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A Note on Tidal Vorticity”

Shigehisa NAKAMURA**

Résumé: Une solution approchée de 1’équation des tourbillons obtenue dans le cas ott un
courant de marée existe au voisinage d’une cbte droite montre que le tourbillon cotier se
propage vers le large en onde progressive et que sa valeur absolue est inversement propor-
tionnelle & la distance de la cote. La relation entre le tourbillon et le coefficient de viscosité

turbulente que nous avons établie est comparée avec le tenseur de la viscosité turbulente que
HAYAMI avait précédemment obtenu pour ’écoulement stationnaire. On voit que le coefficient

de viscosité turbulent supposé constant dans notre solution correspond a un des éléments

diagonaux de son tenseur, bien que les conditions aux limites ne soient pas les mémes.

A titre d’exemple se montre un résultat d’'une mesure qui s’accorde qualitativement avec le

résultat théorique.

1. Introduction

The author tried to study on tidal vorticity
at coast referring to some field data (NAKA-
MURA, 1966).
exact mathematically but gives a relation be-
tween vorticity and distance from coast.

In the coastal region, tidal currents are sig-
nificant comparing to other components of
currenfs. Introducing a concept of vorticity,
vorticity associated with tidal currents is an
interesting problem. This vorticity might be
defined as ‘‘tidal vorticity ”’.

The theoretical result was not

The concept of vorticity, already before, was
introduced to study oceanic circulation by ocea-
nographers (STOMMEL, 1958). But it seems that
vorticity has not been introduced into problems
of coastal and near shore phenomena.

In this article, the author would like to study
on tidal vorticity by use of successive approxi-
mation method to the vorticity equation. The
relation between vorticity and distance from
coast, and mechanism of time change in vorticity
are studied, which shows that vorticity is in-
versely proportional to the distance from coast.
After that, coefficient of eddy viscosity is studied
in relation to vorticity.

2. Vorticity equation
Vorticity equation is derived from the equations

* Received Sept. 8, 1966
** Disaster Prevention Research Institute, Kyoto
University

of motion and the equation of continuity. And,
here, vorticity averaged from sea surface to
bottom is considered. Cartesian co-ordinates
taken, and x and ¥ axes correspond to a coast
line and to normal line to the coast line, re-
spectively. The -y plane is horizontal near
the sea surface, and z axis is vertical and up-
ward positive.

Vorticity equation is

Dm¥ . 6w
Dy =T @ =f " (D
where
ou Ov
=0y oz’ 2
and
D 8 0 0 ,
Do Ve ey T ()

and u,v, w are -, Y-, z-components of current
velocity, respectively, f is known as Coriolis’
factor which is equal to 22sin¢.

Considering about vertical motion of sea
water,

e -
W= 5 at sea surface, (5)
w,._g=0 at bottom . (6)

And by integration of each term of the equation
(1) from sea surface z={ to bottom z=—H,
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or, when ¢ </,

Dwmy 7o
=Tl Ped— T, (8)
where
1 {¢ 3
= dz . 9
®o H B 71103 (9

Hereafter, @, is rewritten as @.

3. Successive approximation to vorticity equation
Vorticity equation (8) is a non-linear equation,
which is solved here by successive approximation
method.
Now assume a solution of the equation (8) as

0

o=V, (10)
n=

and assume current velocity and level of sea

surface as
U= ie™e an
v=" v (12)
and _
=DMt (13)

Substitute the equations (10), (11), (12) and
(13) into the equation (8), and the reduced
vorticity equation is

a A
2_!‘ L‘il(J)ZD”G““”'-f-u[,ﬁ—,@q—cfw”’w[—[-‘UI,*O:CDJ L,[(guq)m{
ox oY
|:f V @, mwl lﬂ(;;Cn '(‘)i,/l,(ul,:l , (14)

where 7, p and ¢ are integers, and p+g=n
(nz=1).

Equate the terms of the same power of ¢ in
the equation (14), and the following differential
equations are obtained;

n=1,
lwm, =17 F* ZDl—uufTCf. (15)
n=2,

) o] ol 2iwfl
i+ u; @xl + 0, 5@/1 =7 Vwy— ﬂj’;z . (16)
n=3,

0 s 0w
3za)m3+u1 iz —I-uzo&j— “+ vy 001/ +zr_0h‘[/1
. 3iwfls
=7 Vwg— - 2%, 17
7 V2w, I an

For convenience of culculation, consider that
dependency of @, to ¥ only for a fixed value
of x and F? is assumed to be able to write in
a form of 0%/0%°.

Partial solution of 1st order approximation
is derived from the equation (15)

@i=[Cre™ TPV Y Cae TV Vet (18)

By use of equation (18), partial solution of 2nd
order is derived from the equation (16).

N f(z Ci /0 41,;)«”‘“
mz_(. H 22V 24°

_l_(:z (L ,T-Jezzwl

(1 ol Y.

—Hvéj ‘,,m/ﬁ'{S“Ul B wézl‘y} ctdy o (19)
Lz {

where

20, .
wh=Dae TV (20)

And partial solution of nth order is

o oor
m"“[ H 2/

) (,f /] ~(1+5)\»"';‘:’y
hw

2
+( n (1+b>\ 27 J niwl

Sfm/j {j[ \/‘ '1) ) Dy Jm/dy}emw dJa
[H q=n ,

@D

where

/Lw

@= BV (22)

and B,, ("1, C:.C} and C% are constants which
are determined by given boundary conditions.

4. Conditions to tidal verticity

It is already known that velocity gradient is
larger in a coastal region than in offing. And,
consider a synoptic flow pattern of parallel
current to the coast (HIGUCHI and NAKAMURA,
1966). Under these conditions, the solution of
the vorticity equation

D= Z aneinwt

is shown by the following form, which is sum
of the partial solutions of each order;

C2)
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WRe=— =

_)‘\’j"“;y.ﬁ[2 ‘LLQ / ~ 2 f~—>
e 27 < /\ ?/"i‘ @ 4

2 003 /
+e V2 uic "= cos < N L/+3mt~»~>
43 =D/ 2 21
v Voo,
5O / )
—e VY. Jilf—?j:— cos <~\/" %@/-&-3@‘) . 23
e N @ /
4 3 =14/ 7

From the equation (10) and (21), it is sure that the solution of the vorticity equation has the term
& o .. . ) .
<—»IJ;> so that <*Iji is inserted instead of the terms *Iff Cie' ot + et 4 Lae® ! ] ) in the equa-
tion (23).
Using an approximation

()7“"":]—(1.1,'%— aj e e : O ,,.,,,,‘, (24)

the solution (23) is rewritten,

1 -] / ne e 7
?DRe#'_/‘:T"“"'"‘L— o N/i cos <—\/ »é%y%-mt\—’z'l, L cos <—\/ '5%?/+2wt—‘—>‘ ‘

w 2y 2 w / é\f 2 il
»\/ 27 y+1 .
2002 e - WO P E
- - o °%° (_\// é;’éH—Swl—Z) — 1'""——: cos (—\/’/ %y"l-fiwz)‘l
- w (] /
WIW3I—Dy 2 / D/ ‘ 4 -
V2 (W3 =14/ o 403 XY, o
1 TG o ot Ja
+ /2;; {—— Zv’JZ /\/ 5 COS< /\/ —_— J+2wf>+ ,7 = COS <—,\/ 7{/%*3&)2?)]
\/ 27){/“{‘1 4(\ 3 —A 2)»\/
4
I R /3 o
+ / 30 T ':* ?\/ —— COS (“\/ D) y‘{-S(UZ‘/)J—' ﬁ‘ . (25)
A %@/-}—1

and

Z I . ’7—/ cos —~\/)” Y/—{—mlv (26)
Il J’ﬂy 2~" 2V 27" '
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This solution shows that, in coastal region,

Coriolis’ effect is as much as <_7%f7> and the

solution has a part which is inversely propor-

tional to distance ¥ from coast in case of large

value of 7. And that, the solution shows that

the vorticity is propagated from near coast to

offing as if it were a progressive wave; with
w

/
wave number \/ oy and frequency w. C; of
i

the equation (26) should be determined by a
given boundary condition.

5. Relation to coefficient of eddy viscosity

Even when the solution of the vorticity equa-
tion is taken up to higher order approximation,
it can be found that the equations (22) and (23)
have the factor of ¥ ™' in case of large value
of ¥y. Now again, consider about the equation
(26) for fairly distant region from coast. Then,

Cji ,Cl &7) < /V(u/ >

WRe I 4?J< > cos \/ —27/ Y+ wt ).
@7

From the above solution, a relation between

wre and 7 is found. If the Coriolis’ effect is
negligible, it is easily found that @ge is propor-

tional to 7. Through this derivation of the

solution, coefhicient of eddy viscosity has been
considered as a constant which is independent
of time and location. Formerly HAavAaMI in-
troduced (HAYAMI, 1949) a relation between
vorticity (@w=rot «) and eddy viscosity 7 as a
tensor (7=7;;) for a steady flow, that is

H1i1 Y1z M3
N="0i;=| %21 Va2 Y23

VESR/EV T

0 0O
=(C®-Jrotul-2? 01/20 |, (28)
0 0 1

where 7,7=1,2 and 3. Comparing the relations
(27) and (28), these are fairly similar each
other in the relation between w and 7. Exactly
speaking, 7 in the equation (27) seems to cor-
respond to 7ss in the equation (28).

6. A solution referred to field data

Synoptic flow pattern in relation to distance
from the coast is able to write as following,
when the bottom configuration is rather simple.

u=plogy+gq, 29)
where # is current velocity at ¥ distant from
the coast, p and ¢ are constants which should
be determined from observed data of current
velocity in the field. In a case of the flow
pattern, currents are parallel with each other
so that vorticity may be described as follow in
this case;

o=py~*. 30
This relation is acceptable for some field data
which was already introduced by HIGUCHI and
NAKAMURA (1966). And that, the relation
between vorticity and distance from coast in
equation (30) has good correspondency to the
relation (27).

This result seems to show the relation between
vorticity and distance from the coast can be
determined referring to the observed data of
current velocity, and that the relation obtained
from successive approximation method is con-
sistent in relation to the result of field data
qualitatively.

The author would like to acknowledge to Dr.
S. Havawmi, Dr. K. YaNO, Dr. Y. IWAGAKI
and Dr. H. HiGcucHl for their valuable sugges-
tions to this study.

References

Havamr, S. (1949) : Study on process of sedimenta-
tion. Symposium on sedimentation in Kyoto, 1-
8. (in Japanese)

Hrcuchr, H. and S. NAKAMURA (1966) : On tidal
currents at Eastern Harima Coast. Ann. Dis.
Prev. Inst.,, Kyoto Univ., No. 9, 771-777. (in
Japanese)

NAKAMURA, S. (1966) : Courant de marée et tourbil-
lon dans la région coétiere. La Mer; Bull. Soc.
franco-japonaise d’océanogr., 4(7), 108-110. (en
japonais)

STOMMEL, H. (1958) : The gulf siream. Calif. Univ.
Press, 105-125.

4



£

A Note on Tidal Vorticity 219

IR % T BT 5 B
N B XA

E B NEMMETRMICE b THHRWRERZbN D, EZATIRETITREOMEY 20 x>
ENBEMEOREIZHA L72BIREE AV L5 ITE 2 BD, I 2 TILESRIR O BB O ST THYIA
FAET 2HBETOWT, MEFTRRNE BREDEC & o TN THhIz, ZORE, WK EIE A
O OERNTSHPIL, HERMEOREIIETEOMIE b » THANMEEL T 2 &2 2ibd 572,

DO THIKN 2T v Y VBRI TR L7z, EERICH T 20BN T v v L e, RiZEhnRE SRR
DIRZBNTHDN B & BB R L ORBIRE 23 L T3 E B OB AR IETRA D2, 3
JCRARIZ E STV B Z & dthivotoe E70, RICEE M THI - TEME LTRGBS R80T,
BN 7 > Y L OW ARG DD IET Db D EEZ B D,

7o, BHEBRERNC L & S, MyEOERERCS T2 0m e 0B he E2 2 L X, 0@
s BLEAN DML, WL > TR L2 DD T, WEERAD OHEBIIY AT 5, 2, RRIThE
2L B IRE B —5% T B,

¢5)



La mer; Bulletin de la Société franco-japonaise d’océanographie

Tome 4, N° 4, Novembre 1966

ST 00 e -

ShvizonT”

S I 5 G T/ N

Tsunami et houle au voisinage des bouches d’un fleuve

Shigehisa NAKAMURA

Résumé :

Une étude porte sur la variation du niveau d’eau au voisinage des bouches d’un

fleuve, causée par la remonte d’une onde longue (tsunami ou houle) se propageant du large,

dans le cas ou le gradient du fond et la profondeur du fleuve sont constants.

Une solution

approchée des équations du mouvement et de continuité par la méthode d’approximations

successives montre que l'atténuation de la variation du niveau dépend de la vitesse moyenne
de l’écoulement normal, de la profondeur et de la distribution verticale de la vitesse. La
vitesse de la propagation de la variation du niveau et son atténuation au cours de la remonte

sont calculées.
du fleuve au voisinage des bouches.
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Decision of the Direction of Setting Purse Seine in due
Consideration of the Behaviour of Anchovy Shoals*

Makoto INOUE** and AYODHYOA™**

Résumé: Nous étudions des facteurs déterminant la direction du jet de la seine & poche

au golf de Tateyama & Chiba-ken par les données de la péche du Katsu-maru entre le mois de
juin 1951 et le mois de mai 1952. On ne tient habituellement pas bien compte des directions

du vent et du courant marin & la péche & la seine 4 poche, alors qu’elles sont généralement

des facteurs importants déterminant la direction du jet. Dans la plupart des cas (80% de tous

les jets), la topographic du fond y a été considérée comme facteur le plus essenticl, car les

pécheurs croient que les anchois surpris par le bruit du bateau et le mouvement de la seine

s’habituent & s’enfuir vers la profondeur.

