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Spontaneous Sexual Maturation of Penaeus Japonicus
Bate in a Southeast Italian Sandy Pond*

Lumare FEBO**

Abstract: The possibility of obtaining spontaneous sexual maturation in Panaeus japonicus
Bate raised under quasi commercial production conditions, is of potential interest with regard
to large-scale broodstock production, particularly in geographic areas in which the species is
not native. Although considerable data are available on induced maturation experiments, in
Penaeid shrimps, few references can be found in the literature to their spontaneous matura-
tion in ponds on a commercial scale. The present paper describes a preliminary research in
which spontaneous sexual maturation was obtained in P. japonicus spawners bred for 194
days (from October to May) in a 510m’ sandy pond. The outstanding results are: a high
percent of females bear spermatophores (98.1%) and are sexually mature (83.0% between
stages II and IV of gonad development); a high percent of females are at stage IV with a

gonadosomatic index (13.4) comparable to that of Penaeids maturing in the wild.

Introduction

Penaeus japonicus Bate is considered a very
important species for Italian aquaculture (LUMARE
and PALMEGIANO, 1980; Lumare, 1982a).

However, this Penaeid shrimp is not native
to the Italian seaboard and this becomes a de-
cisive factor in broodstock production operations.

The present approach to the problem was
made by drawing upon previous experiments on
the native Italian Penaeid shrimp P. kerathurus
(LUMARE 1979a, b). Also in the case of P.
Japonicus the induction of sexual maturity by
means of unilateral eyestak ablation has been
proved much more effective than simple environ-
(LUMARE, 1982b).
Despite the considerable advantages of the first
method and the fact that it is still open to
further improvement, there are still a number
of important drawbacks. These consist mainly
of: a) low percent fecundity of females, which
means a low percent of fertilized eggs and thus
a small number of larvae; b) small number of
eggs produced per female and per spawn
(17,500 on the average; LUMARE, 1981), prob-
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ably due to the artificial laboratory conditions;
c) high operating costs and the considerable
risk involved in maintaining the artificial con-
ditions.

With a view to overcoming the aforesaid ob-
stacles to improved planning of mass production
of eggs and larvae, also in economic terms, an
attempt has been made to achieve sexual matu-
ration in large numbers of P. japonicus directly
in open ponds.

Materials and Methods

At the end of September 1980, a batch of
500 second generation adult specimens of Penacus
japonicus bred in captivity (age 6 months;
average size 23.9g, 14.4cm; sex ratio 1:1)
was placed to spend winter on the southeast
coast of Italy (Gulf of Taranto). The animals
were placed in a 510m? (34X 15X 1 m) earth pond
with sand bottom and greenhouse protection
againgt the winter weather. The daily water
recirculation rate was kept at about 1/3 the
total volume.

For reasons quite unrelctzd to the experiment,
a second batch of 1,769 young specimens (age
2.5 months; average size 8.2g, 10.5cm) was
added to the first. The entire shrimp population
was fed on mussel flesh (Mytilus galloprovincia-
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lis), sardines (Clupea pilchardus), silversides
(Atherina boyeri) and imported deep-frozen squid
(Todarodes sp.). The first two feeds were used
regularly, while the other two were used when-
ever available. Whatever the feed mix used,
mussel accounted for about 35% of the total.
The daily food ration varied from 1% to 15%
of shrimp body weight, depending on the temper-
ature of the water.

Every day, between 7-9 a.m., the water
temperature was checked, as especially in con-
junction with the winter minimum temperatures,
it represented a high risk factor in batch sur-
vival.

The chemical parameters of the water and
the redox potential of the bottom were measured
periodically.

At a water temperature deemed optimal for
the attainment of sexual maturity, the whole
batch was recovered and biometrized. The
shrimps examined consisted of males and females
respectively exceeding 14.5 and 15.5cm in size;
i. e., the sub-bach most certainly corresponding
to the initial group of 500 adults.

The stage of maturity reached by these speci-
mens was recorded and, for the females, also
the stage of gonad development according to
RAO (1968), as well as their fecundity conditions
(i.e., whether they bore spermatophores or not).
The gonadosomatic index (G. I.) was calculated
for 10 specimens at gonad development stage
IV using the following formula:

G.1 - weight of ovary x 100
weight of animal body

Results

Figure 1 shows the temperature and salinity
records of the pond water. On May 11, 1981,
after 194 days’ culture, the pond was drained
and the whole shrimp population recovered.
The total catch amounted to 1,745 specimens,
i.e., 77% of the initial population of 2,260
shrimps placed in the pond. The population of
older specimens consisted of 397 examples, which
represented 79.49%, of the original sub-batch.

Table 1 sums up the biometric data of the
Penaeus japonicus population, with special ref-
erence to the older sub-batch, and to the data
referring to the main physico-chemical param-
eters observed for the water.
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Fig. 1. Temperature and salinity record in
the pond.

The sub-batch of 397 adults comprised 206
females and 191 males; i.e., a sex ratio of
1.1:1.

The data referring to the stage of sexual
maturity and fecundity reached by the female
population are set out in Tab. 2. The per-
centage of fecund females was 98. 195, while that
of mature spawners (gonad stage II to IV) was
83.0%

The distribution of the various ovary develop-
ment stages is shown in Tab. 3. The percent
of stage IV ovaries, i. e., those suitable for the
release of viable eggs, was found to be particu-
larly high (74.8%).

Several females with stage IV gonads were
sacrificed and their gonadosomatic index was
determined. An average value of 13.4 was
found.

Discussion

Very little of the considerable amount of data
available on induced maturation in the Penaeid
shrimps (IDYLL, 1971; ALIKUNHI et al., 1975;
ARNSTEIN and BEARD, 1975; WEAR and SAN-
TIAGO, 1976; AQUAcOP, 1977; HALDER, 1978;
PrRIMAVERA, 1978; LAUBIER-BONICHON, 1978;
LUMARE, 1979; KELEMEC and SMITH, 1980)
refer to spontaneous maturation in ponds on a
commercial scale.

CONTE et al. (1977) achieved sexual maturity
in Penaeus stylirostris and P. setiferus in 1,000
m? ponds in Corpus Christi (Texas).

LICHATOVICH et al. (1978) obtained sponta-
neous reproduction of P. merguiensis in 200 m?
ponds in Fiji. Recently RODRIGUEZ (1981) suc-
cessfully raised sexually mature specimens of P.
kerathurus under extensive conditions in salt
pans on the southwest coast of Spain.
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Table 1. Experimental conditions in greenhouse pond of Penaeus japonicus.

Date 1-10-1980 17-12-1980 20-1-1981 25-2-1981 11-5-1981
No. of specimens 500(+1760) 397(+1348)
Average weight (g) females 26.254-2. 81 37.08+4.05

males 20.34=+2.56 25.68+3.64
Breeding period (days) 194
Survival rate (%) 79.4(+77.2)
Density (spec./m?) 0.98(+3. 45) 0.78(+2.64)
Pond area 510 510
Biomass (g/m?) 23.3(+27.6) 29.3(4+40.5)
T air (°C) 13.8 9.7 11.2 21.0
T water (°C) 11.5 10.5 12.0 22.2
S %o 37.1 37.0 43.0 38.0
O: (mg/D) 8.6 9.5 — 7.5
pH 8.20 8.30 8.35 8.30
N-NH:* (pg/D) 123 115 87 468
N-NO»~ (zg/2) 2.6 6.4 7.0 0.3
N-NOs~ (¢g/D) 22.3 5.2 92.0 36.0
P-PO:= (ug/l) 12.6 1.6 8.0 1.6
Bottom redox (range) +70;+90 +5;+220 +70; 4200 —
Water flow rate (I/s) — 2 2 2

The figures in brackets refer to the batch of younger specimens not taken into account in
the experiment.

Table 2. Degree of sexual maturity and fecundity with related percents for
sub-batch of Penaeus japonicus adults.

Mature Immature Immature Mature Mature Immature
fecund fecund unfecund unfecund males males
females females females females
No of specimens 171 31 4 0 191
% 83.6 15.0 1.9 0 100
Table 3. Distribution of different stages of ovary 23%o, respectively, and the temperature has risen

development and related percents in adult
female Penaeus japonicus.

to about 28°C.
Early laboratory tests run on P. japonicus

Ovary stage 1 I v specimens (LUMARE, 1981) subjected to unilateral
No. of specimens 21 29 128 eyestalk ablation showed that when the temper-
% 12.3 12.9 74.8 ature is reduced to just under 17°C it is possible

It has been found that P. japomicus fails to
reach sexual maturity on a commercial scale in
breeding farms in Japan (UNO, personal com-
munication).

