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Early developmental stages of some marine fishes from India

2. Illisha melastoma, I. megaloptera, Thryssa dussumieri,

T. mystax and Chanos chanos*

Pathrose BENSAM**

Abstract: Four Clupeiform species and one Gonorhynchiform species in the important
marine fish fauna of Porto Novo, India, are described in stages of egg, larva, postlarva and

juvenile, along with their diagnostic characters.

1. Introduction

In the first part of the present series (BENSAM,
1986), the early developmental stages of five
Clupeiformes were described after investigations
during 1977-79 at Porto Novo, India. In the
present and second part of the series, the early
stages of five more marine fishes are dealt with.
Of these, four species belong to Clupeiformes
and one to Gonorhynchiformes. The material
is collected from the same locality as shown in
the preceding report (BENSAM, 1986) and methods
applied here are also the same.

2. Results and discussion

2.1. Ilisha melastoma (Schneider)

Although this species is widely distributed in
the Indo-Pacific and contributes to fisheries in
various localities, nothing may be known so far
on its early development. In the present study
four postlarvae are described, based on the col-
lection during the periods of August 1977, and
January-February 1978.

a Postlarvae (Fig. 1, A-D)

The smallest postlarva measuring 5.6 mm in
body length (Fig. 1, A) has the larval finfold.
Pigmentation is in the form of a few spots in
the foregut, one in the midgut and one behind
the vent. There are 36 preanal and 8 postanal
myomeres. In an 8 6mm stage (Fig. 1, B) the
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** Centre of Advanced Study in Marine Biology,
Porto Novo, India
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finfold has disappeared and dorsal and anal fins
are indicated. A series of pigment spots appears
above the alimentary canal. Only 7 myomeres
can be counted in the postanal region. Signifi-
cant changes noted in a 12.7 mm postlarva (Fig.
1, C) are progressive development of all the fins,
disappearance of midgut pigmentation and appear-
ance of a few pigments along anal fin base. In
the dorsal, caudal and anal fins, about 16, 24
and 9 rays respectively can be counted. Preanal
myomeres decrease to 31 and postanal ones in-
crease to 12. In a longer specimen of 14.7mm
(Fig. 1, D), pelvic fin develops below 16th-18th
preanal myomeres. Pattern of pigmentation re-
mains almost the same as seen in the previous
stage; disposition of myomeres is also the same.
b Remarks

The number of vertebrae in I. melastoma is
20 preanal and 20-24 postanal in the adults,
with total mean value at 43, as observed by
RAMAIYAN (1977).
of postlarvae, there are 43 total myomeres, tal-
lying with adult vertebral number. The structure
of anal fin in advanced postlarvae with a base
longer than that of other Clupeiformes and fore-
shadowing the condition in adult Ilisha serves
to strengthen the identification. This is further
confirmed by differences in the disposition of
myomeres and allied aspects in species with
similar myomeres. The 12.7 and 14.7 mm post-
larvae of I. melastoma, compared to the 13. 1 mm
stage of Sardinella clupeoides described in the
previous report (BENSAM, 1986), have only 31
preanal myomeres as against 35 in S. clupeoides.
Similarly, the 13.4 and 14.1mm postlarvae of

In the present specimens
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Sardinella sirm (with only 42 total myomeres),
show the position of vent below the 28th myo-
This appears to be related to the pace
in the forward movement of the vent in these
three species, quickest in S. sirm, lesser so in
1. melastoma and slowest in S. clupeoides. Post-
larvae of I. melastoma can be easily distinguished
from those of I. megaloptera (see section 2.2 in
the present report), in having only 43 myomeres
as against 50-51 in the latter. In the case of
1. elongata described by DELSMAN (1930) from
Java and UcHIDA (1958a) from Japan, the for-
ward movement of vent to attain the adult
condition of 20-23 preanal myomeres appears to
be delayed much more when compared to the
other clupeid species. DELSMAN (1930) assigns
certain eggs and their larvae to Pellona ditchoa
(=1. melastoma, WHITEHEAD, 1972). But, along
with P. ditchoa, DELSMAN (1930) finds also two
other species, namely Pellona ditchela and Ilisha
kampeni, thus throwing a doubt on the diagnosis.

mere.

Referring to the characteristics of the eggs and
larvae, it appears that they belong to P. ditchela
(=P. hoeveni; WHITEHEAD, 1972) and not to
P. ditchoa (=1. melastoma), as suggested earlier

by WHITEHEAD (1972), who includes the above-
mentioned two species described by DELSMAN
(1930) under the name of P. ditchela.

2.2. Ilisha megaloptera (Swainson)

This species has been synonimised with I.
filigera (Valenciennes), as noted by WHITEHEAD
(1972). It is also widely distributed in the Indo-
Pacific, supporting artisanal fisheries wherever
Since little is known on its early
life history, two postlarvae collected during Feb-
ruary 1978 may be of interest herein.

a DPostlarvae (Fig. 2, A and B)

In the younger stage of 9.1 mm length (Fig. 2,

A), the body is elongated and the dorsal as well

it occurs.

as anal fins are indicated. Dorsal fin appears
above the 28th through 32nd preanal myomeres,
with a few rays. Pigmentation is sparse, in the
form of a few spots laterally on the foregut area
a few spots
There
are 40 preanal and about 10 postanal myomeres.
The significant changes in the older stage of
14. 4mm length (Fig. 2, B) are: (i) an increase
of spots in pigmentation, (ii) progressive develop-
ment of all fins, and (iii) a change in the dis-

and dorsally on the hindgut area;
of pigmentation also on the caudal fin.

Fig. 1.

Postlarvae of Ilisha melastoma.
C, 12.7mm;

A, 5.6 mm in total length; B, 8.6 mm;

D, 14.7mm. All drawn from preserved specimens.
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position of myomeres. Pigmentation is in the
form of: a few spots at the posteriodorsal aspect
of head; one each in auditory region and behind
isthmus; a series along ventral aspect of the
fore- and hind-guts; a few especially above mid-
gut, above anal region and on the caudal fin.
There are 37 preanal and 14 postanal myomeres;
it is noted here that the anal fin moves forward
to a level just behind the hinder end of the
dorsal fin base.
b Remarks

In Porto Novo waters the number of vertebrae
in adult I. megaloptera is found in the range
of 47-52, as earlier observed by RAMAIYAN
(1977). Interesting fact noticeable here is that
frem some other Indian waters the number
concerned has been reported to range from 43
to 52 (DUTT, 1967; RaO, 1976). It suggests
that more than one subspecies may occur in
The postlarvae dealt with here
are provided 50-51 myomeres, within the range
observed already by authors.

Indian waters.

Among allied
species of Clupeiformes occurring in Porto Novo
waters, only Opisthopterus tardoore
50 vertebrae in adults. It must be noted here
an evidence (BENSAM, 1968) showing that this
species is provided 30 preanal and 20 postanal
myomeres even in an early postlarval stage
The older postlarvae with
37-40 preanal myomeres, mentioned here, can-
not be identified to O. tardoore.

In this connection, some other species with

may have

measuring 3.7 mm.

a similar number of vertebrae, especially Ilisha
elongata, should be mentioned here. This species,

however, has not been recorded in India, as
pointed out already ky WHITEHEAD (1972), but
in southeast and far-eastern Asian areas, in-
cluding Japan. In the species, as described by
UcHIDA (1958a), the movement of the vent to
attain the adult vertebral disposition isin a later
postlarval stage of development. A similar case
is in Hilsa ilisha (JONES and MENON, 1951a),
where the adult vertebral disposition is not ob-
served but in a late stage.

Evidence referable here is a developmental
difference in vertebral number which may occur
in I. elongata. This fish from Java coasts (DELS-
MAN, 1930) is of 50-51 in vertebral number,
while its larvae and postlarvae from Japan (UCHI-
DA, 1958a) may be provided 55-56 myomeres.
Concerning such an evidence, interesting indi-
cations (BLAXTER, 1957; HEMPEL and BLAXTER,
1961) have been presented of this species; ac-
cording to them, the myomeres could be upto
9 more in larvae and early postlarvae than in
adults. In spite of such indications, the existence
of subspecies cannot be ruled cut, when the
myomeres of the species in late postlarval stages
are so different in number as 50-51 in Japanese
waters and 55-56 in the far-eastern waters.
Therefore, in relation to the I. megaloptera of
India, with vertebrae in a wide range so reported,
the question needs further extensive and intensive
investigations.

2.3. Thryssa dussumieri (Valenciennes)

No reliable description nor figures of this
species have been provided yet, while this
economically important anchovy from India was

Fig. 2. Postlarvae of Ilisha megaloptera. A, 9.1 mm in total length;
B, 144 mm. Both drawn from preserved specimens.
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reported on eggs and larvae occurring there by
authors (BAL and PRADHAN, 1947, 1951;
CHACKO, 1950).

a Eggs (Fig. 3, A-C)

Based on the collections during September
1977, of which three phases in the embryonic
stage are shown here, eggs are pelagic and
spherical, measuring 0.90-0.98 mm diameter in
living condition; oil globule is absent, yolk is
vacuolated and perivitelline space is quite narrow.
b Larvae (Fig. 3, D)

An egg among reared samples is found to
hatch out in the following morning. It measures
3.9mm in body length; mouth is not formed
yet; eyes are not pigmented; 28 preanal and
about 14 postanal myomeres are counted.
¢ Postlarva (Fig. 3, E)

A single postlarva measuring 4.6 mm is col-
lected during the survey. The larval flnfold is
in a reduced condition; mouth already formed;
eyes pigmented; pectoral fin developed. Pig-
mentation arranged somewhat in the foregut,
midgut and hindgut. It has 29 preanal and 13
postanal myomeres.

d Remarks
Identiflcation of the eggs to this species is

allowable by the similarity in diameter of the
planktonic eggs to fully mature ova (0.7-0.8 mm
in diameter) of the species, which have been
examined at Porto Novo. In the Clupeiform
eggs with a narrow perivitelline space, planktonic
eggs are known to be slightly larger in diameter
It is reasonable, then, to
expect for the eggs concerned to be of T. dus-
sumieri with eggs of 0.8-0.9mm diameter as

than mature ova.

usual.

As for the peculiarities of myomeres, this species
is known to have about 42 myomeres in early larval
stage, which tallies with the adult vertebral con-
dition. Itis noteworthy here that CHACKO (1950)
gives this species a remarkably small number
(17) of preanal myomeres in his brief note on
eggs and early larvae assigned to this species,
although his note on egg size is apparently
acceptable even for the present material. Such
a small number of preanal myomeres is not
allowed for a Clupeiform character in an early
larval stage. In this connexion, it is referred
here to the works by DELSMAN (1929a) and
VIJAYARAGHAVAN (1957); the eggs assigned by
them to a related species, Thryssa hamiltoni
(=Engraulis grayi; WHITEHEAD, 1972), provide

Fig. 3. Eggs, larva and postlarva of Thryssa dussumieri. A, B and C, eggs in three
stages of development. All drawn in live condition. D, larva of 3.9 mm in total
length; E, postlarva of 4.6 mm. Both drawn from preserved speciments.
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larvae with at least 45 myomeres, in contrast
to a small number (42-43) of myomeres in the
species treated herewith. Another referable
work is made by RAO and GIRIJAVALLABHAN
(1973); eggs identified by them as of Thryssa
mystax are 0.92-1.26 mm in diameter, and they
provide three-days-old larva with 43 myomeres.
As pointed out by DELSMAN (1929a), however,
eggs of this species are different in size from the
above-mentioned range; such a size suggests
that they are of Thryssa purava in ripe ova,
as given by PALEKAR and KARANDIKAR (1952).
Besides, the total number of vertebrae in 7.
mystax is not known as 43, but 45 (DELSMAN
1929a). These facts suggest that the above-
mentioned assignment of eggs and larvae to 7.
mystax is not reliable, and some relationships
to T'. dussumieri may be pursued by further
scrutinies.

2.4, Thryssa mystax (Schneider)

This is another anchovy supporting coastal
fisheries in the Indian waters and in southeast
Asia. DELSMAN (1929a) describes the occurrence

from Javanese coast of eggs of this species. As
referred to above (section 2.3), the assignment
of eggs and larvae to this species by RAO and
GIRIJAVALLANBHAN (1973) is very doubtful.

a Postlarvae (Fig. 4, A-C) and Juveniles (Fig.