1. Introduction

The fishing methods of purse seine in
Japan are divided into two types, i.e. the day-
time seining and the night-time seining which
uses an attracting fish lamp. The method of
the day-time seining is at first to locate the
existence of shoal by means of sighting or
by the aid of fish finder, and then to enclose
the shoal in a round shape of the net.

In the daytime seining to observe the
swimming course of shoals is one of the im-
portant factors to obtain success, but very little
is known at present of the environmental factors
influencing the swimming course of fish. Ac-
cording to the studies of GAWN and SAUNDERS
(1951), which are quoted in the book of Ilmo
Hera and Taivo LAEVASTU (1961), the direc-
tion of fish in current is usually headed to the
current, whereas in weak current other direc-
tions and orientations occur. N. B. MARSHAL
(1965) said that in a strong flow, for instance,
it is essential for neutrally bouyant fish to face
into the stream and swim upstream as fast as
the current carries them down, if they are to
hold a steady position. Following to the opi-
nions, the current must be one of the factors
to decide the direction of setting purse seine,
but not the whole.

Besides, if the precise direction of movement
is observed, the shoal changes its course to

* Received Sept. 21, 1966
** Tokyo University of Fisheries

unexpected direction immediately bzfore the net
is set, as soon as it is frightened by the sound
of the engine of boat or the motion of net in
the water. This is one the serious reasons of
failure in the operation of the daytime seining.

In the present paper, the problems that
which direction of shoal changes its course
when frightened by the external stimuli caused
by a boat or net, and how the fishermen are
coped with this situation to obtain success in
the daytime fishing were studied.

2. Data

The source data used in the present paper
were obtained from the logbook of a seiner,
the Katu-Maru, 18 tons in gross tonnage, whose
base harbour is Tateyama, Chiba Prefecture.

The operation of that ship was done by two
boat purse seining system in daytime. The
source data analyzed in the present studies
were of throughout one year from June 1951 to
May 1952. In the logbook, there are records
of weather, wind, current, fish species caught,
catch and in addition the schematic records
indicating the direction of the secine just after
setting the net. The method of searching fish
was chiefly due to the aid of fish finder. The
species of fish caught were anchovy Engraulis
Japonica, Trachurus japonicus. Clupanodon
thrissa and Sardinops melanosticta. As about
90 percent of whole catch were occupied by
anchovy, in the present paper only anchovy

(14)
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was studied. The average catch of anchovy
was about 400 kg per one operation throughout
the fishing season. The anchovy shoals was
classified into 3 types according to the size of
fish which composed the shoals, and the mea-
surements of each size class revealed as follows:
small size fish 5-8cm in body length; middle
size fish 8-12cm; large size fish over 12cm.
The both directions of the wind and the
seine recorded in the loghbook were reclassified
into 8 directions 7.e. N, NE, E, SE, S, SW, W,
NW and N, and the direction of the seine was

shown with a mark of U, which means such a
fact that two seiners were situated at the top
of U type after completing the circle, in another
word, the bunt (bag) of seine was placed at
the position of the bottom of it. Tateyama Bay
was divided into 9 sections from the configura-
tion of the contour lines as shown in Fig. 1.
The directions of the seine recorded in the
logbook were plotted on the chart in each
month as shown in Fig. 2 or 3, but in the
present paper most of them were omitted on
account of space consideration and only the

Sagami Bay

Tatgyama Bay

PACIFIC OCEAN /’ Goastal

_ 7 /// Kuroshio Current 74

Current %

/

Ir

AT
@E@ﬂ\O/
L= &

_Tateyama Bay

/W%ﬂ

5,

&

Fig. 1. Schematic presentation of the current in Tateyama Ba\, and

geographical position of the bay.

White arrow marks show the flowing of the coastal current and oblique lined arrow
marks the flowing of the branch of the Kurosio-current. Sectors of an angle of 90° show

the direction of the deep in each section.
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50 5/ 30 !20!\ m‘/'

1

Fig. 2.

The direction of seine, June and July, 1951.

Arrow marks and the figures beside them show the direction of wind and its speed (m/sec).
The figures beside U type show the number of the data shown in Table 1.

data of June, July (the summer season) and
December, January (the winter season) were
shown ‘as examples, respectively, in Figs. 2, 3
and Table 1. .

3. Results

It has been said that wind and current are
the factors to bz due considered for the de-
cision of the direction of setting purse seine in
addition to the swimming course of fish shoal.

The desirable net form against wind after

completing the circle at the view point of the
convenience of hauling net working is that two
seiners are situated on the lee as shown in Fig.
4, which shows a typical form of the net against
not only the wind but the current which are
running counter to each other. If the decision
of setting the net was affected by only the
wind, this type should have been exceeded in
quantity in Fig. 5 showing the relation be-
tween the direction of the seines and the wind,
but in fact, result obtained from the figure was
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.

TATEYAMA BAY

Fig. 3. The direction of seine, Dec. 1951 and Jan. 1952.

contrary so much to the estimation stated above.
Throughout the period of the research, the
maximum wind speed was 3 m/sec and the {re-
quency of occurence of the wind speed over
2m/sec was only 13 times it is equal to 8% of
the whole operation (162 times). According
to the fishermen, as the purse seining operation
has not been subjected to the influence of the
wind speed below 2m/sec, it is not necessary
to consider the effect of the wind in usual
operations.

The net form against the current must be
considered from two points of view; the one

is the biological effect to the swimming course
of fish as stated in the introduction, and the
other is the hydrodynamical effect to the opera-
tion itself, because the net during the operation
is often transformed in its form by the curreni.
The effects of the both are always completely
counteracting in directional aspect, because the
desirable direction of the seine against the
hydrodynamical effect should be down the cur-
rent as shown in Fig. 4 and against the biolo-
gical effect should be up the current if the fish
has a rheotaxis (orientation to current). Ac-
cording to the fishermen, a special attention is

C17)



Records of the operations shown in Figs. 1 and 2.
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Table 1.
June, July Fig. 1 !
No. | } T I I ! No
s | Wea-i Size | i o
l Date Time ther }of ﬁshi Catch

1 June 17 15.40 ¢ S r 1
2 17 14.15 b S P 2
3 24 10.45 b S P 3
4_1 26 10.15 b M E 4
5 26 11.30 b M G 5
6 14 830 | ¢ s Nl 6
7 19 10.50 | b S G 7
8 22 7.15 ‘ b S E 8
9 24 1520 | b S G 9
10 17 16.50 + b S G 10
11 22 15.00 b S Nil 11
12 14 6.05 b S G 12
13 13 13.10 b S G 13
14 30 12.00 T M E 14
15 20 17.05 r S G 15
16 30 13.30 . r S G 16
17 13 1440 b S G 17
18 24 12.15 + b S Nil . 18
19 24 1330 | b S E | 19
20 22 12,25 © b S G 20
21 22 1625 b S G 21
22 22 16.25 b S P 22
23 22 11.00 b S E 23
24 22 9.50 b S E 24
25 22 8.25 b S E 25
2 30 1540 ¢ S G 2%
27 24 6.15 | b S P 27
28 26 [ b M G | 28
29 July 30 11.15 | ¢ — — P29
30 17 9.15 c M P 30
31 17 19.30 c M E 31
32 17 6.10 [ M E 32
33 17 7.30 ? M | E 33
34 7 6.45 L E 34
35 7 17.45 ‘ c M E 35
36 10 815 | b S G 36
{
‘ 38
Time: starting period of setting seine 39
Weather: b—blue sky; c—cloud; r—rain 40

Size of fish: S—small; M—middle; L—large

Catch: P—poor (less then 400kg);
G——good (400-1,000kg);

E—excellent (over than 1,000kg)

Dec., Jan. Fig. 2
| - ! .

Date Time ‘?heéar- %ofSIE:h Catch
Dec. 30 | 14.15 c S Nil
19 | 16.10 b L Nil
19 13.25 b | L E
7 1700 | b | M E
19 8.05 b L E
19 13.25 b L E
19 10.15 b L E
20 16.15 c S G
17 15.25 b M E
25 8.05 c S p
17 14.15 b M E
13 8.10 c M G
13 10.10 © ¢ M G
21 8.00 | ¢ M G
9 17.10 | b S P
12 15.50 | ¢ S E
12 17.50 | ¢ S G
12 13.35 ¢ S E
20 18.15 b S E
12 11.50 b S Nil
27 14.40 b S G
26 13.50 b E
26 14.50 b E
26 16.40 b E
27 13.20 b E
28 8.25 b E
. Jan. 10 8.00 b S P
| 27 17.20 b E
5 11.30 b s G
5 12.20 b | S G
27 14.45 | b S G
24 11.20 ¢ E
24 12.40 c M G
26 15.10 c M G
14 8.35 . ¢ S Nil
10 9.20 ' b S G
26 9.15 b S Nil
29 8.15 b S Nil
24 8.50 | «c M E
24 13.50 | ¢ M G
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—_— BuatsO
WIND <URRENT

Net

Tig. 4. Typical form of two boat purse seine
against wind and current after setting the
net.

not paid in slow current on the relation be-
tween the current and the operation, and in the
case of a swift current the fishing is given up.
However, in the present paper, the relation is
checked up to make sure by comparing with
Figs. 1 and 5, indicating the direction of the
seine and the direction of current, respectively.

The detailed informations on the current in
Tateyama Bay are not certain, but according to
the observation by Tateyama Fisheries Experi-
mental Station and a few data recorded on the
logbook of the Katu-Maru providing the source
data for the studies, there are two different
streams of the current as shown in Fig. 1; the
one is the coastal current running from the
west, Sagami Bay, and the other a branch of
the Kuroshio-current. The former is flowing
into the bay all the year round and the latter
is flowing only in summer when the origin
makes its force predominant. The two dif-
ferent streams are running from the same
direction and divided into two ways at the the
center of the bay as shown in Fig. 1 and the
one is running counter-clockwise along the
shore towards the north and the other running
half-roundly clockwise along the shore towards
the south, and their speeds are usually below
one mile per hour. Other streams such as the
tidal current or the stream from the rivers are
neglected from the consideration because of
their lower speeds.

If the direction of the seine was decided by
only the swimming course of fish, which was
estimated from the direction of the current, the
most of the operations should have been done
so as to cut the movement of fish. Similarly,

if the direction of the seine was decided by
only the direction of the current itself in due
consideration of the hydrodynamic effect on the
operation the most of the seine should have
been set in the direction of the down current.
However, in fact, the comparison of Figs. 1
and 5 shows such a result that the relation be-
tween the direction of the seine and the current
was close neither on the biological effect nor
on the hydrodynamical effect, and thus, Fig.
5 suggests the possibility of the existence of
another factor affecting the direction of the
seine.

According to the fishermen operating in
Tateyama Bay it has been said that the most
important factor to deiermine the direction of
the seine is the direction of inclination of the
bottom, which is found from the structure of
the contour lines, and this is called the precon-
dition for the daytime seining in the present
paper. This precondition is of course based
on many data obtained from the records of
fish finder and the practical knowledges of the
fishermen on the behaviour of the fish, i.e. the
shoals of anchovy near the surface descend
immediately to the bottom when a motor boat
approaches them (this will be recognized by
the traces of fish finder), and then or at the
same time they will run away to a deeper place
of the sea, but the latter is only recognized
from the fishermen’s experiences, because there
is no record to evidence it.

In the present paper it was studied that how
many percent of the operations depends on the
precondition to shoot the purse seine, and in
this case what difference occured by the size
of fish or by the section. It was clear at only
a glance of Figs. 2 and 3 that the seines
opened to the shallower part were remarkable
in quantity and this fact means that most of
setting net are done so as to cut the retreat of
frightened shoal. Here, as the directions of
the deeper were different in each section they
were determined as shown in Fig. 1 with
sectors of an angle of 90°, judging from the
contour lines, and the directions of the shal-
lower were opposite to them. To research this
matter in detail in each section, the ratio of
the number of the seines opened to the shal-
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Relation between the direction of seine and wind.

Figures in the center circle show the total number of operations in each section, and figures
at the opening of U type the number of operations in each direction. Figures beside arrow

marks show the frequency of occurrence of wind.

lower part (n) to the number of the whole
operation (N) were shown with a fraction in
each section in Table 1. Section I was 22/26,
1110/10, 109/9, IV8/14, V52/65, VI8/12, Vli1/1,
VII8/14 and IX5/8, and their total came to 130
/162 and it equals 80 %.
was found that the direction of setting purse

From the results it

seine in Tateyama Bay was decided in a con-
siderable degree depending on the direction of
inclination of the bottom.

It was clear, toc, that the value of n/N
varied in the difference of the section and the
size of fish, namely, the values in Sections I,
I and QI were larger than in the others, and
simultaneously the values for the middle and
large size fish were larger than for the small
one, and this tendency was remarkable ecpe-
cially in Sections I, II and II.
these facts the authors established the foliowing
two assumptions:

To explain

(20)
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(i) The tendency that the shoals run away
to the deeper when frightened by the
sound of engine or the motion of net
increases according as the angle of
inclination of the bottom increases. (the
bottom of sections I, II and IIf is far
more steep than of the others)

(i) This tendency is more remarkable for
the middle and large size fish than for
the small one, (as the topographical
effect of the assumption (i) always
occurs together with the biological
effect of the assumpiion (ii) the sepa-
ration of the both may be pretty diffi-
cult.