Experiments in Japan (YASUDA, 1956a, b;
1958) have also shown how the sexual maturity
and thus the reproduction of P. japonicus in
nature are linked to variations in thermal and
salinity gradients. In the Japanese Seto Inland
and Ariake seas, peak reproduction occurs when
salinity has gradually been reduced to 27%. and

to block spawning while allowing oogenetic proc-
esses to continue; it was found that spawning
could be reactivated simply by raising water
temperature to above 18°C. For this reason,
when the water temperature in the pond reached
20°C, it was decided to collect the whole batch
and check the degree of sexual maturity of the
adults. This experiment showed that low salinity
is not a necessary prerequisite for P. japonicus
to reach sexual maturity; full sexual maturity
occurs in P. japonicus above 18°C at a salinity
of about 38%..
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The percentage of fecund females is particularly
significant (98.19%). This is an extremely high
value compared with the figures for ablated
spawners raised in captivity in outdoor tanks
having a small base area (4.3m?); in the latter
case the percent ranged from 36.6% to 69.9%
(LUMARE, 1981). The availability of a high
percentage of fecund females obviously makes
it easier to obtain fertilized eggs that can thus
produce larvae.

One important feature was the high percent
of mature spawners, i.e., with gonads actively
undergoing oogenesis. Also significant is the
percent of mature females with stage IV ovaries
(74.8%) compared with the average of 25.0%
obtained for ablated spawners raised in small
outdoor tanks (LUMARE, 1981).
worthy that the stage IV of sexual maturity
reached in the present experiment was charac-
terized by highly developed gonads with larger
dilations in the proximal section of the posterior
lobes, as are found in specimens normally matured
in the wild; this is indicated by the high gono-
somatic index (13.4).
on the gonosomatic index of less than 11 that
is generally found in stage IV of matured ovaries
in ablated Penaeids (LUMARE, 1979).

Unfortunately the experiment described in the
present paper could not be continued as the egg

It is also note-

This is an improvement

and larvae production facilities were unavailable
at the time.

Only 13 days later when it was possible to
re-examine the sub-batch was it found that the
ovaries had been emptied in more than 91.7%
of the cases.

At this date the females were in any case
subjected to wunilateral eyestalk ablation and
several days later 850,000 eggs were collected
91.0% of which were fertilized; the mean
number of eggs spawned by each female was

50,000 with a hatch rate of about 50%.

Conclusion

The possibility of obtaining large numbers of
sexually mature females of Penaeus japonicus
under commercial conditions can have important
applications in improving Penaeid shrimp brood-
stock production.

The reasons for this successful outcome are
probably due to a) low farming density; b)

high quality feed, a good proportion of which
always consisted of mussels; c¢) the gradual in-
crease in temperature until optimal gradients
were reached and, lastly, d) the combined action
of all the other physico-chemical factors, which
were kept within bounds compatible with a
favourable environment. The reproducibility of
the results could in future become the basic
criterion for developing the mass production of
broodstock for both large-scale breeding and
restocking purposes in areas where the species
is not indigenous.
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Utilisation d’Orchestia gammarellus (PALLAS) (Amphipoda,
Talitridae), a des Fins de Nutrition en Aquaculture:
Résultats Préliminaires chez le Homard,
Homarus gammarus LINNAEUS*

Annik LacHAUX**, Alain VAN WORMHOUDT***, Hervé LUCIEN-BRUNY
et Yves HENOCQUETY

Résumé: Des homards juvéniles sont élevés pendant 4 mois en logettes individuelles afin
d’étudier leur croissance. Les animaux sont répartis en 2 lots recevant chacun une nourriture
différente: Artemia salina congelés utilisés habituellement dans les écloseries (Lot 1) et
Orchestia grammarellus técoltés sur les plages de I'lle de Bailleron puis mis en élevage (Lot
II). La nourriture & l’aide d’Orchestia permet d’obtenir de meilleurs résultats; les animaux
muent plus souvent: 2 fois pour le lot I, et 3 fois pour le lot II, ils sont plus grands:
16,5mm et 19, 5mm pour la longueur du céphalothorax; et leur poids est supérieur: 2,5g et
5,67g respectivement pour chacun des deux lots. Les teneurs en protéines, ADN et ARN
confirment ces premiers résultats: 40mg et 130,5mg de protéines par individu; 2mg et 4,3 mg
d’ADN; 3,2mg et 7,9mg d’ARN respectivement pour les lots I et II.  L’utilisation de proies
vivantes permet également d’observer une éthologie alimentaire différente ainsi qu'une différ-
enciation des pinces préparant mieux le homard & une vie sauvage dans le cas d’opération de

repeuplement.

1. Intreduction

Le succés d’un élevage aquacole dépend d’une
alimentation bien adaptée, chez le homard juvé-
nile (Homarus gammarus). On utilise couram-
ment Artemia salina congelé qui donne des
résultats acceptables., Cependant cet aliment
a un colt élevé et son utilisation sous forme
congelée pose des problémes de conservation et
d’approvisionnement.

De récentes recherches ont visé A mettre au
point un aliment composé adapté aux besoins
spécifiques du homard (CONKLIN et al., 1980;
MOREAU et al., 1981; LUCIEN-BRUN et al.,
1984). Les résultats semblent encourageants

* Regu le 17 Septembre 1983
** Station d’Essai et de Formation en Aquaculture,
Saint Laurent des Eaux, 41220 La Ferte Saint
Cyr, France.
*** Laboratoire de Biologie Marine, 29110 Concar-
neau, France.
T Ecole Pratique des Hautes Etudes, Station Marine
d’Endoume, 13007 Marseille, France.
TT Maison Franco-Japonaise, Chiyoda-ku, Tokyo 101,
Japon.

mais ’utilisation de ce type d’aliment, de méme
que [’utilisation de nourriture congelée, ne
permet pas de préparer les juvéniles a leur
future vie dans la nature au cours d’opérations
de repeuplement.

Le but essentiel de ce travail est d’évaluer
les performances de croissance de 1’évolution du
comportement de prédation de jeunes homards
nourris a l'aide de proies vivantes. Des analyses
de contenus stomacaux de homards sauvages
(Homarus americanus) réalistes au large de
Terre-Neuve (CARTER et STEELE, 1982) ont
permis de déterminer les proies les plus com-
munes: Qursins, Bivalves, Crustacés, Polychétes
et Ophiures. D’AGOSTINO (1980) remarque une
bonne croissance et une coloration foncée de type
sauvage chez de jeunes homards se nourrissant
d’Amphipodes tubicoles (forte proportion de
Calliopus laeviusculus).

Nous avons utilisé pour cette expérience un
Amphipode Talitridé proie: Orchestia gammarel-
lus qui peut atteindre 2cm de longueur et colo-
nise ’étage supralittoral, il se trouve en particu-
lier dans les algues rejetées par la mer sur le
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rivage. Plusieurs critéres ont permis de déter-
miner ce choix: élevage aisé selon la technique
préconisée par CHARNIAUX-COTTON (1957),
taille idéale pour les jeunes homards et mobilité
satisfaisante dans I’eau; des observations directes
(HIRTLE et MAN, 1978) montrent que les ho-
mards réagissent positivement a l'odeur ainsi
qu’a la vue de proies en mouvement. De plus,
comme tout détritivore il semble étre un syn-
thétiseur efficace de protéine.

2. Matériel et Méthodes

Les homards juvéniles Homarus gammarus
ont été obtenus a ’écloserie A.P.A.S.U.B.*,
ils proviennent de femelles grainées péchées dans
le milieu naturel.

Les larves sont élevées selon la méthode décrite
par HUGHES ez al. (1974) et nourries avec des
nauplii d’Artemia salina de la Baie de San
Francisco**. A partir du stade IV les juvéniles
sont élevés individuellement et nourris avec des
Artemia salina congelés provenant des Salins
du Midi***,
7 mois, ’élevage est réalisé dans des récipients
troncoéniques en matiére plastique d’un diametre
de 12cm, a parois percées, répartis en 2 lots
expérimentaux de 10 individus chacun dans 2
bacs protégés par un couvercle,

Les homards utilisés sont agés de

Dans chaque
récipient, un segment du tuyau sert d’abris aux
homards. L’élevage se fait en circuit ouvert a
une température variant de 14°C en avril 1982
a 18°C en juillet 1982.
dent aux moyennes mensuelles des températures
de P'eau de mer dans le Golfe de Morbihan.