4, D)

Three postlarvae and one juvenile are at my
disposal by the collection made during October
1977. The smallest sample of 18.8 mm length
(Fig. 4, A) is furnished with many engraulid
characteristics; dorsal, pelvic, anal and caudal
rays are 15, 6, 30 and 24 in number respectively;
pigmentation is sparse, even if with typical
presentation as in engraulid postlarvae; 27 pre-
anal and 18 postanal myomeres. In a 23 mm
stage of postlarva (Fig. 4, B), snout becomes
more prominent; maxillary extends behind eye
region; dorsal fin origin is well in front of the
middle of the body. Twelve pectoral, 15 dorsal,
40 anal and 40 caudal rays. Indications of future
scales (Fig. 4, C) are on the body skin. Myo-
meres are changed in disposition to 24 preanal
and 21 postanal. In a largest specimen of

Fig. 4. Postlarvae and a juvenile of Thryssa mystax. A, postlarva of 18.8 mm
in total length; B, cephalic region of a postlarva of 23 mm; C, markings

on the skin of the same specimen;

D, cephalic region of a juvenile of

26.5mm. All drawn from preserved specimens.
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juvenile (Fig. 4, D), pectoral fin assumes a
triangular shape; dorsal and anal fin rays are
mostly furnished with 3-5 segments and caudal
ones with 5-11 segments. Pigmentation is in
the form of a series of spots along the anal base.
Myomeres are the same in number and dis-
position as seen in the previous stage.
b Remarks

Concerning the various species of Thryssa

occurring at Porto Novo, mature and spent fish

are observed only in 7. mystax and T. dus-
sumieri, during the years of 1977-1979, from
July-August season through October-November
seazon. DBetween these two species, the number
of myomeres may be a diagnostic character for
differentiating the early developmental stages, as
T. dussumieri is furnished with 40-43 vertebrae,
while T. mystax with 50. Based on the present
work as well as UCHIDA (1958b), the gradual
formation of the snout in engraulids would be

Fig. 5. Eggs, postlarvae and juveniles of Chanos chanos (a). A-F, eggs in various

stages of development;

G, postlarva of 10.5mm in total length;

H, 14.6 mm;

I, 14.0 mm. All drawn from preserved specimens, but A-C from live eggs.
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The adult disposition of the vent is
noticeable here. In the specimens described here,
it would be attained after their reaching a body
size of 26.5mm. According to NAIR (1940)
and JONES and MENON (1951b), in the develop-
ment of another engraulid species, Setipinna
phasa, the vent shifts forward to the adult
disposition of myomeres in 50 mm long stage.

obvious.

2.5. Chanos chanos (Forskal)

A large number of the fry of this species
occurs usually in Indian waters (TAMPI, 1968).
As far as my knowledge goes, however, no
author has given any collection report on its
eggs, but CHACKO (1950), even if he provides
simply a report on their occurrence, without any
necessary descriptions nor figures. Hence the

Fig. 6. Eggs, postlarvae and juveniles of Chanos chanos (b). J, dorsal view
of a cephalic region of the specimen shown in Fig. 5, I; K, juvenile of
16.2mm; L, developing pelvic fin in a 16.5mm-long specimen; M, cephalic
region in a juvenile of 18.5mm; N, developing pectoral fin in the same
specimen. All drawn from preserved specimens.
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present account on the eggs, postlarvae and early
juveniles may be of interest. All the specimens
are collected through stages during January-
April 1978.

a Eggs (Fig. 5, A-F)

The eggs are pelagic, spherical, without oil
globule and furnished with finely vacuolad light-
yellowish yolk. Perivitelline space is quite narrow
and imperceptible in live and healthy eggs.
They range from 1.12 to 1.2mm in diameter.
Pigment spots are observed on the embryo in
late developmental stages. None of the eggs
which are reared in the laboratory has survived
to rise to larvae.

b Postlarvae (Fig. 5, G-I, Fig. 6, ])

In a 10.5mm stage is the youngest postlarva
collected (Fig. 5, G). The body is elongated
and the snout is slightly flattened dorsoventrally.
Dorsal, anal and caudal fins have 14, 7 and 18
rays respectively. Pigmentation is found in the
form of a few spots on the head, the gut in all
range and the caudal fin. Muscle fibres show
a parallel arrangement and not a crossed one as
seen in Clupeiformes. There are 32 preanal and
11 postanal myomeres, the total tallying with the
number of vertebrae in adults. Notable changes
in a 14.6 mm-long postlarva (Fig. 5, H) are prog-
ressive development of fins and an increase in
pigmentation. In another postlarva of 14.0 mm
long (Fig. 5, I) much more intensive pigmentation
is observed, particularly at the ventral aspect of
alimentary canal, along lateral line, at the dorsal
aspect of mid- and hind-guts, on the caudal fin
and on dorsal side of the head (Fig. 6, J).
¢ Juveniles (Fig. 6, K-N)

In a 16.2 mm-long juvenile (Fig. 6, K), most
of the postlarval features have disappeared.
Origin of pelvic fins may be seen as a small
bud below the level of dorsal fin origin. Dor-
sal, anal and caudal fins contain about 16, 12
and 28 rays respectively. Pigmentation becomes
intensified, extending almost all over the body.
The vent moves forward further, reducing the
number of preanal myomeres down to 31 and
making the number of postanal ones to 12. In
a slightly longer specimen of 16.5mm, the
pelvic fins develop further, with about 7 rays
(Fig. 6, L). In a further longer specimen of
18.5mm long, the snout overgrows the lower
jaw (Fig. 6, M), approaching the condition in

adults; and pectoral fins are more developed,
with about 10 rays (Fig. 6, N). Dorsal fin has
approximately 16 rays, and about 10, 14 and 34
rays in pelvics, anal and caudal respectively.
Pigmentation is much more intensified than in
the others, almost all over the body.

¢ Remarks

The characteristics described here for the eggs
may more confirm the specific identification in
comparison with the case where it depends on
evidence given by authors (DELSMAN, 1929b;
CHAUDHURI et al., 1987; LIAO et al., 1979).
According to the latter two works, certain
markings are observed on capsule of artificially
fertilized eggs in the Philippines, while the
present material is without such markings. As
referred to above, the postlarvae are identical
easily by characteristics such as parallel arrange-
ment of muscle fibres and number and disposition
It is noted here that the 10.5 mm
long postlarva described here resembles the
material of 10mm long stage dealt with by
DELSMAN (1926) in all essential features, and
that it is identical with the same-sized postlarva
articially bred by LIAO ez al. (1979) except of
much more dense pigmentation in the latter.

of myomeres.
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Etude numerique sur P’interaction resonante entre
des vagues d’amplitude finie*

Hiroshi TOMITA**

Résumé: Le transfert d’énergie entre des composantes de la vague & deux dimensions est
examiné numériquement par 1’équation de Zakharov. Cette équation est obtenue par une
perturbation singuliére valable jusqu’au troisiéme ordre de la cambrure. Elle prend en
compte des composantes des vagues avangant dans une direction arbitraire et décrit la vari-
ation de leurs amplitudes modulées sur une longue durée. Les calculs sont exécutés dans le
cas de résonance entre trois vagues, deux d’entre elles se rencontrant 3 angle droit. Sur une
durée longue, la variation temporelle de I’amplitude de la troisiéme vague fait apparaitre un
phénoméne de récurrence. Son amplitude maximale et sa période de récurrence dépendent
non seulement du rapport des nombre d’ondes des deux vagues principales, mais aussi de leurs

amplitudes. Les valeurs théoriques sont comparées avec les résultats d’une expérience dans
un bassin d’essais. La concordance observée confirme la validité de 1’équation utlittsée en
tant que la cambrure est petite. L’instabilité de la vague de Stokes est examinée par la
méme équation en deux dimensions. La région d’instabilité est déterminée. Le résultat est
comparé avec celui obtenu par une autre théorie précédente et quelques remarques sont

faites.

1. Introduction

En général, la cote de la surface de mer varie
toujours de maniére stochastique. Ses caracté-
ristiques étant trop compliquées pour étre analy-
sées directement, on adopte spécialement le con-
cept statistique de spectre de la vague pour décrire
son état. Ce concept suppose la linéarité de la
vague, c’est-a-dire que sa hauteur est suffisam-
ment petite par rapport & sa longueur quand la
profondeur de la mer est considérée infinie.

Depuis un quart de siécle, I’étude sur la vague
non-linéaire a beaucoup progressé. Parmi les
recherches dans ce domaine, PHILLIPS (1960)
est ce qui a trait & notre sujet. 1l a étudié pour
la premiére fois l’interaction entre trois vagues
nonlinéaires. En 1962, LONGUET-HIGGINS a
présenté une méthode pour résoudre les équations
de la vague en surface. Bien que la solution
qu’il propose soit singuliere du point de vue
mathématique, elle joue un réle important dans
la recherche de la naissance d’une troisiéme
vague, lorsque deux vagues se rencontrent a un
certain angle. En 1966, LONGUET-HIGGINS et

* Manuscrit regu le 8 avril 1987
#*% Tnstitut de Recherche Navale, Shinkawa 6-38-1,
Mitaka, Tokyo, 181 Japon

SMITH d’une part, MCGOLDRICK et al. d’autre
part, ont fait des expériences pour vérifier la
théorie de LONGUET-HIGGINS dans un petit
bassin (3m x3m). L’interaction entre les vagues
y avait bien lieu, indiquant qu’elle peut exister
aussi en mer. Mais, leurs expériences ne por-
tent que sur des durées courtes. Ils ont seule-
ment observé le stade initial d’interaction.
Récemment, nous avons fait une expérience
dans le méme but, mais en utilisant un bassin
plus large (TOMITA et SAWADA, 1986), de forme
carrée (B0 m X80 m) appartenant & P'Institut de
Recherche Navale a Tokyo. A I’échelle de cette
installation, on peut mesurer le phénoméne pen-
dant une longue durée. Cependant la théorie
proposée par LONGUET-HIGGINS est seulement
valable pour temps court. Sa solution devient
Il faut donc définir une
équation valable dans un domaine plus large. 1l
s’agit de l’équation de ZAKHAROV (1968) qui
décrit la lente variation de I’amplitude dela vague
dans une région étendue. C’est une sorte d’équa-
tionjintégrodifférentielle qu’il est difficile d’exploi-
ter directement. CRAWFORD et al. (1981b) ont
utilisé cette équation pour évaluer le phénoméne
de dispersion dans un systeme de vagues se

infinie avec le temps.
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propageant dans une direction. ORKAMURA
(1984, 1985) a fait des calculs sur ’instabilité
du clapotis en une et deux dimensions horizon-
tales. CRAWFORD et a/. (1981a) et STIASSNIE
et SHEMER (1984) en plus ont utilisé une
méthode numérique pour définir les caractéris-
tiques de la vague avangant monochromatique-
ment (la vague de Stokes).

Dans le présent article, nous nous proposons
de résoudre ’équation de Zakharov dans le cas
du croisement de trois vagues de directions
différentes. Une des trois vagues n’existe pas
au stade initial, mais elle se produit par I’énergie
Il convient
de noter que ce phénoméne ressemble & l’inter-
action des oscillations non-linéaires dans la méca-
nique statistique d’aprés FORD et WATERS
(1963).

A la fin, nous discutons ’instabilité d’un train
de vagues par la perturbation des deux autres
composantes. Elle contient, comme cas spécial,
celle d’aprés Benjamine-Feir.

des autres et s’accroit avec le temps.

2. Equation fondamentale

L’équation (1) donne la forme de I’équation
de Zakharov, modifiée par CRAWFORD et al.
(1981la). La dénivellation de la surface 7 est
représentée par ’amplitude complexe B(K) comme
Iindique 1’équation (2):

B _
Yar T
X ei('Q+91_92_93)tB1*BngdK1dK2dK3, ( 1 )

mw TR, K, Ky, K)o (K + K, — Ks— Ky)

n(z, zf)=2ijio VE/22{B(K, {)¢iK--2v

+c.c.}dK (2)

BEI==(2) am, (3

ou 22=¢gK, ¢ est la fonction delta de Dirac, et
c.c. signifie le complexe conjugué du terme
proécedent.

Le noyau T de 'intégrale (1) est estimée & partir
d’une formule dans leur article qui se reproduit
en appendice A aprés quelques corrections. Les
valeurs numériques de 7'(7, 7, k, 1) sont données
aussi en appendice A, avec K;=3,920 et Kz=
1,205 (Les longueurs des vagues sont respective-

ment 4=1,60m et 4,=5,21m). La quantité
A(K) représente ’amplitude ordinaire & mesurer
et intervient dans B(K) selon la formule (3).
L’expression du noyau de l'intégrale est trés
compliquée et n’a jamais été appliquée de
maniére concréte sauf pour les cas a une dimen-
sion. Grace aux résultats donnés par LONGUET-
HiGGINS (1962) et LONGUET-HIGGINS et PHIL-
LIPS (1962) pour l’interaction entre deux ou
trois composantes, la présente théorie sera com-
parée avec leurs théories. Elles sont équivalentes
au stade initial, ce qui est expliqué en appendice
B. Pour faire les calculs, une situation simpli-
fie est supposée comme suit: une vague a
nombre d’onde K; se propage dans la direction
X et la deuxiéme a nombre d’onde K, avance
dans la direction Y. Elles se rencontrent en angle
droit. Elles donnent naissance a une troisiéme
composante K;. La relation entre les vecteurs
K, K; et K; est dessinée dans la Fig. 1. Elle
s’exprime par le systéme d’équations suivant:

dB . = 5
‘ dtl =[T111:B1B1*+T'y22, By By* -+ T'1331Bs Bs* 1 By

+(T1195+ Tiise)et421123' Bi* By By,  (4-a)

dB ~ ~
iji—t‘g =[To112B1B1* 4 T'a20 By Bo* + T332 B3 Bs* ]
X Bo+ Ta311€' 4223118 By* B By, (4-b)

dB ~ ~
iT; = [T5113B1B1* 4 T302s Bo Bo* + T3333 B3 Bs™* ]

X Bs+ Taonie?490201! B* By By, (4-¢)

ou Tjkkj:szckH‘Tjkjk, et dQiu=02:4+82,—2;
— &, Ty étant Uabréviation de T(K;, K;, Ky,
K).