Though these assumptions should be certified
in future by biological studies, in the present
studies they were checked up by analyzing the
data in Tables 2 and 3. Section V, the center
part of Tateyama Bay, is the most valuable
fishing area and fishes of various size have
appeared in it as shown in Table 2. In this
section, the value of n/N for the middle and
large size fish was far greater than the small
one, and it may evidence the assumption (ii).
This is also suggestable from the following
matter. The catch over 1,000 kg is 36 times in
the whole operation of 162 times and the catch
of nil was 22 times as shown in Table 2. The
operation with over 1,000kg catch was as-
sumed here as success, (the average catch
per one operation was about 400 kg), while the
operation with no catch was assumed as un-
success. The success of the operation does
not always depend on the direction of setting
purse seine, because if the aimed shoal is of a
very large, even with unsuccessful operation it
may be easy to gain over 1,000kg catch, on
the other hand, the operation of unsuccess may
be completely due to a mis-judgment of the
direction of setting purse seine against the
movement of shoals, because even if the hand-
ling net itself is failure a little fish ought to
remain in the net. The number of the opera-
tion of unsuccess was 22 times and among
them the number of the seine opened to the
shallow was 17 times, and that all of them was
done only for the small size fish appearing in
the coastal area of Sections VI-XI. From the

results it may be realized too, that the decision
of setting purse seine depends on the size of
fish, that is, for the small size fish the direction
of seine is not certain, whereas, for the middle
and large size fish it is almost uniformity 7.e.
to the deeper place of the sea.

Table 2. Number of the operations for
different
tions in Tateyama Bay.

sizes of anchovy in 9 sec-

o Size | : j i ;
SOFRSh farge Middle  Small 4 Total
Sectior\t;‘;l i \ . ‘
I | 810 8/5 7/9 . 2/2 | 22/2%
o 6/6 @ 4/4 ‘ 10/10
mw 3/3 3/3, 3/3 ‘ 9/9
Vo o238 | 66 15417
Vo o2 | 1818 | 29/42 33 52/65
VI | Co8/12 Co8/12
i L ‘ 1/1
it 814 8/
IX  5/8 . 5/8

Total ~ 19/21L  30/31  70/99 11/11 130/162

Note: Numerator of the fraction shows the number
of the seine opened to the shallow, and denomi-
nator shows the number of the whole operation
in each section.

Table 3. The numbers of success and
unsuccess on the operation.

Success
The number of success 36
— seine opened to the shallower part of
the sea 31
— seine opened to another direction 5

Seine opened to the shallower part of the

sea 31

— for the fish of middle & large size 21

— for the fish of small size 10

Unsuccess

The number of unsuccess 22
— seine opened to the shallower part of

the sea 17

— seine opened to another direction 5

Seine opened to the shallower part of the

sea 17
— for the fish of middle & large size 0
— for the fish of small size 17

(21)
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It was found in Table 2 that 32 operations
(20 % of the whole operation) were done con-
trary to the precondition that a frightened shoal
will run away towards the deeper part of the
sea, and they were done in due consideration
of other factors. The other factors considered
here are the position of the sun, the pursuit of
the predator and etc. According to the fisher-
men, in a very short period after sunrise and
sunset anchovy shoals rush to the direction of
the sun.

This was checked up in Table 3, and the
period referring to the movement of fish was

fixed within 30 min. after sunrise, on the other
hand, the data of sunset were omitted from the
consideration because the direction of the seine
is affected by the inclination of the bottom in
Sections II and V, where most of the operation
at dusk was done exclusively. The operation
due to the pursuit of the predators, shark and
yellow-tail, were seen only twice in Section .
The explanation on the remainders of 22 opera-
tions taking off 10 operations stated above is
difficult because many factors influencing the
purse seine operation may be acting on each
other.

Table 4. The records of the operations where the direction of seine opened to the position

of the sun within 30 min. after sunrise.

|
Date Weather Sftiflténogpg;ﬁgi Pseéir?r?s:f Section | Size of fish Catch Igifri(é‘gir?en
June 17, 1951 clear 5h 05m  4h 38m IX middle | good E
Aug. 27,1951 | # | 5h 35m 5h 09m | KX small | il E
Aug. 29, 1951 7 | 5h 20m 5h Tim |V " good SE
Sept. 3, 1951 ” 5h 30 m 5h 15m | IX ” poor NE
Sept. 4, 1951 7 5h 45m 5h 16m | V 7 good E
Sept. 5, 1951 ” 5h 35m 5h 16m | V % good SE
Sept. 10, 1951 7 | 5h 45m 5h 19m @ X " poor SE
Sept. 29, 1951 | ” i 5h 20m  5h 34m VI ” good NE

4. Conclusion

In the purse seine operation in Tateyama
Bay the direction of inclination of the bottom
is a very important factor to decide the direc-
tion of setting net, so that, 80% of the whole
operations are done in due consideration of
contour lines, and it seems to be influencing
differently the size of fish and the fishing area.

The precondition used in the studies ‘‘a
frightened anchovy shoal goes down to the
deeper place of the sea” must be confirmed
by means of a biological investigation, and at
the same time, it must be examined, too, the
middle and large size fish percept the external
stimuli such as the sound of boat engine or

the motion of net more sensitively than the
small one.
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A New Species of Sagitta (Chaetognatha)
Collected off the Izu Peninsula*

Masataka KiTou**

Résumé: La nouvelle espece ‘‘Sagitta izuensis” a été trouvée dans un échantillon de

plancton levé de 2500 m de profondeur au large sud-ouest de la péninsule d’Tzu par le bateau
de recherche Tansei-maru de U'Institut de Recherche Océanique de I’Université de Tokyo.
L’échantillon est un corps de mi-maturité. Elle appartient au groupe composé de Sagitta bedoti,
S. bedoti f. minor et S. pulchra, mais en différe par sa largeur du corps, la nageoire, etc.

1. Introduction

Sagitta izuensis n. sp. described in the present
paper was found from the deep-sea collection
by the R. V. Tansei Maru, Ocean Research
Institute, University of Tokyo. This new species
belongs to the group formed by S. bedoti
BERANEK, S. bedoti f. minor TOKIOKA and .S.
pulchra DONCASTER.

Only one specimen, a holotype, was caught
by obliqgue haul from the depth of 2500m
(estimated by wire angle), with a 160-cm opening
-closing plankton net (OMORI, 1965) at station
115-2 (32°38.8’N, 138°38.5’E) located in the
sea south of the Izu Peninsula, on April 25,
1965. The holotype is deposited in the Ocean
Research Institute, University of Tokyo.

2. Sagitta izuensis n. sp.

Maturity stage of the holotype is recognized
to be medium, as a result of the examination
of the ovary, testis and seminal vesicle: The
overies reach to the posterior part of the anterior
fin. Some of ova increased in size. The tail
cavity was filled with spermatozoa (Fig. 1).

Body length is 41.0mm, excluding the tail
fin; the tail segment occupies 16% of the body
length. The body is so flaccid and transparent
as to see easily the ovaries and the intestines,
but it is not bulky and tumid as S. hexaptera

* Received Sept. 27, 1966
JEDS Contribution No. 75

** Oceanographical Section, Marine Division, Japan
Meteorological Agency

or S. maxima groups. The neck is distinct.
There is no constriction at the tail septum. The
body is widest at the level of the middle of
the anterior fin. The lateral field is wide.

The anterior fin begins at the level of the
posterior end of the ventral granglion. It is
extremely narrow at the anterior three-fifths and
broadens at the posterior end of it.

The posterior fin is trianglar, fairly shorter
than the anterior and widest behind the tail
septum.

In both fins, the narrow anterior portion is
devoid of fin rays, and there is a conspicuos
rayless-zone along the trunk.

The head is small in proportion to the long
body.

The hooks are 6/6 in number. These are
well curved and have no serrations (Fig. 1-b).

The anterior teeth are 11/11 in number. Rows
of them meet in an acute angle.

The posterior teeth are 17/16 in number and
longer than the anterior.

The vestibular organs have small papillae.

The eyes are circular in outline, and eye
pigment is concentrated as in Fig. 1-c.

The collarette is distinct near the neck.

The corona ciliata could not be seen com-
pletely, using a weak solution of neutral red,
but it is known that the corona ciliata is long;
it begins at the posterior margin of the brain
in front of eyes and exceeds the neck septum
(Fig. 1-d).

The intestinal diverticula are absent.

The seminal vesicles are wedge-shape, and
the antero-lateral corner of them protrudes up-

(24)
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Comparison of characters of systematical importance among four species of Sagitta.

S. bedonr

S. izuensis 7‘

|__S. bedoti f. minor | S. pulchra_

Body length

Body

(mm)

flaccid  and  tran-

rigid and opaque

| somewhat flaccid and |

Tail (%)

sparent opaque ﬂac:cid and Opaq tle
41 ‘ up to 30 ! up to 13.5 up to 23
6w Cmi L1675 -

Anterior fin

Seminal vesicle

. fifths, which are de-
- void of the fin rays,

- —
begins the posterior |
end of the wventral
ganglion, is narrow

at the anterior three- | ganglion,

. along the trunk
and has a conspicuous

but short rayless-zone

wedge-shape and
touches the tail fin

| both posterior
! tail fins

begins at the anterior ! begins behind the
part of the ventral
is normal | ganglion,
| in shape, and has con- | in shape, and has con-
spicuous rayless-zone

begins behind the
middle of the ventral
ganglion, is normal
in shape, and has fin
rays restricted at the
posterior margin

middle of the ventral
is normal

spicuous rayless-zone
I along the trunk

. ovoid and touches the | ovoid and touches the = low wedge-shape and

and | both posterior and tail = touches the both pos-
| fins terior and tail fins

Fig. 1.

Sagitta izuensis n. sp.

wards. They touch the tail fin and are separated
from the posterior fin (Fig. 1-e).

3. Remarks

Sagiita bedoti group composed of S. bedoti,
S. bedoti f. minor and S. purchra has following
taxonomical characters. Namely, the corona
ciliata is very elongate; it begins just behind
the brain and extends to the anterior portion
of the trunk.
absent.

The intestinal diverticula are
The anterior and posterior fins are
provided with a conspicuous rayless-zone. As
illustrated in the preceding chapter, S. izuensis
n. sp. has these characters. Therefore, it is
judged that this animal belongs to that group.
In comparison with the taxonomical characters
among the four species, S. fzuensis n. sp. is
distinguished from the remained three species
on the body length, tail ratio to the body length,
anterior fin and seminal vesicle (Table 1).
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Notes on the Catadromous Eels obtained from off the Coast

of Niigata, the Sea of Japan, with Special Reference
to the Histology of some of the Organs”

Yoshiharu HoNMA**

Résumé: Afin d’éclairer des conditions physiologiques de I’anguille en migration catadrome
(Anguilla japonica TEMMINCK et SCHLEGEL), les divers organes des cing individuels capturés
au large de la cote de Niigata, la Mer du Japon, ont été examinés histologiquement en comparant
avec ceux de l’anguille de I’eau douce. On a trouvé I’hyperplasie remarquable des tissus des
glandes endocrines suivantes: la glande hypophysaire, le cortex surrénal, le corpuscules de
Stannius et les ilets de Langerhans suivant la maturation sexuelle et la migration de frai. Mais
dans les autres organes visceraux tels que le fond et le pylore d’estomach, D’intestin, le rein
et la rate, au contraire, on a trouvé l'atrophie et la dégénérescence éminentes. Il n’y a pas
eu de différence marquée entre les activités thyroidiennes chez I’anguille catadrome et chez
celle de ’eau douce et la variation de la figure histologique de la glande thyroidienne chez la
premiére a été plutdt légére. Dans la foie de I'anguille catadrome, on a trouvé P’accroissement
de la teneur en le gras déposé. Les oeufs ovariens développaient jusqu'au stade de la
vitellogenése (dont le diamétre a été de 0,3mm), tandis que les cellules sexuelles males dans
les testicules étaient au stade de la spermatide. Nous avons discuté si Panguille catadrome du

Japon permet d’atteindre a la place de frai présumée ou nomn.

1. Introduction

The Japanese eel, Anguilla japonica TEM-
MINCK et SCHLEGEL, occurs widely in the coasts
of subtropical and temperate regions of China,
Korea and Japan, from south of Tong-King
Bay to north of the southern Hokkaido. The
spawning place of this eel, however, has not
been elucidated, in spite of the great efforts
carried out by the Japanese fishery scientists.

Based on the results of the distribution of
adult Japanese eels, movements of oceanic
currents and records of catch of the lepto-
cephaline larvae, MATSUI (1957) has explained
the supposed spawning place, which is situated
near Taiwan and Okinawa (Ryukyu Islands).
* Received Oct. 1, 1966

Presented at the Eleventh Pacific Science Congress

of the Pacific Science Association, held at the

University of Tokyo, Japan, August-September

1966, and organized by the Science Council of

Japan.

** Department of Biology, Faculty of Science, Niigata

University, Niigata, Japan

When NISHIMURA (1961) has introduced
Tucker’s startling new hypothesis (TUCKER,
1959) to the Atlantic eel problems including
several papers of criticism to the Tucker’s
(D’ANCONA, 1959; JONES, 1959 and DEELDER,
1960), he also expressed his very suggestive
opinion on the life-span of the Japanese eel
distributed in the Japanese Islands.