— Lot I: regoit une ration journaliere indivi-
duelle de 0,4 a 0,6g d’Artemia salina adultes
congelés correspondant a4 2 a4 6% de poids sec
de nourriture par rapport au poids frais de
lanimal. Un taux de 3,5 & 5% permet une
croissance optimale d’aprés une étude effectuée
par A.P. A.S.U.B. (ANONYME, 1982).

— Lot II: recoit une ration journaliére indivi-
duelle de 3 Orchestia adultes pendant les 1% et
2¢me cycles d’intermue et de 5 Orchestia pendant
les cycles suivants correspondant respectivement

* A.P.A.S.U.B. Ecloserie de I’Ile d’Houat, 56
Quiberon, France.
** San Francisco Bay brand.
*#* Midisel, Mas de la Pécherie, 30240 Le Grau-du-
Roi, France.

Ces chiffres correspon-

4 un poids moyen de 0,26g et 0,44 g.

Le consommation de chaque homard du lot IT
est notée tous les jours en dénombrant les proies
restantes. L’équivalence poids sec de nourriture/
Pour le lot
I les Artemia non consommés sont évacués par
les orifices des boites d’élevage a cause des
mouvements des jeunes homards; cette mesure
n’a pu étre effectuée en raison de sa complexité.

Les Orchestia sont élevés sur un substrat
humide, en petit nombre selon la technique
préconisée par CHARNIAUX-COTTON (1957) ou
en grand nombre selon la technique de GRAF
(1968). Les algues du genre Ascophyllum ou
Fucus, fraiches ou séchées puis réhydratées, sont

poids frais de homard est calculée.

Il est im-
portant de noter qu’Orchestia peut vivre im-
mergé dans l’eau de mer pendant plusieurs

utilisées comme base alimentaire.

dizaines de jours.

La croissance des jeunes homards de chaque
lot est suivie en notant pour chaque individu:

—la durée d’une mue a la mue suivante: T
en nombre de jours,

— la longueur du céphalothorax de l'exuvie:
Lc, mesurée du creux de l'orbite a 'extrémité
postérieure du céphalothorax,

— le poids frais: les animaux sont essuyés a
I’aide de papier absorbant, la pesée a lieu 15 ]
aprés la mue,

— en début et fin d’expérience 3 homards par
lot sont prélevés et lyophilisés le poids sec est
noté, les teneurs totales en protéines, ADN et
ARN sont déterminées. Le dosage des protéines
est effectué par la méthode de Folin (LOWRY
et al., 1951), PARN est dosé par la méthode a
I’orcinol de SCHNEIDER (1957) et 'ADN par la
méthode de BURTON (1968).

Pendant les 4 mois d’expérience on observe
I’évolution du comportement de prédation et
I’évolution de la coloration des animaux.

3. Résultats

Variation de la consommation d’Orchestia en
Sonction de la croissance: Chaque homard du
lot I consomme en moyenne: 1,14, 1,82, 2,34
Orchestia par jour pour les périodes d’intermue
n°1, 2, 3 correspondant respectivement a 3, 149,
3,129 et 2% de poids sec de nourriture par
rapport au poids frais du homard (Tableau 1).
En fin d’expérience la mue n°4 n’a pas été
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Tableau 1. Variation de la consommation moyenne d’Orchestia par homard
et par jour en fonction de la croissance.

Période d’une mue a la mue suivante

T, (02 42j)

T2 (42 2 69j) Ts (69 & 102j)

Consommation moyenne d’Orchestia 1,14 1,82 2,34
par homard par jour*® (0, 36) (0,39) (0,64)
Poids frais moyen (g) d’Orchestia 0,09 0,158 0,203
ingéré par homard par jour
Poids sec moyen (g) d’Orchestia 0,028 0,045 0,058
ingéré par homard par jour
Poids sec (%) de nourriture 3,14 3,12 2
par poids frais de homard
* Entre parenthéses sont indiqués les intervalles de confiance au seuil de sécurité 95%.
Tableau 2. Durée d’intermue, croissance pondérale chez le homard européen
Homarus gammarus en fonction de ’alimentation.
Lot 1 Lot I
T 1 2 3 4 1 2 3 4
T3G) 39 35 46 — 42 27 33 8
Tes 1,03 1,4 — — 1,8 0,77 2,6 —
Pi(g) 0, 97 1,54 2,5 — 0,89 1,44 2,9 5,67
Ios 0,21 0, 29 0,3 — 0,14 0,37 0,48 0,75

Lot 1 : nourriture Artemia salina congelés.
Lot 1 : nourriture Orchestia gammarellus vivants.
Ty, 2, 3, 1,: périodes d’intermue.

T(j): période d’'une mue & la mue suivante en nombre de jours.

Pf(g): poids frais moyen en gramme.

Ios: intervalle de confiance au seuil de sécurité 95%.

effectuée, la consommation pendant la durée
séparant les mues n°3 et 4 n’a pas été établie. o

{mm)

Pesée 15j aprés la mue.

Temps d’une mue a la mue suivante: La durée r

d’intermue différe entre les deux lots, 1’écart 29 s
observé devient significatif dés la deuxiéme mue: i

plus de 45j pour le lot I et 35] pour le lot II. .

En considérant toute la durée de 1’expérience
les homards du lot I ont mué 2 fois et ceux du
lot II, 3 fois (Fig. 1, Tableau 2).
Croissance linéaire et pondérale: Les longueurs
du céphalothorax ne sont pas significativement
différentes entre les deux lots pour la méme
période d’une mue a la mue suivante (Fig. 1):
— 11mm a T pour les deux lots; "
—13,8mm et 13,7mm a T 16,5mm et
16,8 mm a T respectivement pour les lots I et
II.
De méme ’évolution des croissances pondérales
des deux lots est identique apres la premiere mue
observée (T3), le poids frais moyen est de 1,54g
pour les homards du lot I et 1,44 g pour ceux

o]

10 20 30 40 50 60 70 80 90 100 110 120 Jours

Fig. 1. Croissance linéaire: longueur du céphalo-

thorax (Lc) en fonction du temps (jours)
pour les lots I et Il chez le homard euro-
péen Homarus gammarus.
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Tableau 3. Teneurs en protéines et acides nucléique chez le homard européen

Homarus gammarus.

Nombre de jours 0j

120j Lot I 120j Lot II
Poids sec (g) 0,17 (0,17) 0,6 (0,3) 1,4 (0,4)
Protéines totales (mg) 26 3,5) 40 3) 130,5 (4,3)
Protéines (mg) - _ .
= - 151,8 (9,7 71,5 (2,6 R )
P. sec homard (g) 51,8 (9,7) 5 (2,6) 90,8 (4,2
ADN total (mg) 1 0, 4) 2 ) 4,3 (2,9
Hyperplasie — 0,77 0, 85
Hypertrophie — 0,13 0,13
ARN tatal (mg) 1,6 (0,5) 3,2 (1,3 7,9 (1,9
,ARN <r,ng>7 - 1.6 5.6 55 (1.5
P. sec homard (g) 9 ,6) 56 (1,7 55 (1,5

Lot I : nourriture Artemia salina congelés.

Lot 1 : nourriture Orchestiia gammarellus vivants.

Entre parenthéses sont indiqués les intervalles de confiance au seuil de sécurité 95%.

du lot II (Tableau 2).

Aprés la deuxiéme mue les poids frais moyens
sont respectivement de 2,5g et 2,9g. Seuls
les homards du lot II ont mué 3 fois, le poids
moyen est de 5,67g. Cependant si l'on con-
sidére la croissance comparée aprés le méme
temps d’expérience on observe des diflérences
significatives de taille et de poids entre les deux
lots: aprés 120] les longueurs céphalothoraciques
sont de 16,5mm et 19,5mm, les poids de 2,5¢g
et 5,67 g respectivement pour les lots I et II.
Teneurs en protéines et acides nucléiques: Les
teneurs en protéines les plus élevées sont ob-
tenues avec le lot II. La teneur en protéines
totales est 3 fois supérieure a celle observée pour
le lot I: aprés 120 d’expérience respectivement
130,5mg et 40mg. Exprimées par rapport au
poids sec du homard, les teneurs observées sont
de 71,5mg/g pour le lot I et 90,8mg/g pour
le lot II (Tableau 3).