Ce sont des équations différentielles ordinaires
que l'on peut traiter de maniére générale par

P’analyse numérique. A noter que ces équations

2k -ko=ky
2wy - Wo=W3
wl=gluil

2k
A% l k2 ky Vil
ky=2k ~kz

Pour 90" intersection,
k/kp= 3.0133

W, /u,=1,7356 daprés McGoldrick et d'autres (1966
/W2 )

Fig. 1. Espace des vecteurs Ki, K> et K.
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amplitude

e

4 61 phase

Fig. 2. Comparaison de la solution numérique (courbe solide) avec la solution exacte (cercles).

ont trois quantités conservatrices (I’intégrale
premiére), qui sont:

| By|? |Bs|?

v ’
72311

2
_ | By
P bl
Ti193+ Thise

Ci= -
! Thies+ Thise

| B;?
T3211 ’

Co=[Bs[*—[Bs|*.  (5)

3. Méthode de ’expérience numérique

La méthode de Heun, qui utilise un prédicteur
et un correcteur pour obtenir une meilleur con-
vergence, s’applique & 1’équation en forme géné-
rale:

dX o,
—;zt'*X—f\t,X). (6)

Le prédicteur P est obtenu par les formules:

Pn+1:Xn—1+2At X’n,
P,n+1:f(tn+1, Pn+1)' ( 7 )

Ensuite, une correction est faite pour calculer la
valeur de C’,, appelé le correcteur de la solution:

Pln+1+Xl.~z
2

Cln+1 = ( 8 )
Enfin, une nouvelle valeur X,.: obtenue en
utilisant X, et X',_1 s’écrit:

Xn+1:Xn+AtC,n- (9)

L’accroissement de temps ¢ est choisi de 0,05
a4 0,2 dans tous les calculs. Pour vérifier la
précision de la méthode, le calcul est exécuté sur
I’exemple trés simple de oscillateur harmonique.
La comparaison avec la courbe exacte est montrée
dans la Fig. 2. La coincidence est satisfaisante.

cm

50k A2

40
30

20

A
w—-— -

A3

[

— 1 1 1

0 40 80 120 160
sec

Fig. 3. Amplitude en fonction de temps: R=3, 01.

Dans tous les calculs, les quantités Cy, C; et Cs
sont aussi vérifiées comme constantes pour estimer
la précision des calculs.

4. Résultats des calculs
[1] Interaction entre trois vagues

Au début, nous considérons le cas ol seuls
les composantes K; et K, existent, sans K;. 1l
faut chercher la solution des équations quand
les valeurs initiales de B(K), c’est-a-dire B(K;),
B(K,) et B(K;) au temps ¢=0 prennent respec-
tivement les valeurs B;, Bs et 0. Un premier
exemple d’analyse (4,=1,73m, 4;=5,21 m) est
donné dans la Fig. 3. Le rapport de K; a K,
est de 3,012, bien que les condition K;=2K,
— K, et 23=202,—0, (condition de résonnance)
se réalisent simultanément. Si les amplitudes
des vagues K; et K, sont suffisamment petites
(Ai=1cm, Ay,=5cm), i faut plus de 160
secondes pour le développement de la vague K,
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<m A2

40

W A

0 40 80 120 160
sec

Fig. 4. Amplitude en fonction de temps:
R=3,01, la récurrence apparait. La ligne
A3’ représente la solution classique.

ce qui concorde avec la théorie de Longuet-
Higgins. Comme deuxiéme exemple, !’ampli-
tude A; est augmentée un peu a 2cm. Le
résultat est montré dans la Fig. 4. L’amplitude
de’la vague K; augmente pendant les 110 pre-
miéres secondes, mais, aprés une durée d’inter-
action assez longue, la tendance du développement

de la vague K; différe. Elle diminue lentement

jusqu’a 0 pour revenir a Pétat initial, et puis
repartir. Il y a une sorte de phénoméne de
récurrence, comme indiqué par 1’article précité
de FORD et WATERS (1963). La relation entre la
variation de As et les amplitudes des vagues A,
et A, suggére que la dispersion joue un réle
important dans le développement de la troisiéme
Le maximum de l'amplitude de K;
(c’est-a-dire A;) dépend de la valeur A,, alors
que la période de récurrence est entiérement
déterminée par Ai.

vague.

Cela ne peut pas étre prévu
par une analyse ou une expérience sur une courte
durée. L’effet de résonnance diminue quand les
phases des vagues suivent une dispersion non-
linéaire ce qui se produit pour grands A; et A,.
La solution classique de Longuet-Higgins est
donnée par la formule suivante:
7l= A= (A K Ar K Let, (10)
n 3 1 1)°(£12 2 20,0
ou F=0,312 dans cette condition. Elle doit
justement é&tre une tangente de notre solution
au temps ¢=0, dont la courbe est également

A2
cm -//‘\
50 -
401
A3
30
Al
20+
10 \
1 L I L
0 40 80 120 160

sec

Fig. 5. Solution des amplitudes: R=3, 24.

o

Al cm)

Fig. 6. Maximums d’amplitude A3 par rapport
a Al quand A2=5cm.

figurée. On trouve que le transfert d’énergie
a la troisieme vague K; n’est pas si grand dans
la condition de K;/K,=3,012, méme quand A4;
est plus grand. Les premiére et deuxiéme vagues
K, et K, d’amplitude A;=4cm et Ay=5cm,
élévent la troisiéme A; jusqu’a un maximum
de 0,5cm. Le résultat est assez différent si
Ki/K;=3,24 (4,=1,61m, 4,=5,21m). Un
résultat est montré dans la Fig. 5. Aprés 100
secondes la troisiéme vague atteint une amplitude
de plus de 3cm, superieure a celle de la pre-
miére. Dans ce cas, la condition de résonance
n’est pas satisfaite, mais il semble que ’effet de
la dispersion non-linéaire d’une
La période de récurrence
augmente avec A; par rapport aux exemples
ci-dessus. La Fig. 6 illustre la dépendance du
maximum de As; sur la valeur A;, quand la

intervienne
maniére parfaite.
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g P

Al lem)

Al(em)

Fig.7. Valeurs As converties en valeurs d’obser-
vation A chaque position. (a) 20m, (b) 40 m,
(c) 60m a la distance du générateur.

valeur A, est fixée a 5cm. Chaque courbe
correspond a une valeur de R=K,/K; (2,6<R
<5,0). Elle change sa forme entre les valeurs
R=3,0 et 3,1. Jusqu’'a R=3,0, I'amplitude
maximum augmente de forme monotone en
fonction de A; et de R. Dans la région
intermédiaire (3,0<<R<4,0), elles atteignent un
sommet.
sommets se rapprochent.

Plus la valeur R est grande plus les
Le sommet augmente

A3cal
cm)
10- .
/..
[e]
a5+ o
B .
o
0
o o
0 05 10

A3obs(cm)

Fig. 8. Comparaison de la valeur entre la

théorie et ’expérience. A:=10cm (petits
cercle), A:=5cm (grands cercles).

jusqu’a la limite de la vague qui se brise du fait
de Pinstabilité de gravité terrestre et pourtant,
il n’est pas possible qu’elle arrive & une grande
valeur, car 1’équation elle-méme n’est pas valable
a une telle cambrure. Dans la derniére région
(4.0<R), les courbes ont & peu prés presque
Mais, il est bien
vérifié qu'un grand transfert d’énergie entre des
vagues par interaction mutuelle existe dans des
conditions bien définies.

toujours la méme forme,

La Fig. 7 montre les
valeurs théoriques de A; & quelques positions
Ces figures permettent de com-
parer les résultats théoriques et expérimentaux
comme dans la Fig. 8. 1l convient de noter
que les calculs sont faits dans le cas honogéne,
alors que, les expériences sont exécutées dans

dans le bassin.

Il est nécessaire de faire une
transformation x=Cyt, ou C, signifie la vitesse
Cela etant fait, la
concordance est satisfaisante quand les ampli-
tudes sont relativement petites, surtout, dans le
cas oll A, est égal & 5cm (montré par de grands
cercles). FEtant donné que [’équation (1) a le
caractére de ressemblance spatiale, ces résultats
auront bien lieu dans de grandes envergures
observées en la mer.

le cas stationnaire.

de groupe de la vague As.

[2] Instabilité d’un train de vague

PHILLIPS (1967) a discuté un peu la relation
entre des expériences d’interaction et la théorie
d’instabilité d’aprés BENJAMIN et FEIR (1967).
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Fig. 9. Région d’instabilité dans le domaine de
nombre d’onde. K:i=Ki(1,0), K.=K; (1+p,
q). K;=K; (1—p, —q). (a) ak=0, 2, (b) ak=0, 3.
Des cercles montrent les combinaisons (p,
@ ou le train de vague est instable. Les
nombres 4 c6té de cercles dans la figure (a)
représentent les maximums d’amplitude de la
perturbation Az quand ’amplitude de train A;
est de 5cm au début.

Mais, sa discussion n’a pas été suffisamment
Si les amplitudes des deux composantes
B; et By sont suffisamment petites (mais non
nulles) par rapport a Bj, les équations (4-b) et

précise.

(4-c) sont linéarisées sur B; et Bs;. Ces équa-
tions se réduisent aux suivantes:
.dB ~ ,
i =Th115B1B1*Bs
+ T23“g'54|92311”B3*BlB1 5 (11—3.)
.dB ~ .
i~ =Ty115B: Bi*Bs
dt
+ T3o156"4923211' By* By By . (11-b)

Les calculs sont effectués d’abord par les équa-
tions (4-a, b, c) entiéres avant quelques remarques
théoriques sur les équations (11-a, b) simplifiées.
C’est la méme configuration que celle d’inter-
action, sauf qu’il y a une seule vague de grande
amplitude au temps z=0. Si les deux autres
vagues avancent, sous la restriction 2K;—K,

cm
50 Al
A’D B /Ww
A2
A
20 3 /\

\ . . :

e 400 800 1200 1600
sec

Fig. 10. Exemple d’instabilité du train de
vague. ak=0,2, p=0,125, q=0,0.

=K; dans la méme direction que la premiére,
la situation est équivalente au probléme étudié
précisément par BENJAMIN et FEIR (1967).
Leur analyse est exacte pour de petites pertur-
bations, mais si elles ne sont pas petites, on
doit utiliser 1’équation de NLS (Non Linear
Schrédinger) qui est une forme spéciale de celle
de Zakharov. Donc, I’équation (4-a, b, c) permet
d’examiner la propriété de la vague pour des
perturbations & direction et amplitude arbitaires.
Des calculs sont faits pcur chercher dans quelle
région d’espace du vecteur (p,q) a lieu !'insta-
bilit¢ du train de vague avec les conditions
initiales A;=5cm et 7,5cm, K;=0,04cm™t,
c’est-a-dire, A;K;=0,2 et 0,3, ol (p,q) est un
vecteur de relatif entre K; et autres, K,—K;
=K,—K;=K;(p,q). Les amplitudes
paire de perturbations sont mises a 107¢ A; (le
niveau de bruit). Le résultat est montré dans
la Fig. 9 avec ceux de MCLEAN (1982), obtenus
par l’analyse d’instabilité linéaire d’équation
La Fig. 10 donne quelques exemples
de la variation de la vague principale A; et des
perturbations A,, As; dans le temps.

Enfin, il convient de faire la remarque de la
relation entre la méthode ci-dessus et celle de
Benjamin. La substitution By =5&1e¢"T1111%:2¢ dans
I’équation (11-a, b) donne le taux d’accroissement:

1 i ;
f= 1:72{712311 T'39116:'— <(T2112+T3113)b12—_2~> }]

= )

ot 4'=A4+42Tu1b:2. L’approximation Tym=
K? 20 .
T1111=—44_—2, et b2=n? z a?, donne une for-

d’une

exacte.
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4}22 (20a2K24— 1), qui permet d’ob-

tenir, & laide du caractére 92=4/2, f:7

mule f?=

X +/2a2K2—02%, qui est justement la formule par
la théorie de Benjamin-Feir.

