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Houle interne de second ordre*
Kenzo TARANOS
Abstract: Non-linear effect. correct 1o the second order, is estimated by successive approxi-

mations for both progressive and standing internal waves in a two-laver fluid channel. Sinu-

sotdal wave trains are specified as a first approximation.  Second order terms are much greater

in internal long waves than in external long waves, if their wave lengths and amplitudes of first

order equal each other,

[t is, however. the reverse for short waves. It follows that, compared

with the external waves, the internal waves retain their linear, sinusoidal shape hardly for

long wave lengths but easily for short wave lengths. In case of standing waves, emphasis is

placed on a second order component of pressure variation which is not decreased downward.

The internal waves do not plav an important role in i,

Nature du probleme

Les études précédentes de la houle interne sont,
a quelques exceptions prés, bornées au cadre
linéaire, alors que de nombreuses études théori-
ques portent sur la houle externe de second ordre
ou de troisiéme ordre. Etant donné que la houle
interne intervient d’une facon importante dans la
variation de la distribution des éléments océano-
graphiques avec le temps et que des phénoménes
de la houle interne ne peuvent toujours étre
linéaires, elle vaut la peine d’étre étudiée non
seulement dans le cadre linédaire mais encore
dans le cadre non linéaire. La présente note
est done pour objet d'évaluer Ieffet non linéaire
de la houle interne par la méthode d approxi-
mations successives et de préciser dans quelle con-
dition la théorie linéaire est valable.

Supposons deux couches des liquides parfaits
et idéaux qui s’étendent horizontalement sur le
fond rigide et lisse, 'une superposée sur I'autre,
sans diffusion au  travers de linterface. La
densité du liquide et D'épaisseur de la couche
inférieure sont 7 et H et celles de la couche
supérieure sont et A’ respectivement.  Toutes
ces quantités sont constantes.,  On suppose d’ail-
leurs que le mouvement est irrotationnel et pério-
dique en temps et en espace. L'irrotationnalité

du mouvement permet d’introduire les potentiels

* Manuscrit regu le 5 mars 1969
* Instiiut de Recherche Océanique. Université de

Tokvo

des vitesses ¢ et ¢ dans les couches inféri-
cure et supérieure, qui définissent les vitesses
par —grad ¢ et —grad ¢'. 1’axe horizontal OX
est installé le long de I'interface entre les deux
couches et 'axe vertical OZ est orienté vers le
haut. Lorsque les liquides sont en mouvement,
la cote de linterface est désignée par £=C et
la cote de la surface par g=H'+Z (cf. la
figure 1).
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Fig. 1. Principales notations

Equations fondamentales

Conformément a une note précédente (TAKANO
et OKADA, 1966) qui figure un abaque de la
relation entre la longueur d’onde et la fréquence
angulaire d’une houle en forme adimension-
nelle, les quantités adimensionnelles sont intro-
H' ==z/H (=[/H',

FyH . H=H/H w=avH /g, t=Vg/H’

duites comme suit: x=

3



1240
signe le temps, ¢ Paceélération de la pesanteur
et @ la (réquence angulaire. La surface et le
fond sont alors désignés par z=1 et —H.

Cela posé, les équations de continuité s’ écrivent:

Apy=d¢y’=0, au premier ordre, (1)
dgy=4dgy =0, au second ordre, (2)
L, 0t 0? .
o d=-— + = ct les souscrits 1 et 2 se
dx? 0%
référent aux quantités de premier et second
ordres.

La solution, exacte au second ordre, est donnée
par =@+, ¢ =G+ b, (=0+let L'=4
+&y.

Au premier ordre, les conditions a linterface
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La composante verticale de la vitesse s’annule

au fond. 1l vient donc:
agy _ dde _ o
=L =0 A=l

Le probléme aboutit alors & obtenir la solution
de second ordre par les relations (2), (5) et (6)
A partir d'une solution de premier ordre qui
satisfait aux relations (1), (3) et (4). Nous
traitons d'abord la houle progressive et ensuite

le clapotis.

Houle progressive

La houle de premier ordre se propageant vers
x positif est donnée par:

¢y = Ay cosh k(z+H)cos(k1?th),

¢y’ = (A cosh kz+ B/ sinh &2) cos (kx—wt),

L =y sin (kx—wt),

Zy =ay sin (kx—wt),
ott A1, Ay, BY, ai et ay’ sont des constantes.

Comme cela étant bien connu, les relations
(3) et (4) donnent:

w(o'+p coth kE coth k) —w?ok
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(2={) se traduisent en:
P oy
A R o 0,
ot 0
% 99 Az=0, (3)
ot 0z ’

i V) <'7</n, 0\ _
4 <3t7 -5t )0 ; 3t "sl)—(),

et les conditions a la surface (2= H'+7) se
traduisent en:
OZL’ (796,’
e T
ot 0z L . )
, az=1
2 I
ot

Au second ordre, & la place de (3) et (4), on a:

(4)
&/ =0,

2, P

[T oz |

0%’ { a ==l (6)
% (coth kH +coth &) + do k*=0, (7)
A=/ (k sinh kH),
A = {paw?/(k tanh FH)Y —4p}(0'w),
B]/ :(Xxu)/k, ( 8 )
ay =m( Ay cosh k+ B sinh &), I
do=p—p’. J

La relation (7) permet de déterminer deux
valeurs de k pour une valeur de o, I'une plus
grande, représentant la houle interne, et 'autre,
moins grande, représentant la houle ordinaire
quon peut appeler la houle externe ou la houle
de surface.

Les relations (7) et (8) sont simplifiées pour
la houle interne dans les cas suivants:
1° Sik»l et KH>1, on a:

w?=kdp/(o+0"), Ay=—B8,

Ay + By = —2aipdp e (0 (p+0')} L (9)

A =2 a0 e_ﬁ:H/’k, (,1’1/ = —alﬂp e"‘/p’.
20 Si k<1 et kH>»1, on a:

wi=Apk*(1=Fk)/p, A =2 cym e~ F1 k.

Ay = —a do(1=k)/ (¢ w) J\

w = —ado/p’.

(10



Houle mnterne de second ordre 121

3ot kel et KHTL, on a )
o =dp PHQ =k o+2k2H2/3) /p, 1)
Av=aido kH{—p (1+2e %) /p+kH}/(p'0), Ai=aw/(kH), a

=—2a1kH do e "/p.
49 Si k<1 et kH<1, on a:
?*=do PPH(1—kH/3)/{o(H+1)},
\1 = — A»UH {ll n)(][+ 1)} N A { :(lf]'(/)/’(kzl‘]), }
o' =~y doH/{p(IT+1)}.
Une solution de second ordre s'écrit, toujours en forme adimensionnelle:
o= Ay cosh 2k(z2+ H ) sin 2(kxr—wt),
¢2" = (A2 cosh 2 kz+ By’ sinh 2 k2) sin 2(kxr—wt),
Lo=ascos 2 (}T—m/)

(12)

Lo

Lo =wy cos?2 (lu —ml).

Les constantes Ay, By, ey et aw’| déterminées par les conditions (5) et (6), sécrivent:
k* A Ak . ;
rz':;;! ry,’~’<m?3 . ) (12— A1) +m{ (k cosh 26— 2m* sinh 2k)
- o

"")(U ( ) 2
k sinh 2k ¢ )\h 4( k! Ak cosh* k] )]

sinh kil /f

£ kosinh 2k =20 cosh 2k o 1/
- sinh - Lo U B — p A2 .
4 w-p

4 m‘n

[ 2 , )
} (k cosh 2k - 20" sinh 2k)
7

k

1

Eosin '”~—')nz‘%"i" ( 212
B k sinh 2k — 207 cosh 2k (-»«J,;—}- : r}; 0 —coth ‘/1‘11’){

lu l) ¢

Ag= (A k%a; cosh KT+ 20 )/ (2k sinh 2k115,
,5‘2/ = — (/\ |/f'(t’1 +,2m(/(3) /' le»)

p

{ 20? : :
Ay =| -0<2<~J11+ : "/; ? coth )/fn) ’; (4’2 B2— kr—rx,l;fsl'f)

1 l/ Cwp”)

s s
——m{ o {)—,' koi+p. l:/fm((ot 2kH cosh kF — smh kH )

l\a

I R
Yo =0 +2k( Ay sinh 2k + By cosh 2k) /(.qu)
La théorie linéaire n’est évidemment valable Ry"=—kcosh k(H+1) {3 cosh®%k(H+1)
que si les termes de second ordre sont suffisam- —sinh®k(H+1)} /{4 sinh®*k(H+1)},
ment petits par rapport aux termes de premier Ry’ =Ryz" sinh k(H+1)/sinh k.
ordre. Les coefficients Ry et Ry’ permettront de com-
Le rapport de P'amplitude de la dénivellation parer {2/ avec £o'/C7. 11 vient:
de second ordre a celle de premier ordre sert R ’r__{fk/Q, pour k(H+1)>1, (13)
d’une mesure de 'importance de Deffet non BT =311+ A2(HA1)2/3) / [AR(H+1)%,
linéaire. 1l convient d’introduire les coefficients pour k(H+1)<1. (14)
R; et Ry pour exprimer ce rapport en /L =R, En ce qui concerne la houle interne, on a:
(C2/2 =CR,;/7H") pour la houle interne et Zu/7, (—kdp/(4p"), pour k1, kH ‘f>17 (15)
=0Ry (82/E =8 R/H") pour la houle externe. J —3p/(4ko"), pour k , (16)
Il se peut que le rapport des amplitudes des pre- Ri= l —3/(4H), pour k> ., D
mier et second ordres a la surface £/, serve —3(H-1)/(4 F2H?),
d’une meilleure mesure de Iimportance des pour £<1, kH<K1. (18)
termes non linéaires que le rapport des ampli- Il convient de noter qu'il fdut ajouter avec
tudes a linterface dans le cas de la houle ex- soin des termes d’ordre supérieur aux relations
terne. Si l'on met £ /{ =0 Ry =5LRy . les (9) a (12) qui ne sont pas suffisamment ap-
coefficients Ky et R, sécrivent: prochées pour obtenir les relations (15) a (18).

3
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Fig. 2. Coefficients Rg, Rz et Ri1 en fonction
de . Le coeficient Rp est représenté par
les trois courbes supérieures en trait plein et
Ry par les trois courbes en pointillés qui se
dévient des courbes Rp pour @=10°'.  Les
lettres ai, bi, ci se référent au tableau joint a la
figure 4.

4

La figure 2 montre Ry, Ky et K. en échelle
logarithmique pour de diverses valeurs des para-
meétres 1 et o/p’. L’effet non linéaire est,
comme cela étant déja classique et prévu par
(14) et (18) aussi, d’autant plus grand que la
longueur d’onde est plus grande, si celle-ci dépasse
une certaine limite. Dans une majeure partie
de la gamme de w, on a Ry=Rp . doi /&
=/ leffet non linéaire intervient d'une
méme grandeur dans les dénivellations de la sur-
face et de 'interface.

La houle interne linéaire est moins stable que
la houle externe linéaire pour une méme fré-
quence et une méme amplitude de premier ordre.
Celle-1a est, toutefois, beaucoup plus longue que
celle-ci pour une méme fréquence, si la différence
de la densité est trés petite, Dans la figure 3
est montré, toujours en échelle logarithmique,
le rapport R;/Ry qui est caleulé en fonction de
k au Lieu de wm. 1l ne dépend pas de p/p’. si k
n’est pas trés grand. On voit immédiatement
que leffet non linéaire est plus fort dans la houle
interne que dans la houle externe, si les longu-
eurs d’onde de premier ordre sont égales et
grandes. Par exemple, on a R;/R;”=70 pour
H=75 lorsque & est petit: lamplitude de la
houle interne linéaire a linterface doit étre 1/70
de amplitude de la houle externe linéaire a la
surface pour que leffet non linéaire se manifeste
d’une méme grandeur. En effet, les relations
(14) et (18) donnent R,;/Ry"=(H—-1)}(H+1)}H*
ou Ry/Rp=R,/Ry; =(H-1)(I{+1)*/H. Donc,

I'importance de effet non linéaire de la houle

o
N
\

1

N
O +—+Hun

. I
Ll R L
o

1073

Fig. 3. Rapport Ri/Rg en fonction de 4.



Houle interne de second ordre

interne relative a la houle externe augmente
avec [12, lorsque H est grande.

Dans le cas ol k est grand, les relations (13)
et (15) donnent R,/ Ry"=4do/0".
interne linéaire peut étre beaucoup plus cambrée

Done, la houle

que la houle externe linéaire pour une méme

longueur d’onde. Le délerlement de la houle
interne n'a pas lieu si facilement que celui de
la houle externe.

(13) et (15) pour A(I1+1) 21

Les relations

peuvent s'écrire également:
Ry'=—a*/2, (13"
Ry=—w(p+p")/(4p7), (15’

On Ieffet
d’une méme grandeur dans les houles interne et

voit  que non linéaire se montre

externe pour une méme fréquence, si o ne différe
presque pas de p’.