En fin d’expérience on observe un doublement
de la valeur moyenne (4,3mg) d’ADN du lot
II par rapport au lot I (2mg). Cet écart n’est
cependant pas significatif car les intervalles de
confiance sont larges. Par une méthode de
calcul décrite par DURAND et al. (1965) il est
possible d’estimer la part relative de la multipli-
cation cellulaire et du grandissement cellulaire.
Cette méthode a été appliquée chez Palaemon
serratus par CAMPILLO et al. (1975) et VAN
WORMHOUDT et SELLOS (1980). L’Hyperplasie
représente respectivement 85,5% et 86,7% de
la croissance pour les lots I et II tandis que

I’hypertrophie 14,5% et 18,39 (Tableau 3).
Les teneurs en moyennes observées varient de
1,6 mg en début d’expérience a 3,2mg pour le
lot I et 7,9mg pour le lot II. Il y a donc
doublement de la teneur totale moyenne en ARN
dans le lot II par rapport au lot I. Rapportées
au poids sec de homard les teneurs en ARN ne
sont pas significativement différentes.
Ethologie alimentaire et coloration des homards:
L’utilisation de nourriture vivante ou morte
conditionne ’activité des homards. Les animaux
qui recoivent des Artemia congelés ramassent
la nourriture grace a leurs péréiopodes, ceux
nourris avec Orchestia capturent les proies en
mouvement, lorsqu’elles passent a proximité a

Tableau 4: Différenciation des pinces chez le
homard européen Homarus gammarus:
longueur et largeur en mm des pinces
gauches et droites chez les homards (N©°s
1-4) du lot II (nourriture Orchestia gam-
marellus vivants) présentant une différenci-
ation en fonction de la croissance en jours.

o m .y Longueur(mm) Largeur(mm)
N° Temps (j.) pince G. pince D. pince G. pince D.

1 57; (T3) 20 20 4 3
87 (T4 23 23 5 4
2 66j (T3) 20 20 4 3
95j (T4) 23 23 5 4
3 T4: mue mangée — — - —
116; (T5) 29 29 6 8
4 93j (T4 25 25 4 5
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I’aide de leurs pinces. Dans certains cas plusieurs
captures d’Orchestia sont nécessaires pour obtenir
un succés suivi de ’ingestion de la proie, dans
un intervalle de temps variant de quelques
secondes & plusieurs dizaines de minutes.

De plus 4 homards du lot II recevant des
proies vivantes présentent une différenciation des
pinces en marteau et ciseaux aprés 4 mois d’ex-
périence (Tableau 4), aucun ne présente cette
différenciation dans le lot I. On observe en fin
d’expérience un écart de largeur entre les pinces
droites et gauches de 1mm aprés la troisiéme
mue (T:) et 2mm aprés la quatriéme mue (Ts)
chez le homard ayant effectué cette mue aprés
120 d’expérience.

On peut noter également que la coloration
dans les deux lots varie du brun-rouge foncé au
brun-vert foncé.

4. Discussion

Les croissances linéaires et pondérales pour
les lots I et II sont en corrélation; le lot II
présente une croissance générale supérieure. La
comparaison de la croissance du lot I a celle
d’un lot de croissance optimale d’aprés une étude
effectuée par ’A.P.A.S.U.B. (ANONYME, 1982)
ne met pas en évidence de différences, le lot I
pouvant donc étre pris comme référence. L’-
observation principale est la diminution de la
durée moyenne du cycle d’intermue (T) observée
chez les juvéniles du lot II, qui peut étre en
rapport avec 'apport d’une nourriture vivante
et non congelée; entre le mois d’avril et le mois
d’aotit les homards du lot II muent 3 fois et
ceux du lot I muent 2 fois. L’augmentation de
taille ou de poids d’un animal donne un apercu
global du phénoméne de la croissance, mais ne
permet pas de distinguer une croissance vraie
d’une croissance par accumulation d’eau et de
lipides.

Les analyses biochimiques effectuées permet-
tent de cerner plus précisément les phénoménes
L’aug-
mentation de la teneur en protéines totales dans

liés & la croissance dans les deux lots.

les lots 1 et II est bien corrélée avec ’augment-
ation du poids frais et des teneurs totales en
ADN. Le taux protéique significativement
supérieur dans le lot II aprés 120] est représenta-
tif d’une masse musculaire plus importante; il
est étroitement lié au raccourcissement du cycle

de mue. Le rapport protéine sur poids sec, in-
dice d’un bon état physiologique des animaux,
reste supérieur dans le lot II.

La quantité ’ADN total par animal est re-
présentative de l’augmentation du nombre des
noyaux donc de la multiplication cellulaire, elle
reste supérieure en moyenne dans le lot IL
Pendant tout la phase d’étude 1’hyperplasie re-
présente le phénoméne majeur de la croissance
dans les deux lots; cependant dans le lot I par
rapport au lot I la part relative de la multipli-
cation cellulaire est plus importante, le grandis-
sement cellulaire étant équivalent dans les deux
lots.

La teneur en ARN considérée comme un
indicateur des synthéses protéiques est plus élevé
dans le lot II; rapporté au poids sec de homard
ce taux est identique, et la synthése protéique
est donc similaire dans les deux lots. ’évolu~
tion des teneurs en protéines, ADN et ARN
par homard permet de conclure a une meilleure
croissance du lot nourri avec Orchestia vivants
et confirme les résultats obtenus lors de [’étude
Cette-
croissance n’est pas due & une hypertrophie

de la croissance linéaire et pondérale.

cellulaire mais & la combinaison des phénoménes
d’hyperplasie dominante et hypertrophie.
D’aprés les observations sur la coloration des
homards des lots I et II, il n’apparait pas de
différences si 'on considére les difficultés d’-
appréciation des couleurs. Cependant, toutes les
proies utilisées n’ont vraisemblablement ni la
méme valeur nutritive ni la méme composition
en protéines et pigments.
Talitrus saltator (Amphipode Talitridé), les
juvéniles se décolorent rapidement (A.P.A.S.U.B.
résultats non publiés), d’autre part les essais
portant sur [’utilisation d’aliments composés ont
donné des résultats similaires (MOREAU et al.,
1981; LUCIEN-BRUN et al., 1984). D’AGOSTINO
(1980) remarque également que la nourriture a
base de crevettes Palaemonetes sp. ne permet
pas le dépbdt de pigments bruns-verts ou noirs
dans I’exosquelette du homard mais que ’utili-
sation de certains Amphipodes permet le dé-
veloppement d’une coloration de type sauvage.
L’ utilisation de proies vivantes chez le homard
permet également de mettre en évidence une
phase d’apprentissage et ’acquisition d’une teck-
nique de capture d’une part et une différencia-

Ainsi, en utilisant
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tion des pinces en marteau et ciseaux présentant
entre elles un écart dans leur largeur variant
avec la taille du homard d’autre part. Ce fait
a été également observé a 1’écloserie de Houat
lors de D'expérience ou Talitrus saltator était
utilisé comme proie vivante (HENOCQUE, comm.
pers.)

De plus les animaux ainsi nourris de proies
vivantes ne sont pas conditionnés comme le sont
ceux alimentés réguliérement avec une nourriture
inerte. Ces critéres les rendent beaucoup plus
aptes & affronter la vie sauvage dans le cas de
lachers pour le repeuplement.
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Abstract: Juvenile lobsters are reared for four months in individual containers in order to
study their growth. The animals were divided into two batches which received different food:
frozen Artemia salina routinely used in hatcheries, for batch I, and Orchestia gammarellus
collected on the beach of Bailleron Island and then reared, for batch II. Feeding with
Orchestia gave better results than in the other case: the animals moulted more frequently
(twice for batch I and three times for batch II) and became larger (16.5mm and 19.5mm
in cephalothorax length) and heavier (2.5g and 5.67g in body weight) respectively for each
of the two batches. These first results are confirmed by the protein, DNA and RNA con-
tents: 40mg and 135.5mg of total proteins per individual; 2mg and 4.3mg of total DNA;
and 3.2mg and 7.9mg of total RNA respectively for batches I and II. Utilization of living
preys allows the observation of a different alimentary behaviour and claws differenciation
leading to a better adaptability of the lobster to wild life in the case of restocking operations.
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Settling Velocity of Resuspended Matter in
the Hiuchi-Sound of the Seto Inland Sea*

Kichiichiro KAWANA*®* Terumi TANIMOTO** and Eiichi SuMI***

Abstract Measurement of temporal variations of the three components of flow velocity
fluctuation and the vertical distribution of resuspended matter has been carried out concur-
rently for one tidal cycle at an anchored station in the Hiuchi-Sound of the Seto Inland Sea.
The friction velocity ug and the vertical eddy diffusivity A, are determined from the flow
velocity fluctuation. The vertical distribution of resuspended matter is analyzed by using A..
The settling velocity of resuspended matter is estimated to be in the range of 2.4X107*~
4x10™*msec™ .

