ISSN 0503-1540

Tome 42 Numero 2 Mai 2004
La Societe franco—japonaise
d'oceanographie

Tokyo, Japon



SOCIETE FRANCO-JAPONAISE D’OCEANOGRAPHIE
Comité de Rédaction
(de l'exercice des années de 2004 et 2005)

Directeur et rédacteur: J. YOSHIDA
Comité de lecture: M. OcHial Y. Tanaka, H. NacasHIMA, S. MoNTANI, T. YANAGL, S. WATANABE
Rédacteurs étrangers: H. J. CEccaLpt (France), E. D. GoLpserss (Etats-Unis), L. SeuronT (France),

T. R. Parsons (Canada)
Services de rédaction et d'édition: Y. TANAKA, Y. KITADE

Note pour la présentation des manuscrits
La mer, organe de la Société franco-japonaise d’océanographie, publie des articles et notes originaux, des
articles de synthése, des analyses d'ouvrages et des informations intéressant les membres de la
société. Les sujets traités doivent avoir un rapport direct avec I'océanographie générale, ainsi qu'avec les
sciences halieutiques.

Les manuscrits doivent &tre présentés avec un double, et dactylographiés, en double interligne, et au
recto exclusivement, sur du papier blanc de format A4 (21X29.7cm). Les tableaux et les légendes des
figures serount regroupés respectivement sur des feuilles séparées a la fin du manuscrit.

Le manuscrit devra étre présenté sous la forme suivante:
1° 11 sera écrit en japonais, francais ou anglais. Dans le cadre des articles originaux, il comprendra
toujours le résumé en anglais ou francais de 200 mots environs. Pour les textes en langues européennes.
il faudra joindre en plus le résumé en japonais de 500 letters environs. Si le manuscrit est envoyé par un
non-japonophone, le comité sera responsable de la rédaction de ce résumé.
2° La présentation des articles devra étre la méme que dans les numéros récents; le nom de l'auteur
précédé du prénom en entier, en minuscules; les symboles et abréviations standards autorisés par le
comité; les citations bibliographiques seront faites selon le mode de publication: article dans une revue,
partie d'un livre, livre entier, etc.
3° Les figures ou dessins originaux devront étre parfaitement nettes en vue de la réduction nécessaire.
La réduction sera faite dans le format 14.5X20.0 cm.

La premiére épreuve seule sera envoyée a l'auteur pour la correction.

Les membres de la Société peuvent publier 7 pages imprimées sans frais d'impression dans la mesure
4 leur manuscrit qui ne demande pas de frais d'impression excessift (pour des photos couleurs, par
exemple). Dans les autres cas, y compris la présentation d’'un non-membre, tous les frais seront a la
charge de l'auteur.

Cinquante tirés-d-part peuvent étre fournis par article aux auteurs a titre gratuit. On peut en fournir
aussi un plus grand nombre sur demande, par 50 exemplaires.

Les manuscrits devront &tre adressés directement au directeur de publication de la Société: J.
YosHIDA, Université des Péches de Tokyo, Konan 4-5-7, Minatoku, Tokyo, 108 Japon; ou bien au rédacteur
étranger le plus proche: H. J. CeccaLpl, EPHE, Station marine d’'Endoume, rue Batterie-des-Lions, 13007
Marseille, France; E. D. GOLDBERG, Scripps Institution of Oceanography, La Jolla, California 92093,
Etats-Unis; L. SEuroNT, ECRG, Station marine de Wimereux, CNRS UMR 8013 ELICO, Université des
Sciences et Technologies de Lille, 28 avenue Foch, F-62930 Wimereux, France. ou T. R. PArsons, Institute
of Ocean Sciences, P.O.Box 6000, 9860W, Saanich Rd., Sidney, B. C.,, V8L 4B2, Canada.



La mer 42 : 67-72, 2004
Société franco-japonaise d'océanographie, Tokyo

Diet shift with settlement in the yellowfin goby
Acanthogobius flavimanus on a tidal mudflat

Kouki Kanou™ ', Mitsuhiko SANO *, and Hiroshi Kouno™*

Abstract : To ascertain the diet shift from pelagic larval to benthic juvenile phases in the
vellowfin goby, Acanthogobius flavimanus, the gut contents of 287 specimens (9.7-15.9 mm in
standard length), collected on a tidal mudflat in the Tama River estuary, central Japan, were
examined. Major food components changed rapidly from planktonic animals C(e.g.,
polyphemoids, and calanoid and cyclopoid copepods) to benthic or epiphytic crustaceans (e.g.,
harpacticoid copepods), with a decrease in prey size, as juveniles settled to their benthic habi-
tat. Settled juveniles had lower gut fullness index values than recorded for small pelagic larvae

and juveniles.