5. Conclusion

Des analyses numériques de l'interaction entre
des vagues non-linéaires ont été exécutées sur
la base de ’équation de Zakharov. L’évolution
de la troisitme vague A; par les deux autres
A et A; a été examinée sur une durée longue.
Elle augmente pendant le premier stade, se
rapproche de son maximum et revient vers 1’état
initial, suivie de phénoménes de récurrence. Le
maximum et la période de récurrence dépendent
des quantités A;, A; et R. Le résultat théo-
rique s’accorde d’une maniére satisfaite avec le
résultat expérimental dans le bassin. Mais, il est
difficile de conclure que les résultats précedents
existent quand méme pour de grandes cambrures
de la vague. It serait nécessaire de comparer
ces valeurs les unes avec les autres, quand le
transfert des énergies apparait plus fort. Nous
ferons des expériences dans notre bassin a cette
condition dans un futur proche.

Le probléme d’instabilité d’un train de vague
a été examiné directement par la méthode
L’intérét
particulier porte sur la relation entre la théorie
proposée dans cet article et celle de Benjamin-
Feir. Les propriétés d’instabilité non-linéaire de
la vague de Stokes ont été comparées avec les
résultats obtenus par la théorie linéaire.

Tous les calculs ont été exécutés sur 'ordi-
nateur FACOM-MIROII-AD a [Plnstitut de
Recherche Navale.

numérique avec quelques remarques.
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Abstract: For examining the transport of energy between components of nonlinear multi-
dimensional waves in a seaway, numerical studies have been made by use of Zakharov equation.
The mutual wave interaction in the case where two waves encounter at right angle to grow
the third has been calculated. The amplitudes of three waves showed the complete recurrence
and the maximum value of the third wave depended not only on the ratio of two wave-
numbers of the principal waves but also on their amplitudes. Diagrams presenting such
relations have been obtained. Relations rearranged are in fair agreement with values measured
by an experiment in a basin. This result verified that the equation is useful to understand
the sea states when the wave is not too steep. The instability properties of Stokes wave by
use of the same equation on two horizontal dimensions were studied with emphasis on the
estimation of the region of instability, and compared with existing ones with some remark.
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Appendice A
Coefficients de 1’équation de Zakharov:

701233
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et

Worss=Weo 123+ Was 01— Wa_i 03
—Woo 2 ~1 s+ Wios 2 = Ws_1s -0,

ol
. Q 1/2
W=7 [ o 1K0K1K2K3]

X {2<K0+K1>”‘K1+3*K1+2_K0+3—“K0+2} 5
et Ki ;= [K1+Kj| .

Dans le cas particulier ot 4,=1,60m et A,=
5,21 m, les coefficients s’ecrivent:

Th111=1,6258, Tis01="T1212=0,0038, T'iss1
=T1313=3,0745, Ti195="T1132=0,0893,
Ta119=T2191=0,0038, T2220=0,0443, T332
=Ta395=—0,0362, T2311=0,0883, T’s113
= Ta131 =3,0745, T093=T3232=—0,0362,
Ts333=12,6415, T391;=0,0963.

Appendice B

Vérification d’équivalence entre la théorie de
Zakharov et celle de Longuet-Higgins:

Si seulement deux vagues a nombre d’onde
K, et K, existent, le transfert d’énergie entre
elles n’est pas possible, mais une vague exerce
une influence sur la vitesse de I'autre. Dans
cette situation, deux théories doivent donner la
méme solution.

La dénivellation de la surface libre est donnée
par:

ﬂz:Az cos (Ki'X-—.Qi’t) (B—l)
K/

\ 0. 2772 2 )
ou, 2= <l+ ALK, —]—2 A, >, 22=9K;
et X=(z, ), Quand Al—AQ——A K =K (cost,
sind), Ky=K (cosf,—sinf) et 2,=02,=0, la
quantité 2’ est simplifiée comme suit:

4

K
5o ) (B-2)

Les deuxiéme et troisiéme termes entre les paren-
théses représentent leffet d’interaction. Au
moyen de la formule pour K’ d’aprés I’équation
(2.8) dans un article de LONGUET-HIGGINS et
PHILLIPS (1962) apres quelques corrections, ces
termes sont représentés par:

—ofts b akes

A’K2F(0)2, F(O)= —%(8 cos20 —3—2 cos*d)

s cos<9+2~40032_0 ~
Fsin 0————2_(:05 7 . (B-3)

D’autre part, I’équation de Zakharov donne:

(T1111+f1221)IB]Z~ (B-4)

qui doit étre équivalent au deuxiéme et troisiéme
termes dans les parenthéses de (B-2). En utilisant
la formule (3) de cet article et les relations dans
I’appendice A, elle se transforme en:

AK2F(6)8

qui concorde avec (B-3).
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A note on a sporadic gale accompanied by a distant
typhoon observed at offshore fixed tower station™

Shigehisa NAKAMURA**

Abstract: Specific features of a sporadic gale induced by a distant typhoon with a cold front
are studied referring to the observed results at an offshore fixed tower station. For making
ease the features, a case appeared at the time of the distant typhoon 8613, which had induced
an inundation and a storm surge in Maidzuru facing Japan Sea, is considered. The author’s
interest is to study about a sporadic gale induced by the typhoon 8613 observed at an offshore
fixed tower station in the western North Pacific. A possible mechanism is considered by
using available data in order to get a reasonable understanding and to find a key for predict-

ing such a sporadic gale.
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1986 AUG.29 — SHEBM JST SURFACE
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Fig. 1. A weather map (surface) at 09h00m
JST on 29 August 1986 (referred to the Far-
East Weather Chart issued by JMA). Each
encircled dot shows the location of the center
of the Typhoon 8613 at 18h00m JST on the
day from 22 to 30 August 1986, respectively.
The thick line connecting the encircled dots
shows the track of the Typhoon 8613 from 22
to 30 August 1986.
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Fig. 2. A map showing the locations of the
Oceanographic Tower of Kyoto University
(briefly, Tower) and the Meteorological Station
for the Nanki-Shirahama Air Port (briefly,
Air Port) and the surrounding coastline.
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Fig. 3. Wind speed (Ug), wind direction (Up) and air and water temperatures
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(full and dotted lines, respectively) at the Tower from 16 to 31 August
1986. The time during 5 to 7 o’clock on 30 August 1986 must be the
time when a cold eddy passed the location of the Tower. A sporadic
gale appeared at 8h1l0m on 29 August 1986. On 27 and 28 August 1986,
day-time sea winds towards land must be superposed by tiny sporadic
gales which are formed by an effect of the Typhoon 8613 possibly.
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1986 AUG 29

6 8 10 12 W
TIME H

Fig. 4. Wind speeds, wind directions and air
temperatures recorded at the Tower (full lines)
and at the Air Port (dotted lines) during the
time from 5h00m to 14h00m on 29 August 1986
when the distant Typhoon 8613 affected to
induce a sporadic gale around the Tower.
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Distribution of organic carbon, organic nitrogen, total
phosphorus and pheo-pigments in surface sediment
from Harima-nada, the Seto Inland Sea, Japan*

Shigeru MONTANT**, Kuninao TADA** and Tomotoshi OKAICHI**

Abstract: The organic carbon, organic nitrogen, total phosphorus and pheo-pigments in
marine sediments were determined using the core samples collected at 72 stations all over
the Harima-nada, the Seto Inland Sea, Japan. The contents of organic carbon, organic
nitrogen, total phosphorus and pheo-pigments per dry sediments were 3.1-24.7 mg/g, 0.41-
3.35mg/g, 0.15-0.68 mg/g and 9.0-60.5 ug/g in the surface layer (0-2cm) of the sediments,
respectively. The contents of these materials were higher in the northern coastal area and
the central area than in the areas near the Akashi and Naruto channels. The atomic ratio
of carbon to nitrogen fluctuated in the range from 8.0 to 11.5. It seems likely that the local
change of the contents in surface sediments mainly depends upon the tidal residual flow
pattern in the Harima-nada and the size distribution of sediments. A good positive correlations
were found between organic carbon, organic nitrogen, total phosphorus and pheo-pigments,
expressed as Y¢=0.304 X+2.44 (»=0.894), Yx=0.0395X+0.352 (r=0.841), and Yp=0.00444 X
+0.229 (r=0.682), where X is pheo-pigments (#g/g), and Y¢, Yu and Yp are organic carbon,
organic nitrogen and total phosphorus (mg/g), respectively. These results suggest that most
of organic matters in the surface sediments originated from iz situ primary production. From
such distributions of organic carbon, organic nitrogen, total phosphorus and sedimentation
rates, the annual burial fluxes to bottom sediment in the Harima-nada were estimated to be
56,000 tons in organic carbon, 7,200 tons in organic nitrogen and 1,440 tons in total phosphrus.
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Fig. 1. Location map of sampling stations in Harima-nada, the Seto Inland Sea.
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Fig. 2. Distribution map of organic carbon in surface sediments (mg/g).
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Fig. 4. Distribution map of total phosphorus in surface sediments (mg/g).
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Fig. 5. Distribution map of pheo-pigments in surface sediments (ug/g).
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Fig. 6. Correlation between pheo-pigments and
organic carbon in surface sediments. The data
follow the equation; organic C=0.304X pheo-
pigments+2.44 (r=0.894).
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Fig. 7. Correlation between pheo-pigments and
organic nitrogen in surface sediments. The
data follow the equation; organic N=0.0395X
pheo-pigments+0.352 (r=0.841).
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72 La mer 25, 1987

nod,

RIT, SERDIEERRBHEY T OFHEHRE -
BERICTL) v OBE L, HREENLDINDDEH
HRBEARD 1,

Bine (1983), PI% - [ETH (1984) RHEL TV B
BEEEOD 8 Mic BT HRMEEX, 0.11~0.33 g/cm?
[y THY, ¥ cREEAMNISERTASWETT
525, FE3+5L0.2g/cm?/y BELRELZ ENRT
&5, SHEDhEBERE - B£8R T2) VK
OFHEIX, #h £ 14.0mgC/g, 1.80mgN/g,
0.36mgP/g THV, FFEBLREHEHYOBEILZD
SR (2,000km?) L AT L, B BRI IER
BRE - BROEMERERIL, ThTh 56,000 b v,
7,200F >, 1,440F v L RIED T L 3TE B,

BEBORMAERL, EHED (1982) KL - TFY
0.37¢gC/m?*/day &HEINTWBDOT, #Haeko 14
MY OEERR, KECOWTERLF 463,000F v &7
0, FEOERMHERKE 56,000 Y i%, =@ 12% 1cfE%43
bo

BRE) VDN TEHDE, BEHAOE LD D0
AATZ, THYDZRZh 70 8XE7 v (5,
1985) LHEEINTNEDT, HHELTWBIBEREZIC
DNTRZED 28%, Y VT2 56% % 5HTW5HZ LiC
D, DF0, VYOERL VRIS L, ks
NEEBICKREIND T L ZORFIITFL TN 5,

D LOERPRT LD, BEEHOL SWNETRE
L2 b0EHRR) VORAATED 5 b0k b Qs
2, BXEYEERRELS - (EREERUCHITLCE
D, ZO7TatARPRERBRICEZ 2HEIZARZVWE
ShitdhiE bin,

¥, RICRD I BE R Y P OB R R, 2B
Fo2) VOFSEOKEFHIZ C: N:P=101:11.1:1
L0, #E (1979) BWEL T HAHEEE TOHE 76 -
7.6:1 1T EERTY YOHBMNIWTZT Enbhbd, h
B, T 5 n e AR EEL 5D, W%
BLTRAT 2EBIOUEBRDEREXZREDLL TIN50
LEZ BN, Thbb, BEEBTREREBIHERTY
VOMAT BHERENZ L EHFE- TS, 2O &
i, BUOIECDOEE, AOKE2hRTHD LRI
BWEETHS 5,

Bitic, RERBICEE Wi WicE | RFEEE
EEHZFHE L CRERZEYEEXTEHAOKRE
RUDEMEDEIACELTRHELE T,

¥k, KEtEO—Hk, CREREMER (GREE
56760133, 57760167) OMMEID FICEHINZ,

X Bk

WEERES, JMLIATT, ShkEE (1982): BB kD
2T v b e, BRESCREBEON TGS
S OCKE OABSN. BREMT iRREGE, B148-
R-14-8, 5 7 B Bk L RIS b B 4 2 B
2%, p. 81-92.

B =, HREZ, MAEZ (1983): HEHCHD
DHBREEEE & B 75 Y. HRGEERE, 39,
82-87.

FFERS (1982): WIFWBC KT A2REHREY © »
7i. HEFHERE, 88, 665-681

HASBEE (1979): HEEIC KT 2 BED R RS T
DR, HE, RELERICONT. HRKEFLE,
45, 1109-1114.