An in situ measurement by a settling tower has been done, simultaneously with the flow
measurement, for the settling velocity of suspended matter near the bottom, The measured
result supports the range of the settling velocity estimated from the vertical distribution of

resuspended mater.

1. Introduction

Tidal resuspension of estuarine sediments is
largely controlled by the turbulent flow in the
benthic boundary layer. Accurate knowledge of
both bottom turbulence and sediment movement
is necessary for understanding the resuspension
mechanism of bottom sediment. The direct
measurement of bottom turbulence was made
by BOWDEN and FAIRBAIN (1956) and BOWDEN
and HOWE (1963), by using an electromagnetic
flow meter. GORDON and DOHNE (1973) got
time series of tidal current velocities in the
benthic boundary layer with a pivoted vane-
current meter. WISEMAN (1969) and SEITZ
(1971, 1973) used an acoustic Doppler shift cur-
rent meter for measuring bottom turbulence.
WiLLiaMS and ToOcCHKO (1977) and TOCHKO
(1978) used an acoustic traveltime sensor. Re-
cently, a new instrument system combining a
current meter with a beam attenuation meter
for measuring both the near-bottom water flow

* Received December 5, 1983
** Government Industrial Research Institute, Chu-
goku. Hiro-machi, Kure, Hiroshima, 737-01
Japan
*#% National Research Institute for Pollution and Re-
sources. Yatabe, Tsukuba, Ibaraki, 305 Japan

and sediment movement concurrently has been
constructed by LAVELLE ez al. (1978), CACHIONE
and DRAKE (1979) and BUTMAN and FOLGER
(1979).

Very turbid water has been observed near the
bottom in a wide area of the Seto Inland Sea
(KAWANA and TANIMOTO, 1981). The turbid
bottom water is thought to be produced by
resuspension of bottom sediment. Measurement
of temporal variations of bottom water flow and
the vertical distribution of resuspended matter
has been carried out at an anchored station.
The three components of flow velocity fluctua-
tion were recorded for one tidal cycle, by using
an acoustic current meter. The friction velocity
(uy) and the vertical eddy diffusivity (A.) have
been estimated from time series of flow velocity
fluctuations. An in situ measurement by a
settling tower has been done, simultaneously
with the flow measurement, for the settling
velocity of suspended matter near the bottom.

This report is focused on the vertical transport
of bottom sediment. We analyze herein the
vertical distribution of resuspended matter in
terms of the vertical eddy diffusivity (A;) and
discuss the range of settling velocity of re-
suspended matter.
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2. Methods

The sampling station shown in Fig. 1 is
located in the Hiuchi-Sound of the Seto Inland
Sea. The Seto Inland Sea lies between three
major islands of Japan. It is shallow with
average depth of about 30 meters, sprinkled
with numerous islands and connected to the
outside seas by two channels and one strait.
The industrial development and growing popula-
tion in the surrounding land have brought about
serious water pollution problem. Pollutants re-
leased from sediment severely influence the water
quality.

The flow velocity was measured with an
The current meter is
designed to measure three-dimensional velocity
fluctuation. The acoustic path between trans-
ducers for each velocity component measurment
is 0.2m. As the sing-around method is used,
the flow velocity can be measured irrespective
of the sound velocity. An azimuth compass is
mounted on the meter. This allows to obtain
the current direction relative to the earth’s
magnetic field., The current meter was mounted
at a height of 0.7m with a frame sitting on
the bottom. The electrical signals from the
current meter were collected on the surface ship.
Details of the design of the current meter were
described in another note (Sumi, 1974). A 12-
hour continuous record of flow velocities was
initially digitized at intervals of one second and
divided into segments of 10 minutes duration.
The mean velocity of the horizontal current 7,

acoustic current meter.

the root mean-square value (rms value, u/= +/@?)
.of the longitudinal velocity fluctuation along the
mean current direction, transverse velocity fluctu-
ation (v’), vertical velocity fluctuation (w’) and
the mean product ww were calculated for each
ten-minute record. The vertical distribution of
‘the beam attenuation coefficient was measured
by an in situ beam attenuation meter every hour
.during the period of continuous flow measure-
ment. The beam attenuation coefficient is useful
as an indicator of the concentration of suspend-
ed matter (DRAKE, 1974; BAKER et al., 1974;
LAVELLE et al., 1978). The general outline of
‘the apparatus used in this study is the same as
‘the one described by JERLOV (1976).

In order to investigate the relation between
the settling velocity of suspended matter and
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Fig. 1. Sampling station. Solid lines are
depth contours in meter.
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Fig. 2. Apparatus for the settling velocity
measurement.

particle diameter, an in situ measurement of the
settling velocity was carried out at the anchored
station. The schematic view of the apparatus
for the settling velocity measurement is shown
Fig. 2. The apparatus consisted of a settling
tower, a camera and a lamp. The upper part
of the tower was an inverse regular pyramid
(0.5x0.5%0.5m) in shape and its lower part
was a square tube (0.1%x0.1x1m) whic was
made of transparent acrylic plate. The upper
surface of the tower was open to sea water so
as to collect suspended matter, which settled
dowh to the lower part. The settling particles
in the tower were recorded photographically at
close proximity to the bottom. The camera
was shutterless. The lamp was connected with
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a timing circuit on board to emit a flash light
at a given time interval. Prior to water flow
measurement the apparatus was placed gently
on the floor. The disturbance by this operation
was vanished one hour after, which was observed
by a diver. The measurement of settling velocity
was carried out during water flow measurement.
‘Because the lens focus was fixed, few photo-
graphs show suspended matter distinctly. Each
particle area was computed from usable photo-
graph and was converted into the diameter D
of the equivalent sphere having the same surface
area. The settling velocity W was determined
from the locus of each particle.

3. Results and discussions

1. Time series of flow velocity fluctuations

The tide in the Hiuchi-Sound is of semi-
-diurnal type and tidal range is 1.3 to 3m. The
current is generally slow except near the Kuru-
shima channel. A weak counter-clokwise circu-
lation is observed in the eastern part of the
area. The area is floored mostly with mud
sediment which contains much organic matter.
Sandy sediment is observed only near the chan-
mel. Turbid bottom water has been observed

-2 Flood Ebb

V' (m sec?) W (msec™)
X o
Y

U (m sec™)

)
%
R
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»~
T

Time (h)

Fig. 3. Time series of @, «’, v’ and w’.

during summer throughtout a wide area (KAWA-
NA and TANIMOTO, 1981).

The time series of @, #/, v/, and w’ are shown
in Fig. 3. Small turbulent fluctuations are ob-
served in #. On the whole, however, @ changes
periodically with a tidal period. The value of
% increases to 12x1072msec™ at the strongest
flood time and decreases to 2x1072msec™! at
slack tide. During ebb flow, @ is slow and re-
mains at a nearly constant level. The bottom
water flow does not follow the semi-tidal period.
This may be due to the effect of the bottom
topography. The rms values of all the three
components become maximum at the strongest
flood time and have the same period as .
While #’ and v/ are of nearly the same magni-
tude, the vertical fluctuations seem to be about
one-half as large as the horizontal component
fluctuations. The relations between «’ and v’
and between #’ and w’ are shown in Fig. 4.
By least square method we obtain the ratios of
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Fig. 4. Relations between #’ and v’ and be-
tween #’ and w’. Solid lines are de-
termined by least square method.
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u' /v and o/ /w’ as follows;

u'=1.2¢,

u'=2.1w/. ey

The longitudinal («’2), lateral (v/2) and vertical
(z’?) components of the turbulent kinetic energy
are distributed in the ratios 1 : 0.7 : 0.23. These
ratios are in good agreement with the measure-
ment of BOWDEN and HOWE (1963), SEITZ
(1971), GORDON and DOHNE (1973), HEATHER-
SHAW (1976) and TOCHKO (1978).