Keywords : Acanthogobius flavimanus, settlement, diet shift, tidal mudflat

1. Introduction

The  yellowfin goby,  Acanthogobius
flavimanus, is one of the most common fishes
in Japanese estuarine and coastal waters and
has enjoyed some popularity as a game fish
(SHIMIZU, 1984). The early life history has been
studied comprehensively (e.g., DoTsU and MITO,
1955; Suzuk! et al., 1989; Kanou, 2003), the
habitat shift being summarized as follows;
spawning occurs mainly at a depth of 5-10 m in
sheltered bay waters, newly-hatched and early
pelagic larvae being distributed around the
spawning ground (Tokyo Metropolitan Fisher-
ies Experimental Station, 1985); late pelagic
larvae and juveniles migrate to shallow water,
such as estuarine tidal mudflats, subsequently
settling to a demersal habitat (KaNou et al.,
2000, 2004a).

Although the feeding ecology of benthic juve-
nile yellowfin goby has been reported by many
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authors (e.g., KIKUCHI and YAMASHITA, 1992;
TAKIZAWA et al., 1994; SAKAT et al., 2000), that
of the transitional phase from late pelagic lar-
vae to newly-settled juveniles, which may play
an important role in the survival of marine
fishes under natural conditions (THORISSON,
1994; MiNaMm1, 1995), has not been studied well.
The present study describes ontogenetic
changes in the food habit of yellowfin goby
during the transitional phase, on the basis of
specimens collected on a tidal mudflat.

2. Materials and Methods

Sampling was conducted on a tidal mudflat
in the Tama River estuary(35°32' N,139°46' E),
central Japan, on 12 April 2001. To collect
larval and juvenile Acanthogobius flavimanus,
a small seine net (1 X1 mm square mesh, 10 m
wide and 1 m deep) was towed at a depth of 1 m
three hours after low tide in daytime, following
the methods described in KaNOU et al. (2004b).
During the sampling period, the water was tur-
bid, the salinity and temperature in surface wa-
ter being 21.0% and 18.4°C, respectively. All
samples were fixed in 5% formalin in the field
and later preserved in 70% ethanol in the labo-
ratory.

Based on morphological changes, the
yellowfin goby postflexion larvae and juveniles
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Number of specimens and standard length in each developmental stage (A-G) of Acanthogobius

flavimanus examined in this study. Narrow and broad horizontal bars indicate range and standard devia-
tion of standard length, respectively. A—D, planktonic period ; E and F, settlement period ; G, benthic pe-

riod.

were divided into seven stages (A-G) (KANOU
et al., 2004c). In addition, following observa-
tions of swimming behavior under rearing con-
ditions, the life mode of each stage was
categorized into planktonic (stages A-D), set-
tlement (stages E and F) and benthic periods
(stage G) (KaNou et al., 2004c). For gut con-
tent analyses, 287 specimens representing all
seven stages [9.7-15.9 mm in standard length
(SL)] were selected from the above samples, the
number of specimens and body size of each
stage examined being shown in Fig. 1.

Mouth width and SL of each specimen were

measured to the nearest 0.01 mm with a mi-
crometer attached to a binocular microscope,
following YOUNG and Davis (1990). The entire
alimentary canal (from mouth to anus) then
was removed. The gut was straight at stage A,
folding beginning in stages B and C. A deep "N"
shape gut (adult condition) was evident by
stage F (KANOU et al., 2004c). Because of the
differences in gut shape, we examined the con-
tents in the anterior part of the gut in speci-
mens with a straight gut and up to the first
bend of the gut in larger specimens. Food items
in the gut contents of each fish were sorted in
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major taxonomic categories. The number and
body width of items in each gut were counted
and measured, respectively. Carapace width in
crustaceans and the deepest width against the
longest axis in the other organisms were meas-
ured. The percentage volume of each food item
in the diet was visually determined as follows:
gut contents were squashed on a 1 X1 mm grid
slide to a uniform depth of 0.2 to 1.0 mm and
the volume occupied by each item measured.
The latter was then divided by the total volume
of the gut contents to calculate the percentage
volume of that item in the diet. Food resource
use was expressed as mean percentage composi-
tion of each item by volume (%V), which was
calculated by dividing the sum total of the indi-
vidual volumetric percentage for the item by
the number of specimens examined (SANO et
al., 1984; HORINOUCHI and SANO, 2000). Speci-
mens with empty guts were excluded from the
analysis.