ESRRE, MREE (9749 BEBELOHRICON
T—1. FHROKEHFETFCONT. JTERKER
BBHE (14), 61-67.

FAR 7%, R (1984): Pb-210 #:ic X % EEH
OFEREE . FRFEFMFWNHL, 36, 25-30.

MURAKAMI, A. (1977): Organic pollution of bottom
mud in the Seto Inland Sea and its removal
experiment. Bull. Nansei Reg. Fish. Res. Lab.,
10, 53-72.

WiREZ, JI4E—8, BEn &, 5KKD, By €&
(1979):  WFANEOEHR. HEIZINARITR
4 (4), 1-24.

PARSONS, T.R., Y. MAITA and C.M. LALLI (1984):
A Manual of Chemical and Biological Methods
for Seawater Analysis. Pergamon Press, Oxford.
173 pp.

(LB (1983): HEBHEF WIBEE OB ERTS .
BARE LS, 57, 845-849.

W @ (1982): BEEORMREEBBICET L3
2=, BBRFEMEHREE B148-R-14-8 WERER
M & RIS B 5 EREREE, p. 121-126.

W OEHE, $eRFZ, REERE (1985): B - KR
EOES, BR, VUG REEERRE T
22, 159-164.



La mer 25: 73-84, 1987
Société franco-japonaise d’océanographie, Tokyo

vy

O v A

AIMCEB T B4 477 7 vy —%H 5RE00mE

Colloque
“Agpects actuels de la biotechnologie au Japon et en France”

H B : 19874E 3 H13H
ES 5 BILEaEE
x o B{NEREYS - LR
pvd

ve—d— B B R kK CRRUKERYT)

Vg v v A5 TREFOBR
BARZRTAHED 17 27 DI
KEHEBHCRT A AAAT 2/ mo—
SO OBIUAT

A F v — Y ABROBERE

75 VARKITBE AT 7 v o—DBHR

A~ W

o o

K DTN TIE, BEOEH, BRBMEOH
22 g, BRBEOIFHRECWhY S = a— A
57 wo—OHfiRE VAN, LEOCEREFIS &
TAFRCIEN D e T B, 2, RERR AL
=V OBEFHMZIC X B EERMCKERROMEY
R v — I Lo TR EbD HEMNL, BIEEMARRE
CELTW3, LiL, BABERROLYEIRSERER
Ry, hBEESEETh D, AV vHY T AT,

RERE)
(FIERF)
(ERIETDFFFT)

E B OB GE#AT)

WL OB CRIUKEERS)
== F (77 VAR

W Om
= £ IE
/NI L

i 3

|

He

COLdbPEKENTFCRT LA AT I r ) o=
OBEWEMEAYIERE, CONHOEETHDLY 2
v g v A=STHEERDCTEYMER R SO
WARZ, 77V ARKT HMUEFROBIRE bR
LT, TABLOKEAAFT 7 7 v o —PFEOF Rk
BIET 5B S LRI L CRBE L,

(BB k)

1. ¥ a9 Ya v NZONTEERFZEOTIR

W H

A

1. Stratégie actuelle en génétique moléculaire de la drosophile

Yoshiki HoTTA*

HIREERLRAEYZOBE M CHMErER S
NTWBY e vya v =iy, BEFLY MRIF¥D
* T113 HEBLERARSE 7-3-1

AR YR

Université de Tokyo

FEPISHET S ET, BaOFlErE TV 5, XX
el S T v — Rtk BRREAR SR
LFIFIhTwa L, FREBETERFEMR OISR T
Who

v a VY YAZREYC L - TRAERY EHFHR



74 La mer 25, 1987

TB5E, FZERBHIZIN, EHELLD, BiErk-
TRNREL e b b Vo e BREBENET S, £2°T, %
FTrVANRIBVSALTRER DL EEZ, OFarrell © 2
WILEKEKBEC L b, —RIACERMT, ZKITHE
BATETEEAEYDELCE TS, RAGTOA
FRAIFEE L W ARy F RS HBI LIz o
RHENTz, ZhidE a v 72 2 v 7 LRI 5 —5
D& VAT THBIEPHELIE, TOx VA7
KIFENDAET, bBILARCLHELET LT, B
OAEBRELD 5~10°C 13 FERC LTt 5L, {1
Jarb D4 To RNA &5, # V7 SRAELL, —8f
D RNA A ROBPMEEINIERECLIDTH bHo
LaLl, ZORABZROEGTE, BZiiz Thigho
DRV AIHPELTL B T, TOERTIL
Bg w7 R VSIBETORREE N LY B #
75, BEPELTWEEEZBRS, Bixziux, 772
FVOBRETOEROHETHBEILHCHBHL .
T, ThEoTFEYFEFEYRAWGENT 2688
BPEBCENL X5, ETEKEKBROMGTMNET 75
VORBETHENLEWS ZERFHEIRAOT,
L7 75 YDAMRy MEBRODZNENLL It bERER
BIETEHBEDTLIET S, BRTHY a2y 72V
R7OHLEON2 RMAH IR, I BIXEE LD,
T 7 5 VIRET OREOTTOME ORI THEIE AL
U, 22 Ca v~ BERMEIE LI (F vV A),
BEhr7 3 /Bo2 FviMho7 3 Vo2 F Vi
LI ALV A)E VS TERERBETL T, £C
T, COEREEAEI LICEETEL 5 —E =0
CRUCHE &Y, FLTHY v 75 VA7 BT
W, ZORETH, FORRNTHDEMETE 5, &
OREREFY, v a v a7 AT IS v ARV Vv E
WEBOERM ST, FERWCIT O HEMNEEETH B,
FIVARYVER, Qo CNBERBEIT S X
5 7c DNA DM Th Do ¥ a 72 a v S= TIRIER
12, hybrid dysgenesis W OIHENRFER IN, Th
L2 oDRNHHMAB TOXLILE T, €D Fi B3R
R oo b, FoBRERANEHECHBI LD
HEZ BT B AT 2 2, FICGEKD YN 7 & o RFE
HATUBBEETHD, Livh ZOBRET, MM D
BohsFHRICEALRV, # - TIMECEEDN
b5 EIN, HTREFHEITORTEIERE &
BHORMoOREE LT, PRTERIINS 5 v AHE
VYBREREELTCWBENESMC I N, TOPH
TFix, PETFZ b iWEBEHOMBEEoF TR, THM

EED, COXEICL - TEURTFETE, ZTO4TEM
JaR CPRTFIRBENST VRIS CHEH L, &K
DYk DNA CREEEE b L, McDREY
BTV T LB LI. Tofk, PHRTE

¥ 3kb.p. OEICHECHA XX B & (inverted
repeats) WAL, T ORENTMINT, Yhlish
TEE, oo La T 585 (transposase) b
PHETDNA HEN a2~ FT5HEW5 T Ehbnols
P 5T, TOMBMOMT T2 HIE, b~ D AR S
DETHHbI T, CCxBEL, HPILASOFAL
FBIET & rosy” DEET (BoBEEKRTHEET
TEHA L L CEMOBETI Y E{flZA T hicry
Fx v 2T BHIDRANS,) AR, 75 A VRO
T, chdk, b9 v AREE— AERE D BIdIC, 58
£ PIRTF & &b iIRofekiEfkno £ U 5 HBcEA
LT®e5b, 75, 5% FEernEhimdaohict
DBEETFHA-TWE, FOERETI TRy vy
a voi=it, MR, CHET NI VAR VEL
THAR I ZOA F ie rosy™ OBETHAEH Licicd
T, TREZINLOEEFNIEL Ao W HHF Db
B, —EMIGAEN D &L ThEIN IR,

b5 vABRE—AFERED ERSRWERIERE L TE L,
T5E, BAIKEREF LA VFLVREEY TS, 20
b T VAR VERGREMMTERS E Th RV R,

EHETH 5,

I THREBOEICRD &, TOEME AV TREAER
DT 7 F v ORETFRILEEOBEECAND L, R
BROFERYETET BT LD o 85T, BIELD
SEARIFIRIY, By a v 7 X VA7 OBRETFHENH LTS
S THE LD TR, 7T27FVORETHENLIKR
ST R TH B E VIR E s T ERT 7 F
VOBET O LKA R I B L TP RFETE
OHREEAT LY, 207 7FVNELLS RET 5D
i, £ L 2kb.p. fLOHEEEY —#c A TR bR
hindniEdbhot, COXSWE, TOHET
L, — O — D DR OBEE AR £ THHN T < A in vivo
TUHSEE L A THEETH D, FIXIEIRAG T T
LRBE LAWY 7 FvOBETE, KBEDOS T 7
PO A —ERETEERLT, T2F VDT rE—X—
ol DNA REALTARS L, RBECRAHF O
HZBAT I by X—EDEENEL T B, BT, HE
D7 3 IBAEBRTHEVIZESLTETHSL, Jhik
1AYED 7 7— ORI DNA % #H A A A THWT,
HgE 2 7o\ E S B AR &1 DNA % DNA GRdE



HILC BT B4 457/ ny—kbd bRODEE 75

BCOEBL, ThxiinTes, Thi 2 X Lick
WIS RD5 L, FHOHEIBERERDA >TaTiFoT
W<, ZHRiL site-directed mutagenesis D—2DFHE
T, IEECHEETH S,
WEBBCLPFEELR WA TERMTHHELLT
YUl 5 HiErrT. BRAEDT O LR T 1164
FEEMERTERT, DNA 25 VA2l - TAR
TS5 AL NRRBES 2 —RFEAL, KBEHCANLS
LR VARIEFEBRT LN, ChEIOPETRHELTD
DHTENARETH S, Y aVPa VA A=TlAAAT
4 v ZRIET LW HRHOFSEEEL RETIFE
L, B2 EAe#aFS i B4 hgis & HhE - 7o
REEL I AP B L o Tz bithorax %, T VT
WNEIZ > % antennapedia 75 & & E - e EBREE N
BT\ b, Bk, REREXELTRETIHD, 20
DNA %7 e—7 7 LT RNADEERX R A, &
AT 2 LIS OSN3 — I B L A T L
BERATT TRV PR IC & B FomEES R 5H/ b
Mot, COXSRYa Y Ya VAETE, Z2r—=V
IR ITHE, LB PHERTFEVSI PFT VAR Y
> CTHE %0 DNA #fafk FicEdTHATE L &

W AL O RS ENE A TH D, SHIDOPH
TR0 bR TE ARBEHERTH B, Th
=i hybrid dysgenesis % inverted repeats DFk7z > =
w2 v A= PRT LR UHELEEORETEROT
Mt wahge, $5—ovavoa v =0PHT
OEICEA LT R LB X 51T B LW IE
NELZBND, ZO2ORFEHESRMTHB, BT
LM F T PETRERECI LA A, BT TV
ARDY 2 VT ALHOERLELIBETEANLTYS S
T XD, BOE BRI Ahh LW EHIRTE %,
—EEEHT L, FhEfo CEETTHARCHELAR
Tx%, PEFAEHEHT I A4LLT T BRRER
ﬁKPﬁTﬁﬁxéh%&,%@%%%ﬁﬁﬂﬁ%mﬂ
BT %, COERNEE LWEAERD, FTEH
BPEFH T r—F L LTEOHER 7 r— =V /T
5, AECERETOZ v—=v 7T, FOEHIbHH
ST\~ BAs, BN B By, walking 350, Lo
T I UdTeds oo, TOEZNERSTEPET R
ANFERORREELET AL T O p—= v VI
BEL e D, CRD OB LWERIIE WA T L TR
1o BTN IEA 5 D

2. BARIZKBIT A N4 77 DOGAE

= Az

Eoow

2. Biotechnologie botanique appliquée au Japon

Masahiro Mir*

YDA XT 7 7 mo— 13 kEL, BHE - EEON
B, EEBECHELLIFCATONG, B F
FEONT T, ARFEELTIN LCKRERE, Fron
— v OXREHWMA, 2FACHBOBERE THLRLEE
BT HI LRI B GOMREE, 3FB R TE
U7 0B, AFBCRBRENZRE, HoH ik
TRBEORRENIE, 5 HRICHEME L HV e
OfER!, 6 FH K, fefifk, A ryxs0HEA, i
BETHABRZC L DHE—RETFOEA, 7t VKRN

*T271 FTEERMFHMFE 648

TFERFEZFH
Université de Chiba

bR T D, Sl iisEELy, Bposa, B
EHR DR OB AR TIETE oMK E AT
BhH, EFEEEBCOWTCRT, JHIEDKIROE
A 0.5 mmiE b, TREEETLIONN, ZER
iy, 9 A L ARBALTWREWE L% W, v A
NAT ) —DOREERIES T E TR, EEE, #— %
—v 2 VRETHREBREBECI VAL AT ) —DEK
wPED, LR T W5, RICEBREELFIHE LY D
BRI TH B, COBAWIEMELY VW BT 52
LWV D A, BEOBRPIAET HARAER L VWAL
BinE o e SO T Do MR LA LERS
LA H, ARATCR I VEEORER I - TELDH T