The friction velocity uy is a characteristic
scaling parameter in the benthic boundary layer.
It is not a directly measurable quantity but can
be determined from the longitudinal and vertical
velocity fluctuation measured at only one eleva-
tion in a constant stress layer (u4x?®=—uwuw).
SumIi and ISHIKAWA (1975) and SumI (1976)
showed that the thickness of the constant stress
layer was a few meters. The time series of ux
is shown in Fig. 5. It ranges from 1x1073 to
4x10%msec™. Its average value over one tidal
cycle (éy) is 2x107*msec™. The ratio w’?/uy?
is generally thought to be in a certain range.
SOULSBY (1977) showed that the ratio w'2/u,?
in the marine bottom layer ranged from 1.4 to
2.6. This study gives w'%/uy?=2.4 on the
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Fig. 6. Relation between us® and w’. Solid
line is determined by least square method.

average (Fig. 6), which falls within Soulsby’s:
range.

According to the mixing length hypothesis of
Prandt], the vertical eddy diffusivity (4.) in the
constant stress layer is expressed as follows;

Az =Kuyz, (2)

where £ is the von Karman’s constant which is:
approximately equal to 0.4 for clear water and
z is the height from the bottom. With £=0.4,
the average value of A, over one tidal cycle
is obtained as

A.,=0.08z. @

Using A, we shall analyze the vertical distri-
bution of resuspended matter in the next section.

2. Vertical distribution of resuspended matter

The vertical distribution of the beam attenu-
ation coefficient is shown in Fig. 7. The beam
attenuation coefficient is uniform vertically in
an upper layer about 12 meters thick. Its
temporal variation is fractionally observed in the
surface layer. An appreciable change is observed
near the bottom. Suspended matter near the
bottom is so distributed that the concentration
is maximum at the bottom and decreases ex-
ponentially with the height from the bottom.
The elevated concentration is thought to be
produced by resuspension of bottom sediment.
The net attenuation coefficient due to resuspend-
ed matter is defined by subtracting the uniform
value in the upper layer from each measured
The vertical distribution of the net beam
attenuation coefficient due to resuspended matter
is shown in Fig. 8. The resuspended load per
unit area at a given time, Q(¢), is obtained by

value,

Beam Attenuation Coefficient (m™)
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0
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915 10:15
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20]

Fig. 7 . Temporal variation of the vertical
distribution of the beam attenuation co-
efficient. Numerals denote the sampling
time.
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from the bottom.

Ordinate: Height

The averaged distribution is obtained by averag-

ing ten samples from 9:15 to 18:20.

integrating the area under the curve in Fig. 8;
Q(t):g a(t, 2)dz, @
0

where a(z, 2) is the beam attenuation coefficient
at z. The values of Q(z) at each observation
time are also shown in Fig. 8. Q(¢) remains
at almost the same level from 9:15 to 11:15 and
then slightly decreases with time. Slack tide
appears from 11:30 to 12:00 and the bottom
water flow is very slow (Fig. 3). Minimum
value of Q(¢) is observed at 13:15, about one
hour behind slack tide. The bottom water flow
becomes again very slow from 16:00 to 16:40,
but, Q(#) at 16:15 does not show any decrease.
This suggests complicated mechanism of re-
suspension. Q(¢) during ebb flow is low com-
pared with that during flood flow. The re-
suspension of bottom sediment is dependent on
bottom turbulence.

ICHIYE (1566) and ICHIYE et al. (1972) ob-
tained the vertical eddy diffusivity by analyzing
the vertical distribution of suspended matter.
Our observation shows, independently of the
time, almost the same pattern for resuspended
matter, although a slight temporal variation is
observed very near the bottom. The vertical
eddy diffusivity A, has been obtained from flow
velocity data.  Therefore, we assume herein
that the vertical distribution averaged over ten
samples from 9:15 to 18:20 is a steady-state
distribution and analyze, by use of A., the
vertical transport of resuspended matter. The
turbid bottom water is observed throughout the
wide area. We assume that the horizontal
gradient of the resuspended matter concentration
is negligibly small compared with the vertical
gradient. The mean velocity of the vertical

component over one tidal cycle is too small to
be significant.

Thus, the diffusion equation for resuspended
matter is given as follows;

B D w,
ot oz

®

where § is the concentration of resuspended
matter, ¢ is the time and A, is given by (2).
With a constant W, the steady concentration
S(z) is given by

Wikl

S@ﬁﬂdf) , ®

where S, is the concentration at z=a and
is the friction velocity averaged over one tidal
cycle. Comparison of the measured vertical

Height (m)

S(Z)/Sso

Fig. 9. Comparison of the measured vertical
distribution of resuspended matter with
the estimated distribution. Dotted line
shows the measured value, obtained by
averaging ten samples from 9:15 to 18:20.



60 La mer 22, 1984

distribution of resuspended matter with the
distribution calculated by (6) is shown in Fig.
9 in terms of the values relative to the con-
centration at z=>50cm. The estimated vertical
distribution is to a great extent dependent on
the exponent (£=W/kdi,) in (6). No good
agreement is seen between measured and esti-
mated values (Fig. 9). This may be due to the
fact that the time-derivative 8S/6¢ and the
horizontal advection are not negligible. In the
meantime, the best fit is obtained if the range
of exponent is

w

Kily

=0.3~0.5. )

Since @ is equal to 2x10"*msec™? (value
averaged over one tidal cycle), the settling
velocity of resuspended matter is in the follow-
ing range,

W=2.4%x10""~4.0x107* (msec™) . (8)

An in situ measurement of the settling velocity
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Fig. 10. Relation between the settling velocity
and the particle diameter obtained by the in
situ measurement. Solid line shows the set-
tling velocity of quartz sand (density=2.65)

of suspended matter was carried out near the
bottom by use of the settling tower. The re-
lation between the settling velocity W and the
particle diameter D is shown in Fig. 10. The
settling velocity ranges from 3x107% to 1x 1073
msec ? and the particle diameter is in the range
of 107® to 107*m. If the particle Reynolds
number (=D W/v) is smaller than 1, the settling
velocity of spherical particle increases in pro-
portion to [? in accordance with the Stokes
law. By the way, the settling velocity of quartz
sand (density =2.65) is also shown in Fig. 10.
Suspended matter settles down very slowly as
Its settling velocity
Tt is thought that
suspended matter is a cohesive particle entrain-

compared with quartz sand.
does not increase with D2,

ing sea water in itself and has various density
depending on its size.

The settling velocity estimated from the verti-
cal distribution of resuspended matter falls within
the range of the in situ measured result.

4. Conclusions

Measurement of the temporal variation of the
bottom water flow and the vertical distribution
of resuspended matter has been carried out at
an anchored station. The three components of
flow velocity fluctuations in the benthic boundary
layer were recorded for one tidal cycle by an
ultrasonic current meter. The mean velocity
of the horizontal flow # increases to about 12X
10?msec™! at the strongest flood flow and de-
creases to 2X1072msec™! at slack tide. The
rms values of three components have the same
period as @. The longitudinal (2/2), lateral (v'2)
and vertical (w’?) components of the turbulent
kinetic energy are in the ratios 1:0.7:0.23.
The friction velocity us ranges from 1x107* to
4x10*msec™®. Its average over one tidal cycle
dy 1s 2X107%msec™’. The vertical eddy dif-
fusivity A, near the bottom is determined ac-
cording to the mixing length hypothesis of
Prandtl.