The mature catadromous eels, on the other
hand, taken in the open-sea of the Islands were
reported by several investigators, such as
Hirasaka and HonMA (1954), HoNmA (1956,
1958), MATsUI (1957) and UcHIDA (1958). It
is considered that biological data of these records
will be of value to solve a Japanese eel problem.

This paper deals chiefly with the histological
description of some of the endocrine, digestive
and hematopoietic organs of the catadromous
eels taken from offshore waters of Niigata in
the Japan Sea during the course of the author’s
investigation from January, 1961 to December,
1964. It will be also given a summary of known
records of catch of the catadromous eels by the
author himself.
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2. Materials and Methods

The whole specimens used were taken by
trawl net which touches the bottom in the off-
shore waters of Niigata, including Sado and
Awashima Islands. The materials described
here are shown in Table 1. Among them,
merely J-specimen was secured by the author
himself under the vigorous condition. Detail
of description, therefore, is given chiefly on J-
specimen, because the others were under the
bad condition for histological use. After the
diagnosis and measurements of bodily parts
were carried out immediately, the organs were
removed and immersed in Bouin’s fixative,
embeded in paraffin, cut serially at 8 to 10 micra
thick and stained with Delafield’s hematoxylin-
eosin, Heidenhain’s iron-hematoxylin-light green,
Heidenhain’s azan triple stain, Mallory’s triple
stain, Halmi’s paraldehyde fuchsin-orange G and
light green, and PAS. The size of eggs was
measured with micrometer.

To make a comparison with the histologic
picture of the catadromous eel several individuals
of the freshwater eels from inland-waters of

Niigata during winter season were also examined
and described.

3. Observations

Pituitary Gland (Plate 1, Figs. 1 to 8)

Though OLIVEREAU (1963 and 1965) and
KNOWLES and VOIRATH (1966) made a detail
of histochemical examination of the pituitary
gland of the Atlantic eel, both in normal and
medicinally treated, the subdivisions and topo-
graphy of the gland of the mature catadromous
eel in the Japan Sea are closely similar to those
of the Atlantic eel. Schematic designs of the
median sagittal section of the gland are also
coincide well with each other (IHoNnma, 1958).
The rostral pars distalis is composed chiefly of
fusiform or wedge-shaped acidophil (carmino-
phil) cells arranged in the radial manner to
form follicles. However, chromophobe cells
under degranulation which seem to be derived
from the acidophil cells, and basophil cells in
small number are also recognized in this lobe.
In the interfollicular spaces there are small
masses or irregularly arranged cords of basophil

cells which are considered as thyrotropic cells
(OLIVEREAU, 1963). These cells, angular in
shape, are stained positively with AF. In the
dorsal region of this follicular structure there
is found convoluted cell cord of chromophobes.
The proximal pars distalis forms the convoluted
cords and follicles in small number which are
constructed from large polyhedral cells with rich
granular cytoplasm. Many of them are car-
minophil a-cells, but a small number of cyanophil
B-(and also AF-weak positive) cells considered
as gonad-stimulating cells are found near the
border of connective tissue septa. The capillaries
run along the narrow spaces between these
septa. Though the outer layer of the pars in-
termedia consists of the distinct cords, the
interior of this gland showed an indistinct
structure. The cell of the pars intermedia is
high columnar and acidophilic, and its nucleus
is situated near the apex of the cell.

The extremities of the pars nervosa are
enveloped in the cell cords of the pars inter-
media under the convolution, and the digitations
of the nervosa are occupied with a considerable
amount of CH-positive neurosecretory granules.
Moreover, the fine neurosecretory granules can
be pursued from the nervous tracts of the pars
nervosa to the vicinity of the hypothalamus
through pituitary stalk., Within a mass of
neurosecretory granules there are found a small
number of Herring bodies showing a colloidal
condition. Other colloid droplets are also seen
in the nerve tracts just beneath the ependyma.
Noticeably, the cells arranged in the vesicular
condition which might be originated from
ependymal layer are encountered in the ramified
The author shall now describe
the picture of the nucleus lateralis tuberis which
is situated in the posterior region of the hypo-
thalamus just dorso-anterior to the ependymal
layer of the recessus infundibuli. The shape
of the cell is usually polymorphous with a large
lobated nucleus. The size of the cell attains 50
to 70 # in longer axis and 22 to 33 ¢ in shorter.
Although distinct nucleoli, two or three in
number, were detected in the nucleus, there
was no indication of prominent secretory phase
in the cytoplasm.

pars nervosa.

On the contrary, a fairly flattened feature of
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the pituitary gland and a few cell types in dif-
ferentiation in the adenohypophysis of the fresh-
water eel were already described (TTONMA,
1958), and present examination has also demon-
strated such situation. For example, it was
difficult to recognize the basophil cells in the
follicular epithelium of the rostral pars distalis
and in the proximal one.

Thyroid Gland (Plate II, Figs. 1 to 2)

As reported in the preceding paper, the
thyroid gland of the eel is a compressed thin
plate-like organ lied in the periphery of the
ventral aorta between the first afferent branchial
artery and the second one (HoNMA, 1956, 1958).
It seems that the distribution and density of the
thyroid follicles are compact. However, there is
no prominent difference between the histological
pictures of the thyroid glands of the freshwater
eel and of the catadromous one, except of a
slightly indication of distortion and atrophy of
the nucleus in the latter. Each follicle is sur-
rounded with a flattened epithelium which is
composed of cubic or low columnar cells, 7 to
15 ¢ in height. TIts nucleus is small and round,
and is situated near the basal margin of the cell.
Commonly, the size of the follicle attains about
100 ¢, although some gigantic follicles, ca. 1 mm
in diameter, are occasionally encountered. The
lumen of the follicle is large, and is occupied
with rich smooth colloid stained deeply with
eosin or azocarmine. Interfollicular space is
occupied with rich capillaries and scanty con-
nective tissues. Accordingly, general feature
of the gland indicates an inactive condition.
Adrenal Cortical Tissue (Plate II, Figs. 3 to 4)

The adrenal cortical tissue of the eel is situated
only in the anterior part of the head kidney as
the compact large clumps (CHESTER-JONES et
al., 1964). The tissue is embeded in the thick
wall of the collagenous connective tissue of both
the left and right posterior cardinal veins. The
adrenal cortical cells (=interrenal cells) are
arranged in the several layers of cords and form
several lobules. Many sinusoids run within the
tissue.

In the present examination the cell of the
freshwater eel is cylindrical orc olumnar in shape
and stained with acidic dyes, and its nucleus
is located in the apical part of the cell. The

cell of the catadromous eel, on the other hand,
is also acidophilic, however its shape is poly-
morphous, 14 to 15z in size, and has an ec-
centrically placed nucleus, round in shape. Near
the periphery of the cell faced to the connective
tissue strand a considerable number of vocuoles
are demonstrated. Within a mass of the inter-
renal cells the adrenal medullary cells (=
chromaffin cells) are recognized in the state of
dispersion or of small masses. The cell is
smaller than the interrenal cell, 10 to 11y in
size, and is stained deeply with acidic dyes.
The nucleus is placed in a corner of the cell,
and its shape is distorted. In many case the
chromaffin cells occupy more inner part of the
wall of the cardinal vein. Anyhow, an indication
of hypertrophy of the adrenal tissues was demon-
strated in the catadromous eel as compared with
that of the freshwater one.

Corpuscles of Stannius (Plate II, Figs. 5 to 8)
A pair of the corpuscles of Stannius of the eel
are small spherical bodies, embeded completely
in the ventral side of the proper kidney just
terminal of the posterior cardinal vein (CAL-
LAMAND, 1943). Usually, the corpuscles are
not visible with naked eye until the sheath of
connective tissue covering the kidney is removed.
It is encapsulated with collagenous connective
tissue bundles, and is compactly packed with a
number of vesicular or alveolar components.
The corpuscles of the Japanese freshwater
eel are occupied with many lobular structure,
composed of epithelium-like cells with indistinct
outline arranged in the cord and still in radial
manner. A marked increase in the number of
alveolus took place in the corpuscles of the
catadromous eel. Each alveolus is composed
of cylindrical or high columnar cells. As the
cells are arranged more or less in a radial
manner, the lumen-like space formed in the
center of the alveolus is very narrow. A large
round nucleus having several distinct nucleoli
is located roughly in the basal or proximal part
of the cell. The basal part of the cell has an
affinity for basophilic dyes, and PAS-positive
fine granules are also demonstrated in this part.
The apical one, on the other hand, shows a
fine-granular condition and an affinity for acidic
dyes when stained with azan trichrome. There
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is a streak of capillary in the space of connective
tissue surrounding each lining of the alveolus.
The amount of the basophil granules in the
cells of the freshwater eel is considerably fewer
than that of the catadromous one.

Therefore, it is considered that the corpuscles
are endocrine in nature, and the picture of the
catadromous eel presented here shows an active
secretory phase.

Ovary (Plate III, Fig. 3)

As described previously (HoNMaA, 1954, 1956,
1958), the maturity condition of ovaries of the
catadromous eel examined is not so advanced;
merely an early phase of the vitellogenesis in
the egg was encountered. This stage is charac-
terized by the presence of large PAS-positive
yolk vesicles in the oocyte. A round nucleus
with deeply stained nucleoli, ten or more in
number, in the eccentric region, is surrounded
with many of these vesicles. The karyoplasm
appears to be a foamy condition, while the
ooplasm in a small amount is mainly dispersed
near the periphery of the nuclear membrane.
On the other hand, the eccentric region of the
oocyte is occupied mainly with the fine yolk
globules, although some of the globules invade
into the centripetal region, 7.e., the region of
yolk vesicles. The periphery of the oocyte is
encircled with the thin membranes, such as
oolemma (=zona radiata), granulosa (=folli-
cular epithelium), and theca interna and externa
in turn.

In a European eel which is temperate species
like the Japanese eel, FONTAINE ez al. (1964)
reported that the diameter of ova emitted spon-
taneously in the aquarium condition attains
1.4mm. On the contrary, the largest diameter
of the egg of the Japanese mature catadromous
eel examined is reached merely 0.33mm; the
mean diameter of the egg contained in the ovary
of each individual is shown as tabulated (Table
1.

Testis (Plate I1I, Figs. 1 to 2)

In the freshwater eel the testis is the lobulated
and corrugated organ elongated from the region
of esophagus to posterior to cloaca (BERTIN,
1956). The author finds a similar situation in
the Japanese eel. Although a lobule is very
small and thin, it is composed of a number of

small cysts. FEach cyst is occupied with sper-
matogonia in growth period, 7.3 to 11.0# in
diameter. The nucleus of the spermatogonial
cell is round in shape, having a large prominent
nucleolus in its central region and many
chromatin granules arranged grossly in the
radial manner. The cytoplasm is light, and
considerably rich in its amount. The wall of
the cyst is surrounded by a thick layer of
fibrous connective tissue, and a narrow cystic
cavity is produced.

On the other hand, the testis of the cata-
dromous eel is constructed from the undulate
thick lobules, showing a marked increase in its
volume. Although the size of each cyst is larger
than that of the freshwater one, the cell in the
stage of spermatid contained in an expanded
cyst is relatively small, 3.6 to 4.4 ¢ in diameter.
The chromatin granules are concentrated in the
center of the cell, forming a large mass. Expan-
sion of a dimension of the cystic cavity takes
place, as the wall becomes thin. As a result,
the capillaries in the interstitial tissue are
visible easily.

Generally speaking, the maturity of the cells
contained in a single testis as a frilled organ
of the catadromous eel is synchronous.

Pancreas (Plate III, Figs. 4 to 6)

The pancreas of the eel, as a thin elongated
lobe, is located close on the spleen and runs
along the intestine. In the freshwater eel the
exocrine or zymogenous tissue is composed of
numerous compound acinar glands, whose cells
are pyramidal in shape and stained deeply with
acidic dyes. The apical part of the cell is
occupied with a large number of acidophilic
zymogen granules. The islets of Langerhans,
consisted of several masses of A- (acidophil)
cells and moderate number of D- (basophil)
cells, are scattered in this exocrine tissue.

On the contrary, in the catadromous eel, a
great diminution and degeneration of the
exocrine tissue is noticed, while a notable in-
crease in the number and size of the islets owing
to the hypertrophy and hyperplasia of the islet
cells is seen. It is very difficult to recognize
the basophil cells, while many light B- (chromo-
phobe) cells, degranular in the cytoplasmic
condition, are encountered in the islets of the
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catadromous eel.
Liver (Plate III, Figs. 7 to 8)

As mentioned by ROBERTSON and WEXLER
(1960), there are differences between the
structures of the livers of fishes and mammals.
Although any definite hepatic lobules with a
central vein is also absent, the cell cords in two
layers surrounding a venule are seen in the
liver of the eel. The precise histochemical
demonstration was not carried out, however
many round vacuoles and intricated fine spaces
produced by routine procedures and found
in the liver cell of the catadromous eel are
considered as fat droplets and glycogen, re-
spectively. Each venule among the cell cords
is indistinct on account of the fatness of the
cells. On the contrary, merely coarse granular
condition was detected in the liver cell of the
freshwater eel. Accordingly, the accumulation
of nutrient in the liver of the eel during the
seaward migration or prespawning season was
intimated. Another notable change is detected
in an increase of the amount of the connective
tissue in the liver of the catadromous eel.
Fundus of Stomach (Plate IV, Figs. 1 to 2)

Detail of the histological condition in the
alimentary tract of the European glass, yellow
and silver eels was already presented (BERNDT,
1938). In the Japanese freshwater eel cor-
responding to European vellow one, the mucous
epithelial cell of the fundus of stomach is high
columnar, ca. 22 ¢ in height, and its nucleus,
longish ovoid in shape, is present near the base
of the cell. The cell of the gastric gland is
indicated the condition of hypertrophy with an
eccentrically placed nucleus. Beneath this gland
a thin layer of the submucosa and, in turn, a
thick layer of circular muscle are seen. There
is found small quantity of vascularization in the
submucosa. On the other hand, the mucous
epithelium of the catadromous eel is flat, con-
sisting of cubic cells, ca. 74 in height. The
nucleus occupies the center of the cell, and
its long axis is parallel to the circular direction.
The cell of the gastric gland is cubic in shape,
and the nucleus in irregular shape occupies also
the center of the cell. As a result of a marked
degeneration and atrophy of the epithelium and
the gland as a whole, the invasion of the sub-

mucosa between the mucous epithelium and the:

glands taken place, and a marked development
of the blood vessels into the submucosa is re-
cognized. Moreover, the thickness of the layer
of circular muscle is less than that of the fresh-
water eel.