76 La mer 25, 1987

HKENTRETH 5 5 VEHESH T, B b, ALEHEE
HCeHBEYH 2 CHEBMCHEF Y I8 5 & o eEliR
FHREIh T2, AfEELZARLOESTEFER
1 —EH T, T L EABTERT I LRSS, Th
IREROBIEFETRELRLVCETHED, T I TRE
WEOBHRIZOWTELTARSE, H1OFHAE—2D
RE@EGIE LR, B cREIEST &8
TEBHDT, EES—RALDS X5 REI TR TT
EBHENWDZETH D, H2IE~T mBEORELTS
b, RROBFRCRETEIEYOEE, L TMREME
DRLERE BN, EkEELHAVRE~T el CcBR
Fob Ot KEWHIC L - CFQiemEs LTHATE
DAL BB, Fi, AT 0L D AR D
JELTARETH Do T X 5 i@ oM Y EE T
G XL EELEL, A—F o vERAS A=V
EWVWH2FHEDANLETVDATVATHD, TOMBD
BEYELCHIELEL L DIlEYE ST
Bo ANANLDOEMEIL, FEEEOHEEY L OR
EEHROMIZ, TRIEE X U ERLR S H 5.
TECHEE MRS, Baltd O EERC X
DEEEMCRREEEINTVASL, FEXBLEHED
1B BETRZEEEBC LD VA LAZER O BICHE
FEXR L FEMTbRTWE, RRATRETED, Th
BT & > CTEBBEEE AT A 7 5515
BRI T 7 e ATl GRS, HROBTIEWET
FIALE S 3580 THbH, ThiIikEDERIFRC
HRTHEGE NS AR ATHEEL, ThilEl
WRETRYBET D ENWREL D L\ o LRI
zZbhafll, AITBFoOPRCEESS, SHRMEY, 75
HBYANABEANTRLE VT EZ S H D, HilFD
ik =v o vin ETRERE TR OB TaARAER, A
THRETHIESDZ LIXTATRE & 7o > T B E 1EE AL
FEoThisl, ATEFOEECELTE, FHifark
Bk AE, BENWERRZTHT AL, GABMO
B%, EnNBEThHD, BicHE wemz 5 AL
YO, REROCWHE R CHELEEL VT
E2BnECIHENRD D, BERCOWTERRT
L, BEKBWHEATETHS, WELYRENIZEES
DU, EHEORE 4« IR FIECE S, EH
WaH IR OEAEbh D, TIEELGEYEL
TRLI LWL VAEERENTETHD, L ofomh
BIFoh 5, G, HOBMAEL s, TXTD
Vel CRITE Bl Tiiicy, BENEERIBESCT
W, BEBREOFBMSREREIhI L, EL s md

BTN D, ZORRCI - TRIBEROFERELT
¥, TOEWERTCERMBESEEL T AR &5
BRCEENFRINLTESEL D 50, BETIIRE
MNELENTND, 20X EREBEBRIFETS
TEA BB, Thbb, EEMBCESLERNLEH
7t O OHEEEKT BT, BRoNRELTUL, W
gerE, T2, WA, SEHIREE, REEREL V-
bonELORS, BEETTERON - TWHERD
M, A EERRbORBFDE, A4 )y FATRE
ZLoUetlehbEFoknbo, FTRELE»HE
DREIRERPELS D, b 7F & TIRRREM
& e A4 ETEREIRACERIE LD
Bh b, ThbofkERoNST Tk, FELERILT
BRAVDMARDDOH D, HWER, EEHIBEFI LV
SELEL LR T 5, RIETE, BEETHLN, C
FUBTEBRRIE % 7 fEBIc LT, Wik LTl %
W, SRIEE o CTERER . T bR aFEEmL T
EEMCEEC L BEE B0 EMNTH S, HHE
L, MR ESERET AL, Lokt AL
LT, #IhbRREMEI e CTEREEDL LV -
T2 ODFEND B LHAITEIVN IS H D bIEH
AL Wi, cha el d i K CRMAET S
SR I W TEDOREICESD, LL, TOREMEEN
TelETIT» CTHTH, BWAE U oteh, A AD
LOEMMEREELL, BEEALIR TV DS A%
& RBHETH Do RBENTRCIRESE &\ o 1B
i, EEGORBEOFHEMVWLR T, i, AV F
VEE EBDIREE O TECTVREY TR REE TR
FLTHOEB DEEMBYESL L, L ThENEY
RICME L2 w0 T, FEREFO—o0Tjik s LTH
AT 5, BB L BEIIL 3 k0T, The
5% Bkt AL, 3EENHTL BEREELNS B H

BAESE VR LT Wich, KICHIfgEE22, DR
BNE, EBMEOFRE VS5 L, A—BANTHES
BEHGRIELZ L ThHD, BRI~ P ES
4 EOMEREIC L > TEUE= PBH B0, SO
AT ERL T A ER LR, ThEk (Fok
LRI TERV SR, EEBEEIREL THETIES
Nic\ e, FRUEOBERBAHED 52 &R TERVA
kb, TobxMMERHETL, T VEOBNIYLE
5 U TN N E WS T EThHDH, BETIEE
CREEMEAMED R, PR BRSEEL LN, ZoF
CEEOLE TR MEAE SR o T b QUL A~ ML
Linkele LU, fERRREE OB TMRE LRSI



HILC BT 244577 /0P —%D < bEEDFESE 7

e, b2V FY TREREFORBET LIRSS, &
W5 R TTHBREV, FABIE, B Rk, AT RS0
BAEWI ZENEL E 0 BT bR T30, BB
LIS E MR ORI WRETH B, £/, FRE
EIEBEIC 2 DDRME RIS 5725, BREWE e
DT, MTEEBUOBOER LN DR, B
WL IEBFIANETH B, T CHERREVHRS
TEBEEL R WER R TRV UL, — o/ REm
WIh3, ZOHETHROEETIZI =PI 7HEI
FETHEIHPALTCH5DT, ThayfaEcEA L
THRBEHEETRATES 5 Lo R nHlEEDL SR
TWb, ¥, BEORAGETH LA TENE, *h
CXoTAURBERZRAZ L2 Y, BEFHROME
BATRETH B L BN, BRAMEDOE B 8 T
i3, BIE, WBLh-THDME, TAhe s, B,
Ex v, BEOBSMETHEL, ThALIEEL R

REEHTHD, BEREELD D, €T, FEMK
WETELLORERMIRTESE L, AENOR
WEERGER, AENORCHRRILEL S, BE
FHliA 2k, <7 x—%E 1T Agrobacterium tume-
faciens ® Ti 75 A3 VX, A. rhizogenes ® Ri 75
AIF, WEDNAYALADH Y 75T —FHF 47 ¥
ANAL SO AWCWIBEBREN - T 5%, f
2 EHEERZ L > CTELhCBYRAEREETS L, B
ELUTERCHET 2, 2oV kEfidffioC, BT
BRI AWELE DY, To& SR TR~ A
OELE LTHRRE-Tc s I 9% LS ORNS &
NAya=vin)BRYHRISEETED LK
> TET 5, WOHBLES LEBYE & R
BT AER oY, BEZOBRAENER IR T
W5,

3. KEHSHEIZE T AL ATy 00—

AN =<t

CiEN

3. Développement de la biotechnologie dans I'aquaculture

Hiroshi ONoOzATO*

KELBT - 44T 7 /v —3EHICERL TS
b, BEFEE HEEE TS W TOTHENE E - il
MO THD, FTEETHEIFEY, fE, BEFD7 R
— =V I TR Lkedy, S et - THEER
TR AE S BO—KBErMEShsThsH 5 L,
RET OB, OB IR EREA
5, Ete, BEFO I/ e—=v /3 BEFIAT ) —
BIED T LI D di B0 TRIETEED FAFE b X
hotBbhs, ¥/, BEFLVE VI T CRREGRAEE
LI o T BD, SBETHZME B s AV, ke
ERMARCALVE VRV 7 F VRIELE S LB TRE
55, THECTHERL, oH, EErTefTbhts
o’y BETFHABRZZH 2T, BFEOWELEA L
D, HEOWEEZMA LY, HLVIEIEL LS »E—
Z—ERETF BT THIZADB I LR T, 0D
* T519-04 ZERESAEAN fEg

RIEH T

Institut national d’Aquaculture

Tex—x—%HEn bR TAIE R ST, AR
W EER = v b r— AT 520D LB TREIR RS D,
Fiz, 3 b2V F Y7 DNA ZHCTEFEN, 55k
BIENEEEA RS C, RFEEGREYE LT 5, Fi2id
DD O Fa LT 5 L o e e R E s
WOAFEIHEL TS, 20X 3 CEETFREL, 5%
KESE CHIEHCEEREMCE D THS 5, KRITY:
EERETH D, KEEYTE, HABEIZT, 1
R TEBOINE EL, Tt oBoFd bEA4ATiih
noE otz BEEDEFREYENLT, MR hEAT
WhHe BT, % MRBEHEYELC L X ik
EREXHRHTESLTHA S L, hibaiui, #o
WEEMRBEOWEOHEOHBELERCH NS LD
TEBLEELOND, BRIOEML, 7 e—fEHD
BHRFBERVEDLRLS 5, R LT,
BB ETT v b 75 A b OfER L —IFCAl4E & /o
STNWBDT, 9o e DELIaMRYES Z L
BREL B EBbNS, o v e—aE, BECE



78 La mer 25, 1987

WSRO RET YL LT AT, ZolE
FFATHE, ABRFC X VBRI Sicd ok
Do WIT, MfEOREIEBRLFEECZIE, HH& v
RIOREERDFEICR S L, ERAlEsBiy, &
BRCELABLT MaxAESY, Thic) - THERE
BENEDEND ZEHTE S, EROTETIE, BE
BT 5 LI LD 2N T 5 b o R
ML T E —EoREo#Mar fREE LT
BT, BEERENEDLE—RHE S 2 L LR
mHEBbhs, LL, TROEDERONERL T
L3I TNTHD, BETY, v+ THERLEV
DT I BEAPBEHINTOID, =oAL D
Az R ALEVERELS LIz 25, REHED
Bt v RAGWRR X DB o RERESRE SR
oo TOBBHABIC I o TUFbRARIE Y E
B, SHE xR HETEBCAINESh S LBbh s, %
o, Ze—=vZENEETF AR et — & —
EONDL %ﬁ%%F@W%%*FWm&AL,%h
%mﬂé@aafr\f@ﬂ!ﬂw ZIRFERT, BEEav b e—
NMLES &tk b, REBETOEALLLTD
ThRTETw 5, WIRHERFEAETH S, SHILTE
IO TSRO y 2 RS LT T oRtd i g e
TEEL, BEMCRELET D, L oAEEET2S
RS, BT LINHEIET 2 X » TREER
mu, BFhko 2 BEoBELELEGCh D, SF
THARRCALET LW AP OBEETERLRET 21
W, EOWEE GRS S LsHEERES 5220, 2o
Bl BFeaisiiE L TkE, Tomy s
SRV, TR0 D CHiMERE S hurE
FHEDFILEL 5. HY BT LI T#T, YY
LS B DT, CoMiR BRE L TIEE D
ML BT 5 &, SREEENTIREL LD, F7z, BED
WefE <, BYEko@EE2Fo8ae, WKL
FIEREC r R RE LTl T A 2 L e T, $L
TERTHL, B, MREEEE v s, T
PHSE 2 % ﬁ,fﬁﬂ%é*%ﬁwmkofb%Qﬁ
2RESABCEERETTHEY LD L, Fhuts a—
ViIZied, EVSFLEbL S D, SO EYERETS
& HEMEREAE L B IE R CEE R R e E L D
ha, 2o, FTINRBET20CHE Y riEEH I
Do, et «lcffimo r fxRELTHWT, *
DETERCHBT TR IE, BRVHET, Fo4BR
TRBE T LB L, T5 ERHEEEOBINCEE
T, AERRETT52, —EDEYEBL 5 LiE