The vertical distribution of resuspended matter
was measured every hour during the period of
flow measurement. The vertical distribution of
resuspended matter is analyzed by use of A,
determined from flow velocity data. The
settling velocity of resuspended matter is esti-
mated. An in situ measurement by a settling
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‘tower has been done, simultaneously with the
flow measurement, for the settling velocity of
suspended matter near the bottom. The measur-
-ed result supports the range of settling velocity
estimated from the vertical distribution of re-
suspended matter.
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Underwater Observations on the Surface Swarm of
a Euphausiid, Euphausia pacifica in Sendai Bay,
Northeastern Japan*

Yukio HANAMURA**, Yoshinari ENDO** and Akira TANIGUCHI®**

Abstract: Underwater observations on surface swarms of a euphausiid, Euphausia pacifica
HANSEN, were made by SCUBA diving in Sendai Bay, northeastern Japan, and their behavior
was recorded by using underwater camera and video television system. The area discolored
into brownish-red by the surface swarm of euphausiids was nearly circular-shaped, about 20 m
in diameter. During the underwater observations, upper surface of the main body of the
swarm usually lay between 1-2m below the surface and the bottom surface between 3 and

7m depths. The deepest part of the swarm exceeded 10m depth. Density of cuphausiids
within the swarm was not uniform and varied from about 10 to 72inds/™'. The hand net
collection indicated the density at 58 inds/™ or more in the upper part of the swarm. The
orientation of individuals within the swarm was not necessarily uniform. Swimming speed
was roughly estimated in sizw to be about 8-10cms™ during their ordinary swimming be-

havior.

The swarm seemed to be composed of adult euphausiids, measuring from 12.3 to 21.5
mm in total length. Spermatophores of males were fully developed, but none of females at-

tached spermatophore.

Although in situ observations on euphausiid
swarms should give invaluable informaticns for
understanding their behavioral biclogy, such
kind of works are very scant. To cur knowl-
edge, the following four southern species are
the only euphausiids whose swarms have been
observed in situ: FEuphausia superba DANA by
PAvLOV (1969), RAGULIN (1969) and HAMNER ez
al. (1983), E. vallentini STEBBING by RAGULIN
(1969) and Nyctiphanes capensis HANSEN and
N. australis G.O. SARS by FENWICK (1978).

A North Pacific euphausiid, Fuphausia pacifica
HANSEN is known to aggregate into dense
swarm at the surface in the daytime in coastal
waters of Sanriku district, northeastern Japan.
We can detect this phenomenon within a limit-
ed season, i.e., a period from February to May.
Local fishermen long have commercially exploit-

* Received November 11, 1983
Requests of reprints should be maild to A.
Taniguchi.
** Enkai Chosa Kaihatsu Co., Ltd., Hokkai Bldg.,
Chuo-ku S-2, W-13, Sapporo 060, Japan
Laboratory of Oceanography, Faculty of Agri-
culture, Tohoku University, Sendai 980, Japan

skekok

ed this surface swarming euphausiid and call it
“Esada’ in Japanese. The Esada fishery is now
an important item of the fishing industry in
Sanriku district (KoMAKI, 1967; ODATE, 1979)
(Figs. 1 and 2).

On March 27, 1983, we made underwater
observations on surface swarms of I. pacifica
by SCUBA diving and recorded their behavior by
using underwater camera (Nikonos III, Nihon
Kogaku Co.) and video television system (QI

Fig. 1.
dai Bay, northeastern Japan, in late March.

A fleet of “‘Esada’ fishing boats in Sen-
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Fig. 2. “Esada’ fishing boats showing the dou-
ble boom surface trawl net mounted on the bow.

The net on center boat is now being hauled.

Fig. 3. SCUBA divers and tenders operating

the underwater video recording.

Underwater Color TV System QAC-107E, QI
Inc.) (Fig. 3). We were able tc monitor the be-
havior of onz particular swarm for more than
one hour.

It was overcast and calm. We encountered

the largest swarm of the three, which we found
on that day, at 0500 hrs at 37°54'N, 141°24'E,
about 23 miles SSW of Kinkazan Island (Fig. 4).

The swarm was indica:

=d by a flock of sea gulls,
Larus crassirostris VIEILLOT, which are believ-
ed by fishermen to be a better indication of eu-
The gulls
floating above the swarm were observed to feed

phausiid swarms than echo sounder.

on euphausiids which were densely concentrated
just below the surface (Fig. 5).

The depth of the water was 102m (Fig. 6).
‘Water temperature was 6.7°C through top 20 m.
Uniformly low temperature throughout the water
column is characteristic of the swarming season
of E. pacifica (KOMAKI, 1967). The area dis-

22, 1984

417

“-Kinkazan Is.

° o ° T o T o T o
139 140 141 142 143 1h4 B
Fig. 4.

ent in situ observation on the euphausiid
swarm was carried out. Hatched area in-

Location of the station where the pres-

dicates ‘‘Iisada’ fishing grounds in coastal

waters of northeastern Japan.

Fig. 5. A flock of the sea gulls floating on the

euphausiid swarm.

colored into brownish-red by the surface swarm
was nearly circular in shape and about 20m in
diameter. Some individuals were jumping up
into the air within a very limited area, i.e.,
about 0.5m?, which was a part of the heavily
discolored one.

When the first diving operation started, the
main body of the swarm lay below some 50 cm
depth. The upper surface of the swarm was
distinct and flat somewhat like a cloud seen from
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Fig. 6. An echogram of the euphausiid swarm obscrved. No sign of predators undernesth
the swarm is secen, while the echo of divers is recordad.

an airplane. Some small upward protrusions
from the main body of the swarm reached the
sea surface, where euphausiids were jumping
up into the air. During the underwater obser-
vations, the swarm was observed tc descend
slowly: its upper surface grﬂdua’w‘vy shifted down
to 1-2m depth by the end of the observations
(1000 hrs).

The bottom surface of the swarm was change-
able in shape and not very distinct. Tt usually
lay between 3 and 7 m depths, while the edge
of some downward protrusions exceedfd 10m
depth (Fig. 6). It was not clear, however,
whether these variabilities of the b t*o n surface

are due to its own amom'ﬂouq nature or the

he swarm from below.

results of continuous descending mction of the
swarm. HAMNER er al. (1983) cbserved that
the Antarctic krill swarms moved in an ameboid

shadow is of the boat. Dark area

shows

e part of the

fashion.

:

Horizontal and vertical heterogeneity in
1

5

phausiid densities could be chserved within

same swarm (Figs. 7 and 8). They were in t
habit of aggregating more densely in the upper
part of the swarm than in the lower part. By

nalysing the underwater photographs, we could
estimate their density in the upper part tc be

between 36 and 72inds /7', The divers cou}d
count about 1077! in the lower part.

The hand net (23 cm in dizmeter and 2.5X
3.0 mm mesh aperture) samplings made simul-

J—1

taneously indicated that the density in the upper
part of the swarm was 587!, This value might

Fig. 8. The swarm ‘rom be'ow. Heterogeneity
be underestimated to a certain extent for some in density is evident
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Fig. 9A-B.

reflection of flashlight from luminescent organs is clear.

part are also conspicuous.

(A) A euphausiid thh is swimming slowlv in a usual manner.

Bright

Black eye and red mouth

The pleopods were beating but the thoracic legs were
folded up. (B} A slow swimming euphausiid {(out of focus).

Upper flagellum of

antennule is stretched forward and lower one somewhat downward.

euphausiids had been observed to escape the
hand net used. These values obtained here are
within the range of the previously reported densi-
ties of euphausiid swarms (¢f. MAUCHLINE,
1980).

Captain K. ABE one of the most experienced
ated that the expectable

commercial CatCH from thlS swarm would b;ccma

local fishermen

three tons. It corresponds to the daily cat

per boat averaged over nearly 200 Esada fishing
boats operating in this area.

Despite almost transparent body of E. pa-
1% P

o

cifica, divers can readily [ind them in th

water. A vivid red color of the mouth part

and black eyes were apparcnt in the lateral
view. No perceivable luminescence was record-
ed, while a flashlight brightened the lumines-

cent organs brilliantly (Fig. 9A).

During the
continuous swimming by beating pleopods, their
body was nearly stretched and the upper flagella
of the antennules directed forward but the lower
flagella somewhat downward (Fig. 9B)
position of antennules was recently observed in
E. superba by HAMNER et al. (1983). Unless
divers disturb tke water, euphausiids kept swim-
ming in their manner.

Similar

They never coliided
with divers, underwater camera, etc., Inougn
their reaction wsas slow and they approached
very close to obstacles. We obscrwd that a
number of animais failed to escapc and engulfed
in the upward eddies formed by bubbles from

the mouthpiece of SCUBA or by the screw of
the fishing boat. On the other hand, they al-
ways escaped succ

stully by a rapid action
from diver’s hand, which were slowly extended
to about 10cm behind or underneath them.
The clear water column free of euphausiids was
formed along the TV cable and safety rope
suspended from the boat into the swarm. The
diameter of this column was about 20em. These
indicate that the eflective distance for their suc-
cessful escape is rather short, i.e., about 10cm.