The gut fullness index (GFI) was used to
measure the degree of feeding intensity of each
fish as follows:

GFI = (GCV / SL*) x1000

where GCV is the volume of the contents in
the anterior part of the gut in specimens with
a straight gut and up to the first bend of the
gut in larger specimens. Specimens with empty
guts were included in the comparison of mean
GFT among the different developmental stages.
In addition, the vacuity index (VI) was calcu-
lated as follows:

VI = (number of specimens with empty guts
/ the total number of specimens) % 100.

Non-parametric Kruskal-Wallis analysis was
employed to test if %V, GFI, mouth width of
fish, and number and body width of prey dif-
fered among fish developmental stages. If the
differences were significant (P < 0.05), they
were compared between all possible pairs of de-
velopmental stages using Tukey's @ test.

3. Results
Of the 287 specimens examined, 224 individu-
als contained food items and 63 were empty (VI

= 22.0). VI values for each developmental
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Fig. 2. Ontogenetic changes in mean gut fullness in-
dex (GFID), number and width of prey, and
mouth width in Acanthogobius flavimanus.
Bars indicate standard deviation.

stage were low, ranging from 12.5 to 26.1 (Ta-
ble 1), with mean overall GFI being 0.41. The
GFT values differed significantly among the de-
velopmental stages (Fig. 2, Kruskal-Wallis
test, H = 49.5, P < 0.001), with higher values in
stages B and C than in the subsequent stages
(Tukey's @ test, P < 0.05).

The major food items overall were planktonic
animals, including polyphemoids, and calanoid
and cyclopoid copepods, and small benthic or
epiphytic crustaceans, such as harpacticoid co-
pepods, these categories accounting for 89.5% of
the gut contents by volume. The %V of major
food items (planktonic animals and small
benthic or epiphytic crustaceans) differed sig-
nificantly among the developmental stages
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Table 1 Percentage volume of food items in the diet of each developmental stage of Acanthogobius

Sflavimanus
) Developmental stage
Food item — - Total
A B C D E F

Planktonic animals

Calanoid and cyclopoid copepods 547 466 428 556 336 7.9 9.5  36.0

Polyphemoids 290 451 341 151 9.9 2.5 0 173

Barnacle larvae 13.6 2.8 8.9 5.7 4.8 0 0 4.8

Shrimp larvae 0 0 0 0 0.2 0 0 +

Crab zoeae 0 0 0 0 1.7 0 0 0.3
Small benthic or epiphytic crustaceans

Harpacticoid copepods 0 3.4 0.7 116  38.2 51.0 434 239

Poechilostomid copepods 0 0 0 0.4 0.7 45 1.9 1.1

Podocopid ostracods 0 0 0.8 2.9 4.3 0 0.5 1.6

Gammaridean amphipods 0 0 7.6 34 0.9 5.6 0 2.7

Cumaceans 0 0 0 1.2 0 7.1 4.0 1.8
Polychaetes

Errant polychaetes 0 0 0 3.6 29 106 217 0.6

Sedentary polychaetes 0 0 0 0 0 6.8 4.8 1.6
Molluscs

Gastropods 0 0 0 0 04 0 0 0.1

Bivalves 0 0 0 0 0 0.4 0 0.1
Nematodes 0 0 0 0 0.2 0.4 1.7 0.3
Invertebrate eggs 2.7 2.1 0 0 0 0 0 0.5
Detritus 0 0 0 0.4 2.0 3.4 127 2.6
Number of fish with food examined 21 25 27 47 42 34 28 224
Vacuity index 260 219 206 203 250 261 125 220

+<0.1.

(Table 1, Kruskal-Wallis test, planktonic ani-
mals, H = 122.3, P < 0.001; small benthic or epi-
phytic crustaceans, H = 90.5, P < 0.001). The
%V of planktonic animals was greater in stages
A-D than in stages E-G (Tukey's @ test, P <
0.05), the opposite being found for small
benthic or epiphytic crustaceans (Tukey's @
test, P < 0.05).