Pylorus of Stomach (Plate IV, Figs. 3 to 4)

While the mucous epithelium of the pyloric
portion of the freshwater eel is constructed from
the high columnar cells (ca. 25y in height)
with eccentrically placed long ovoid nuclei, that
of the catadromous eel is from low columnar
cells (11 to 18 ¢ in height) with centrally located
ovoid nuclei. The alveolar pyloric glands in
normal appearance are found in the region of
the lamina propria of the freshwater eel. On
the other hand, the arrangement of the gland
cells of the catadromous eel falls into disorder,
and many lacunae or spaces are developed in
the glandular region. Therefore, an increase
in the amount of the connective tissue is brought
about following the degeneration of the glands.
The layer of the circular muscle of the freshwater
eel is appeared as fine condition, while thut of
the catadromous eel is in coarse and loose with
slightly degeneration.

Intestine (Plate 1V, Figs. 5 to 8)

There is found a notable difference in the
pictures of the histological cross section of the
intestines between the two. The mucous
epithelium lining the villus of the catadromous
eel decreases its height and thickness remarkably,
following a great diminution of the folding
epithelia as a whole (ca. 44 to 90 ¢ in cell height
for the freshwater eel and ca. 18 to 22 for
the catadromous eel). As a result of the de-
generation and atrophy of the epithelial com-
ponents, a fairly wide space is brought about
in the intestinal tube. The microvilli forming
commonly the harmonized striated border is
scarcely visible and no process of the mucus
formation is recognized in the goblet cell. The
degeneration is also seen in the lamina propria,

accompanying a decrease of the amount of the

connective tissue and of the number of lymphatic
cells derived from the reticular cells. It is,
therefore, difficult to chase the lymphatic cells
which invade into the epithelium, while the

capillaries are visible without difficulty. The
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layers of the submucosa, circular and longitudinal
muscles and adventitia are largely atrophied in
the catadromous eel.

Kidney (Plate V, Figs. 1 to 4)

In the parenchymatous tissue of the kidney
of the catadromous eel, a picture of hemorrhage
and relatively decrease of number of the
lymphocytes were noticed. An early indication
of the capillary-glomerulosclerosis is recognized,
however there is no pronounced vacuolization
in the epithelium of tubules.

Spleen (Plate V, Figs. 5 to 8)

Though the mesothelium, derived from the
peritoneum, of the spleen of the catadromous
eel is very thin, the layer of fibrous connective
tissue is thick; the whole capsule is 14 to 18 ¢
in thickness. The thickness of capsule of the
freshwater eel is reached nearly a half of that
of the catadromous eel. The framework of
the trabecula, 7.e., connective tissue stroma,
is fine like threads, and less amount of the
tissue and the sheathedand trabecular arteries
are detected in the freshwater eel. Accordingly,
a large number of the parenchymatous lymphoid
cells and red pulps (=red blood cells) occupy
a fairly wide area of the spleen. On the con-
trary, in the catadromous eel, a marked increase
in the amount of the stroma is presented, and
disappearance of the parenchymatous tissue,
particularly of the lymphoid cells, are noticed.
This condition brought about the picture of
well-defined distribution of the blood vessels.

4. Discussion

Recently, the effects of aging and of sexual
maturation on the various organs and tissues
of the salmonid fishes have been elucidated by
ROBERTSON and his collaborators (1960 to 1962).
By their continuous histological examination on
the migrating and spawning Pacific salmon and
aged castrated one under the starvation, de-
generative changes with or without atrophy
were described in the pituitary, thyroid, spleen,
thymus, liver, kidney, cardiovascular system,
stomach, intestine, skin and muscle. On the
contrary, pronounced hyperplasia was detected
in the adrenal cortical tissue and islets of
Langerhans. In the present study, the author
found a similar situation in a case of the

Japanese mature catadromous eel obtained from
the deeper bottom of the Japan Sea. In order
to clarify the leading factor of postspawning
death in the Pacific salmon, the effect of feeding
has also been investigated histologically in several
organs and tissues (MCBRIDE ez al. 1964). A
marked atrophy, and often degeneration of the
alimentary tracts and liver was detected in
postspawned unfed controls and fish spawned
in the wild, while no or much less changes of
such indications in fed fish. In the Japanese
the Iwana, that feed actively in the
spawning beds, death shortly after their first
spawning has not been observed by the author
and his collaborator (HoNMA and TAMURA,
1965). These communications would suggest
that a marked deterioration and derangement of

char,

of the tissues under the starvation are intimately
related to the cause of postspawning death in
some of the fishes. It was scmetimes described
that the European silver eel caught in the estuary
of northern Europe, open-sea of Baltic and North
Seas also reveals a profound degeneration of
the alimentary tract and marked enlargement of
the sense organs and eye diameter etc. (BERTIN,
1956; BERNDT, 1938). Nobody confirms the
fact that the mature European catadromous ecls
in the northern seas certainly return to the
breeding place located in the Sargasso Sea.
Whether or not these catadromous eeis can
travel across the Atlantic Ocean is obscure.
Again, the orientation disposition of the navi-
gation, exact routes and depth of a long journey
carried out by the eel under the deterioration
are quite unknown. early identical situation
is encountered in the case of the Japanese eel.

During the course of his longstanding ex-
periments on the European eel, FONTAINE
(1961) reported that the silver eels under the
period of seaward migration can survive several
months in the seawater aquarium tank with
rotating current, and, surprisingly, from one
female individual treated with carp pituitary
powder in combination with other substances
he succeeded in obtaining a completely ripe egg
emitted spontaneously in the laboratory condi-
tion; the diameter of the largest ovum attains
1.4mm (FONTAINE et al., 1964). He mentioned
that a histological researching of some of the
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organs and tissues of this eel* is now in pro-
gress in his laboratory. BOETIUS et al. (1962)
induced the sexually most advanced European
silver eels treated with chorionic gonadotropin
in combination with estrogenic substances, and
mature ova of these attain 0.56 mm in their
On the other hand, the
present author has merely obtained a maximum
egg diameter of 0.33 mm, and the most advanced
stage of the spermatogenic cell is spermatid in
the Japanese mature catadromous eels. A com-
plete maturation of the testis, 7.e., emission of
the milt in the aquarium tank, of the European
eel was also reported by FONTAINE (1961).
Accordingly, it is supposed that the complete
maturation of the gametes of the eels in the
open ocean will be brought about very rapidly
near the spawning grounds. In the consulted
literature the author has not encountered reports
dealing with the maturity of the eel caught near

maximum diameter.

the spawning grounds.

It is well known that the eels inhabited in the
temperate regions become inactive and loose
their appetite under the condition of low water
temperature (15°C), and at temperatures below
5°C they do not migrate at all (MATsUI, 1952;
BRUUN, 1963). The water temperatures of the
locations where the Japanese catadromous eels
were caught from off Niigata of the Japan Sea
by the trawl net are very low: below 3°C in
depths at 200 to 300m, 2°C at 400m in the
winter season. Therefore, the lowest level of
physiology and behavior of the eel is presumed.
In fact, in the histologic picture of the thyroid
gland presented in this paper, no indication of
active contranatant migration against the warm
Tsushima Current which flows north along the
coasts of Japanese mainland (Honshu Island)
was detected. It seems probable that the cata-
dromous eels in the deeper zone of the Japan
Sea do not tided over the years there, but will
die as soon after debility. For example, one
dead body of the mature eel was washed ashore
at Aikawa-machi, Sado Island, on April 4, 1962.
There is one difficult point about this supposi-
tion: the dead mature eels have never been

* The external feature of this remarkable individual
is illustrated in his greeting card for the New Year
(1996). How it is a perfect marvel!

discovered by the traw! net operated in the
deeper bottom (200 to 500 m in depth), nor the
eels that were found in the stomach of some
of the bottom-fish in larger size.

Although a much speculative assumption about
spawning area of the American eel was presented
(VLADYKOV, 1964), the author does not intend
to discuss the spawning grounds of the Japanese
eel hitherto supposed and its source of the
populations distributed in the inlandwaters of
the Japanese Islands. It is believed, however,
that the findings mentioned above would be of
value to supplement our knowledge in the fields
of marine biology and comparative endocrino-
logy.

5. Summary

In order to know a certain physiological
condition of the catadromous eel taken from
off the coast of Niigata in the Sea of Japan,
various organs of five individuals were examined
histologically, and, simultaneously, comparison
with the pictures of those of the freshwater eels
was carried out. A marked hyperplastic con-
dition in the tissues of endocrine glands, such
as pituitary, adrenal cortical, corpuscles of
Stannius and islets of Langerhans, was detected
following the maturation of the gonads and
spawning navigation. On the contrary, certain
visceral organs, e.g., fundus and pylorus of
stomach, intestine, kidney and spleen showed
pronounced atrophy and degeneration. There
is no striking difference between the thyroid
activities of the catadromous eel and of the
freshwater one; the picture indicated rather
mild condition. In the liver of the catadromous
eel an increase in the amount of fat deposition
is noticed. The development of the ovarin egg
is reached an early phase of vitellogenesis (ca.
0.3mm in diameter), while the spermatogenic
cells in the testis are identified as spermatids.
Possibility of their return to the supposed
breeding place of the Japanese catadromous
migrating eels is discussed.
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PLATE I

Sagittal section of the rostral pars distalis of pituitary gland of the catadromous eel.
Deep acidophil (a) and a few number of basophil (b) cells in differentiation and
chromophobe cells are seen. X450

Sagittal section of the rostral pars distalis of pituitary gland of the freshwater eel.
No basophil cells in differentiation are encountered. X450

Thyrotropic basophil (b) cells between the interfollicular spaces of the catadromous
eel. X450

Sagittal section of the proximal pars distalis of pituitary gland of the freshwater eel.
No basophil cells are encountered. X450

Sagittal section of the proximal pars distalis of pituitary gland of the catadromous eel.
The gonadotropic basophil (b) cells near the border of connective tissue septa are
detected. X450

A part of pars intermedia of pituitary gland of the catadromous eel. The pars nervosa
surrounded by the pars intermedia is occupied with a considerable amount of CH-
positive neurosecretory granules. X125

The neurosecretory cells of the nucleus lateralis tuberis of the catadromous eel showing
the lobated nuclei with distinct nucleoli in sagittal section. X600

The neurosecretory cells of the nucleus preopticus of the freshwater eel showing the
granular condition of the cytoplasm in sagittal section. X600
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PLATE II

Thyroid follicles of the catadromous eel indicating an inactive condition. Note the
shrunk nuclei in the epithelium, the rich colloid in the lumen, and the capillaries
around each follicle. X450

Thyroid follicles of the freshwater eel indicating a mildly active condition. Note the
ovoid nuclei in the cubic epithelial cells and rich colloid in the lumen. X450

A hyperplastic picture of the adrenal cortical tissue of the catadromous eel. In the
upper right side faced to the connective tissue strand the adrenal medullary cells in
smaller size are seen. X600

The adrenal cortical tissue of the freshwater eel without any pathologic picture. X600
A part of the corpuscle of Stannius of the catadromous eel consists of aggregates of
numerous ovoid lobules or alveoli. Each alveolus is constructed from the cylindrical
cells arranged in a radial manner. X600

A part of the corpuscle of Stannius of the freshwater eel. Basophilic granules in the
cytoplasm are demonstrated. X600

The corpuscle of Stannius of the catadromous eel to show the PAS-positive granules
in the marginal part of the cells. X600

The corpuscle of Stannius of the freshwater eel which composed of alveoli with
indistinct cell outline. X600
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PLATE HI

A part of the testis of the catadromous eel. Each cyst contains a number of spermatids,
and the lumen is formed in the center of the cystic epithelium. Note the thin cystic
wall of the connective tissue. X450

A part of the testis of the freshwater eel. Each cyst contains the spermatogonia in
growth period. Note the thick cystic wall of the connective tissue. X450

Ovarian eggs in an early phase of the vitellogenesis, i.e. the yolk vesicle stage, of
the catadromous eel. Maximum diameter of which are reached 0.33mm. X125

A part of the pancreas of the catadromous eel indicating a great diminution and
degeneration of the exocrine tissue, and a marked increase in the number of the
islets of Langerhans. X125

Higher magnification of the pancreas of the catadromous eel. Note the islet in the

upper corner of the left side and heavily degenerative exocrine tissue with abundant
connective tissue stroma and vascularization in the right side. X600

A healthy pancreatic tissue of the freshwater cel. Islet of Langerhans is seen in the
center of this picture. X125

Section of the liver of the catadromous eel showing a heavy accumulation of the fat
droplets. A marked increase in the amount of the connective tissue is also seen in
this picture. X600