LT %o SHUL, BHEC X VBET ORRERL, 3
EEOT AR b, BRRECEFER L RIFE LARR
HETIRZH, BCRELHT ERERkoYaMkn
3 EAEWHESh, EERLBHBEROREMEIT TRE
PHELCDEETSHEELZ NS, ZDFR %L Hertwig
R EFS, & OFERE 10° rad LA HERFE LR Z T D
CIRETTHETH S EHA L, L LREREREZ, EF
D FeHE R M B\ M TR S, 5~30 % it is -
TLES, Thii, ¥ Ry, IS BIEIh S
E R E o DNA, RNA, 2 vos7 KL 8L
FFblebltEZLND, TOLICLUTHRAIRR
W RIAH R T, ChE BRI e 2 0EAD 2,
TIIKEE ML FEEA Y A S, ROEOBEEIE
EF B Lol hithgw b b, T I THEHRE 4 BRI
IREAESY U TR bR Rk 25, 260 ~35070%
TOIFBEIEREITHE > TE L BB o7, LA
L, TOMERINZ b0, 7% M UNEE b
EERT, B, BRIl tnss00RE
MEHHBE LT 5 v fErnb s, TOLOT
EERTEDEPETHEDEGEIES Z LA TE R,
T, AERTELEED, WYY Wi o T Bn%
FEERT e, COEGORT LERBOMOIN L X
X@ic, TORE, £TOMETIN, T EER
TEFotod, HEMEFRAE X o T U BT BEHEIC i » T
WHENRE LN E T ot RIC, R LB ERSS
BB AL, RAEOINTS S FHTE VO TEEDIN
HEDT, BTHEROTHETRAEEN D HLFEND
L, 7 5<ADICT v 2 DT> TS
BT ote T ORI COREERE X b EIE
%i%ﬁL,OZ%Lﬁ&ﬁbkﬁot#,%%ﬂk
~ 2 DWER A I FEROF 24 Ui, BT E O
x%hn%m®Wf%mﬁ%$ﬁﬂ%ﬁ,&mé%%%
DEBORILBEOINEME D T, Tl LIk
#%ﬁ&btﬁ?%%uf% BT o T, THRITIEA Y
FEOAVF OWMEENT, FPrBOVYy, V2T
A, HF 7= AORBTEREVE, ToEE, RhbE
DI, LA HERFELTEVWIBTERVTY,
FEAEBKRINTVERTRE, EelArELtd 0D
WkE RTh b L, BRRWHLMCREOLERRL
TkY, TOBGVEFEEOMAEELTEREND
R I Ve T ORI ENRIIERILE 2 — AT RE
ot E WO EE, 5o HENRIL R LR
Z, R, BORE LY, MR, BBHOIEE #iE
BHAEOFH &\ o eI BH RCTo  TREE 2 T
FrebEz ko,

nk mq.}(



FILC BT B4 257 709 —%D 2REDFE 79

4. REOBREAEHE

B

o

4. Techniques d’élevage polyproide des poissons

Koichi UENO*

KEERBTAAAAFT 7 7 e =3 BFO LT
NTHTe D BR TR D, BEME L, FICHFEEMNE S
4527 ro—bHRLTWA, 22 TEAELFHE
FED TV BREOMHHATRCOWT, ZOREDK
B, (EHAEOFIHMESR D SR L,

EREFEOIER L LT, L TOBROIINTET
5@@5@%@@&&1%<*&w?é3@%@%%m

RHBDWE KX IR CTEHOMHI A2 5
Wmﬁﬁ%&ﬁ$®ﬁﬁwﬁﬁ; MEETET, ﬁ
DI, WO 2 pHF OB L EF 5T
FROBELY 0, TOMIREORRGEFEET S
2D TEHERETH 5o BEHOBTIEIEE L0
LB AR TN, SRR LTI i a R
CET AN LEAZEIN TV S, BT oM RT
B L E, BB TIEE o TORIOKTERED
F OB EEHEL, SHRTHREDE Y ONH z@o
F B, T, POEEE 2n ORECETLIES
WHEEDEMNT, ZDXD fgﬂﬂ%m“«%‘tzﬁtzﬁm 5
WEREERD 5,

Wiz, A5 2 F IEFEIIOMMRGRICESN T, TDNA
DHETEERCLTH L S, BTFRARK, o
Mo S ERCEL, BN RgEaRL T
575, 20°C @i) LT, BB 10BN S,
15 iz LB E i 32, B Euh s
M THBY, 1HOLAE @ ¥ FATWS, Bke
ok, ToBRIE L TSRS G T 5, o

DOAREETE 1 INEE CHER SR, BIES 1 DREBET S
T EiEieN, BUEHRTON I L MEI DN ZET S
ﬁ,_@>%%é¢i?fk&%§n1%94n&@o
Bo BRUAOFENIL, 5 LIcIRE 0TI
13% TN B, 2% b 3 fEMEOFELL, FRHEINCERIK

Y

r~\

* TH77 EAB/INAIL 3-4-1
AR BT
Université de Kinki

HaBHIET 20 A L C, MO 2 £y POl
@n) ERETEDL Ly D PRRAERE () XA E ED
BRI VEEIShD, FicafdEoFEEE, 10
DR EIEL, 4n OROEEIINCLEDBT L
X hHREES B, 3n, 4n DROMEE (L IINR, T
BB VR LD, FhFEh 3E5E, 4
'%f%%%%b*m<o
%@%23¥$%1Wﬂmvﬁﬁmmmmm
'éf?ﬁ NS FEEEAR TS LI X 5 TR ENS
ﬁ,:®ﬁ%} FHLARTHEI S, ilRTy v 27V
%@%@T@O,L@@¢gd2ﬁﬁ@ﬁv
A7 TR HCHEE L TTEREREY D L2 LT,
ZIAVEIRIZLS \TE&Q(JC‘“)/»YL) DTHb, BUNED
o) WERNAEER T STk - TR
OF DFFEREOTENIMNE ORE &I
v, DEEEEO 1 BE THLBPLFIMAECTE
m%ﬁ,_hiﬁ@ﬁ}uvab%ﬁ#%%,zé
Ltﬂ@”ﬂbf%% e B OREEESE
ik, BiEoAL ﬂ:}f’fsf I AMIEIEE ARG
e, JHE &ﬁmi%kﬁ%&%h”béo
BRI SHEE CEHT 27y, WL/ R -
ﬂ,ﬁﬁﬁ@k %Vﬁ%,%*ULWDWﬁﬁE%%
LAz L il by, BEOERFOFE L
T, hm,FEWWiW@ﬁiﬁmm%IWQOCWh
B ECiThh, KBTI 30~60 4, EETIEES
BB I T\ b, FroKER X 28413 650~T750kg/
cm® TR I N T\ %, FREEOMI BE 1A B
T, 3 EEOBEIC B TCREBESKE NS TOR
MEwd o biniesnh, pHEBHOID P ECEREE
ZohTw%, aARRE 7=, 1B I
T E TS 5 BB Eh Tn 5, 4B FFEOK
BOWIE R MEBRBREHCOWTE, A 7MmRE
BohTwin,
HEMEFSE 2 fER D EH T, BENCNELLET

>-;_L.

~
g




80 La mer 25, 1987

THEZREL, ZoNCHiBOMBELYHTOTH %, I
X3 B B A RE B DN 2 - EHRCAT 5 hEE 1 IRE
BHAT 5 2s & 5 DT, BRIl R A IR oo F]
AR EREL TR - TK %, BT OEEWREL
i, B R BB KT BERRE L AR T 30~
100 fECFHRL, cha@EuErMmELeE, W 260
nm FHEDENHIIC X D 2,000~6,000 erg/mm? JEE T
Twb, ATBEOHERIL, BTOoBX % Ikd TR
EFTCEOEY=ANF—FRETHDTHD, 260nm
DWEDOEIUL, BEEEHEA~OWINA XL, EEATE
AT LR Thh B ETH b, BT, EEHEN
BEIN T EEETLT > TIRARAL, IEMES
25, BTOROMEL, BEVEISPEEEINRICEIER
BRI TWAZ ENNET, ST 1 EoBED
AR TH b,

3HHE, 4O HBEE X ERCE b2 5 dicid
BEZAH LA HE R b wns, C OfEER T DB
HTHY, BEIROEROEES~ —»—RihkDst
B L > TCHFOPFERHRD TS, FRBHNTIE, #
et X I ORANMERE T, RIFRORE
BHETHHENE DR TS, —F, MEMERA 2 54
DKL, WEICY DLEETORRLEETA
TRE, FHADTA Y FA 2uNT52L2L5T
BTN D, MEETEE LBRCERRD T 1V ¥ 1 &
R, MRS 2 ROk WTiE, B
FRINCH T B ABEREINT & o THBUE, 35k, B
T AWML o THE U 2 5 AHBEL TS 35, 74
VA ADHPTEMLEA L L OEEERE B LD
TE %, RHERHEROEBC - AER T oFEEY
35 &, BBy, RE3MEE HE2 EHELIIR
b E A BB LT LE 5 0T,
Ferk 2 D ZAEIRIIC/FH T & 2,

wie, EHBOFIHAECOWTRNL 5, 3EER[D
THEE L, Thit X - B &R Ih 3 EHERHEE
O Y, AEBEBC IS ELNEL LT
ErzbnTwh, TZTCRERBNCEEShIT + 5
¥7 &7 20 3B EEOWTFOF AR AR LT aT:
Vo BREMDEIEET 4+ 5T = rmFHik, 7KiE 24°C
BT RFEINL, Mk EEh O EEwEE D
Ho TRy 4 ARGl CRARSBICEEIhTLE
5o MR DEAWE, BRI VESEE W)
B EAFRE B E WL T2, 3BT+ 5T %
HMADKREE CRET LCEOAMEYT L5, B
B, JBEEsin ) OFFEERIR LA, 2 FEHhl~NT
£ 0, B EREIIRE T bl o e 5 LIANEIRIE,
ZOROFEE ) ML, FEMCHERY A A0/
BHEETHOENDERbND, FRifROHIEVE
G I N, 0 SIREMZER OB RRFI o
BB THHL . 3HERT = DA FElR % EIHCHE N
LA, MBOFTREZHNRTL nBAWT, AL#HEHI
Lo CHEIIERET A LN TERD o, T2 14
TR UEIBIETT 5%, ZOLDEETE LTOR
BHMAE LBV, NED T = 1 ENIA s T h4
BT 50T, BFOERMAEY T & B
HETE %, ¥, SHEG7 = ILRINERERY LD
LI 5T, ERHERS - THTABOEI I I 2D
, HEOHLIERIN %,

BEPE AR 2 fER ORI, SMEEREE 7 m— v e
EEWS2O00BNEH 5, MROBEMEEECROERE
HOftifbly, BRESRELED L) 2 CEELREREY D - T
W5, 2fEEERE~T e BofEchiIET LT
7 e — LI OBR Y E L D L FEEDEE 1
PREBRIEIC X B HEA A L3 g bl 2w 5 F
BB B



BILCRG 2 M 457/ ny—kd 5RO00EE 81

5. NAFwrH—ic X BHORERE

BT

5. Estimation de la fraicheur du poisson par le biocapteur

Etuo WATANABE*

BAOREER, RAYEHE LCHEROREYLEAT
H0T, MEEE ERESOEMRICEE LT 5 HE
Bhb, i, BAOHEIENL, HTHEAOSHAEX
BEETENLEERSHDOT, RindEE EHSHNE
ThHbo (o T, AOEBEFEEDOHENLAEFH L
HERT\W5, FIC, &2 CufiifE, R, &
B VoA TERCER TS {2 v —2 LB
BOEEREICOWTRN S,

FPFHRCRICER SN v v — X BRI EE
ER EBRAET AL AL R HATHZ L0 X DR
ANt Tihbb, HERETIAERLE IRV EIE
THEEBRREZE > CCRERBBRCARS L, RAk+F
OEENERNCEAL, BRICHRE, ChboRE
THERD HVEHEEINIALEHBEO RS 71 A THl
FBLEET D, LL, TOFECEREEFER T2 L5
FPRE L, £ TERORELL I 20N
4 Ut BERTEELT 2R R S CLIREEE O
FEENELLH/E IR, Fra—X, KK, Tra-—-
N, TIJBE YOy —BRENEEICHEAT, L
LRI ABERREDN S DD, BexOWENRES LK
FYTADFNLTS ANOWHEEIETE 2 L0 5 H
RbbH B

EREE LOFERL, BKxOWEEOFTRTL,
T, 1,8V T I A AFNF IRV EEFN) T 2F N
e e—RAER L — AT AT e FUEBELAEE, Zh
AERERERCERL, BROT7 I/ EEEREOT AT
e LMY v 7IREA BRI LRI VERY
EEL LT, TOHETIE, BEROEEFLIEESR
BT EBFEAEL DDA, TEERAL & BRI AT Tk
HELEFRCEBRIFETHLBbRS, Z0HET
BEESNIEREIE SR ELREWIFERL