Clapotis
On suppose le clapotis de premier ordre:
¢y = Ay cosh k(z+ H )cos kx cos wi,
¢ = (Ay cosh kz-+ By’ sinh k2) cos ka cos wt,
L=y cos kx sin wt,
' =ay cos ka sin wt.
Les relations (8) et (9) restent toujours valables
sauf A, A" et By’ qui changent leurs signes.
Une solution de second ordre s’écrit:
¢2= Ay cosh 2k (z+ H )cos 2kx sin 2wt
+ (G sin 2wt+ Fot,
¢’ = ( Ay cosh 2kz+ By’ sinh 2kz)
X cos 2kx sin 2wt + Gy’ sin 2wt+ 1%L,
Co=arz cos 2k cos 2wt + by cos 2k,
Co =’ cos 2kx cos 2wl +by cos 2kx.
Les termes particuliers au clapotis sont Gy,
5 Fu, Fy, by et by’ qui ne sont pas variables

avec tous les x et £. Ils sont donnés par:

Go= [ o Vkw oy By —B2AP +w*al® + (kay'/w)?} —p{km ay; Ay sinh /cfi——/cW\F(coshE kH— i) } J ’/" (Bwp),
| \ . /

Gy = [+ R { () Jw)t— (AR —B2)/2}
by = k(AP — B2)/8+wtal?/4,

1/ (8ar),

/

bo=1p thw ay By —k*(APZ+ B /2  —p {kwA g sinh KE—£2A2/2) 1/ (44p),

Fy = —aral?+ k| (a /o)* = (AF=B?)/2} /4.
[4\‘2: I(i F2/___ i

o |
}

‘ i L
| 'I(;)kalB{Jr Y (/4{2—!—[%(3)}4—-4— {m/cAla‘ sinh AH+k2A F(coshz kH— ! >}

0 40
L’ordre de grandeur des autres termes Ap, Ao/,
Bl ay el ag’ par rapport aux termes de premier
ordre ne sera pas tout différent de celui de la
houle progressive.  Nous nous réservons donc de
les expliciter tout au long.

L’intérét particulier porte sur le terme G, parce
que 2w(y représente amplitude de la variation de
la pression & fréquence angulaire 2w qui ne s amor-
tit pas avec la profondeur, alors que I'amplitude
de la variation de la pression au premier ordre, a
fréquence angualire @, s’amortit avec la pro-
Il est
peut prendre sa source dans cette variation de la

fondeur. remarqué que le microséisme
pression au second ordre agissant sur le fond
océanique,

Sl w'agit de la houle externe, (;, s écrit:

Go=wa2|2 cosh 26(H+1)—11/

{16 sinh?k(H+1)},

avec a;” =« sinh k(FH+1)/sinh kH,
d’ot il vient:

J‘m WA ) =aet
(o pour k(IHT4+1) -1, (19)
"’"l.,, W2 NERCHF 1R, o =(H+Da/H

pout  ACHT4-1) 1 (20)

il s’agit de la houle interne, on a:
]'40 o a2/ (4p)

G pour (21)
7= ; ‘
lw a?/8 pour (22)
wa2/(16 k2H?) pour KH<1. (23)

Il n’y a apparemment pas de diflérence entre
(20) et (23). Cependant, le terme G: de la
houle interne est plus petit de dpH/{o(1-+H )%}
que celui de la houle externe pour une méme
fréquence et une méme amplitude a Vinterface
ai, car k2 de la houle interne est plus grand de
que celui de la houle externe p(1+H)*/(dp H).
Le rapport de (23) a (20) est dp/(oH), lorsque
l'amplitude a Plinterface a; de la houle interne
¢gale Pamplitude a la surface @;” de la houle
externe.

La comparaison de (19) et (21) montre que
G, de la houle interne est toujours plus petit
de do/p que celui de la houle externe pour une
méme fréquence et une méme amplitude (a;=a;").

1l sensuit donc que la houle interne ne joue
pas un role important dans la pulsation de la

pression, constante en toute la profondeur, 4
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Fig. 4. Gy/a® en fonction de @, Les lettres
E et [ désignent respectivement les houles
externe et interne. Les lettres ai, bi et ¢
se référent au tableau ci-dessous.

‘0/‘(;, H 2,5 5,0 7,5 10 20 30
1,001 ai a2 as as as as
1,002 by b by by bs b
1,003 i 2 3 C4 s g

fréquence angulaire 2w,
La figure 4 montre Go/a® en fonction de m
pour de diverses valeurs des parameétres F et p/p’.
Dans le cas ott U'on donne a priori deux houles

Iméaires périodiques, une de Iréquence angualaire

NT 2 1969)

wr et du nombre d’onde 4, et 'autre de fréquence
angulaire w, et du nombre d’onde k., une inter-
action de second ordre a lieu entre elles et les
produits  cos(kir—ait) cos(kpr—mat) et sin(kur
—~nl) sin(ksx—mat) apparaissent dans le second
membre de la troisieme équation de (5).  Etant
donné qu'ils se transforment en cos|(ky+ ko)

(mitw2)t}, la pression de second ordre a une
composante, variable avec le temps mais invari-
able avec la profondeur, a condition que & +ky =0
et witwy#0, car  cos {(/ﬂi‘k:)yb—(\(mi‘,mz)ﬁ}
aboutissant & cos(wi o)l qui n'est plus une
fonction de & et le potentiel étant une fonction
harmonique par rapport & x et 2, le potentiel de
second ordre a un terme, périodique en # mais
invariable avec 2. S'il §'il s'agit de deux houles
externes ou de deux houles internes, la condition

ci-dessus n’est satisfaite que par & =k et mi= —my
ou par ki=—ky et wi=ws Cest justement le

cas du clapotis.  S'il s’agit d’une houle externe

et d'une houle interne, ki peut étre égal a ko.

A

méme st w; n'est pas égale & —wy. Il est donc
qualitativement possible que s’établisse une varia-
tion de la pression, constante en toute la pro-
fondeur, dont la fréquence angulaire est @ —aws
lorsque £1=4ks et wi+w; lorsque k1= — k..

L’interaction de second ordre entre deux houles
externes peut donner lieu a une houle interne
dont le mécanisme de la génération dans les
océans n’est pas encore bien connu.  Supposons
deux houles externes qui se propagent en sens
inverse. Leurs fréquences angulaires sont presque
égales: mi~wy et ki~—k,. Au second ordre on
a une houle externe de la fréquence angulaire
w1 —wz, du nombre d'onde ki+4. et de la vitesse
de phase (@1 —w2)/(ki+4k2). En comparaison de
la houle externe, on peut dire que la houle
interne est caractérisée par le petit fréquence
angulaire, le grand nombre d’onde et la faible
vitesse de phase, si la différence de densité entre
les deux couches est petite, comme cela étant
le cas des océans. Une houle interne se déve-
loppera par la résonance si wj—my et & +ky satis-
font a la relation (7). Une prochaine note
tralfera ce processus.
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Houle interne de second ordre
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Research on Facial Membrane Bones of Fish--1.

Regarding Feature of Urohyal on 100 Species

Takaya Kusaka

Abstract:
Teleostei of 100 species living around Japan (Table 1).

the

It was characterized that an mnteresting

The author made a comparative observation on facial membrane bones ol

fact was discovered on urohyal. The shape of urohval is solid; it is, on the whole. long and
slender, like a wing, rectangle or hook and looking from above its shape is like a needle, rod.
pen holder, slender spade mark or triangle and looking from behind it is like the letrers
LT, Y, W, or ¢ (Figs. 1~5)1.

It is quite clear that the urohyal bas an individual feature respectively in accordance with
the classification in families 4. Salmonidae, 7. Cyprinidac, 50. Scorpaenidac and order 11.
Although suborder 27. Balistina have a urohyal; suborder 28.  Tetravdontina
and in the order 13. Lophiida at least the lamily 59. Antennariidae do not have it. The

shapes of urohyal in the same family are sometimes remarkably different. this remarkable

Pleuronectida.

difference may even be seen within the same genus, for instance, in the species 6. Oncorhyn-
chus tschawytscha in family 4. Salmonidae and specics 82. Sebastes wnermis in family 50.
Scorpaenidae, the shape is like a flat wing and is quite different (rom others in each of the
genera. As for the lamilies 12. Hemirhamphidae and 13. Exocoetidace, s remarkable difference
was found in the shape of urohyal within the same family, that is, family 12. Hemirhamphidae,
specis 24, Hemiramphus sajori and species 26, Euleptorhamphus vordis as well as between
species 26. Prognichthys agoo and species 27, Cypselurus poccilopterus within the family 13,
LExocoetidae and it was found contrarily, that these urohvals in different families of familyv 12
Hemirhamphidae, species 24. Flemiramphus sajori and familv 13, Erocoetidae, species 27,
Cypselurus poecilopterus are rather similar in shape looking from above and the same can be
said of family 12. Hemirhamphidae, species 925. Fuleptorhamphus viridis and family 13,
Exococtidae, species 26, Prognichthys agoo. in the latter, the shape looking from behind is
similar, too. As for the family 34. Sparidae, the shape of urohval is like a fat bat’s wing in
the case of species 63. Chrysophrys major and species 64. Tauus tumifrons but is like the
tailwing of aeroplane in species 65. Myl macrocephalus and species 66. Rhabdosargus sarba.

In conclusion, since all urohyals have individual shapes and features, the author recognizes

that it is possible ro determine the fish species only by means of examining the urohyal.

196943 H 26 HZ A

MO R KRS WEPEOFSE AT Ocean Research lnstiture,
University of Tokyo

T Figures show the shape of urohvals of cach species

looking from side. above and back. The Tour

consecutive numbers are in accordance with the

classification, order, suborder, family and species

with hivphen, and the nexi is the respeetive
Japanese names The conseentive numbers refer
to ovder sabovder fanily and species respectivels
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Fable 1.

100 o e &4t (Urohyal) ok -

Observed 100 speaes.

Classification of species witls
respective Japanese name
Order
Suborder
Family
Genus and species
1. Clupeida Nishin-moku
1. Cluperna Nishin-amoku
L. Steolephoridac
L. Etrumeus micropus (Temmick & Schlegel)

Twashi-ka

Urumeiwashi
2. Clupeidac  Nishin-ka
2. Sardinops melanosticta (Tem. & Sch.)
Maiwashi
3. Clupea pallasi (Cuvier & Valenciennes)
Nishin
A, [larengula zunast Bleeker
Sappa
3. Ingraulidac  Katakuchiiwashi-ka
5. Iengraulis japonica (Houtruvn)
Karakuchiiwashi
Sake-amaolku
A, Salmonidace  Sake-ka
6. Oncorhynchus tschawytscha (Walbaum)

2 Salmonina

Masunosuke

Oncorhvnchus keta (Walbaum)
Sake

8. Oncorhynchus nerka (Walbaum)

~3

Benimasu

9. Oncorhynchus masou (Brevoort)
Masu

-10. Salmo gawrdnerii irideus (Gibbons)
Nijimasu

Avyu-ka

11. Plecoglossus altivelis Tem. & Sch.

5. Plecoglossidae

Avu
6. Osmeridac Wakasagi-ka
12. Hypomesus olidus (Pallas)
Wakasagi
Koi-moku
Koi-amoku
7. Cyprinidae Koi-ka
13. Hypophthalpuchthys moririx (Cuv. & Val.)
Hakuren
14. Ctenopharyngodon wdellus (Cuv. & Val.)

2. Cyprinida
3. Cyprinina

Sogyo

15, Tribolodon hakonensis (Giinther)
Ugui

16. Cyprinus carpio Linné
Koi

17. Carasswus auratus Linné
Kingvo

18. Zacco platypus (Tem. & Sch.)
Oikawa

Habitat or place
and
date obtained

Misaki, Kanagawa
Nov. 1942

Tokyo Bay
Nov. 1942
Hokkaido
May 1949
Sagami Bay
Nov, 1942

Tokvo Bay
1942

Naov,

Northern sea of Japan
Aug. 1965

Naka River, Iharagi
Nov. 1945

Northern sea of Japan
Aug. 1965

Northern sea of Japan
Aug. 1965

Nagano naturalized
Aug. 1965

Central Japan
Aug. 1965

Central Japan
June 1949

Tokyo naturalized
June 1967

Gunma from China
Dec. 1943

Tokyo

June 1949

Tokyo

July 1942

Tokyo

June 1995

Tama River, Tokyo
Mav 1966

Total, head and
urohyal lengths

in mm Remarks;
Habit etc.