Secticn of the liver of the freshwater eel showing coarse granular condition of the
hepatic cells. X600
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PLATE IV

Cross section of the fundus of stomach of the catadromous eel. Note a pronounced
degenerative change in the mucous epithelium and gastric gland. A marked increase
in vascularization is also seen in this picture. X125

Cross section of the fundus of stomach of the freshwater eel indicating a healthy
condition. X125

Cross section of the pylorus of stomach of the catadromous eel. A pronounced de-
generation of the mucous epithelium, particularly the cuticle border consists of
microvilli, and the pyloric gland are noticed. X600

Cross section of the pylorus of stomach of the freshwater eel showing a healthy
condition. X600

Cross section of the intestine of the catadromous eel. Note a pronounced atrophy
of the folding epithelia, z.e. the villi. X125

Cross section of the intestine of the freshwater eel showing a healthy condition.
X125

Higher power view of a part of the villus of the catadromous eel in a condition of
marked reduction. X600

Higher power view of a part of the villus of the freshwater eel in a healthy condition.
X 600
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PLATE V

A part of the kidney, of the catadromous eel. An early phase of the capillary-
glomerulosclerosis is indicated. X600

Section of the kidney of the freshwater eel showing a healthy condition. X125

A segment of the nephron and the section of the glomerulus in an early sclerotic
state in the catadromous eel. X600

A segment of the neck region of nephron and a glomerulus in healthy condition of
freshwater eel. X600

A part of the spleen of the catadromous eel. Note the thick capsule and decrease
in number of the lymphoid cells. X450

A part of the spleen of the freshwater eel. Note the thin capsule and the compact
condition of the parenchymatous tissue. X450

Higher magnification of the spleen of the catadromous eel to show the rich stromatous
tissue. X600

Higher magnification of the spleen of the freshwater eel in healthy condition. X600
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Chaetognaths Collected on the Sixth Cruise of the
Japanese Expedition of Deep Seas®

Masataka KiTou**

Résumé: On a effectué deux échantillonnages & 0~1000m et 0~3000 m de profondeur au
large sud-est de Hokkaido & bord du bateau ‘‘ Ryofu-Maru’’ de la Météorologie Nationale. Voici
ce que nous en avons obtenu. 1° Les corps en pleine maturation dans les échantillons de S.
zetesios ont 33,8 & 42,5mm de longueur, alors que ceux précédemment levés de la région du
Kuroshio en ont 25,7 & 25,5mm. 2° Il existe une grande quantité d’E. hamata, dont la lon-
gueur maximum est 22,5mm. On ne trouve aucun corps en pleine maturation. 3° La lon-
gueur maximum [de S. neodecipiens est 14,5mm, tandis que celle des échantillons obtenus
jusqu’a présent est 13,2mm. 4° Des métis entre S. lyra et S. scrippsae sont trouvés. 5° Ces
deux échantillonnages indiquent que la composante principale est K. hamata et que la com-
posante secondaire est S. bedoti et S. lyra entre 0 et 1000m et en outre de ces deux compo-
santes E. bathypelagica entre 0 et 3000m de profondeur. 6° La comparaison des nombres
des espéces obtenues montre que S. macrocephala, E. bathypelagica et E. fowleri se répartis-
sent verticalement jusqu’a plus de 1000 m de profondeur.

1. Introduction

The Japanese Expedition of Deep Seas, the
Sixth Cruise (JEDS-6), was carried out on the
Pacific side of North Japan in May-June 1963
on board the R. V. Ryofu Maru of the Japan
Meteorological Agency. In this expedition,
plankton collection was made at Station G 207,
of which the approximate location was shown
in Fig. 1.

The materials were collected by vertical hauls
from the two depth of 1000 m and 3000 m to the
surface with a 130-cm conical net, which was
used on the Fourth Cruise of JEDS. The net 246
has a mouth ring with 130 cm in diameter
and a conical filtering part with 500 cm in side
length; the filtering part is composed of coarse
nylon cloth, 3.0mmX3.0mm mesh apertures,
with 400cm in side length and bolting cloth
GG 54, 0.33 mm X 0.33 mm mesh apertures, with
100cm in side length.

In processing the samples, all chaetognaths
were picked up and sorted into species. In the
measurement of the body length, tail fin was
excluded.

* Received Oct. 4, 1966 Fig. 1.
JEDS Contribution No. 76

** QOceanographical Section, Marine Division, Japan
Meteorological Agency

JAPAN TRENCH__.6

Approximate location of
the sampling position.
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2. Species identified and some morphological
notes

Following eighteen species of Chaetognatha
were identified from the present materials.

Sagitia hexaptera D’ORBIGNY

. lyra KROHN

. scrippsae ALVARINO

. enflata GRASSI

. elegans VERRILL

bedoti BERANECK

S. serratodentata pacifica TOKIOKA
S. ser. pseudoserratodentata TOKIOKA
S. regularis AIDA

S. minima GRASSI

S. decipiens FOWLER

S. neodecipiens TOKIOKA

S. zetesios FOWLER

S. macrocephala FOWLER
Prerosagitta draco (KROHN)

I nnn

FEukrohnia hamata (MOBIUS)
E. bathypelagica ALVARINO
E. fowleri RITTER-ZAHONY

(1) Sagitia zetesios

In the preceding paper (KITOU, 1966), the
author reported that the small-sized specimens
of S. zetesios, being fully mature in the range
from 22.7mm to 25.5mm in body length, were
found in the Kuroshio waters on the Fifth
Cruise of JEDS and also, the number of the
posterior teeth was not always useful to distin-
guish S. zetesios from S. planctonis STEINHAUS,
as a result of the examination of S. zetesios
caught in the Transitional region between the
Kuroshio and the Oyashio waters on the Fourth
Cruise of JEDS.

In the present materials, the small forms were
not found, and the fully mature specimens were

)

more than 33.8mm in body length (Table 1).

Table 1. Measurements of Sagitla zetesios caught at St. G 207 (JEDS-6).

Body length Tail Posterior

(mm) (%) teeth

42.5 21 13 behind
37.0 22 14 behind

33.8 22 10 behind

29.5 24 14 at posterior
28.8 22 18 at posterior
27.7 23 13 at posterior
26.4 25 15 behind
26.2 23 13 behind

23.5 : 24 14 behind

22.3 ! 22 10 at posterior
20.6 22 10 at posterior

Starting point of
anterior fin in relation
to ventral ganglion

Sperm in
Top of ovary k il
ai

over ventral ganglion

over ventral ganglion

over ventral ganglion

end i at anterior fin
end ! at anterior fin ?
end . at anterior fin full
' at posterior fin full
at posterior fin full
at posterior fin full
end ~ at posterior fin fall
one-third : at posterior fin ‘ full

The specimens of both S. planctonis and S.
zetesios, being in thz range from 15mm to 32
mm in body length from the ““ Discovery’’ col-
lection, were well distinguished by the number
of the posterior teeth; more than 14 in S.
zetesios and less than 14 in S. planctonis
(DAVID, 1956). However, the posterior teeth
of S. zetesios ranging from 20.6 mm to 29.5 mm
in the present sample were not always more
than 14 in number (Table 1), as in the sample
of JEDS-4 (Kitou, 1966). Therefore, the

number of teeth is recognized to be not valid
to distinguish the species as pointed out by
ALVARINO (1962).

(2) Eukrohnia hamata

The largest specimen was 25.5mm in length,
but all specimens were not fully mature, be-
cause the ovaries were short and eggs were
small. The detailed results of the measurement

on the twenty-one specimens are shown in
Table 2. With regard to the body length of
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Table 2. Measurements of Eukrohnia hamata
caught at St. G 207 (JEDS-6).

Body length| Tail Sperm in ‘ Testis | Ovary

(mm) (%) | tail (mm) ‘ (mm)

25.5 27 full = 2.2
24.6 26 empty ‘ — 1.7
23.6 26 full | — 1.7
23.5 27 ful | — 2.1
23.5 25 full — 1.7
23.3 21 full — 1.7
19.4 25 full 1.2
17.0 23 — 1.5 0.6
15.9 24 full — 0.5
15.6 24 — 1.3 0.3
15.5 23 — 1.2 0.4
15.0 23 — 1.4 0.4
14.9 24 - 1.5 0.2
13.5 25 — 1.4 0.3
13.4 24 — 1.2 0.1
12.9 24 0.7 0.1
12.1 2% | — 0.6 0.2
11.4 25 | — — 0.2
10.8 23 — 02
10.6 25 — 0.2 0.1
10.2 25 — — 0.1

E. hamata caught near Japan, a few studies can
be referred to (TCHINDONOVA, 1955; KiTou,
1963, 1966). According to them, the largest
specimen was 28 mm in length. In the Africa,
the largest specimen reached to 40 mm (KRAMP,
1917).

(3) Sagitta neodecipiens

In comparison with the specimens of S. neo-
decipiens caught in both Shellback area of the
East Pacific (TOKIOKA, 1959) and the sea south
of Japan (KiToU, 1966), a larger specimen was
caught on the present cruise.

As a of measurement, following
values were obtained. Body length is 14.5 mm.
Tail occupies 25% of the body length. Hooks
are 6/6. Anterior teeth are 10/9.
teeth are 20/19. Ovaries reach to the anterior
end of the posterior fin. Tail is filled with
sperm.

result

Posterior

3. Curious specimens of Sagitta

The author pointed out in the preceding
paper (KiTou, 1966) that the examination of
the collarette and the nervous system at the
posterior portion of the anterior fin was useful
to distinguish S. scrippsae from S. lyra. In
the present materials, curious five specimens
are found (Table 3).

Table 3. Measurements of interspecific hybrid
produced between Sagitta lyra and Sagitia
scrippsae.

" Nervous system at the

Bo%i]lssgth E;%% ‘ (;(e)gc(é_ . posterior portion of
| N | the anterior fin
LS. scrppsae-type at right
35.1 13 thick  side, but S. /yra-type at

' left side

37.3 15 thin | .S, lyra-type
34.1 15 thin S, yra-type
33.8 17 thick  S. Iyra-type
33.0 16 thick 8. Iyra-type

These specimens are ranging from 33.0 mm
to 37.3mm in length. They have the collarette
like in S. scrippsae, but the nervous system at
the posterior portion of the anterior fin is dif-
ferent from that of S. scrippsae. The four
specimens among them have the nervous system
of S. lyra, and remained one has that of S.
scrippsae at the right side and that of S. lyra
at left side.

These specimens seems to be the inter-
specific hybrid produced between two species.
Therefore, the five specimens are excluding in
Table 4.

4. Chaetognath communities

Detailed quantitative result is shown in Table
4. Throughout the two depths from the sur-
face to 1000m and 3000 m, chaetognath com-
munities are characterized by the predominance
of E. hamata; 67 per cent and 46 per cent of
the total chaetognaths, respectively. Next to
it, S. Iyra (7%) and S. bedoti (7%) were
main components at the former depth, and E.
bathypelagica (12%), S. bedoti (10%) and S.
lyra (5%) at the latter depth. While, the
warm water species such as S. hexaptera, S.
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Table 4. Number of individuals (per haul) of
each species collected with 130-cm conical net

at St. G 207 (JEDS-6).

Hauling depth (m) 0~1000 @ 0~3000

Location 1ig:§é:§ 12;13:3?:5

Date ! Jul%% 317 J uniag;:W
Sagitta hexaptera 10 —
S. lyra 150 85
S. scrippsae ‘ 52 21
S. enflata 1 —
S. elegans 3 28 19
S. bedoti 136 159
S. serratodentata pacifica 1 1
S. ser. pseudoserratodentata 4 -
S. regularis 1 ‘ -
S. minima 13 3

S. decipiens —

S. neodecipiens 13 4
S. zetesios 13 10
S. macrocephala 3 10
Prterosagitta draco : 3 2
Eukrohnia hamata 1356 ‘ 724
E. bathy pelagica 80 ! 186
E. fowleri | 5 32
Damaged specimens and juv. 162 300
Total 2030 | 1563

minima and Pterosagitta draco which were
prevalent in the Kuroshio waters on the JEDS-
5 Cruise and S. elegans which is usually domi-
nant in the Oyashio waters were less than 5
per cent. Above-mentioned chaetognath com-
munities are similar to those in the Transitional
region on the JEDS-4 Cruise.

Among the eighteen species identified, S.
macrocephala, E. bathypelagica and E. fowleri
are representative bathypelagic forms. The

vertical range of the distribution of these species
must be over 1000m depth, because their in-
dividual number is larger at 0~3000m depth
than at 0~1000m depth. Also, at 0~3000m
depth, their large specimens were caught; the
maximum was 24.0 mm in S. macrocephala, 22.1
mm in E. bathypelagica and 34.5mm in E.

fowleri in body length.
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Houle dans un canal en L*

Haruko NAKAZAWA** et Kenzo TAKANO**

Iy

Résumé: Le mouvement oscillatoire di &

un train d’ondes sinusoidales incident dans un

bassin portuaire, rectangulaire, par un canal semi-indéfini communiquant avec le bassin est
déterminé en fonction de la période et des paramétres géométriques du bassin au moyen d’une

méthode proposée dans une note précédente.
valable et d’emploi commode pour ce probléme.

libre avec la période est trés compliqguée.

Nous montrons d’abord que cette méthode est

La variation de l’amplitude de la surface

Au voisinage de quelques-unes des périodes de

résonance, 'amplitude augmente ou diminue d’une maniére frappante en aiguille, méme quand

il a lieu une trés faible change de la période.

L’amplitude de résonance est tout de méme

inférieure a celle dans le cas ot le bassin communique avec le large semi-indéfini par une

ouverture de largeur égale a celle du canal.

