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Distribution of Drifting Bodies in the Ocean Current.

Mititaka UDA
(The Imperial Fisheries Experimental Station, Tokyo)

When some of sea-weeds, drifting timbers, floating fish-eggs, planktons.
ish larvae, etc. are put in the considerably strong oceanic current, they will
carried away just as is the case with the drift of current-bott'es. It may

supposed that when thrown in the sea they will scatter gradually in the
rrent-area during its drift with the elapse of time.

Assuming that the time of recovery of every bottle coincides with the

of arrival at its destination,” Fig. 1, which shows the relation between

¥ L, g .
=
o t day
Fig. 1. a. Bottles thrown in Wakasa Fig. 1. b. Bottles thrown in Tusi
3ay. July 11, 1930 Channel. Early June, 193
the days “out” and the distance travelled @
sea-miles in three bottle-experiments in
.]:11»:1:1 Sea, is considered to represent
the scattering conditions of current-bottles i —
luring their drift. The scattering phe- U=249
omena of these bottles may be «‘H]'I'P[:H(‘t] ~~l1‘l': =
h the distributions of fish-eg and fish o = :
vae (e.g., sardine in the Tusima Current) L S
or some species of planktons. In this paper i 1.c. Bottles thrown in Tusima
is tried to give a theoretical study on the Channel, Early Oct., 1933

ults of current-bottle experiments with the purpose of future application

to the biological ]i]'()]l]k]ll.\ above cited.
[ ONE DIMENSIONAL DIFFUSION IN THE UNIFORM FLOW.
A. Let » be the velocity of flow of the medium in the direction of a-

1) Practically the time of recovery lags behind the time of arriva
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axis, then the equation of diffusion of substance, w

ths moving medium may be written as:

oS

ith concentration &,

where ¢ denotes time, and D the coefficient of diffusion.

v v21
0
Putting S,=98".¢ i
. AR s’ ;;L’\v’
in (1), we get 2 =D
ct o

of which the solution giving 8'=@&(x) at =0, is
S’ . ““‘f‘(cx)w it ":/a.
WDt J_ .
Particularly” when @&(x) is significant only in

the origin, we may put

W Dt
1 -
N Dt

and thercfore, S
Consider S;=-const.=C, then

ot t‘_’l/])/ log ( )l//‘y'/w").

The time when (v—ot)® attains its maximum can be

2V wDiC

e

B. Next, let S, be the density of some species

.(4)!

a small region about

obtained from

(8

f ]»\:mkltm, fish-e

fish-larvae. These organisms may decrease gradually in number in

course of drift owing to the unfavourable circumst
decrease occurs in proportion to the density and p

stant k. Then

Substitution of
gives D
1) FRrANK, P.: Riemann-Wabers

Physik. 7. Aufl. Bd. II. p. 188

2) For more general case, see 1. ¢. p. 190

ances. Assume tha

ut the proportional

Pertiellen Differentialgleichungen der mathematisc

II. TWO D

Consider that

sional diffusion in

vhere @, and a, ai

respectively, and {

Substituting - ==

d putting S;=!

[Further put »=7vg¢

t p=A7, then




heentration S, i

1all I'v';{iull about

. (0)
........ (7)
ed from

(8
kton, fish-eggs, or

number in

1

Assume that the

proportional

der mathematis

As a simple case,

taking U in the form of (5), we have

S, o e G )
21//7,—//‘/ ’
o
- mf Dt ¢ 1 \ ;) (19
Vi } Jt]log : J— bt e et (13)
W aDi(l)
(x—nt)® attains its maximum, when

) 2mDit Ce™ 1 5 St ek gl

J ¢
[I. TWO DIMENSIONAL DIFFUSION IN THE UNIFORM FLOW.

Consider that the density of the driftine bodies S varies by two diy

1€11
sional diffusion in the curre: t, then
on 20" 07 oS k,
( T = 1 1 ))
ot 0s 21 0,
vhere @, and a, are the coefficients of diffusion in the direction of z- and 7-axes
respectively, and ¢ the time of travel.
Substituting € and Z=9, we oet
i = {
oS, a°S. v oS :
! (16)
ot GRS ol
: 3 ; ; aS” 8" 2’8"’ =
nd putting S;=S8"¢ a2, © R TR g S
ot oz on
Further put r=y&12° and S”=7T.R, then
R BN R 1 dR
T = A¢ and S O - : MR
ac a7 '/," !"‘
R I AR . -
Put p=x7, then : = R=0, and R=Ji(p)=Jo(Ar)
',”,‘I P ap
Tenc S”= [ AM\)e N T,(Ar)dn
Now let S"=@(r) at t=0, the
] ’ TOxe)ndn | D(e) Jo(Nee)ced
S"= | P(e)erd x| To(Arr) Jo(Ao)Nd\. 1S
|
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being vanishin

then

The igoline S;=const.=C

The centre of

v as time elapses.