100, 18, 9

Pelagic
150, 28, 18
Pelagic
350, 66, 31
Pelagic
70, 19, 8.4

Brackish

90. 20, 12
Shallow sea

620, 122, 43.5
Ascending river
530, 116, 45
Ascending river
600, 116, 38
Ascending river
460, 94, 31

Ascending river
240, 50, 13
Fresh water

160, 33, 7

Fresh water & anadromous

80, 15, 2
Brackish & fresh water

76, 18, 7.6
Fresh water
310, 60, 26
Fresh water
200, 38, 15.¢
Fresh water

[92]

230, 53, 25
Fresh water
133, 29, 11.6
Fresh water
121, 24.5, 7.3
Fresh water
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9. Pscudorasbora parova Clem. & HSehl) Tokvao T TS U DT T T
Motsugo May 1966 Fresh water
4. Silurina Namazu-amoku
8. Plotosidae Gonzui-ka
20. Plotosus angaillaris Tacépéde Misaki, Kanagawa 105, 19, 5.0
Gonzui Dec. 1942 Shallow sea
3. Anguillida  Unagi-moku
5. Anguillina  Unagi-amoku
9. Anguillidae Unagi-ka
=21. Anguilla japonica Tem. & Sch. Gila 570, 68, 10.5
Unagi Sep. 1947 Anadromous
4. Belonida Datsu-moku
6. Belonina Datsu-amoku
10. Belonidae Datsu-ka

22. Ablennes anastomella (Cuv. & Val.) Misaki, Kanagaws 400, 133, 32
Datsu Oct. 1947 Shallow sca
1. Scombresocidae  Sanma-ka
2% Cololabis saira (Brevoort) Northern Japan 350, 6h, 4h
Sanma Ocr. 1942 Pelagic

7. lrocoetina  Tobiuo-amoku
12, Hemirhamphidae Savori-ka

-24. Hemiramphus sajori (Tem. & Sch.) Misaki, Kanagawa 200, 69, 21.5
Sayori Nov. 1942 Shallow sea

=25, Fulopterhamphus viridis (Van I[lasselt) Niijima, Tokyo 460, 152, 28
Tozayori July 1965 Pelagic

13. Ezocoetidae Tobiuo-ka

26. Prognichthys agoo (Tem. & Sch.) Niijima, Tokyo 240, 41, 17
Tobiuo July 1965 Pelagic

27. Cypselurus poecilopterus (Cuv. & Val.) Niijima, Tokyo 220, 41, 13.5
Avyatobiuo July 1965 Pelagic

5. Cyprinodontida Medaka-moku
8. Cyprinodontina Medaka-amoku
14. Cyprinodontidae Medaka-ka

28. Gambusia affinis (Baird & Girard) Tokyo naturalied 45, 10.6, 3.2
Top minnow June 1949 Fresh water
6. Syngnathida Yojiuo-moku
9. Aulostomina Herayagara-amoku
15. Fistulariidae Yagara-ka
29. Fistularia villosa Klunzinger Misaki, Kanagawa 500, 122, 26.5
Aoyagara Oct. 1942 Shallow sea
7. Beryvcida Kinmedai-moku
10. Bervcina Kinmedai-amoku
16. Berycidae Kinmedai-ka
~30. Beryx splendens l.owe Sagami Bay 204, TH, 27
Kinmedai Jan, 1968 Deep seu
8. Percida Suzuki-moku
11. Mugilina Bora-amoku
17, Atherinidae Togoroiwashi
-31. Atherina bleekeri Giinther Merako-ura, Shizuoka 119, 21, 8,2
Togoroiwashi April 1966 Shallow sea
18. Mugilidae Bora-ka
32, Mugil cephalus linné Adjacent sea ol Tokyo 160, 31, 17.6
Bora . June 1949 Coasral & Brackish

€16
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19, Sphyracnidae  Kamasu-ka
-33. Sphyraena japonica Cuvier
Yamatokamasu
12. Anabantina Kinoboriuo-amoku
20. Channidae Raigvo-ka
34. Channa tadiana (Jordan & Evermann)
Raigvo
13. Scombrina Saba-amoku
21. Corvphaenidae
-35. Coryphaena hippurus
Shiira
22, Scombridae
-36. Pneumatophorus japonicus (Houttuyn)
Masaba
37. Scomberomorus niphonius (Cuvier)

Shiira-ka
Linné

Saba-ka

Sawara
38, Thunnus thynnus orientalis (Tem. & Sch.)

Kuromaguro

39. Katsuwonus pelamis (Linne)
Katsuo

A0, LFuthynnus affinis vaito Kishinouyve
Suma

41, Auxis tapeinosoma Bleeker
Marusoda

42. Auxis thazard (1acépeéde)
Hirasoda

I

Trichiuridae Tachiuo-ka
43, Trichiurus lepturus linné
Tachiuo

24, Histiophoridae Makajiki-ka

44, Makaira mitsukurii (Jordan & Snyder)
Makajiki

-45. Makaira mazara (Jordan & Snydes)
Kurokajiki

Aji-amoku
25. Carangidae Aji-ka
46. Trachurus japonicus (Tem. & Sch.)
Maaji
47. Decapterus lajang Bleeker

14. Carangina

Muroaji

-48. Alectis cilialis (Bloch)
Itohikiaji

-49. Seriola quinqueradiata Tem. & Sch.
Buri

50, Seriola purpurascens Tem. & Sch,
Kanpachi

15. Stromateina  1bodai-amoku

26. Stromateidae 1bodai-ka
-51. Psenopsis anomala (Tem. & Sch.)
Ibodai
-52. Mupus japonicus (Doderlein)
Medai
53. Pampus (Euphrasen)
Medai

C17)

1. 100 flfo T (Urohyal ) IR -5

Adjacent sea of Tokyo
Aug. 1965

Tokyo naturalized

April 1949

Amami-oshima, Kvushu
July 1966

Misaki, Kanagawa
Sep. 1947

Central Japan

Dec. 1942
Amami-oshima, Kyushu
July 1966

Central Japan

April 1966
Amami-oshima, Kvushu
June 1966

Misaki, Kanagawa

Oct. 1967
Misaki, Kanagawa
Oct. 1967

Amami-oshima, Kyushu
June 1966

Oshima, Tokyo (Izu)
July 1965
Formosa

April 1943

Adjacent sea of Tokyo
Oct. 1942

Adjacent sea of Tokyo
Oct. 1941

Misaki, Kanagawa
Nov. 1947

Adjacent sea of Fukuoka

Nov. 1943
Sagami Bav
May 1966

Adjacent sea of Tokyo
Oct. 1942
Adjacent sea of Kyushu
Aug. 1965
Adjacent sea of Kyushu
Aug. 1965

230, 74, 41
Shallow sea

400, 85, 39
Fresh water

1250, 187, 87
Pelagic

135

300, 85, 41
Pelagic

570, 103, 60
Pelagic

560, 145, HH.7
Pelagic

620, 177, 56.5
Pelagic

430, 102, 34.5
Pelagic

262, 65, 19.5
Pelagic

343, 89, 27
Pelagic

840, 119, 43.5
Shallow sea
2330, 770, 184
Pelagic

2200, 720, 144
Pelagic

200, 43, 16.5
Coastal

150, 32, 14
Pelagic

150, 38, 16
Shallow sea

750, 190, 80
Migrate along coas
196, 50, 16.2

Migrate along

COaS1

100, 25, 9
Coastal
510, 121, 72.5
Coastal

300, 50, 11.:

Coastal
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27, Labracoglossidae  Takabe-ka
54, Labracoglossa argentrventris

Takabe

16. Percina Suzuki-amoku

28. Apogonidae

55. Apogon semilineatus Tem. & Sch.

Tenjikudai-ka

Nenbutsudai
29. Scombropidae Mutsu-ka
56. Scombrops boops (Houttuyn)
Mutsu
30, Priacanthidae  Kintokidai-ka
-57. Priacanthus macracanthus Cuvier
Kintokidai
Harta-ka
~58. Ipinephelus septemfasciatus (Thunberg)
Mahata

59. Lateolabrax japonicus (Cuv. & Val.)

31, Serranidae

Suzuki
Shimaisagi-ka
Tem. & Sch.

32. Theraponidae
~60. Therapon oxvrhynchus

Shimaisagi

33. Haemulidae Isaki-ka
-61. Parapristipomna trilineatum (Thunberg)

Isaki

~62. Plectorhynchus cinctus (Tem. & Sch.)
Koshodai

34. Sparidae Tai-ka

-63. Chrysophrys major Tem. & Sch.
Madai

-64. Taius tumifrons (Tem. & Sch.)
Kidai

-65. Mylio macrocephalus (Basilewsky)
Kurodai

-66. Rhabdosargus sarba (Forskal)
Hedai

-67. Girella punctata Gray
Hedai

Nibe-ka

-68. Argvrosomus argentatus (Iouttuyn)

36. Sciaenidae

{shimochi
37. Oplegnathidae  1shidai-ka
-69. Oplegnathus fasciatus (Tem. & Sch.)
Ishidai
38. Mullidae Himeji-ka
70. Upeneus bensasi (Tem. & Sch.)
Himeji
39. Aplodactylidae Takanohadai
~71. Goniistius zonatus (Cuv. & Val.)
Takanohadai
40. Sillaginidae Kisu-ka
72. Sillago japonica Tem. & Sch.
Shirokisu

41. Branchiostegidae Amadai-ka

B2 (1969 H{LETE Yk

Adjacent sea of Tokyo

Sep. 1967

Misaki, Kanagawa
Aug. 1947

Merako-ura, Shizuoka
April 1966

Misaki, Kanagawa
Sep. 1948

Misaki, Kanagawa
Dec. 1942
Misaki, Kanagawa
Sep. 1948

Misaki, Kanagawa
Oct. 1942

Misaki, Kanagawa
Sep. 1947
Misaki, Kanagawa
Sep. 1948

Adjacent sea of Tokyo
Oct. 1942

Adjacent sea of Tokyo
Nov. 1942

Misaki, Kanagawa
Oct. 1942

Misaki, Kanagawa

Oct. 1942
Misaki, Kanagawa
Oct. 1942

Adjacent sea of Tokyvo
Feb. 1952

Misaki, Kanagawa
Aug. 1947

Misaki, Kanagawu
Nov. 1942

Misaki, Kanagawa
Sep. 1948

Misaki, Kanagawa
Oct. 1942

(189

22, 41, 183

Coastal

80, 23, 11.2

Coastal

230, 68, 23
Shallow & deep sea

84, 25, 8
Coastal

166, b2, 29
Coastal
400, 90, 32

Brackish & coastal

170, 45, 15
Coastal

155, 38. 15
Coastal
400, 100, 35
Coastal

330, 77. 24

Coastal
200, 54, 23
Coastal
140, 35, 11
Coastal
160, 37, 14
Coastal
160, 37, 14
Coastal
170, 40, 15

Coastal bottom

220, 53, 17

Coastal

120, 29, 11

Coastal

140, 35, 8
Coastal

200, 44, 15
Shallow sea
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(3, Branchiostegus argentatus (Cuv. & Val.)

Shiroamadai
42. Trichodontidae Hatahata-ka
74. Aretoscopus japonicus (Steindachner)
Hatahata
17. Polynemina Tsubamekonoshiro-amoku
43. Polynemidae Tsubamekonoshiro-ka
“75. Plydactylus plebeius ( Broussonet)
Tsubamekonoshiro
18. Blennitna  Ginpo-amoku
44. Pholidac

6. Azuma enmnion Jordan & Snyder

Nishikiginpo-ka

Fusaginpo
19. Ophidiina  Ashiro-amoku
45. Brotulidae lrachiuo-ka
71, Hoplobrotula armata (Tem. & Sch.)
Yorotitachiuo
20. fombiotocina  Umitanago-amoku
46. fimbiotocidae  Umitanago-ka
8. Ditrema temmincki Bleeker
Umitanago
21, Pomacentrina  Suzumedai-amoku
47. Pomacentrina Suzumedai-ka
79. Chromis caeruleus (Cuv. & Val.)
Debasuzume
22. Labrina Bera-amoku
48. Labridae Bera-ka
80. Pseudolabrus japonicus (Houttuyn)
Sasanohabera
23. Siganina Aigo-amoku
49. Siganidae Aigo-ka
-81. Siganus fuscescens (Houttuvn)
Aigo

o)

Cottida Kajika-moku
24. Cottina
50. Scorpaenidac

Kajika-amoku
Kasago-ka

82. Sebastes inermis Cuvier
Mebaru

83, Sebastes trivittatus Iilgendor|
Shimasoi

84. Sebastolobus macrochir (Giinther)
Kichiji
85, Sebastiscus marmoratus (Cuvier)

Kasago
86, DPterois lunulata Tem. & Sch,
Minokasago

1. Hexagrammidae Ainame-ka
87, Hexagrammos otakii Jordan & Starks
Ainame
-88. Pleurogrammus azonus Jordan & Metz
Hokke
52. Platycephalidae Kochi-ka
-89. Platycephalus indicus (lLinné)
Magochi

19
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Kii-katsuura, Wakayama
Feb. 1943

Aomori
Noy. 1942

Misaki, Kanagawa
Aug. 1947

Hokkaido
May 1966

Northern Japan

Aug. 1965

Misaki, Kanagawa
Oet. 1942

Amami-oshima, Kyushu
March 1966

Misaki, Kanagawa
Aug. 1947

Misaki, Kanagawa
Oct. 1942

Misaki, Kanagawa
Dec. 1942
Hokkaido

May 1966
Northern Japan
Nov. 1945
Misaki, Kanagawa
Nov. 1942
Misaki, Kanagawa
Dec. 1942

Hashirimizu, Kanagawa
May 1966
Hokkaido
May 1966

Misaki, Kanagawa
Dec. 1942

250, 56, 17

Coastal bottom

150, 34, 11

Coastal bottom

150, 37, 8

Coastal

430, 58, 11
Coastal bottom

300, 69, 16.5

Bottom

157, 33, 12
Coastal

64, 14.4, 5.7
Coral reefl

100, 26, 6.5

Coastal

260, 58, 13

Shallow sea

120, 33.5, 15
Coastal hottom
300, 95, 24
Coastal bottom
180, 52, 18
Coastal bottom
165, 51, 18
Coastal bottom
180, 4h, 1H
Coastal

320, 72, 17.5
Coastal bottom
390, 85, 23
Coastal bottom

230, 59, 31.5
Coastal botiom
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53. Cottidae Kajika-ka
90. Cottus polluxr Giinther
Kajika
10.  Gadida
25. Gadina Tara-amoku
54. Gadidae Tara-ka