La méthode dite de 1.AMB n’est pas utilisable

pour les gammes de périodes que nous avons choisies.

Nature et analyse du probléme

On considere un bassin portuaire, rectangulaire,
muni d’un canal droit sur le cété, semi-indéfini,
a4 fond lisse et horizontal. Une couche de liquide
parfait, pesant de hauteur constante 4 emplit le
bassin et canal. Ceci étant, il s’agit de déter-
miner, dans le cadre de ’approximation linéaire
et irrotationnelle, l’ensemble du mouvement
agité par un train d’ondes sinusoidales venant
de I'infini par le canal. La figure 1 représente
le schéma de l'installation ainsi que les axes de
coordonnées. Nous nous bornons ici au cas ol
Pextrémité du canal est disposé a un coin du
bassin, car une étude théorique et expérimentale
(IPPEN et FATTATI, 1964) a porté sur le probleme
de loscillation agitée par un train d’ondes
venant du large dans un bassin rectangulaire
qui communique avec le large par une entrée
a un de ses coins, comme figuré par les poin-
tillés dans la figure 1 et il est donc intéressant
de mettre en relief V'effet de la différence de
la condition extérieure du bassin sur ’oscillation
intérieure, en établissant une comparaison entre
les deux résultats.

1l est, d’autre part, & remarquer qu’un d’entre
nous a déja abordé un probléme de ce genre et

* Manuscrit recu le 14 Octobre 1966
Contribution N° 80 de I'Institut de Recherche
Océanique, Université de Tokyo

** Institut de Recherche Océanique, Université de
Tokyo

proposé une méthode analytique dans une note
précédente (TAKANO, 1963). Le calcul numéri-
que n’a toutefois pas été fait d’une maniére suf-
fisante pour que la validité de la méthode soit
bien constatée. Nous nous proposons alors de
faire un calcul numérique détaillé sur ’amplitude
de l'oscillation de la surface libre dans le bassin
aussi bien que de vérifier la validité de la
méthode proposée précédemment.

l_j:6
N 5
y 4
3
=~
. 4
) 1
lo ;
0 X — X

Fig. 1. Schéma de l'installation. Le potentiel est
calculé aux 7 points indiqués par les chiffres
a gauche. Les pointillés figurent I'installation
dans le cas ou le bassin communique avec
le large sans canal.
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Houle dans un canal en L

L’hypothése de Dirrotationnalité du mouve-
ment permet d’introduire le potentiel des vitesses
en forme complexe ¢'=¢(x, ) cosh kz € on
o est la pulsation unique du probléme et % le
nombre d’onde déterminé par la formule d’ AIRY
o?*=gktanh kh, ¢ étant Daccélération de la
pesanteur.

Le potentiel s’écrit:

; — ytk(r—~-X
Bo=e"¢ ’,

b1 =boe F@-X)

o
+ 230, cos prY e~ Voi—ki(a-X)
n=1

r=X,
é(x )= pour x=

¢z+¢3=2{co cos kx

+ Xl encos gay coshvg,2—k2(x—X)
n=1

pour <X,

ou ¢y désigne la houle incidente, ¢; la houle
réfléchie, ¢s+¢; la houle dans le bassin, Dn
=nr/l, q.=nw/L et b, et ¢, (n=0, 1,--+)
sont des coefficients constants 4 déterminer par
les conditions 4 x=2X.

Les conditions & x=X sont données par:

G2t P3=do+¢; pour 0=y =/,

0

) 2 (s <
6%(0524-(153):[590 (Pot¢1)  pour O=y=/,

0 pour [Zy<L,
qui permettent d’écrire:

6000
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!
SO(¢0+¢1> cos ply dy

l
=g0(¢z+¢3> cos py dy (n=0, 1,--, o),

Lo
[ 5 st cos auy dy
0 0x
?
:‘g qi(‘éo{—gﬁl) cos gnYy dy (7]:0, 1"", OO) .
00x
On a alors:
I(1+bg) =2(eol cos X+ ilcn o=V am=Rx
X coshv/'q. 2~k X sin q.l/q.) ,

2¢oL sin kX=il(by—1) ,

© cpe~ Y i~k X coshw/q,r— k2 X
bnl=4>1 " -
" ’n;l qn” _pm2
X g {(—1)™sin ¢, ,

(m=1, 2,-++, ),
1gwk (1—by) sin g,l= Zlbn«/ﬁﬁ—l;?
n=

(1)

X jﬂ%‘(—l)n sin qml
gm"”— Dn
+ Cm\/q;?fk"z e~ Vam?—k? Xsmh\/mX,
(m=1, 2,--+,00).

Dans le cas ol ¢n=ps OU ¢p= P,
(In<_ 1>m Sin QHZ/ <Q712_Pm2> :l/2>
ou gn(—1)"sin gnl/(gn—pn2)=1/2.

Si kX=st (s=1,2,--+), i vient: by=ce=1,

T T T ! T T T T I T T T l T T T T I T T 1

] L=60000 1

] [Vitesse| 1=810,0 .

4000 X=40000 ]

A K=05x 10
2000, B
1\ A lPojentielL 2
l 0] /Tiﬂkﬂ;::%-:&“* 15 1718 1
y Y A N=36 |
600 1

400 i ]
200 § 1

O L Ll — S { i 1 1 1 l

0 10 15 25

Fig. 2.
[=810cm, X=4000cm et £=0,5X10"2cm™".

et les traits gros |@s+@s| et |8(Pat¢s)/0x].

Potentiel et vitesse 4 la frontiére x=0 en fonction de N dans le

cas ott L=6000cm,
Les traits fins désignent [@o+1] et 18(So+P1) /0!
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Tableau 1. Coefficients bo, co, b1 et c1 en fonction de N dans le cas ot L=6000cm, /=810 cm

X=4000cm et k=0,5X10"%cm™.

N 9 10

o 0,06495235+0,03829219¢

¢ —0,5489569 —0,3236337: 1—0,5486504 —0,3228137;

—0,4841630 —0,8749778: 1 —0,4856760 —0,87413907
0,06489001 +0,03817979:
by —0,06533677—0,03851883; | —0,06082852—0,035790127

24 36

—0,4892507 —0,8721434¢ ‘ —0,4900913 —0,8716712¢
0,06474183+0,03791448: 1 0,06470676-+0,03785209;

—0,05517079—0,032309387 —0,05426668 —0,03174479¢
0,5481035 —0,3209835: | —0,5479897 —0,3205621;

bp=c,=0 et ¢p+@;=2cosk(x—X) et ¢y+¢3
=2 cos kzx, quelques soient les valeurs des con-
stantes géométriques / et L. Le mouvement
devient ainsi un clapotis parfait.

Calcul numérique

Il s’agit maintenant de résoudre le systéme
d’équations d’ordre infini (1). Laissant de coté
la discussion de l’existence et de ’unicité des
solutions du systéme d’équations d’ordre infini,

<o
nous supprimons dans les 3 qui figurent dans

le systéme (1) les termes d’ordre supérieur a un
entier donné N. Le systéme (1) s’aboutit alors
a un systéme d’ordre 2(N+1) & coefficients com-
plexes. L’approximation est évidemment d’autant
meilleure que 'entier N est plus grand. Afin
de tester comment la solution approchée ainsi
obtenue s’améliore et les conditions a4 =X
sont satisfaites plus précisément avec ’augmenta-
tion de N, nous prenons successivement N=9,
10, 24, 36 et comparons les résultats les uns
avec les autres pour les données numériques
suivantes: L=6000cm, /=810 cm, X=4000cm
et £=0,5xX10"2cm™!. La figure 2 montre |g,
+¢1] et |¢ps+¢a| proportionnels & la pression et
leurs gradients horizontaux proportionnels & la
composante horizontale de vitesse. La con-

Tableau 2. Amplitude |@2+@s| le long de =0 en
fonction de N.

Y\\\‘ 9 10 36

0 1,1303 1,1202 | 1,1264
L/6 | 0,9561 0,9551 | 0,9528
2L/6 | 0,4830 04825 0,415
3L/6 |  0,1571 0,1568 0,1562
aL/6 | 0,7909 | 0,7899 0,7876
5L/6 | 1,2514 | 1,2500 |  1,2464
6L/6 } 1,4193 1,4177 11,4187

cordance du potentiel est déja satisfaisante &
N=10. Quant & la vitesse horizontale qu’on
obtient en dérivant terme & terme la série du

Tableau 3. Valeurs numériques des paramétres

géométriques.
L/X  lem) = UL figures
810 0,135 3, 3b
1620 0,27 da, 4b
) 2430 0,405 5a, 5b
Lo 3240 0,54 6a, 6b
(X'=4000) 4050 0,675 7a, 7h
1860 0,81 8a, &b
5670 0,945 9a, 9b
810 0,135 10a, 10b
1620 0,27 11a, 11b
2460 0,41 124, 12b
Lo © 3240 0,54 13a, 13b
(X'=6000) 4050 0,675 14, 14b
4860 0,81 15a, 15b
5670 0,945 16a, 16b

Tableau 4. Longueur d’onde et kX 2 la résonance
dans un bassin rectangulaire, fermé.

mode

/X o kX lorzgueur
LN n ; donde
0 | 1 2,00438  12000,0
) 10 3,14150 8000,0
1.5 1 1. 3,77572 6656, 4
(X=4000 ' 5 ' 418878 | 6000.0
1 25,2359 4800,0

AT ‘
1o 319 | 120000
Lo 1 1 4,44987 | 8485,%6
(X=6000) g 2 6.28318 6000,
1 2 . -
‘ 5 7 7.02482 5367,57
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potentiel, elle converge beaucoup moins rapide-

ment

que le potentiel.

On voit toutefois que,

sauf au voisinage immédiat du point singulier

200

100

T T T T T 1 1 T 7

= {L/X:LS E

1/L=0135

m=171 |
Chz2)

|

—————nn

Fig.

KX
3a. Distribution de R a y=jL/6 (j=0, 1,
2, 3) dans le cas ot L/ X=1,5 et //L.=0,135.

T T T I T T g { T T T l T
R(0)=6,76 |
{L/X:LS | 11R(1)=560
- 1/L=027 " KX =4,16 f\—

Fig.

KX
4a. Distribution de R & y=jL/6 (j=0, 1,
2, 3) dans le cas ou L/X=1,5 et {/L=0,27.
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a la créte y=I, la concordance a 0<Y=/ n’est
pas médiocre et s’améliore avec N et que la
vitesse & [y <L s’approche du zéro avec N.

{L/X:LS
1/1L=0135

>3
——

53
:

R B
200 ]
1.00 —

© 20 30 40 50
KX
Fig. 3b. Distribution de R & y=jL/6 (j=4, 5,
6) dans le cas ou L/X=1,5 et //1.=0,135.
T T T T T i T T T I
i {L/X:LS )
5001~ 1/L=027 -
400
300

R
200
100
0
Fig. 4b. Distribution de R a y=jL/6 (j=4, 5,

6) dans le cas ou L/X=1,5 et I/L=0,27.
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R(3=1029 1
KX=4265 ()
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{L/X=1,5 \
1/L=0405 R

KX
Fig. ba. R pour L/X=1,5 et I/L=0,405.

Fig. 6a. R pour L/X=1,5 et I/L=0,54.
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Fig. 6b. R pour L/X=1,5 et [/L=0,54.
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I ‘\“\ {

Lix=15 ]
1/L=06751

KX
Fig. 7a. R pour@l/X=1,5 et [/L=0,675.
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Fig. 8a.

KX

R pour L/X=1,5 et I/L=0,81.
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Fig. 7b. R pour L/X=1,5 et {/1=0,675.
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Fig. 8b.

R pour L/X=1,5 et I/L=0,81.
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Fig. 9a.