The ellipse exists when — =C.
5

aa ]
=

ot

The extremum

Again, when ¢

The time whe

a0
okl
ol

The extremun

The above
periments, as

System and of

oly small, (19)!

represents the following ellipse

(w—ut) 757-’/: IA( ‘ ) e o s e T (O )

a; a, \2¢C
this ellipse progresses in the direction of x with the wveloei
The axes of the ellipse are
a=205Y 1 Vlog (2tC) L and b=2a,Y ¢ Vlog (2tC) 1 ©2)

o attains its maximum when

o (20 —
og (2¢0) ,l 0, or log(2Ct) = o " 20E=10.569.:(23)
Vi log (2¢C) "
value of « is 2a, 0.065 0.858 g VA 4 S L A (L’];
20 yC
1 —CONSL.,
/1(»;’( ] ) “‘ const, or C I«’xr" (25)
SN\ laz 2t

1 C attains its maximum ‘s given by

(Lo ) (26)

Al Oy g () =
1 valte oflCisT=—"cx li_,?yh(l ) 20
a \

y results may be applied to the problems of current-bottle

well as of moving salty water-masses in the Tusima Curr

* the diffusion of polluted water-masses in the river.

DISCUSSIONS.

\
y

For example, taking the case of current-bottle experiments referred to pr

viously (Fig.

1

1), we can check the formulae in the paragraphs I and

Now let us consider the scattering of bottles as two-dimensional phenome

The range of

will be proportional to the size of ellipse.
Plotting the curves computed, w

[T, we have [

1) In this e:

the distribution of the recovered bottles U (sea-miles) in B

Then using the formula

foey ¢ Vlog (2tC) (28).

1se, total number of bottles N 27} D(o)oedoe=2m

1

na

1

ig
D) m

th

the values of C,

1
I'( »]):‘(‘1'\\"]\‘ (l"ig.
relation is appro:
Next, we conside
4“'r14')1>i()|1;1] |)]1«-w

the formulae (7) a
put Uecy t]/ log

} curve con

=

(Fig. 2), we see a
to the observed re
above
eglected  the eff
conditions on the
bottles, 1.e. such ¢
bottles }',"' the vor
ine of the current
ready noticed,"”
md Oga-Pennisuls
:Hmln-l' 1'1-;%\4‘]'!4[.
value of U in son
],:!\1]."\' it may
ering of small ba
diffusion of the at
[. Sarro and M.
L 2ut)™, wh
o ?

their mean path, ¢
is the time of tra

In concluding
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(19)

the values of C, 1 ]

1000”2000 3000 qgo4S™
6 respectively, (Fig. 2), we see that this S
20 ; i ¥ ¥
) relation 1s approximately established. ., S
Next, we consider the case as one- e ]
PS¢ " it i 4 Ly : ~ x‘\
dimensional phenomena. Then, from i ;
- — . oW ¢
(21) the formulae (7) and (13) in I, we may >
\ v 2000 Y
- / (64 i
, put Uccy ¢ ']¢,u-< ) (29). Plot- s x
with the velocity ALY A
ti the curve computed when (=100 i
/ 0
; ( 2), we sec n more or less fitte
) : Fig. 2. @Bottles thrown in Wakasa Bay
to the observed relation. Ty Q9 > 1 .
July, 1930); x Bottles thrown in
vhen [n the above treatment we have Channel (June, 1932); OBottles t
eglected the effect of topographical T nnel (Oct., 1933)
0.368..(23) conditions on the recovery of current- 2 log (260)~1;
bottles, i.e. such as the capture of the Brokentlin )
bottles I._\; the vortical currents or the accumulation of them on con

actual

But in

cases,

\\’:i]\:!‘:l

line of the current about penninsulas, ete.
already noticed,"” in some regions such as Toyama Bay,

wmd Oga-Pennisula, Tugaru Strait, ete., t bottles

he are “\I""*f‘]‘%
(25) wmber recovered. This fact will make it difficult to determine tl
value of U in some cases.
Lastly it may be remarked that O. G. Surrox’s formula” on the scat-
ering of small balloons, which was proved suitable for the three dimensional

I
diffusion of the atmosphere according to

M.

the

lifference

exp! rimental study of

rliI S
7
O
1

from our results . 1.c

SAITO

1

and Yosirake,” shows som

(27) g denotes the standard deviation of th balloons from

¢ (ut)™, where o
)

their mean path, ¢, m are two constants, » is the mean wind velocity a1

f current-bottle ex

is the time of travel.

he Tusima Current ; , s ,

| ; In concluding this paper the writer’s sincere thanks are due to Mr. M

1¢ TiVer. 5 e, 4 o it
Okapa, Dr. M. Tavrr, Dr. T. Terapa and Dr. S. FusrwHara for their valu-
able informations and suggestions given to him.
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