91. Gadus morrhua macrocephalus Tilesius

Tara-moku

Madara
11. Pleuronectida Karei-moku

26. DPleuronectina  Karei-amoku

55. Bothidae Hirame-ka
92, Paralichthys olivaceus (Tem. & Sch.)
[Tirame
56. Pleuronectidae Karei-ka
93. Pleuronichthys cornutus (Tem. & Sch.)
Meitagarei
~94. Limanda vokohamae (Giinther)
Makogarei
95, Kareius bicoloratus (Basilewsky)
Ishigarei
-96. Verasper moseri Jordan & Gilbert
Matsukawa
12. Tetraodontida Fugu-moku
27. Balistina
57. Monacanthidae Kawahagi-ka
97. Stephanolepis cirrhifer (Tem. & Sch.)
Kawahagi
28. Tetraodontina Malugu-amoku
59. Tetraodontidae Mafugu-ka
~98. Fugu niphobles (Jordan & Snyder)
Kusafugu
-99. Canthigaster rivulatus (Tem. & Sch.)
Kitamakura
13. Lophiida

29. Antennariina

Mongarakawahagi-amoku

Anko-moku
Izariuo-amoku
59. Antennarriidae lzariuo-ka
-100. Pterophryne histrio (Linné)
Hanaokoze

20
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Northern Japan
Nov. 1942

Northern Japan
Jan. 1946

Aomori
May 1967

Central Japan

Sep. 1965

Central Japan

Sep. 1965
Hashirimizu, Kanagawa
May 1966

Hokkaido

May 1965

Merako-ura, Shizuoka
April 1966

Merako-ura, Shizuoka
April 1966

Misaki, Kanagawa
Aug. 1966

Hashirimizu, Kanagawa

May 1966

240, 68,
River

720, 168,
Bottom

490, 112,
Bottom

270, 47,
Bottom
340, 62,
Bottom
258, 67,
Bottom
400, 92,
Bottom

156, 43,

Coastal

182, 42,
Coastal
80, 22,
Coastal
118, 39,
Coastal

B
=~

No
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1.1.1.-1, Urumeiwashi
Etrumeus micropus

/|

[ sttt

1.1.2.-4. Sappa |
Harengula zunast

1.2.4,.-7. Sake
Oncorhynchus keta

=) A

1.2.4,-10, Nijimasu
Salmo gairdnerii irideus

==L 4
c‘é

2,3.7.-13. Hakuren
Hypophthalmichthys moriirix

—t &
=7

2.3.7.-16, Koi
Cyprinus carpto

e
=2

2.3.7.-19, Motsugo
Pseudorasbora porva

| ENTER D

Cliipe da Nishin-mokn,

1.1.2.-2. Maiwashi
Sardinops melanosticta

1.1.3.-5. Katakuchiiwashi
Engraulis japonica

—

1.2.4.-8. Benimasu
Oncorhynchus nerka

=1 A
—

1.2.5.-11. Ayu
Plecoglossus altivelis

==L ¢,
=

2.3.7.-14, Sogyo
Ctenopharyngodon idellus

—) 4
=

2.3.7.-17. Kingyo
Carassius auratus

L A
=

2.4.8,-20, Gonzui
Plotosus anguillaris

2. Cvproida Kovmoku and

(21)

1.1.2.-3. Nishin
Clupea pallasi

o= __ @
P —

1.1.4,-6. Masunosuke
Oncorhynchus tschawytscha

—_> A
—

1,2.4.-9, Masu
Oncorhynchus masou

|

[ommmm——————

1.2.6,-12 Wakasagi
Hypomesus olidus

=2 &
S

2.3.7.-15, Ugui
Tribolodon hakonensis

L)
=

2.3.7.-18. Oikawa
Zacco platypus

> O

>

3.5.9.-21, Unagi
Anguilla japonica

30 Anguillida Unagi moku,
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4.6,11.-23, Sanma

4.7.12.-24. Sayori
Cololabis saira

fiemiramphus sajort

= >¢

4,7.13.-27. Ayatobiuo
Cypselurus poectlopterus

=

o

7.10,16.-30. Kinmedai
Beryx splendens

ek e
===t ——

8.11.18.-32. Bora 8.11.19.-33.Yamatokamasu
Mugil cephalus Sphyraena japonica

L4 —7 |
=

4,6,10.-22. Datsu
Ablennes anastomelle

e S — S—
e C—=——1

4.7.12.-25. Tozayori
Eulopterhamphus viridis

L= |

5.8.14.-28. Top minnow
Gambusia affinis

S i)

8.11.17.-31. Togoroiwashi
Atherina bleekert

L=\ |

4,7.13.-26. Tobiuo
Prognichthys agoo

7

6.9.15.-29. Aoyagara
Fistularia villosa

o

8.12.20.-34. Raigyo
Channa tadiana-

——="}

8.13.22.-37. Sawara

8.13.21.-35. Siira
Coryphaena hippurus

P

Co—— e,
8.13.22.-38, Kuromaguro

8.13.22.-36. Masaba
Prneuwnatophorus japonicus

e 7|

8.13.22.-39. Katsuo

Seomberomorus niphonius Thunnus thynnus orientalis Katsuwonus pelamis

— /|

Crsr

8.13.22.-42. Hirasoda
Auxis thazard

8.13.22.-40, Suma
Buthynnus affinis yaito

8.13.22.-41, Marusoda
Auxis tapeinosoma

Fig. 2. 4. Belonida Datsu-moku, 5. Cyprinodontida Medaka-moku, 6. Svngnathida Yojino-moku, 7. Bery-

cida Kinmedai-moku and 8. Pescida Suzuki-moka (11, Mugilina Bora-amoku, 12, Anabanting Kinoboriuo

amoka and 13, Scombrina Suba-amoku — 21, Corvphaenidae Shiiva-ka and 22 Scombiridae Saba-ka).

{22

N
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—

8.13,23.-43, Tachiuo
Trichiurus lepturus

—

cgaz;;—-"f:jp

8.14,25,-46. Magji
Trackurus Japonicus

—=\

8.14,25.-49, Buri
Seriola quinqueradiata

=\
e——

———m

8.15.26.-52. Medai

Mupus Japonicus

— T ﬁ

8.16.28.-55. Nenbutsudai
Apogon semilineatus

58. Mahata
s septemfasciatus

f““if'—/:;;’/fg? ?.

8.16.33.-61, Isaki
Parapristipoma trilineatun

g, 3.

~—=-1

8.13.24,~-44, Makajiki
Makaira mitsukurii

14

3.14,25.-47, Muroaji
Decapterus lajang

e

8.14.25,.-50. Kanpachi
Seriola purpurascens

|

8.1.56.-53. Managatsuo
Pampus argenteus

ecva:n_.mwf“—\m o ———

8.16.29.-56, Mutsu
Seombrops boops

=/ &
=

8.16.31.~59. Suzuki
Lateolabrax japonicus

A
=

8,16.33.-62, Koshodai
Plectorhynchus cinctus

—=

9.13,24,-45 Kurokajiki
Makaira mazard

&8.14,25,-48 1tohikiaji
Alectis cilialis

8.15.26,-51. Ibodai

Psenopsis anomala

8.15.27.-27. Takabe

Labracoglossa argentiventris

8.16.30,-57.Kintokidai
Priacanthus maeracanthus

=1

8.16.32.-60.Shimaisagi
Therapon oxyrhynchus

8. Percida Suzuki-moku (13. Scombrina Saba-amoku=23. I'richiuridae Tachivo-ka and 24. Histzo

~ ; s = SN o s T ard AN SN 3
phoridae Makajiki-ka, 14. Carangina Aji-amoku, 15. Stromateina Thodai-amoku and 16, Percina Suzulki

amoku =28, Apogonidae Tenjikudai

ka

33. Haemulidae 1saki-ka).
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8.16.34.-63. Madai

8.16.34,-64, Kidai
Chrysophrys major

8.16.34.-65. Kurodai
Taius tumifrons Mylio macrocephalus
Wl
o

8.16.34.-66. Hedai
Rhabdosarqus sarba

A

8.16.35.-67. Mejina 8.16.36.-68.
Girella punctata

Ishimochi
Argyrosomus argentatus

8.16.37.-69. Ishidai

8.16.38.-70. Himeji
Oplegnathus fasciatus

Upeneus bensast

8.16.39.-71.Takanohadai

onitstius zonatus

c——/ A

Pi— e

8.16.40.-72. Shirokisu 8.16.41.-73. Shiroamadai
Sillago japonica

9.16.42,-74, Hatahata
Branchiostequs argentatus

Aretoscopus joponicus

DN ===y \
= —
8.17.43.-75. Tsubamekonoshiro

Polydactylus plebeius

=]

8.20.46.-78. Umitanago
Ditrema temmincki

8.18.44.-76,Fusaqinpo
Azma emmnion

8.19.45.-77.Yoroiitachiuo
Loplobrotula armata

2

Ce=————

8.21.47.-79.Debasuzume 8.22.48.-80.Sasanohabera
Chromic caeruleus Pseudolabrus japonicus

8.23.49.-81. Miqo
Siganus fuscescens

Fig. 4.

8. Percida Suzuki-moku (16. Percina Suzuki-amoku 34, Sparidae Vai-ka-—42. 1rchodontidae Hata-
hata-ka, 217. Polynemina Tsubamekonoshiro-amoku, 18, Blenniinag Ginpo-amokua, 19, Ophidiina Ashiro-
) P ) . . . . R !
amoku, 20z fombiotocina Uniitanago-amoku. 21, Pomacentring Suzamedai-amokn, 22, Labrina Bera-amokuy
and 23, Siganina Aigo-amoku).

.
24)
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————————— P

—

0.24.50.-22. Mebaru
febastes inermis

=l =

9,24.50.-85, Kasano
sebastiscus marmoratus

9.24.50.-86.Minokasaqo
Pterois lunulata

(= Y

9,24.52.-89. Magochi
Platucevhalus indicus
e

@.—.—_—‘zz
®.24.51,-88. Hokke

Pleurogrammus azonus

10,24.54.-91. Madara
Gadus morrhua macrocephalus

?jj ‘1l|||:::.‘ ]';
11.26,56.-94 . Makogarei
Limanda wokohomae

11.2€.55,-92. Hirame
Faralichthys olivaceus

11.26.56,-95,Ishiqgarei
Kareius bicoloratus

Ho Urohyal
(e — 3

12.27.57.-97 .Kawahagi

' .Kawahag 12.28.58.-98.Kusafuqu
Stephanolepis eirrhifer :

Fugu niphobles

tio Urohyal
13.29.52.-100,Hanaokoze
Ptevophrune histrio

Fig. 5 9. Cottida Kajika-moku, 10. Gadida Tara-moku,
12. Tetravdontida Fugu-moku and 13. Lophiida Anko-moku,

C25)

9.24,50.-84, Kichiji
Sebastolobus macrochir

=y

0.24.51.-87. Ainame
Yexagrammos otakit

C—>

9,24.53,.-90, Kajika
Cottus pollux

4

11.26.56.-93 . Meitagarei
Pleuronichthys cornutus

11.26.56.-96.Matsukawa

Verasper moseri

Mo Uronyal

12.28.58.-99.Kitamakura
Canthigaster rivulatus

11, Pleuronectida Karei-moku,



Lo mer (Bulletin de la Société {ranco-japonaise d océanographic)

T'ome 7, N° 2, Mai 1969

T 7 Tl OIS H 50 5 R
#Hl “Chloride Cells” 1= >\ C*

T e

On the “Chloride Cell” in the Skin of Larval Puffer,
Fugu niphobles (JorRDAN and SNYDER)

Tamotsu IwAl

Abstract: The peculiar cells resembling the ‘‘chloride cells” in fine structure were found to
occur in the skin of larvae of the puffer Fugu niphobles. The cytoplasm of this cell is
characterized by closely packed mitochondria and agranular endoplasmic reticulum forming a
short branched tubule. The outer surface of this cell is mostly covered by the thin squamous
epithelial cells except for a small external [ree portion where the cell is exposed to the
environment. Fully matured chloride cell is filled with amorphous substances with fine
granules, which are released from the apical surface. Based on the fine structural features,
it is conceivable that these cells of larval puffer play a part of role in osmoregulation.
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Fig. 1. Central apical portion of chloride cell.  Squamous cpithelial cells cover this cell peripherally

except for the central exposed portion.  d, desmosomes; ¢p, squamous epithelial cells; ez, exposed
portion. X 29,000.
Fig. 2 Cytoplasmn of chloride eell filled with witochondria and  agranular endopla

nic reticulum

forming the hranched wbule.  er, agranular endoplasmic reticulum; 2, mitochondria. X 42,000.
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Distal portion of chloride cell filled with amorphous substances.
v, vacuole containing amorphous substances.

