with the sudden cha-
nge of depth. The recorder
is so designed that it can co-
work with other equipments for
recording various kinds of data.
especially with sonar pinger.
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0~1, 000, 0~6,000, 0~12,000mo 7 /L
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PRECI%ICN ECHO SOUNDER
FOR SHALLOW

for surveying shallow sea, harbors,
lakes, dames, rivers.

1) The special transmitting system and the ma-
gnification of range scale enable the operator
to take direct reading from the record.

2) The self contained crystal watch improves
the accuracy of recording.

3) The recording device has three ranges, 0O to
1, 000 meters, O to 6,000 meters, and Oto
12,000 meters. Their full range scales make
reading of the change of depth easy.

4) Multiple number of recorders can be opera-
ted in parallel.

5) 486 mm width dry type recording paper is
adopted, which makes reading easy.

6) The transmitter and the receiver can be
installed in consol or in seperated areasas
desired.
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MARINE INSTRUMENTS CO.,LTD.

1-19 KANDA NISHIKI-CHO, CHIYODA-KU, TOKYO.
CABLE ADDRESS “MARINEINSTRU™ TOKYO
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AuTo-LAB INDUCTIVE SALINOMETER

A—-2+r373 9% C.S.LLR.O.®» BROWN KU
HAMON WG L > TSI iz, R—27 2
T O BN B 56T
gan Bk

BITEEEE ¢ R RuL 27.8~42%0 S

(a0 X b 0~42%0 ST fiE)
B : 0.0004% S
B +0.003%S
FREXE : 55ce
HEBEH ¢ LK 2BW
o % 30x68x50 cm
&= i 32kg
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REVERSING THERMOMETER

Protected

€

Unprotected

Patented parallax-free back scale, opal glass

back sheath enable precise measurements.
Write for details

R Yoshino Keiki Co. [seememomas

Precise Thermometer
1.14, NISHIGAHARA KITA-KU Mercury Barometer

TOKY(Q JAPAN Hydrometer




Direct-Reading Current Meter

Model (SN A _ 9

Products : .
ET-5 : Electric Meter of Water

Temperature
Salinity Detector
Pressure Type Wave Gauge

Catalogues are to be sent immediately
upon receipt of your grder. ECT-5
WE-2

TOHO DENTAN CO.,LTD. .

foic‘e :(1-309, Kugayama, Suginami-ku, Tokyo Tel. Tokyo (334)3451~3

kB AELLEAE

- Hydrographic Survey and JW(ufinQ f(;(\\eol()gi"cal: Su?v
SANY0 Hydrographic Survey Co., LTD.
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Bearing Indication of Radio Direction Finder

ENSURE

Koden Radio Navigation Instruments

Radio Direction Finder
Loran Receiver

Echo Sounder

Fish Finder

Facsimile Receiver

Morse Teletype Converter
Morse Code Selector

O Kodern Eloctionios Co, L1,

- 10-45, Kamiosaki 2-chome, Shinagawa-ku, Tokyo, Japan
Tel: Tokyo 441-1131

Cable Address: "KOELEC TOKYO"
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