* T108 HEHMEBXERE 4-5-7

HRUKEAFAREEFH
Université des Péches de Tokyo

bo
WRETNa—Ae =2 L TV —DREY
BB, ¥, sra—AdErF—YEERELULE
ERHMEEB LCEETAZ IR D S a— A v H—
FREL, TG TRERYBET 5. 5 LE
BT T 2B ERE A LB ES EE e~ —
ATAVELTESEIND, LIV IR EATS
L, FVITAPFDIA—ANEED S a— R FF
F—COFRATRHLEN AT X W B EE IR, £
OREREMCHZTHMERIRI L, Thickkgil T
HOBRLEAT 2, LiedsT, WHDON—25 1 v
LOENSEBEOBBRE LD, BRI/ a— 2
DEFPRDLNDL, LELERD, Sf4dwv+—nk
ROREE, Y — TR TREEDIET T E N
ZETHB, THETRHEREIRE Y+ —DRE®IT
7o iEA 20~30H, B THI00 B ML LR T X 7oL,
FEOEE v — O ThRR 5, —fich kT
SR, AL Bt BILEV S LRIEHAEER, BE, &
ML Vo e THRITT5DRBEE N E W TwL 5
T, ThLDORIGIIREL pHIRE LS EEIh S, &
DOFEH, AT THETT 24 D(LERIE D F1o2 O
EZBELTW5, B0, BEARETRS L,
MARBD 7D a—7r VHRRKHSHERIL (7Y =2
v A), UBBERTAR IS, TOFKE pH 2MET
+5%&, ATPase M@ EHT ATP (75F/7vv=y v
BR) 25 IMP (4 />~ v-5'-0 VER) ¥ TH R Ehd,
XL pH B 5AM FTRTTHE~F Y 9 —Ehisk
FELZY =20 v ARELRL, ABOEREELRT 2, &
DU ATP 25 ADP 3N B E L bE=3 1%
— B f > TR T B\ o) 2IEEEEL S E D,
¥ 1 B TRZBED L 75 () E bR R I e
THRECI > THDHEI A E Y, FERCHIEI EHE
LIADBRICE S, 20 X5 is—Ho (kg b
FFRHTID O« NHERERRVE IR T\ 5,



82 La mer 25, 1987

FPRBEEERE L AOHY RELEOK PR HDE
NTFRDVDESN L > TURIN D, AEETA Rk
BETH B2, FERI/E S E CreiEoinns s FicigiE
HEHMTH D EHBW T, VBN (BREERERE)
W7vE=7, PIAFAT IV, DAFAT I VICH
KT AHEEVRETHEDTHLN, TOFETIIHER
PR B RET 27208 JE B 2 PRE S FHBRS W
Lo Kk, B ICE 2, ATP BEt&yoh
%ﬁ%%%ﬁg@&@QAVTﬁﬁéhfmam&m5
fE T, (HxR (1 7 v ¥)+Hx (e £ % v F )}/
(ATP+ADP+AMP-+IMP+HxR-+Hx) X100 T%£ b
BN, BOOBBICE T2 “hREDRI” R
ECHb, B, pH dEEOBBOFKEOHIIzD
WTCHE LieB AL, BE S IRE B E G, T o
X o ERR A BERESREIR TV 32, BrKEo
BEEN T, FARRBROBE, KEXERL WS
6 DDA D5 LI B &HMATSE ATP, ADP,
AMP LA ERPEFICIIHFEL RN L8 S i
T2o?oDT, FLWEHERES LT Ki=HxR+Hx)/
(IMP+HxR+IIx) X100 ZHEL, ThxiHld 572
DA F vV —2EFE LT,

P, BElFryvVFvdFy F—CErBEREO
ST EET A LI ) Hx v v —%EE LTz [/
BT ¥ YyFvadsFy =22 27 vis Pk
Y 7 - CHEREEEEL AT HR vy —%,

T B-RIVAFH—E, RIVFTFRARY F—
€, FHVFUAF Y- EEEBE AT IMP +
v%w%ﬂﬁ oo TRHDEYH—H—DD 77—t
Ny P LEE Y=V AT AR LI, 2o
AT ACBAMBREEAT S LI b, IMP, HxR,
memx%uo FTEIMIL, 2 v —x0E3 52
—/2</TL710 TR, ThiET
OKETERYTE - 7B L > TR 3D
HEOMADIHECEAL ST 5 2 LR,
LIAHT, THETOEEL VST IR vy

—THols KE—DDEEBBTLRASEETE S
SRR VY OWTRNB, BT, 1,8-07 1 -4
STRIAFAF IR EE NI T wF AR v — R
B2 7 VFSFRARY S—E, FyvFvbrox
—EEERENH A CEELL, kieThd 2 DR
B e v — ABE SHUL X4, ¥ v F Vs 2
—Eﬁﬁ%@m%—%ﬁ<ﬁ%lBK@i%@@%ﬁL
EHRTHZ LRI D2 vy — B LT, Hx a3y
FVUFAFVHL-ETBLER, FF—0DE— 2%
%o —H, HRR XX 7 VF Y FhARY S—¥TE
Hx Cigh, ThBEHL T v vty £ — v
Kl EDECTHD THELEET 5. Ledhi-1T, =
T, 20BDE—2%EL S, BIR O v —Tit
Hx & HxR 2PRFHCHEAETHEE, ME2RN L ClE
FTEHIEPRAETH 7, K vy — CREERG
BARG OB TN 2 A LT Hx 5 L0 HxR OifiE%
SEEEHRIT B LINHEETH B

%@K,Aﬁ®ﬁ@%4@&ﬁﬁﬁg%é&bok$
TERCHEE R TN 50 Clael, &% —BRic s
Do TTT, WhLBEDREAIET 5 70ic, M
HOFRIGEEZFIA Lefid v vy — 2 BE L7, W
ud&tAd<§@ AT OEL D LEHTAELic~ T

FRWBEEOT Ik, v — AR ERIFATEL

é&_o#b,w NI Ul o Ty kB35 L
Bl 185 T A iy 2 R OWIE TS 5 EE L
X5EFT5LDTH B, v —IL, Alteromonas putre-
Saciens %Eﬂﬁﬁﬁ{tb‘/ﬁ:% VTV T 4k — LR R
EDPDBRER IR TV 5, ZORR, £ROBEISEA
%%%ﬁi?é@fi;< ‘D@6*@H®ﬁﬁ®h
EAEENECE I, KAe vy —TEALRAEIRKMEE
B EC B AR Ut

By, MY RACHEEMIEL kT “k
EORI R BV LE PEHUTE S X5 Y«
VH—RRFTH LA, B, BEREFECb ok
ST A Fw vy —MEbR S EERII LI,



BB 2254477 7 0 V=% 2B0DHEE 83

6. 7T LARBIANAFTTY v o—DHR

K o= T ) .esX b FF

6. Activité d’aujourd’hui en biotechnologie de la France

Daniel BARDOT*

19HHRIE S A Y — ik, AAICBLLULEEENIE
FoDERERICDT B EEARERLCND T &0, #k
B OEE DR ICHKEL TV AHEEXHL M L F
2ERY, vy, ¥, B, F-XEik, ~277Y
7RG B DY BE R MOYWE TR AREEFA L
TLTER, DFED, SAY =LK ALAT 7
IR lHAELEELBES S, TRUESBERE
BET, Biea— ey SET LAY TR, HRE
Y, TR RE BT ARDREELCDOATL
59, ERHE L TR, #3552 L ETURE L
DFEWEOREET L - 72 DNA D ZE L EARKED
FEIZAF ) AR NTTH 7L, DNA L x v 7
HoOXHERBENAFETHD mRNA O fF1E % BR LD
1, 7IVADAAY —AFREIEE T ThTe K
W, SAV— AR DE Y R =D SN — T X
DERTH B HIVL & HIV2RFER Uiz, bAETIE,
FEECEVSADALFT 7 7 v —RRF— Ahk
B EWCERHL TV S, Shik, 4HECHEt
WA BEEIRTE LD T, ThERENDORE T
By, FORPRC I - CTEEEZTH032AETH S
PHEThb, B, 73 VAT “AAF5T 7 av—
OFE LZAT I — ¥ T v 75 ApVE B, ZOF
w75y, BRENESYH LY T 5T TR N
WY AT ZeHERE Rk, ¥ & o ToEH ik [
T By FnT, TOFRIIAE, SAAFT

BT A2 BT R TR D, AiEE BB CE
fa & D OoDEBWIEE IR T2 HA LTS, T0
7w T sk, REAWE, B BEEE EERE
DADODHNBTRA TN, 420HWEEL T 5,
B ARG RBIE B &, BB EAR
PEHERTLCL, 234477 no—KBEL
* T106 AR 4-11-44

75 VAR

Embassade frangaise au Japon

Py

T B EEORFN, el R LT 52 &, B
BHER), EEN, HEMCRL BB 2 HEE
EHIBEGREE D EFB2 L ThB, TSR ISTAD
BTN, BRIZE KON D D, H—IL G
EDIDHDT =20 7T, BETRR VA7 BOE
R L CEIE el i X - TEES 2 v 2 B oEERE
FIDTEREE D ENWRETH B, e, Vv 7AD
HATLEL T, BTG, e EsmiksFErcE
LT ENTE, FWEOWE L ¥ DIFEDOIERIRI /K
LERTWE, 2B, 75 v AENOLL BT, 4+
vIADE—w y SEBETONERLI L Lo T 5,
EEE, SR — VBTN b T A BEY D558

2V7 v V2,000 b DiEh, Fhbit, a2 v
a— X —FHHINTWBE, I, BIETIREREES
B Mk B OIREEERSRG ShTw 5,

FE2OfX, AT LRET LY, Mehs, @
FE Lz VAUH, BMOSE, hbREE Y Oe
T230THD, 3HHORE, THITTHY, FE
WETREEEWTALDL, CD)—F7 a7 A0k
TiE, BEWHEOT v 75 2w LT, B, 50
FERIA 1T 5 I, BEHOROBELLED
RO, BAREEE, NI, BRIY ABE T
—VREE, KARRER L, 7T v AREROMBE
BEINZToR 5,

WY e 75 A8 2k, BECHETALIOTSHD,
DR ROZHEREE LT 7 e — 7 A HRDEE
F, FRNRVIFVTHD, T, EECHEBENICER
THEETITEY, LooEANE & LT, b,
Bk, JKAIR, = 3L ¥ — DA HI I E0BIT S b,
3FHOT 75 2%, MREFEOERTH B, HLHIRE
FEHBERTHIEXMBETHY, A== F7x—0i%
Hwownwton v 75 anMoBfE L BEEY R 22K
bhX>ELTWS, T, BIEBERDRD O
by ——Rbavo— = 2ZRT BRI,

1



84 La mer 25, 1987

W7 e s AIEBNEEHTH Y, EC OFERE
B L5 4B 22% 75 Y ADOWRFTA, i
45% K75 VAABBML TS,

BHRE, SBOBELOWCETE, ¥ 7B Fi#&x
DNHERET 5 EABT ON B, Fl2 BEEYIE
TlE, BEYORBEHEPEES, & v 7Bt LEER
b2, EYBEY Rt sz trpFohs, BE
CEBEONTE TR, §F TThTELGERROE O
B, Y& B R CBFLZ EARBERLESLS, b
w, EEBRIIEEC, flX, B THERFOHLER

Proer R st EA R L RS X 5 B Ikl A L8N
BDo i, WHEEBEREL T, BT LTS
MEBEAAFT 277 v —2 V2 —DBFHNRRL BB E
230 rLBEbhs, £ ANERE - TEHENRBIITNE
AARTHY, &t BY9H, BEFR FvicEOR
B LCEBES 2R ETHE, 77 VALARR
13, COETRELELVD Y, SHEIEGEFEOET
OBIPBL I ZLERD D, ARUMFEZOH L
YIET 5,



La mer 25: 85-89, 1987
Société franco-japonaise d’océanographie, Tokyo

&

IR AN S AR TS 5 700D T

BN

E A

A note to ocean acoustic tomegraphy in a scope of

a traditional routine oceanography*

Shigehisa NAKAMURA**

Abstract: This is a simple overview about the essential concept and purpose of the ocean
acoustic tomography (or ocean tomography) referring to the recent research activities
appeared mainly in the United States of America. The ocean tomography utilizes a pertur-
bation of acoustic signals between a source and a receiver under the sea with a distance of
several hundred kilometers through the sound channel located near the toe of thermocline or
picnocline. It seems that the satellite data is helpful for the ocean tomography. Remarks
are for possible response to the idea of the ocean tomography in the northwestern Pacific,
especially around the Japan Islands, and for expectation of other new techniques as effective
tools for coastal occeanography, fishery and the related fields in order to promote our oceano-

graphy.
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Table 1.

Specific properties of acoustic waves travelling a distance

of 1,000 km. Referred to MUNK and WUNSCH (1979),

Term Example 1 Example 2

Frequency band ft—é‘(df) Hz 22020 3020
Duration time of pules 4¢ sec 240 240
Acoustic level at source dB/gPa 178 170
acoustic watts 9 1
Directional gain at source dB 7 7
Spherical spreading dB —120 —120
Attenuation dB -10 -2
Intensity at receiver dB/yPa 55 55

Noises: Winds dB/Hz 65+10 40+10

Navigations dB/Hz 55+10 65+10
Total frequency band width at source 81 81
S/N ratio at receiver dB —26 —26
Directional gain at receiver dB 13 6
S/S ratio dB 20 20
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