29

¢p, squamous epithelial cells;

X 36,000.
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Generation of Internal Waves by an
Abrupt Change of Depth’

Kenzo TAKANO** and Noriko [iDa***

Résumé: Le changement de la profondeur peut &tre une des causes de la génération de la houle

interne. On se propose d’évaluer la hauteur de la houle interne que produit une houle externe

(ou houle de surface) périodique en temps et espace a priori donnée dans un canal a deux

couches de liquide pesant dont la profondeur change brusquement. Le mouvement est supposé
linéaire et irrotationnel. Une méthode d’analyse, valable pour n’importe quelle longueur d’onde,
est présentée. La hauteur de la houle interne est figurée en fonction de la fréquence angulaire

de la houle externe incidente pour de diverses valeurs de paramétres géométriques (rapport de

I'épaisseur de la couche inférieure a celle de la couche supérieure, rapport de la profondeur de

la partie profonde a celle de la partie moins profonde du canal, etc.). En tant qu'il s’agit des
présents exemples numériques, la houle interne atteint a peu prés 50 fois plus haute que la
houle externe incidente dans le cas du canal de longueur indéfinie et a peu pres 360 fois plus

haute que celle-ci dans le cas ol le canal est barré par une paroi verticale dans sa partie moins

profonde de facon 4 constituer un canal de longueur semi-indéfinie du type darse sur-ouverte.

La hauteur considérable de la houle interne dans ce dernier cas est due & la résonance de la
houle externe ou de la houle interne qui a lieu dans la partie moins profonde barré. La houle
interne devient d’autant plus haute que l'épaisseur de la couche inférieure augmente et que

la cote de I'interface entre les deux couches s’approche de la cote du fond de la partie moins

profonde du canal.

Introduction

Although recent extensive hydrographic ob-
servations have indicated that internal waves,
often having great amplitudes, play an important
role in ocean dynamics, the mechanism of their
generation is not vet well understood. The
change of depth, among others, can be considered
as a possible cause of it. According to an ex-
periment by ZEILON (1934), in fact, when
incoming external (surface) waves are reflected
by a change of depth, a partial conversion from
the external (surface) mode to the internal one
takes place to produce internal waves of significant
amplitudes. Since very few theoretical studies
have been done on this process, the present note
deals with a quantitative evaluation of the height
of internal waves generated in an inviscid two-
layer fluid system in a straight canal of infinite or
semi-infinite length of which the depth varies

* Received April 26, 1969

** (Ocean Research Institute, University of Tokyo
Ocean Research Institute, University of Tokyo,
Present adress: Computation Center, University
ol Kyoto

stepwise from one constant to another as is
sketched in Fig. 1.

The Earth’s rotation is neglected and the fluid
motion is assumed to be irrotational, though it is
evidently not always the case of internal waves
in the oceans.
neglected.

Moreover, non linear effect is
A sinusoidal external wave train of
arbitrary wave length is prescribed as incoming
waves.

The problem is to determine the whole fluid
motion induced by an incoming external wave
train with emphasis on internal waves in a linear,
irrotational framework without long wave ap-
proximation.

Analysis
Case (a)

The coordinate system and the notation of
some fundamental quantities are shown in Fig.
1. The a’-axis is taken along the interface
between the two layers and the z’-axis positive
upward. The depth changes abruptly at x'=0.
First treated is the case (a) where only the
deeper portion of the canal (x'<0) is stratified

(32)
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Fig. 1. Coordinate system and notation of

fundamental quantities

(Fig. la). The fluid density is p in the lower
layer of thickness Il and p’ in the upper layer
of thickness . The shallower portion (x'Z0)
is of thickness (1—FH'-D).

The above assumptions permit to introduce the
velocity potentials. Those of the incoming and
reflected waves are ¥’ and ¥’ respectively in
the upper layer, ¥ and ¥ . respectively in the
lower layer. The transmitted external wave is
denoted by ¥ ,.

As in a previous paper (TAKANO and OKADA,
1966) illustrating a nomogram of the relation
between the angular frequency and the wave
number, the following non-dimensional quantities
are defined: a=x'/H’, z=2|H', =TV g/H",
W=wv H /g, ¢=UW ¢ =W [T $.=W_[T,,
o =P, =W and e=o/o’, where ¢ 1s
the time, o the

The

the acceleration of gravity, I’

angular frequency and Wo=I1'v gl W,

potentials &, &', ¢, &/ and ¢’ are independent
of «.
[f the potential of the incoming wave is given,

The
method of analysis is essentially similar to that
used in previous papers (TAKANO, 1960, 1967).
satisfied

all other potentials should be determined.

Equation of continuity is provided

that  the potentials  are harmonic functions.

~—

w
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Considering that the vertical component of
velocity vanishes at 2= -—F and equals the

vertical velocity of the free surface itself at z=1
and that the pressure is constant along the free
surface (z=1), the potentials of the incoming
wave are written,
¢ = (ay cosh koz+ by sinh k) e~ thox, } )
d=sech kyF cosh ko(2+ F) e kox,
where %, is given by W?2=Fk, tanh %k, and
by’ = tanh ko E, ay=c— (e—1)koby /W2
In order to satisfy the boundary conditions at
x=0, it is convenient to expand the potentials
b, ¢

orthogonal functions.

and ¢; at x=0 in infinite series by
For =0, we have as
usual,

oL = by cosh prg(z— D)etrox

+ 30 hjcos n(z—D)etix, (2)
Jj=1

where ¢ is determined from W?2= g, tanh zo(1 —D)
and gt (p; <41, j=1) are determined
W?2=—p;tan z;(1—D). The unknown
ficients #; (j=0,1,...,00) will be determined
later from the boundary conditions at x=0. It
is readily found that functions cosh z4(z— D) and
cos pt; (2— D) are orthogonal each other in the
interval 1 —-D<z<1.

For the deeper portion (xZ0), it is much
more complicated to find orthogonal funtions.
To begin with, we assume that the orthogonal
functions @; themselves, to be defined at x=0,
are expanded in finite series as follows,

from
coef-

J
Pi=00" () + 23 A} d0i(2),
s=1
for 0=z<1
J
¢; =dy(2) + 2} A ds(2),
&

— =250

0=

for
with

d;(z) =a';cosh kjz+ b} sinh &z,

:)_,(2)/*-‘3@0]1 &’]I'.\- cosh k;(z+ 1), Uor i=0and 1,
bi=tanh &;F, J :
ai=e—(e—=Dk; b’ /W2,

d(2) =af cos kjz— b’ sinh kjz,

:)j(z),: cos ki(z+E), for j=2,
bi=sink;E, 3,..., 00
at=c¢ cosk;E+(e—1k; bj/W?2

External and internal waves are denoted by j=0

and 1 respectively, and %, is the greater of the

two real roots of the equation:

D



Wt(ecoth kE coth £+ 1) —W2ek(coth £E+coth k)

+(e—1)k=0, (4)
of which the imaginary roots are k; (k;j<<kjiy,
J=2).

The coefficients A5 (s=1,2,...,j) are deter-
mined in such a way that @; are orthogonal in
the interval —E<2z<1, i.e.,

0

r1 1
| (qu)ndzzg ¢m¢ndz+j(¢;¢:@z=o
J—E J—E )
(m=#n). (5)

If Dy w is written as

Du n= jo . Oom(2)0a(2)dz+ j;ﬁfn (2)0)(2)dz,

(6)
we have, for example,
Do,o-i-D(),LA{ =0
Do+ Do, 1 Aj+ Dy 3 A3=0
D051+D1,1Aé+[)1,2A§:O
and so on.

Equation (7) immediately gives A}, which in
turn gives @1 by (3). Equations (8) and (9)
give Aj and A% which in turn give @s by (3).
In general, A% (s=1,2,...,j) are determined
from a set of j simultaneous linear equations
which are obtained by the condition (5). In
this way, all the @; are successively calculated.

Making use of these orthogonal functions, we
have finally the potentials at x=0, expanded by

for m=0, n=1, (7)
for m=0, n=2, (8)
for m=1, n=2, (9)

orthogonal functions,

¢L= 3 B; ¢j, v
iz? 10

=
The unknown coefficients B; are to be deter-
mined together with b; in (3) by the boundary
conditions specified later at x=0. The relation
(10) applies to the boundary x=0 only. The
potentials for <0 are then given by
@' = (ay’ cosh koz+bo" sinh ko) ez,
#” = By(ao cosh koz+by’ sinh koz)ethox/by  (11)
+ Bi{(ad’ cosh koz+ by sinh koz)ethox/k,
+ Aj(ay’ cosh k1z+ by’ sinh ki) etkiz/k, )
+...
+ Bj{ao’ cosh koz+ by’ sinh ko) etfox |k,
+Al(ay’ cosh kiz+by” sinh kiz) et/ Ry

+1 i‘, As(al cos ksz— bl sin ksz)ebsx/k,)
§=2
+.o., 12)

and

152 la mer, Tome

7, N 2 (1969>

d=sech kol cosh ky(2+ E)e—thor, (13)
¢_= By sech koF cosh ko(2+ E)ettox
+ Bi{ sech koE cosh ko(z+ E)et*ox/ kg
+ Al sech & F cosh ki(z+ E)et*1x/k}
+...
+ B;i{ sech A E cosh ko(z+ E)etkoz / g
+Aj sech ki E cosh ki(z+ E)etrx/
i éz A3 cos ky(z+ E) /by
4., ’ 14)
for —EZ£z=0,
where the definition of Aj are, for later con-
venience, slightly different from that in (3).

The potentials (11) and (13) represent the
incoming wave. In (12) and (14) the terms
involving e#*ox represent the reflected external
waves and the terms involving €1 represent
the reflected internal wave. Since the terms
involving eFiz (7=2) are decreased exponentially
with the distance from the boundary (x=0),
they are disregarded when the amplitudes of the
progressive waves are finally calculated.

At the boundary x=0, the pressure and the
velocity are continuous for DZz2=<1 and the
horizontal component of velocity vanishes for
—E<z<D, so that,

& +o =0 for DZ£=zZ1, (15)
LA
0 Lo )= for D==x<1,
e +¢>—{ oz ‘
0 for 0Z=z<D, 7(16)

—0—(¢+¢_):O for —E<20.
ox

It might be parenthetically remarked that the
corner (x=0, z=1D) is a singular point, which
is already discussed in detail in another paper
(TAKANO, 1960).

Condition (15) gives

j;(cp' +¢1) cosh p20(z— D)dz
- ﬂ,‘ﬁi cosh m(z—D)ds
=bo j]DcoshE po(z—D)dz, an
j;(¢'+¢c) cos pta(z—D)dz
= S;séi cos ptn(z—D)dz
= by \ :)c()sz (2= D)dxz
) (n=1,2...,00). (18)

(34)
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Conditions (16) give

g oo o 3
(b +d! V5! 2
\, 50 & +8DE) st
(1 0o/ )
:S raﬁddﬁ,(z)dt (n=0,1,...
n or
For example, (19) becomes
l o
(ko— [‘i(x){\ o0 *dz+ \ iinzdzl
0 —E

Zi
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(P+¢_)on(2)dz

, ©0). (19

[s)
:/zn/)”\ cosh pro(z—INo0 dz—i 3 p1jb; cos pri(z— D)oy dz
I =

for n=0,
and
1 / ‘1 0 1 Lo
13.1\ ,;“de\ a«ﬁdsz}( g o 5,dz+g 3 dz>
B Jo J—E RAU
AR LU (! |
+ (4-’1{)2(\ :ilzdz—l—\ iJf-’dz)
Jor Jo f
) 1
:/u./m(\ cosh pro(z—1)60 dz+ /\}\ cosh pe(2— 1) r‘i;’%l.z)
Jo Ip
(4] ‘I ‘l A
—1 2 /z,-(\ cos /ci,-(:z—I))i)l,’dz—l—A,‘S cos /L.,‘(‘z—l))ﬁl/dz>
= b D ,
for n=1.
Therefore, we have an infinite number of external waves) to the amplitude of the incoming
linear equations with respect to an infinite wave are given by
number of complex unknowns. The solution of [ .
comt . . Ru= | 3)Bj(ay sinh ke+hy’ cosh k) /S |
these equations determines completely the fluid L =0 [
motion, though the existence and uniqueness of [
. ) . = | 23 Bj/ky | .
the solution of such a set of simultaneous equa- =0 |
tions would be discussed somewhere else. In T'y=bottg sinh py(1—D) /S|,
practice, we retain only first N imaginary roots where

of (4) and ignore all the terms B, and b, (n=
N+2). Equations (17) to (19) are then ap-
proximated by a set of (3+2N) equations with
complex coefficients, which are not explicitly
written down here because of their great length.

So far as the progressive external and internal
waves are concerned, the reflection and trans-
mission coefficients of the external wave (ratios
of the amplitudes of the reflected and transmitted

"= (ay cosh kyz+ by sinh kyg)e Thox,
A" = By(ag cosh kyz+ by sinh kyg)eikor

4+ Bi(a, cosh byz+ by sinh kig)e~ e,

&= ¢ cosh paz et
¢ =sech kol cosh ky(z+ E)e—ikox,
@ = By sech kyF cosh ky(z+ E)etkox

+ By sech £ E cosh ki (z+ E)etkix,

where B, and B, are not those defined in (12).
The boundary conditions at x=0 are no longer

exactly satisfied with these potentials. Similarly

(35

S=ky(ay sinh ky+by" cosh ky).
The reflection coefficient as internal wave (ratio
of the amplitude of the reflected internal wave to

the amplitude of the incoming wave) is given by
N4 f

Ri=| Bibi/S | .
! 1 |

= ‘
An approximate solution can be obtained as
follows.