The orientation of swimming mdlwd als was
not always vniform. It was occasionally observ-
ed that some individuals swim obliquely upwards
but others downwards or a few animals swim
in reverse direction (Fig. 10). This phenomenon
was much remarkable in the highly dense part.
On the other hand, the uniform orientation was
regularly observed in less dense part, while it
could be also seen in the highly dense part
(Fig. 11). The uniform orientation in the margin
of the swarm seems to help in keeping the ag-
gregation.

The swimming speed of individuals in the
swarm could not accurately be measured, be-
cause of their escape behavior from the sub-
mersible measure we used. The swimming eu-
phausiids could be easily followed by the dry
suit diver carrying an underwater video TV
camera followed by thick cable (Fig. 3), whose
speed was limited to less than 20-25cms™i.
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Fig. 10. An example of non-uniform orientation
in the highly dense part of the swarm.

Fig. 11. An example of the uniform orientation.

Almost synchronous swimming 1s apparent
over the field.

By some trial in situ measurements, their nor-
mal swimming speed was roughly estimated to
be 8-10cms~t. This is a lower value than
TERAZAKI’s record of 14.3-22. 2cm s™! for this
species, which might be accelerated by a wind-
driven local stream along a breakwater (TERA-
ZAKI, 1980). When they escaped from some
obstacles such as camera and measure, they
rapidly change the swimming directions and
swam away at much faster speed. Even in these
cases, however, tail-flipped backward motions re-
ported recently for E. superba (HAMNER et al.,
1983) were rarely observed.

Probably because of their small body size
(around 16.5mm in total length), we could not

observe their feeding, defaecation, mating or
molting in situ, if any.
not recerded either.

Bioluminescence was
Later examination of gut
contents of the specimens collected from this
swarm evidently indicates that t!

ir feeding
activities were not high. One-liter water zamples
taken around the swarm, however, contain
some fecal pellets of euphausiids.  Further analy-

ses of the gut contents in relation to feeding

and digestion rates are needed.

were found in these water samp

e molting
might hardly occur. Unless the matings had
been completed quite instantaneously, cur video
TV records can not stand to confirm that matings
We think that the
surface swarms in spring are closely related to
breeding behavior. But the mating and breed-
ing are most likely to occur only at the end of
the swarming season (ENDO, in press). There-

fore, it is no wonder that no sign of mating

occurred in the swarm.

was recorded in this observation made in the
middle of the swarming season.

Fish predators such as sand lance, Ammodytes
personatus GIRARD, despite their stomachs are
full of euphausiids in this season, were not ob-
served in and around the swarm. A hypothesis
that the surface swarms are formed by eu-
phausiids pursued by the predators
them from depths (¢f. KOMAKI, 1867} was not

applicable to this case. The predators

sea gulls, were afloat above them (Fig. 5). When
the swarm disappeared from diver’s sight, the

gulls also left. Causes and function of the sur-
face swarming, however, should be determined
by further in situ observations through the
swarming season.

No macrozooplankton other than E. pacifica
were observed or recorded by any underwater
photographs and video records of the swarm.
Neither did hand net samples contain other
zooplankton. Esada catches landed at the fish
markets in this area were usually composed of
an almost monospecific population of E. pacifica
with a few exceptions. In only a few excep-
tional cases, the catches contained amphipod
Parathemisto sp. and sand lance A. personatus;
these mixed catches were poor in commercial
value.

Two hand net samples taken from the swarm
revealed that the percentages of male were
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61.99% and 63.4%, which were significantly
greater than 509 (p<0.01). The same trend
was commonly found in most E. pacifica swarms
(ENDO, in press). Body length, from the
anterior tip of the rostrum to the posterior end of
the telson, ranged from 12. 3 to 21. 5mm, showing
that animals collected were all adults. Sperma-
tophores of males were fully developed but none
of females attached spermatophore. These re-
sults together with those of full analyses of the
net samples, water samples and photographs and
video TV records will be reported elsewhere.
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0ld Documents of Tsunamis and Their Evaluation™

Shigehisa NAKAMURA*

Abstract:

01d documents of 1854 Ansei Tsunami at Koza, Wakayama, recently found by

the author show that the descriptions about a tsunami behaviour could be quite different from

each other.
ing tsunami catalogues.
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Fig. 1. Innundation of 1854 Ansei Tsunami in Koza district, Wakayama (33°30’N, 135°50’E}

(1) Highest tsunami at Koza was about 12m. The first crest seems to be about Z.5m
in height followed by the second one of at least 5 to 6m.

(2) Tsunami affected at least the hatched area from Koza to Kawaguchi and to Ike-
noyama.

{3) Sea-fish was occassionally caught in the river and on the rice fields at Utsugi and
Tsukinose after the tsunami.

(4) Tsunami height at Shimotawara should be 5 to 6m.
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Late Professor Tadayoshi Sasaki, Japanese-French
Oceanographical Society and I*

Takashi ICHIYE**

Summary: I knew late Professor Tadayoshi Sasaki during early fifties when he just returned

from France after a few years’ stay there. In these years he was a sort of pied piper of
oceanographers of my generation who were bent to be rebellious, though he was ten years
senior and already a professor at the Tokyo University of Fisheries. I met him occasionally
here after I moved to the U.S. in 1957. Last time I met him was in 1982 and in Japan.
As the president of the Japanese-French Oceanographical Society he was rather generous
enough to allow publishing by the Society the first JECSS (Japan and East China Seas Study)
Workshop Proceedings which I edited.

I became a member of the Society, which was founded by him in early sixties, in 1978.
The Society is unique in Japan since its main purpose is to promote understanding between
Japanese and French oceanographers. In the international oceanographic community both
I reminisced in long-time friendship with a number
of French speaking oceanographers and hydrodynamicists including Lacombe, Saint-Guily,
Coantic, Nihoul, Hopfinger and Bodennel. I suggested that the Society should devote more
to promote international oceanographic programs sponsored by UNESCO. T also recommend
that more articles and reports published in Ia mer, the journal of the Society, should be
written in western languages in order to {facilitate exchange of information between Japan
and foreign nations including France.

countries seem to be under-represented.

The Society also are encouraged to seek more member-

ships not only in Japan but also abroad including the United States.
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“The Ocean Characteristics and Their Changes” ——a special

research project supported by the Japanese Ministry
of Education, Science and Culture——

1. Evaluation as a Reserch Proposal*

Takashi IcHIYE**

Summary: It is noted that there are some amusing translation errors from the Japanese of
the first issue of the Newsletter of ‘“The Ocean Characteristics and Their Changes” distributed
by the U.S. N.S.F.

The project, a special research project supported by the Japanese Miaistry of Education,
Science and Culture, started in 1981 and was continued for three years. The design and
organization scheme of the project were published in 1981 as a technical report by the ministry.
Tt contains twelve research subjects dividing in four categories: water motion and its variations,
movements of materials in the sea water, structure of the sea bed and its variations and
development of the measuring techniques.

The peer review system of the U.S. is explained. As an example its philosophy is
applied to evaluate the project based on the 1981 technical report. It seems that the project
contains two categories which are almost irrelevant to the ocean variabilities which mean the
water motion in the ocean in the intermediate ranges of time and space. Among the category
of the research on the water motion, two subjects on shelf and shallow water motion are
almost independent with each other and also not related to the problems of the large scale
circulation which seems to be main subjects. Thus, these two should be proposed as a subject
separate from this project.

The circulation problem includes study of meso-scale eddies in the Kuroshio-Oyashio
Confluence Zone and the effect of the bottom topography on the Kuroshio. Because of the
time limitation, importance of the subject to the international oceanography and a rather
well-written objective of the research design, the latter is recommended as the main theme
of the project.

For this theme, it is suggested to study more closely the changes of the Kuroshio when
it crosses over the Izu-Bonin Ridge south of Japan. Observational, theoretical and data
analysis approaches are recommended with incorporation of recent techniques of satellite remote
sensing, moored current meters particularly set up close to the bottom in the deep sea and
surface and sub-surface drifters. For deep water circulation separated by the ridge, analysis
of chemical tracers in the water including radioactive elements may be useful, particularly
considering recent development of the inverse method and some examples of successful
application to the deep water circulation in the Japan Sea.

* 19844 4 F20H =B
** Department of Oceanography, Texas A & M Uni-
versity, College Station, TX 77843, USA
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