R pour L/X=1,5 et I/L=0,945.
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R pour L/X=1,0 et [/L=0,135.
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Fig. 9b. R pour L/X=1,5 et //L=0,945.
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Fig. 10b. R pour L/X=1,0 et //L=0,135.
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Fig. 1la. R pour L/X=1,0 et //L=0,27. Fig. 11b. R pour L/X=1,0 et //L=0,27.
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Fig. 12a. R pour L/X=1,0 et [/L=0,41. Fig. 12b. R pour L/X=1,0 et I/L=0,41.
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Fig. 14b. R pour L/X=1,0 et //L=0,675.
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Le tableau 1 représente les termes fondamen-
taux by, ¢y, b1 et ¢, pour N=9, 10, 24 et 36.
Il ne se trouve aucune différence importante
entre les coefficients obtenus par ces valeurs
différentes de N. Comme il s’agit de Pamplitude
de loscillation dans un bassin, l’essentiel est
d’examiner si elle varie sensiblement avec N
ou non. Le tableau 2 précise que [’amplitude
a £=0 ne change presque pas avec V. 1l s’ensuit
donc que Pon n’a qu’a prendre N=9 pour
obtenir ’amplitude de 1’oscillation de la surface
libre & =0 (et probablement dans le bassin
tout entier), bien que les conditions relatives a
la vitesse ne soient pas précisément satisfaites.
Etant donné que ce sera aussi le cas pour
d’autres valeurs des constantes /, L et k, nous
effectuons un calcul de |g+¢s] a y=j5L/6
(j=0,-++, 6) le long de =0, en faisant varier
/, L et k, comme cela étant figuré dans le
tableau 3. Les résultats sont illustrés dans les
figures 3 a 16 ou les chiffres 0, 1,---, 6
inscrits & coté des courbes signifient les points
y=0, L/6,--+, L et Pordonnée R=|ds+@;]. Le
tableau 4 montre %X déterminé par la relation
koX=av(nX/L)*+m? (m, n=0, 1,---: nombres
des nceuds) et la longueur d’onde qui font le
mouvement résonnant dans le bassin rectan-
gulaire, fermé. Ces kX sont aussi indiquées
avec m et n dans chaque figure. La résonance
n’a naturellement pas lieu a ces kX dans le
présent cas ou -le bassin n’est pas fermé. Il en
arrive tout de méme des résonances tout prés,
pour kX supérieure a kX de quelques % dans
la plupart des cas. Au voisinage de quelques-
unes des périodes de résonance, les courbes
s’élévent ou tombent brusquement en aiguille,
lorsqu’il a lieu une trés faible change de kX.
Quand la courbe s’é¢léve trop et dépasse le
cadre supérieur de la figure, I"amplitude et kX
au sommet en sont indiquées en haut. Par ex-
emple, R(3) dénote la valeur maximum de la
courbe 3. Il est toutefois difficile de déterminer
exactement la valeur de R au sommet aiguillé,
alors que nous ’avons calculée & des intervalles
de 0,00025 de £X au minimum & son voisinage.
Les sommets figurés sont donc incertains et
probablement sous-estimés. Si ’amplitude aug-
mente trop, les hypothéses que nous avons
faites au départ ne sont plus possibles. En

réalité¢, la viscosité devrait
freiner le mouvement.

intervenir pour

L’aspect général des courbes est plus com-
pliqué dans le cas ot L/X=1,0 que dans le cas
ot L/X=1,5. Les sommets aiguillés et les
creux crevassés sont plus nombreux dans celui-
la. La variation des courbes en fonction de la
largeur de Pouverture est aussi compliquée et
difficile & interpréter. Le nombre des sommets
tantot augmente tantét diminue A mesure que
la largeur de l’ouverture s’approche de celle
du bassin. Ce qui est & noter, c’est que deux
sommets de résonance 4 m=0, n=1 et & m=0,
n=2 (& kX un peu supérieure a 2 et 4 pour
IL/X=1,5¢et a 3 et 6 pour L/X=1,0) s’élévent
d’une maniére frappante dans le cas ot //L=
0,945 (figures 9a, b et 15a, b), alors qu’ils ne
le sont pas dans le cas ot [/L=0,81 et que les
sept courbes deviennent uniformément plates
et convergent a 2,0 dans le cas ou //L=0,998.
Des calculs complémentaires détaillés prouvent
que les amplitudes 4 ces modes de résonance
augmentent extraordinairement entre /=5700 et
5850 pour L/X=1,0, 1,5 et 3,0 et que les con-
ditions a la frontiétre =0 sont aussi bien
satisfaites que dans les autres cas. L’effet du
rapport L/X sur cette particularité n’est toute-
fois pas trés clair.

Les cercles dans les figures 3b & 16b montrent
les résultats par N=0. Ceux-ci sont loin d’étre
en accord avec les résultats par N=9, méme
pour la houle longue dont %£X est voisine de
2,0 pour L/X=1,5 et de 3,0 pour L/X=1,0.
A N=0, notre méthode devient équivalente a
celle de LAMB, qui est fréquemment utilisée &
condition que la longueur d’onde soit suffisam-
ment longue. La méthode de LAMB n’est donc
pas utilisable pour ces gammes de kX.

Les courbes 6 des figures 3b et 10b sont
obtenues par les mémes paramétres géométriques
que les courbes des figures 6 et 2 de la note
précitée (IPPEN et FATTAH, 1964). Une seule
différence consiste en condition extérieure du
bassin. Voici ce qui résulte de la comparaison:
1° La résonance a lieu a kX quelque peu
supérieure & kX dans tous les deux cas. Si on
regarde de pres, £X & la résonance est plus
voisine de %koX dans notre cas et ’écart de koX
est plus fort dans le cas ot L/X=1,0 que dans
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Tableau 5. Rapport de 'amplitude & la résonance.

|
o i mode ‘
L/X I T T T rapport
| m n j
0 j 1 g
1,0 1 | 0 i 4,2
1 { 1 2,5
S N _ — I . B S —
o I 3.5
1 ( 0 | 3,5
1,56 1 ‘ 2,0
0 | p 2,4
1 ‘ 2 2,0

le cas ot I/ X=1,5. 2° L’amplitude de résonance
est deux & quatre fois plus grande que dans
notre cas, si 'on laisse de coté les sommets
aiguillés et regarde et compare seuls ls som-
mets arrondis. Le tableau 5 montre le rapport
approximatif de I’amplitude de résonance dans
leur cas a celle dans notre cas. 3° Les valeurs
de kX faisant I’amplitude nulle sont les mémes
dans les deux cas. 4° La résonance caractérisée
par m=1 et n=0 est d’autant intensifiée que la
largeur de I'ouverture devient plus petite dans
leur cas, tandis qu’elle ne l’est pas dans notre
cas.

Enfin, lallure qualitative de I’oscillation dans

un bassin communiquant avec un canal semi-
indéfini ne différe pas essentiellement de celle
dans un bassin communiquant avec le large
semi-indéfini par une ouverture de méme largeur
que le canal, si celle-ci n’est pas trop large
par rapport a la largeur du bassin.

Une f{ois programmée, notre méthode est
d’emploi commode, en tant qu’il s’agit d’un
bassin rectangulaire a fond horizontal. Il est
espéré que le controle expérimental porte sur
ce gue nous avons obtenu ci-dessus. L’applica-
tion pratique est toutefois un autre probléme.
Le mouvement doit étre beaucoup plus complexe
dans un bassin de forme moins simple et on
ne pourra le traiter que par ’analyse numérique.

Une partie du culcul numérique a été faite au
Centre de Calcul de I’Université de Tokyo.
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MAY 31, 1966
(Tuesday)

Section : Ocean and Atmosphere

Part 1T (SIA)

Chairman : J. BJERKNES (USA)
Convener: A. S. MONIN (USSR)
Room No. 02

Boundary layers of the atmosphere and ocean in interaction.

On the role of temperature stratification in computing heat and
humidity flows at the air-ocean interfacs.

The heat balance of the ocean.

Ocean mixing rates from carbon-14 and tritium measurements.

A theory of free inertial currents: path and structure.

Abyssal hydrodynamics.

Non-stationary surface and deep currents of the Noth Atlantic

Ocean.
Non-linear computation of equatorial upwelling.

Section : Ocean and Atmosphere

Part IT (SIB)
Chairman : R. DORRESTEIN (Holland)
Convener : A. D. DOBROVOLSKY (USSR)
Room No. 02

Physies of wind waves.

L’ analyse des observations de plusieurs années sur la force de I
ondulation et les dimentions des ondes dans la région occidentale
de la Baltique comme une des possibilités de la prévision de la
force d’ ondulation et des paramétres des ondes dans les eaux
cotiéres des mers sans marées.

The problems of computation of momentum, heat and moisture
eddy fluxes over the ocean.

Observations on waves and the wind filed over them.

Direct measurements of some atmosphere turbulence characteristics
in the near water surface layer.

Wind stress over a disturbed sea surface.

Modal distribution of semidiurnal internal waves.

A preview of newly constructed sea surface temperature charts of
the Pacific, Atlantic and Indian Oceans.
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TEIKOKU SANSO K.K.

(Filiale de L’AIR LIQUIDE, Paris)

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

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

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

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

L’AIR LIQUIDE

Société Chimique de la GRANDE PAROISSE

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

Compagnie de Filage des Métaux et des Joints Curty (CEFILAC)
Compagnie PECHINEY-SAINT-GOBAIN

Compagnie SAINT-GOBAIN NUCLEAIRE

Compagnie de Produits Chimiques et Electro-métallurgiques PECHINEY
Sociét¢ 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

ete. 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, Shibc,)
Minato-ku, Tokyo, Japan




= ) I B ECHO SOUNDER
| PRECISION DEPTH RECORDER

*The main recording apparatus with
multiple recording systemis able
to record the depth of 13,000 meters
*Always keep over 1/5000 of preci-
sion because of the crystal controll
ed recording motor driven by fixed
frequency electrical source.

BEEBEREE0ES
WELRENE B LCLG. Y.
FETHHRL w3 Lo THIERES I
13,000m , #E 31 /5000 LI B
BErAELTwET,

oo S ) Sounding range
§—E04K 0 —2000m 0 —2200m LEEH R First recorder 0 to 2000m, 0 to 2200m
- . Itiple recording system
SRR 0 —2 100m 2 5 v 73 multip g
= ﬁiﬁ ;;hﬁk 41 /gggz) Om A7 2727k Second recorder 0 to 200m (100m step shift)

Sounding Precision

CIN A 10K C Precision of recording pen speed Better than =%

> 2 T RINC RIS S s Frequency  10KC

%R 2 H 2K W Recosorfiinig ?ystemd ‘ . .

1 g - . B 4L i 5 piral electrode wire multiple - recording system

} W 71 (ﬁ‘ T\_T D_y 1 / *Tmbi‘ Oscillation output  About 2 KW

ik K A KN 216mm Amplifier system  Heterodyne amplification system
BEZh#E 170 mm First recording channel output

z i ACI100V 60% LS5KVA 5Wsecond recording channel 10 W

Recording paper Electrolytic recording paper

paper width 216 mm
Effective recording width 170mm
Power source AC100V, 60 %

BXEREESENER
SRR T MR T, i, B, W
7 ARG TR R,

PRECISION ECHO SUNDER FOR SHALLOW

Ideal for surveying shallow seas, harbors,
lakes, dame, rivers.

FCERHEHRE 0 ~10m, 10—20m, - 90—100m
0 —100m s B E BIEC A%

¥ E O +0.1%

B )OOK %

OB M EMHEEA B 10m 150"

T DC 24\/ T O#T7.5A

Accurate to 0.1%
Portable and easily removed.

MERSERNFEE

R tEREHIGRIE T, A5, KR, RIERS. B
d BAMEFE W ON ORI L ES IR ETx
MELHHECLRE, BELL T (A TwET

ECHO SUNDER FOR NAVIGATION
MARINE GRAPH is most adaptadle to

passenger boats cargo boats oceanic observa=-
tion boats, tankers, etc.

Recoding range 0—120(m 0— 720(m

SEHEERE 0-120(m) 0~ 720(m) ) )
100—220(m)  600—1320(m)
) )

100—220(m)  600—1320(m)

200—320(m) 1200—1920(m ) 200 —320(m) 1200 —1920(m
i B R R 1om 1 1507 : ecording paper dry type width 150 "
& #H AC 100,110,115, 200,220,230(V) 60 % Power source AC 100’110’115’200,220’230(\/)
DC 100,110,115, 200, 220, 230(V) DC 100,110, 115,200, 220,230(V)
_l:_ % *% *ﬂi "t = *i MARINE INSTRUMENTS CO., LTD.
1 ~19 KANDA NISHIKI—CHO, CHIYODA-KU, TOKYO
"x‘a%ﬁ%ﬁﬁﬂ@@ﬂiﬁ%ﬂﬂl n 19 TEL. TOKYO (291) 2611 ~3, 8181~3

A A 291/52611— 3, 8181—3 CABLE ADDRESS “MARINEINSTRU” TOKYO



(THERMARINE RECORDER)

WALLACE & TIERNAN INC.
NEW JERSEY, U.S.A.
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fann !z A

120
160
200
240
k‘ 1 | f / - } 1 ’ | 3 —13—63
20 wél;x‘yrtéiﬁﬁ’«”f‘?‘“méL‘iﬁ’ﬁmt:%ﬁELPH DL S 7z EEEETY T /
Model FA-190012 FA-190022 FA-190032

Depth Range

Temp.Range

0 ~ 60m. 0 ~ 135m. 0~ 270m.
(0~200ft.) (0~ 450ft. ) (0~900ft. )

—1~+30°C (28—~90°F)

.

IR AR
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Wtz B &tk
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Direct-Reading Current Meter

Model S\ A _ 9

Products :
ET-5 : Electric Meter of Water

Temperature
¢ Salinity Detector
WE-2 : Pressure Type Wave Gauge

TOHO DENTAN CO.,LTD.

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

Catalogues are to be sent immediately
upon receipt of your order. ECT-5

Protected

Unprotected

Patented parallax-free back scale, opal glass
back sheath enable precise measurements.
Write for. details

KYS %Shino Keiki Co. Standard Thermometer

Precise Thermometer
1-14, NISHIGAHARA KITA-KU Mercury Barcmeter

TOKYO JAPAN _Hydrometer
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Annonce

Fondation du Prix de la Société franco-japonaise d’océanographie

L’Assemblée générale éventuellement convoquée le 12 Novembre 1965 3 la
Maison franco-joponaise a reconnu & 1’'unanimité la fondation du Prix de la Société
franco-japonaise d’océanographie. Voici P’essentiel des statuts.

Le Prix est descerné & un (des) membre(s) de la Société franco-japonaise
d’océanographie pour ses (leurs) travaux sur I’océanographie ou des péches, publiés,
en principe, dans le Bulletin de la Société franco-japonaise d’océanographie. A
cette fin, il est créé le “Comité de recommandation de candidats du Prix de la
Société”’, qui se compose de 13 commissaires élus par le Conseil d’Administration.
Le Comité recommande un candidat (des candidats §’il s’agit de travaux en collabo-
ration) au président de la Société. Le président en consulte & son tour le Conseil
d’Administration. Le(s) candidat(s) est (sont) admis comme lauréat(s) par la
votation du Conseil d’Administration. Le Prix (¥ 30.000) lui (leur) est remis a
I’ Assemblée générale au mois d’Avril.
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