We put the potentials as

J’ in the upper layer (20)

} in the lower layer @D

to Lamb’s approximation used for long waves
in a canal of variable depth, they are roughly
written at =0,

);
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& o = for 2=1,
g TR
g ., N 0
\ - (¢ + o )dz= \ -,
»ox p dx

T brpd +SD O (@i yde=0
(P )dz —— (¢ +¢L)dz=
\ g 0x 1 0 0x (7 tp-)az=0,

from which derived are a set of simultaneous
equations with respect to three unknowns By, B
and (. This approximation, hereafter referred
to as (L), holds good if both the external and
internal waves are sufficiently long. Since the
internal wave is much shorter than the external
wave for a fixed angular frequency, its availability
is much restricted compared with the case where
only the external waves are propagated in a one-
layer canal.

Figures 2 to 5 show the solution by N=38 in
terms of W for various values of the parameters
e, I£and D.
1 and 7 and by (I.) are figured in some cases.

The results by N=0 or 1 are not always good.

For reference, the curves by N=0,

The approximation (L) is valid for W=0 but
becomes immediately worse with increasing W.

1 1.4 1 A S T I B W 2
D=0.5
| E
! “ e
4 Re L
01—— S e o
C-0.3
!
40 / -2
i
. f' N=
) |
8 N8
A4 \ N0
0+ i 1q
40 . 2 T
R, p | £
, Re
20 - |
N
AN
0-- e — ~o
40+ 2
_ N=O
20 ]
i N=g
|
o ]\ T T TH L s T T e O
0 0.2 0.4 0.6 0.8 1o
W .
Fig. 2. Result by ¢ 1.001 and f£=1.3 in

case (a). The curves L are obtained by
approximation (1.).

(

[T T S O A S T (R PR BN S A 3
0:=0.5
T T T
B T
T
Re T
‘\\ L.
[¢] . o]
50 iy 0.3 3
40 ; 2
1. /,,,-\\m Te
- s _N=0 r
- ‘\\\ T . - -
204 N -O\}N 8 NTET

Fig. 3. Result by €¢=1.001 and E=4.1 in
case (a). The curve L is obtained by
approximation (1.).

It might be noted that the approximation (L)
is essentially different from the approximation
where all the imaginary roots of (4) are neg-
lected in (2) to (19) (i.e., N=0).

The reflection coefficient as internal wave be-
comes maximum between W =0.1 and 0.2. Its
greatest value is 52 and the smallest one is 24.

In a previous paper (TAKANO, 1967), here-
after referred to as (7)), the reflection and
transmission coefficients are calculated for sinu-
soidal wave trains propagated in a one-layer
canal of which the depth changes stepwise as in
the present case (cf. Figs. 9 and 10 in (7).
It is found* that those reflection and transmission
coefficients are nearly equal to Ry and TF,
respectively.

* The definition of W in the present case is

ferent from that in (79,

36 )
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Fig. 4. Result by eé=1.001 and E=20
in case (a). The curves L are
obtained by approximation ().

and ci=ecos p; D+ (e—Dpysin gy D/W?2 dy=sinp; D for j=2.
Therefore, instead of (2), the potentials in the upper and lower layers {or x=0#are written,

D=bg yy e itx by (7 e itx 4 My e tmx) 4 by () e ttor 4+ My i e Hax 4 My yy e~ 1) 4

(o)1
o1

40 NS S S U NS D N S S T S O O Wy f 2
7 D:=0.2 L
o TF . .
20 3\ |
“ Nl L
B \ Ri N
T\ 04 _ S . B ;:*O J
| 40 D=0 L
| 404 D=0 -
1A e
R . Te L
.
20+ R |
1 b ;
Ol—Y"r T T T T T T T ;‘y\T 0
(o} 0.2 0.4 0.6 0.8
W
Fig. 5. Result by ¢=1.0002 and E=4.1

in case (a).

Case (b)
If the shallower portion is also stratified as in
Fig. 1b, we define 7,(2) and 7/(z) as
75" (2) =c¢j cosh pug+d; sinh poz, (=0, 1 )}
(j=2)
for 021,
vi(#)=sech p;Dcosh p;(z+ D), (j=0,1)
75(2) =cos p;(z+ D), (j=z2)
for —D=<2=0,

75 (2) =c¢j cos sz —d; sin iz,

where
¢c;=e—(e—1)p;tanh p; DIW?2,

dj=tanh ;D for 7=0, 1,

+ b (yy e itox+ M Tl’e”'i/“l‘—!—i Miyse—mxy4+. ., (22)
5=2

O = b 7o €m0z +by (7o e~ irox+ M}y e~ 12) + by(yg e~ i+ M yre~ itz - Mj yo e i) +

o j ,
+b;(ry e+ Mirie=ime+ 3 Mipoe )+, ... (23)
fopmr’s

Here, zty and p; are the wave numbers of the
external and internal waves, respectively. They
are determined from (4) provided that K in (4)

Iﬂ:ro’(z’) + 3 My (o),
Fy= il
Lf} =70(2) +§l M ys(2),

are orthogonal in the interval

S i 1
\ 1 vl \ Tfuds A+ \ L el
RERY Y Jon g0

(37

~D=<2<1, so that

is substituted by . The coefficients M} (j=1,
2, ..., 00; s=1, ..., 7) are determined, simi-
larly to A% in (3), in such a way that the
functions defined as

for 0521,

for —DZ2x0,

O o),

A

y
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This condition gives, exactly as in case of A3,
a set of j simultaneous equations to determine

M (s=1, ..., 7).

The boundary conditions at x=0 are given by
O 4L =g, for 021,
D=, for —D<250,

) ', )
L= for <2<,
ox ax
09,
P 0” for —D=2<0,
AN LS N
ox
0 for —£<zZ—D.

Likewise, a set of (4+2N) simultaneous equa-
tions are derived if the first N imaginary roots
of (4) are retained, Thus, b; are obtained to-
gether with B;.

An approximate solution by (L) is obtained
as follows. If all the imaginary roots of (4)
are ignored, the potentials @/, ¢’, ¢ and ¢_ are
given by (20) and (21) but those for =0 are
given by

@ =Cyleo cosh prgz-+d, sinh pyz)e—irex

+Ci(cy cosh pyz+d; sinh py2)e~irmx,
B+ =Cy sech poD cosh po(z+ D)e—irox
+Ci sech py D cosh pi(z+ D)eimz,
The four unknown coefficients By, B, Cy and C;
are determined by the conditions at =0,

P+ Ix_ =4 LLI

+r/5.,i _‘“:(/u;“,

aa (4 +4" )4" - gfi \{4 ¢
E (u ~<¢+¢_,>L;“: D a,;’i ”

Here, the vertical variations of the potentials and
their derivatives with respect to x are neglected
on the assumption that both external and internal
waves are very long relative to the depth.

In addition to Ry, T and R;, the transmis-
sion coefficient of the internal waves is defined
as the ratio of the amplitude of the transmitted
0) to the
amplitude of the incoming external wave at the

internal wave at the interface (2=
free surface (z=1). These coefficients are shown
in Figs. 6 to 8 in case of N=6 with the results
by (I.). The amplitude of the reflected internal
wave is nearly equal to that of the transmitted
internal wave and smaller than in case (a).

NE

2 01969 )
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. 0.3 .
Rl . I )
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Fig. 6. Result by ¢=1.001 and E=1.3
in case (b). The curves /. are obtained
by approximation (L),
L 1 1 1 Ll 1 1 1 1 1 i L Il
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Fig. 7. Result by €=1.001 and [£=4.1 in

case (h). The curves I are obtained

by approximation (/).
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[Fig. 8 Result by ¢ 1001 and /£-20 in
case (h). The curves L are obtained

by approximation (L).
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Case (¢)
An external wave train is incoming from the
N T U O NN B B S PR L JfL,J,JHL,,l,L_L,A.}»
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Fig. 9. Result by &=1.001 and E=1.3

in case (¢). The curves L are obtained
by approximation (L).
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Fig. 10. Result by &=1.001 and
E=4.1in case (c). The curves
1. are obtained by approximation

L.

shallower portion to the deeper portion as in Fig.
1lc. The coefficients of simultaneous equations (17)
to (19) in case (a) are so slightly modified that
the solution of this case is readily found.
The potentials for (L) are given by
¢’ =cosh p(z—D)e itz
+ Ag cosh pro(z— D)eiroz,
" = Bo(ao cosh koz+ bo sinh koz)e—ikox
+ Bi(ai cosh kiz+ b1 sinh kiz)e— iz,
¢+= By sech ko cosh ko(z+ E)eikox
+ By sech kL E cosh ki(z+ E)e~ikz,
The unknowns Ao, B and B are determined by
the conditions at x=0,

¢’{ ::¢i s
!z:l 1z=1
o _ 9% .
a-nD pra FrIE (24)
9+
ax‘z:U_ ’

where the vertical variations of the potentials and
their derivatives are always neglected.

TS GO S U OO ST ST S TN S B SO B W S

e e 0
0 0.2 0.4 0.6 0.8
W -
Fig. 11. Result by &=1.001 and [£=20
in case (¢). The curves . are obtained
by approximation (L).

(39
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Figures 9 to 11 show the results by N=8 and
(L). The internal wave generated in the deeper
portion is not less significant than in case (a).
The general trend of curve 7, does not much
differ from that of R, in case (a). It becomes
greatest between W =0.1 and 0.2. The approxi
mation (I.) becomes further wrong if the second
and third conditions of (6) are replacedﬁby other

. .. ap’ Gl 09

possible conditions ’7/{,___ L ¢ - and E’jj + D
P ) ox ox ox

Koo o= 0, respectively.

It‘follows from the results in cases (a), (b)
and (c¢) that the amplitude of internal wave is
increased with increasing thickness of the lower
layer (E) in the deeper portion and with de-
creasing difference (D) between the level of the
interface in the deeper portion and the level
of the bottom of the shallower portion. If the
shallower portion is stratified, the amplitude is
decreased with increasing thickness of the lower
layer (D)) in the shallower portion. In any case,
internal waves of great amplitudes can be generat-
ed in a certain range of low angular frequencies.

Case (d)
The shallower portion in case (a) is bounded
by a vertical wall so as to construct a shelf of

non dimensional length /. Perfect reflection is

assumed at the wall.
The potential ¢% is given by
@' =by cosh po(z— D) {e~itor4-giralz=21)

N
+ 31 b, cos gy (2 IN e rir e prite YD)
J=1
so that the
vanishes at the wall (x=/).

horizontal component of velocity

The solution is immediately obtained with
| S S S | N S S |
f (‘ i
] /) | L
200 [ / \ 20
0 b Ry | \ r
| [ / i
! i !
R, 4 [ / \\ Lo Ag
00— / | { \ =10
oo [} VT
// Uy // /\ oL
\ / //’
/NN /)
e AL N
0 4 T T T T T T T T o
0 > 3 4 5 6
Ly >

Result by &= 1,001, /20,
Lex10?

tig, 12,
1Y 0 and W=

in case (d),

La mer, Tome 7,

N

40

2 C1969)

0 T T T F r
O | ) 3 4 £ &
L,

Fig. 13. Result by = 1.001, £=20,
D=0 and W=6.4X10"" in case
(d).

)‘ L Lot
200~ ,
f it )
|
J
R { Ly
100 4
T peb o

Result by 6= 1.001, £=20,

14.
D=0.3 and W=6.4X10"%in case

(.

slight modification of the simultaneous equations

Fig.

in case (a),

The amplitude of the free surface elevation due
to the external waves on the shelf is represented
by the ampliication factor

Ap=21by pry sinh g1 1))

Figures 12 to 14 show R; and A, obtained
by N=0 and 8 against /.  As a result of the
resonance occurring for Iuy=x/2, 3x/2, the re-
flected internal waves have very great amplitudes,
which attain 260 times as great as the incoming

external wave.

Case (e)

The last one is the case (e) sketched in Fig.
le, where the stratification extends over the shelf
of length /. This case does not much differ from
case (b). To write the potentials ¢, and ¢,,
eitir (=0, 1) and e = (j=2) in (22) and
(23) by e it piria -2 an

T ettt 21

are substituted

¢ respectively so that the horizontal

component of velocity vanishes at =0,

)
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Fig. 15. Result by ¢=1.001, [E=20, D=0.3

and W=6.4 X107 in case (e).

Resonance takes place if Ipo=(2n+1)a/2
(n=0, 1,..., co) for external waves or [pm=

(2n+1)m/2 ,00) for internal waves.

Since /4 1s

(n=0,1,
much greater than g, internal waves
have much more chances of resonance compared
An example is shown i
900, D=0.5. W=6.4x

The amplification factor A,
. |

with external waves.
Fig. 15 for :=1.001, I
1O% and N

=0,
A
. A ol
defined as A, = E YBibS
! I

is figured, as 1o

[ H
case (d), to evaluate the amplitude of the inter-
face elevation due to the internal wave on the
shelf.

A; may be not very accurate because any com-

The maximums and minimums of R, and

plementary calculation is not worked out par
ticularly to determine them exactly. The general
features remain, however, reliable. The internal
waves have great amplitudes for the greater part
of this range of . The maximum amplitude
is found when both the external and internal
waves are resonant. It is 360 times as great as

that of the incoming external wave. The re-

159

flection coefficient R; is about hall of A, and

varies with s in opposite phase with A,

Conclusien

The amplitude of the internal wave generated
from an incoming external wave train by a
stepwise change of depth in a canal is caleulated
in a two-layer fluid system for some particular
All the that

the change of depth is capable of producing

cases, numerical results indicate
internal waves of great amplitudes from external
If the shallower portion is bounded by
the

amplified in both the deeper and shallower por-

waves.
a vertical wall, internal waves are further
tions, when the external and/or internal waves
are resonant. Although neither such a two-layer
fluid system nor such a stepwise change of depth
exist in oceans and the numerical calculation is
carried out for some particular values of the
parameters only, it may be concluded that a
change of depth in a stratified ocean can be
possibly a cause of the generation of internal
waves, In another paper will be shown to what
extent an arbitrary change of the depth is cor-
rectly approximated by a superposition of steps,
so far as the reflection and transmission coeffici-

ents are concerned,

We are indebted to Mrs. Hirosuke NAKAZAWA
and Miss Kazuko Kuroxawa for undertaking
a part of this work.

A part of the numerical caleulation was done
at the Computation Center of the University of
Tokyo.
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On the Oxygen-minimum Layer in the Oceans”

Yoshio SUGIURA®*

Abstract:

places on the oxygen-minimum layer in the world oceans. 2.
oxygen in those oxygen minimal regions are characteristic.
1. The coincidence of the depth of pycnocline with the depth of the most evident
2. The existence of the thick layer of waters with low oxygen content.

features:
decrease of oxygen.

The following facts have been presented: 1.

There are several oxygen minimal

The vertical distributions of

They have the following common

3. The existence of the oxygen minimum in the upper part of the low-oxygen layer, although
the difference is not beyond 0.5 or at most 1.0 m/// between the minimum concentration and

others.

This kind of features can be seen in the Japan Sea, although the oxygen concentration is

not so low as in the oxygen minimal regions mentioned above.

The formation mechanism of

the low-oxygen layer and the oxygen minimum has been discussed in the case of the Japan

Sea.

pointed out.

1. Introduction
Not a few oceanographer’s attention has long
been drawn to the problems on the oxygen-
minimum layer since early studies by WiIsST in
1936 and SEIWELL in 1937 (MIYAKE, 1965;
RICHARDS, 1957). At the early stage of the
studies, the oxygen minimum in both Atlantic
and Pacific were found so often on the isopycnal
plane of sigma-t 27.2 to 27.3 that this, particular
density was once thought to be intrinsically as-
the
minimum layer.

occurrence of the
But,
minimum was also found on the isopycnal plane

sociated  with oxygen-

afterwards the oxygen
of sigma-t 26.8 to 27.0 especially in the tropical
regions. Therefore, the density of water at the
oxygen-minimum depth may not be considered
to be substantially important for understanding
the formation of oxygen minimum.

In this report, the present author intends to
display several facts which seem important for
understanding the formation mechanism of oxy-
gen minimum and discuss about it based on those
facts.

* Received May 22, 1969

** Meteorological Research Institute
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Next, concerning the oxygen minimal regions, the direction for future study has been
. g vg ; 3

2. Some characteristics of the vertical distri-
bution of oxygen in the oxygen minimal
region on the oxygen-minimum layer—the
existence of the thick layer of waters
with lIow oxygen content

The distribution of oxygen on the oxygen-
minimum layer in the Pacific has been studied
by several workers (WEYL, 1965; KAWAMOTO,
1957; OKYEAN, 1966). According
studies, there are two minima.

to those
One is in the
Subarctic Region off the east coast of the Kam-
chatka and another is in the Equatorial Pacific
off the Central America.

Here, noteworthy is the similarity found in
the vertical distribution of oxygen between those
two oxygen minimal regions, as shown in Fig.
1. In Fig. 1, an example in the Andaman Sea
of the Indian Ocean is added besides two examples
in the Pacific Ocean. This kind of pattern of the
vertical distribution of oxygen can also be found
in the oxygen minimal region on the oxygen-
minimum layer in the Atlantic Ocean located
off the west coast of Africa.

The characieristics recognized in the vertical
distribution o oxygen in those regions arve as
follows:

J
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Fig. 1.

regions in the Pacific and the Indian Oceans.

95°55'E),
165°007E),
1087 16" W ).

[. The coincidence of the depth of pycnocline
with the depth of most evident decrease of oxygen

concentration. 2. The existence of the thick

layer of waters with low oxygen content whose
top is located at the depth of 100 to 300m
depending on the depth of pycnocline, whose

bottom reaching the depth of 1,000 m or more.
3. Within the low-oxygen layer the difference
among oxygen concentrations at individual depths
is not beyond several tenth mé/f but still the
minimum can be recognized  in the upper part
of the low-oxygen layer.

The oxygen minimal regions on the oxygen-
minimum layer in the whole oceans of the world
are the Equatorial Atlantic off the west coast of
Africa, the Arabian Sea, the Bay of Bengal and
the Sea in the Indian Ocean, the
Equatorial Pacific off the west coast of Central
America and the Subarctic Region off the east

coast of Kamchatka.

Andaman

Surface layers of those

areas are all rich in nutrient salts. The Equa-
torial  Pacific ofl the west coast of Central

America and the Equatorial Atlantic off the west
coast of Africa are both famous for upwelling.
The surface layver in the Subarctic Region off
ihe

east coast of Kamchatka s probably the

place richest i nutrient salts in the Pacthe or

even in the world oceans.  Simultaneously, those
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Vertical distributions of oxygen and sigma-t in the oxygen minimal

(a): Andaman Sea (9°56'N;

(h): Subarctic Ocean off the east coast of Kamchatka (54°00/N;
(¢): Equatorial Pacific off the west coast of Mexico (20°00'N;

areas are almost all highly productive. Particu-
larly, the Subarctic Region of the Pacific and the
Equatorial Region off the west coast of Central
America and the Equatorial Region off the west
coast of Africa are well-known for their pro-
minence in the primary productivity (GESSNER,
1959; KOBLENTZ-MISHKE, 1960)

From the previous description, the abundance
of nutrient salts and the high productivity in the
euphotic zone seem to be a prerequisite for the
The
upper layer in the Antarctic Circumpolar Region
s well-known

occurrence of the oxygen minimal region.

of nutrient
salts and for high productivity, but the oxygen
minimal region can not be found there. On the
contrary, there we find oxygen-rich water as
compared with waters originating from the lower
latitude, because the Antarctic Circumpolar water
is well ventilated with air through the convection
under the

for the abundance

There is no evident
It may, therefore, be concluded that
coexistence of the nutrient-rich surface layer with
the high productivity and the definite pycnocline
of the

cold weather.
pycnocline.

is needed for the occurrence oxygen
minimal region.

Oxidizable organic detritus can pass through
the pyenocline due to the gravitational precipi

tation but the wall of the pycnocline intensively
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prevents the underlying water from the supply
of oxygen from the surface layer due to mixing.
Consequently, the dissolved oxygen is lost with-
out retrieval beneath the pycnocline due to oxi-
dative decomposition of organic matter with
little or no supply of oxygen. The equilibrium
concentration expectable in the oxygen minimal
region depends on the amount of organic detritus
falling from the upper layer, the stability of the
pycnocline and the saturation amount of oxygen
in the water concerned. The former two deter-
mines the size of AOU.

The observed oxygen concentration in the
oxygen minimal region near the Equator is so
low .e. below 0.1 mi/l that the denitrification
takes place (BRANDHORST, 1959; THOMAS,
1966), but that in the Subarctic Region of the
Pacific is not so low (ca. 0.5ml/l). On the
other hand, AOU is much higher (ca. 6 ml/l)
in the Subarctic than in the equatorial region
(ca. 4ml/D).

The density of water occupying beneath the
pycnocline is 27.2 to 27.3 in the Subarctic
Region and 26.8 to 27.0 in the tropical regions,
which means nothing except that water under
the circumstance under which the supply of
oxygen is hindered has higher density in the
higher latitudinal region and lower density in

30N 32N 34N 36N 38N 40N 42N 44N 46N 48N

0, ml/l 0 510 0 510
0 510
L

Q0 510 0 510
g 1 ———

the  lower latitudinal region. The  mportant

thing is not the density but such a circumstance.

3. Quasi-conservative property of oxygen

The existence of the thick, low-oxygen layer
is a common features among the oxygen minimal
regions mentioned previously. In other regions,
it may be thought that the displacement of a
part of the low-oxygen layer with oxygen-rich
water deforms the characteristic pattern of the
vertical distribution of oxygen. The displacement
of the upper part of the low-oxygen layer with
the oxygen-rich water causes the depression of
oxygen-minimum depth and the increase in
density of water at the oxygen-minimum depth,
as shown in Fig. 2. Fig. 2 illustrates the varia-
tion of the oxygen-minimum depth caused by
the gradual displacement of the upper part of
the low-oxygen layer.

In the Indian Ocean, two minima were found
between 5°N and 15°S along the 78°E meridian.
The upper oxygen minimum appeared at the
isopycnal plane of sigma-t 25.0 to 26.5 and the
lower one at the isopycnal plane of sigma-t
27.0 to 27.6 (Japanese Working Group for
Chemical Oceanography, 1966). The occurrence
of two minima is caused by the intrusion of the
oxygen-rich, Antarctic intermediate water into

10 0 5 10 0 510
0 5 10
R

2
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Fig. 2. DeformationTof the thick, low-oxygen layer due to the displacement
of its upper part with the oxygen-rich Kuroshio intermediate water off the
east coast of Honshu. Twelve vertical distributions of oxygen are shown.
Solid circles show the depth of the oxygen minimum. Lateral lines con-
necting north 1o south are isopycenals, aside which the sigma-t values are

A\Ill)\’\r‘]L
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Fig. 3. Vertical distribution of oxygen, water

temperature, chlorinity, phosphate and silicate
in the Arctic Sea. Observed on the drift station
Arlis 1I by Dr. H. KUSUNOKI, 1963-64.

the middle part (sigma-t ca. 26.8) of the thick,
low-oxygen layer commonly found in the Arabian
Sea, the Bay of Bengal and the Andaman Sea.

Fig. 3 shows the vertical distribution of oxygen
along with chlorinity, temperature, phosphate
and silicate in the Arctic Sea. Data were ob-
tained by H. KUSUNOKI on the drift station
Arlis IT (private communication).
the displacement takes place at the lower part
of the low-oxygen layer with the oxygen-rich

In this case,

Atlantic intermediate water. These examples
make people say that oxygen is a quasi-conser-
vative element. In other words, our observation
is being made on the phenomena in which the
most part of oxidative decomposition of plank-

tonic material has been finished.

4. The thick low-oxygen layer in the Japan Sea
Fig. 4 shows an example of the vertical dis-
tributions of oxygen and sigma-t in the Japan

%
2729 31 33 35 37
0, (mt/1)_5 ' 6 /rz/v
b ‘w\\
1000F '
= \
- ,)
c !
5 I o
[ \
o *
A
2000[— :
I
Japan Sea :
r 417 00'N §
132°17'E :
, !
3000 - Feb. 13 '65 :
Fig. 4. Vertical distributions of oxygen and

sigma-t in the Japan Sea.
Sea. The patterns of both vertical distributions
are similar to those shown in Fig. 1, although
the oxygen concentration in waters under the
pycnocline is not so low as in the former in-
stances. The higher concentration of oxygen
in waters under the pycnocline in the Japan Sea
may be ascribed to the higher solubility of
oxygen under the circumstances concerned, the

dissolved oxygen  ,ml/|
1 2 3 4 5 6 7

O T T T T RE T
1°40'N 38°38'N
103°24'W 135°31" E
1000
E
- Japan Sea
a
@
o
2000 }-
\
\
Equatorial
Pacitic
3000 |- off Central America

Tig. 5. Difference in the vertical distributions
ol oxvgen between the Japan Sea and one of

the oxvgen minimal regions.
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lower primary productivity and, or the weaker
stability of the pycnocline in the Japan Sea.
The similarity of the vertical distribution of
oxygen is noticeable between the Japan Sea and
the oxygen minimal region. But, the careful
inspection reveals that both are not entirely
similar. The difference is shown in Fig. 5. In
the oxygen minimal region, the low-oxygen
layer terminates approximately at the depth of
1,000 m, but in the Japan Sea it extends to the
depth of 3,000m close to the bottom. This
difference can be explained by the stratification
consisting of several different water masses in the
oxygen minimal region and the homogeneity by
one water mass in the Japan Sea.
of the oxygen minimal region, the oxygen-rich

In the case

deep water borders the low-oxygen layer, but
no such a bordering layer in the Japan Sea.

oxygen, ml /1
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Fig. 6. Vertical distribution of oxygen below
the depth of 200 m in the Japan Sea in Aug.
to Sept., 1964 (Data were cited from ‘‘The
results of marine meteorological and oceano-
graphical observations” No. 36. Japan Meteo-
vological Agency (1967). 367 pp.).

Since the sill-depth of the Jupan Sea is shallower
than 200m, waters below the depth of 200 m
of the Japan Sea must have once been the sur-
face water above 200m depth. It must have
been the surface water with the highest density.
This requisite determines time and place of the
Accordingly,
the biological condition and other physico-

birth of the subsurface waters.

chemical properties of the source water consti-
tuting the subsurface water of the Japan Sea
are probably limited. In fact, chlorinity is
nearly constant below the depth of 200 m.

It seems important for understanding the for-
mation mechanism of oxygen minimum to treat
waters in the Japan Sea under such a circums-
Fig. 6 shows the vertical distribution of
oxygen below the depth of 200 m to ascertain

tance.

whether or not the oxygen minimum exists and
to locate its depth if it exists. It is drawn
based on data obtained from 32 stations covering
the most of the central part of the Japan Sea
except the region about 250 km off the conti-
nental coast. It is quite instructive to notice
that the vertical distribution of oxygen has a
minimum around the depth of 600 m beneath
the pycnocline, although the difference between
the minimum concentration and others is not
beyond 0.5 ml//.

When the dead plankton is put in sea water,
the oxygen concentration of the water decreases
first at greater rate and later gradually at lesser
rate (MOTOHASHI and MATSUDAIRA, 1969).
This trend may be thought to express the vari-
ation of oxygen consumed in each layer when
the dead plankton and/or its detritus fall by
gravitational force in sea water. The oxidative
decomposition of dead plankton falling in the
water with the same oxygen content in the
beginning whose surface is prevented from the
contact with air gives the vertical distribution
ol oxygen low in the upper and high i the
lower layer.

The above-mentioned aptitude can be  seen
below the depth of 500 m (see Fig. 6) which
approximately coincides with the lower end of
the pycnocline. This result indicates the effect
by the falling planktonic material. But, in this
connection, the following point should be noticed.
Waters staying in the intermediate layer for the

(47 )
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longer time lose the greater amount ol oxveen
g g Ve

by oxidation of falling planktonic material.

Here, the intermediate layer means the layer
including the oxygen wminimum Z.e. approxi-
1,000 m and
the layer below the intermediate layer will be

mately between depths of 300 and

called the deep layer hereafter. Accordingly, in

order that the homogencity of the deep water

may be maintained, time spent {or stay in the

be nearly

And, m order that

intermediate  layer should constant

among  waters concerned.
the be formed at the
intermediate depth, the deep water should be

water which entered the deep layer after a stay

oxXygen minimum may

for shorter time in the intermediate layer at a
certain limited time and place in the Japan Sea.
At the

rate of water from the intermediate layer to the

other time and place, the transitional

deep layer should be quite slower.

In conclusion, most of the intermediate and
deep waters of the Japan Sea may be formed at
the time and at the place when and where the
The
intermediate water at that time and that place

density of surface water becomes highest.
does not stay for so long time as compared with
the intermediate water at the other time and/or
the other place in the Japan Sea. Such an as-
sumption can explain the observed result con-

cerning the vertical distribution of oxygen.

5. The formation mechanism of the thick
layer of waters with low oxygen content
in the oxygen minimal region
The similarity of the pattern of the vertical

dirtribtution of oxygen between the Japan Sea

and the
suggests the same mechanism as mentioned con-

Sea.

planktonic material is possibly

oxygen minimal region immediately

cerning the Japan The affect by falling
more remarbable
because the area considered is highly prodctive
B,

missible.

this analogy  scems not o he easily per

Because the Japan Sea, particularly
the part below the depth of 200 m 1s a closed
basin, but the oxygen minimal region does not
have the boundary around it.  The heterogeneity
of water mass should be generally considered in
the oxygen minimal region.
the

velocity  of

For understanding observational result,

the falling planktonic material and

Ta mer, Tome 7,
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the rate ol cirealation ol water in the oxygen
Planktonic

material should reach the depth of 1,000 m in a

minimal region should be clarified.

sufficiently short time as compared with time
required for the circulation around the oxygen
minimal region or the circulation should be con-
tinued for long time enough to allow the par-
ticulate matter to reach the depth of 1,000 m:
Because the lower
concentration is found at the depth of 1,000 m

the region where oxygen
approximately coincides with the oxygen minimal
region. These points mentioned above should be
clarified for the complete understanding of the

formation mechanism of the oxygen minimum.
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Why does the Phosphate to AQU Plot give a Straight Line ?*

Yoshio SUGIURA**

It has been clarified by SUGIURA since 1964
that when waters are classified into several
groups according to their water temperature and
chlorinity, the phosphate to AOU plot for each
group gives a straight line. Based on this fact,
the phosphate concentration, P, can be formu-
lated as follows:

P=P,+(P,/O,)(AOU)
, where the ratio of (P,/0,) denotes the slope
of the straight line.

The above equation can be derived from the
following, two equations:

P=P.+ P, and O=0;—0,,
, where ): oxygen concentration, ml//
P.: conservative phosphate concentration,
g at/l
Os:  saturation amount of oxygen, ml//
P,: non-conservative phosphate concen-
tration, that is, the concentration of
phosphate generated at the oxidative
decomposition of organic matter, ug at//
O,: non-conservative oxygen concentration,
that is,
consumed at the decomposition, m{/l

The fact that (P,/O,) is constant irrespective
of AOU makes one feel strange if one supposes
that the phosphate to AOU diagram implies the
regeneration curve of phosphate which shows the
relationship between the regenerated phosphate

the concentration of oxygen

and the consumed oxygen at the decomposition
of organic matter. In fact, according to the
recent study by MOTOHASHI and MATSUDAIRA
(1969), the relationship between the regenerated
phosphate and the consumed oxygen is not a
straight line but a sigmoid curve. Therefore, the
phosphate to AOU diagram can not be the same
as the regeneration curve.

Fig. 1 shows the regeneration curve in a
schematic manner. Here, the regenerated phos-

* Received May 9, 1969
** Meteorological Research Institute
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Fig. 1. Relationship between total phosphorus
and regenerated phosphate for each step of
oxidative decomposition.
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Fig. 2.
mral [)h()ﬂph()l'llS concentration in waters

Relationship between phosphate and

off the east of Honshu.

phate to percentage degree of oxidative decom-
position (equivalent to AOU in this case) plot
gives a sigmoid curve but the total phosphorus
to percentage degree of oxidative decomposition
plot gives a straight line parallel to the abscissa.

Fig. 2 shows the relationship between phos-
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phate and total phosphorus in - waters collected
off the cast coast of Honshu (Preliminary Data
Report of CSK No. 28, 1966).
Fig. 2, the concentration of the total phosphorus

According to

has always nearly a constant bias above the
phosphate concentration, which suggests that the
total phosphorus to AOU plot gives a straight
line parallel to another straight line expressing
the relationship between phosphate and AOU.
Comparison of Figs. 1 and 2 also suggests the
idea that the relationship between phosphate and
AOU does not directly imply the regeneration
curve. The parallelism between the phosphate
to AOU plot and the total phosphorus to AOU
plot suggests that the value of AOU does indi-
cate not the degree of decomposition but the
amount of oxidizable material contained in water
The degree of the
decomposition may not seriously differ among
individual waters with different AOU values.
Fig. 3 shows the relationship among the
phosphate to AOU plot, the total phosphorus to
AOU plot and the regeneration curve. In Fig.
3, four groups of watere are chosen for the pur-

before the decomposition.

Here, it is assumed that the
matter contained in
waters, a, b, ¢, and d is represented by the
average composition of the marine plankton, and
the amounts of organic matter contained in

pose of illustration.
composition of organic

waters, a, b, ¢, and d are respectively in the
ratio of 1:2:4:8.
It is self-evident that four end-points of the

2 pgat/i

2
AOQOU ml/

Fig. 3. Relationship among the phosphate to
AOU plot (chain for 100 % and lower dotted
line for 80 % decomposition), the total phos-
phorus to AOU plot (upper dotted line) and
the regeneration curve (solid line).

fis 169

regeneration curve equivalent to 100 25 decompo-
sition give a straight line if we assume  the
similarity among the regeneration curves. The
slope of the straight line is expressed in 1 pg at
P/3ml Oz Fig. 3 also shows that four points
expressiug the concentration of regenerated phos-
phate equivalent to the »n 9%, say 87% (based on
AOU values), decomposition give a straight line
and four points which express the total phosphorus
concentration corresponding respectively to the
previously mentioned four points expressing the
regenerated phosphate concentration also give a
straight line.

Here, it is noteworthy that the straight line
expressing the regenerated phosphate to AQU
relationship departs more and more extensively,
as the AOU value increases, from the straight
line expressing the total phosphorus to AOU
relationship. To make the two, straight lines
parallel, as shown in Fig. 4, waters with larger
AQU values must have more advanced degree
of decomposition.

Even though we say that the phosphate to
AOU plot gives a straight line, it is not strictly
Actually,
it is not a line but a belt with some width,

a straight line in a mathematical sense.

which may be attributable to the following rea-
sons: unevenness in the degree of decomposition
among the waters with a comparatively limited
range of water temperature and chlorinity, pos-
sible deviation of the actual composition from
the average composition of marine plankton, the
possibility that the regeneration curves may not

2
AOU ml/t

Fig. 4. The requisites for the parallelism between
the total phosphorus to AOU plot and the phos-
phate to AOU plot. Dotted lines show the
rcgenerati(m curves.
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completely be similar among  individual  waters
with different contents of organic matter and
employment of AOU as an approximate amount
for the oxygen consumed at the oxidative de-
composition of organic matter.
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Etude de Peffet du feu sur la péche et de son opération

Yutaka IMAMURA

Résumé: Le feu intense n’aboutit pas toujours a Paugmentation de la péche. Dans la plupart

des cas, il est utile d’affaiblir graduellement le feu au cours des opérations successives de
s

péche, alors que I'intensité du feu la plus efficace dépend de la profondeur des poissons, de la

transparence de l’eau de mer, de la condition hydrologique et des dimensions des instruments

de péche. Jusqu’a-présent, on n’a profité que de la phototaxie positive. La phototaxie néeative
I q ! T q P I I 2

C o .
sera mise a profit 4 'avenir.
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Exploring the Ocean
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Direct-Reading Current &
Direction Meter

Products

KM-2 :
|
ET-5

Catalogues are to be sent ECT-§:
immediately upon receipt of
your order products

TOHO DENTAN CO.,LTD.

Office:

5-15-16, Kugayama, Suginami-Ku,

Direct Reading Knot-Meter for Trawl-
Boats to Control Adequate Speed
Electric Meter of Water Temperature
Electric Conduction and Temperature
Meter for Chlorine

Tokyo. Tel Tokyo(334)3451~3
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ENSURE

Koden Radio Navigation Instruments

Radio Direction Finder
Loran Receiver

Echo Sounder

Fish Finder

Facsimile Receiver

Morse Teletype Converter
Morse Code Selector

Bearing Indication of Radio Direction Finder

O Kodin Eloctunios Co. L1d

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

Cable Address: “KOELEC TOKYO™
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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: Oxygeéne, 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 Trés 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. etc....

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 Shibg,)
Minato-ku, Tokyo, Japan
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Iydrographic Survey and Marine Geological Suri‘qy‘

SANYO Hydrographic Survey Co., LTD.
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12,000,-1, DFEE (L

BEBEESENFREP.D.R)

PRECISION ECHO SOUNDER
FOR DEEP SEA RESEARCH

12, 000 meters below the sea surface can be sounded
with a good accuracy.

HCEBLIAS % R 712, 000m
FTORBEIERL . H0 ik
B LRk AR T L Mo
#%ﬁwﬁmf~¢mﬁﬁﬁkt
TR TE 23t TT. 45y
F— e A-HoREER LT
OFERIC R EE A A L, i
HEH»TEF A

4% & Feature

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

It has various ranges of scale;
however, the scale range is
automatically shifted from 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.

EERRGEE TR - R LY » 2 o rovadkk o
HAED THOREFHETE .

PO KBRS & B I8 TR EAEIL 3 I AL
0~1, 000, 0~6,000, 0~12,000m» 7 /1L v
LV TREE{EAVEH ThY b,
HIECSABIM A CLRMEE» T E 2,
AL ) ORS % 486mm 8L ST A SR
BEELHRR Y- - P AT F
MBS BIELTED

N E

o o N

BRERTEENERR

X BN S a%
DIFERLELZ /

sl

PRECISION ECHO SOUNDER
FOR SHALLOW

for surveying shallow sea, harbors,
lakes, damhes, 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, 0 to
1, 008 meters, 0 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.

KL/

BEERHEKA S

Fe s TR B MESET 1 THL 9 &t
Woah 03 (291) 2 6 1 1 (M8 &)

MARINE INSTRUMENTS CO.,LTD.

1-19 KANDA NISHIKI-CHO, CHIYODA-KU, TOKYO.
CABLE ADDRESS “MARINEINSTRU" TOKYO

EHn<—2




AuT0o-LAB INDUCTIVE SALINOMETER

4+~%+3 9% C.S.LR.O.o BROWN Jku
HAMON WEE X > TEARI N, F—271
CE{REAH O B EE o
#* B
BITESEER : PRARShIL 27.8~4270 S
B X b 0~42%0 S n[{E)

23 B 0.0004%: S
vy B o +0.003% S
FREKE © 5SDce
HBEH ¢ Rk BW

<+ * ¢ 30x68x50 cm
&= g : 32kg

% R % W BABKU TYTRARR

$e 3 Fo= ; \ R » =
®oW WL @ 05 WA B B
K fin st A M HEHXERK KB E1I07TDY
S5 - HILEHREST TEL (811) 5954, 0044 (812) 2360

REVERSING THERMOMETER

Protected

Unprotected

Patented parallax-free back scale, opal glass

back sheath enable precise measurements.
Write for details

e  Yoshino Keiki Co. |
1-14, NISHIGAHARA KITA-KU
TOKYO JAPAN

Precise Thermometer
Mercury Barometer
Hydrometer

Standard Thermometer ]
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