Prey numbers per gut ranged from 0 to 17 in-
dividuals, although the Kruskal-Wallis test re-
vealed that the number did not differ
significantly among the developmental stages
(Fig. 2, H = 10.6, P = 0.10). Body width of
prey in the gut contents ranged from 0.08 to
0.41 mm. The differences in prey width among
fish developmental stages were statistically
significant (Fig. 2, Kruskal-Wallis test, H =
168.4, P < 0.001), with greater widths in stages
B and C than in stages E to G (Turkey's @ test,
P <0.05). Mouth width of fish increased during
stages A to C, thereafter stabilizing at about
1.2 mm until stage F and increasing rapidly in

stage G (Fig. 2, Tukey's  test, P < 0.05).

4. Discussion

The major food items of yellowfin goby
changed rapidly from planktonic animals to
benthic or epiphytic crustaceans, with fish set-
tlement. Similar switching in food items cou-
pled with settlement are known for various
demersal fishes (see MINAMI, 1984; TANAKA et
al., 1996; McCormICK and MAKEY, 1997).

In general, marine fish larvae and juveniles
select larger prey items with growth (e.g.,
LasT, 1978; PETERSON and AUSUBEL, 1984;
Young and Davis, 1990), which may be partly
the result of morphological changes in feeding-
related characters as follows: increasing mouth
width (Last, 1978; HUNTER, 1981), improve-
ment of jaw structure (GosLINE, 1971; KOHNO
et al., 1997), and development of teeth and gill
rakers (GOSLINE, 1971; WRIGHT et al., 1983). On
the other hand, decreasing prey size from late
larvae to juveniles has been reported for several
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fishes (THORISSON, 1994), although the reason
remains unclear. In the present study, such a
decrease in prey size was observed in the
yellowfin goby, with a change in food items at
settlement. Because significant changes in feed-
ing-related characters (e.g., mouth width, jaw
structure and number of teeth) of the fish were
not found at the same time (KANOU et al.,
2004c, present study), the decreased prey size
may be related to differences in prey composi-
tion between the pelagic and benthic habitats in
the study area.

Cessation or difficulty in feeding from late
larvae to juveniles, indicated by high VI values
(VI > 50 in most cases), have been reported in
a number of coastal fishes under natural condi-
tions (e.g., THORISSON, 1994; TANAKA et al.,
1996; KaNoU and Komno, 2001). Such may be
partly linked to starvation or vulnerability to
predation (THORISSON, 1994; MiNawm1, 1995;
GWAK et al., 1999). In some flatfishes, the non-
feeding span coincides with the settlement pe-
riod (KEEFE and ABLE, 1993; TANAKA et al.,
1996), which may be a result of the structural
and functional reorganization of the digestive
system during metamorphosis, delayed behav-
ioral adaptation to the benthic habitat and a
shortage of suitably-sized prey for newly-
settled individuals(TANAKA et al., 1996;NoicHr,
2001). Although yellowfin goby did not have a
non-feeding period as shown by low VI values
from 13 to 26, GFI values decreased around set-
tlement. These results suggest that the settle-
ment period for this goby is characterized by
poor nutritional condition, even though feeding
was not ceased entirely. Because of a lack of
data for prey abundance on the mudflat, how-
ever, we could not determine whether or not
the poor nutritional condition is related to ex-
ogenous factors. Further experimental studies
under field condition, including information
for prey availability around settlement, will be
required.
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A numerical experiment on the coastal and bottom
topographic effects of the Tokara Strait
on the Kuroshio flow

Miao Yang CHEN™ and Yoshihiko SEKINE"

Abstract : Coastal and bottom topographic effects of the Tokara Strait south of Kyushu on the
Kuroshio flow are studied by use of a two layer numerical model. It is shown that a western re-
gion of the Tokara Strait is essentially considered as a separation region of the Kuroshio from
the western boundary in the East China Sea and an anticyclonic eddy is formed in the separa-
tion region. It is also shown that the southwestward flow along the continental slope off
Nansei Islands is formed in the lower layer by the topographic guiding effect along the isopleth
of depth. The southwestward flow is also formed in a flat bottom model during the spin-down
period of the cyclonic eddy. This southwestward flow 1s an opposite direction to the northeast-
ward Ryukyu Current, which is not modeled in this study. As the Ryukyu Current is essen-
tially formed as a barotropic response to the seasonal change in wind stress, the vertically
homogeneous flow is expected. It is suggested that the Ryuku Current is blocked by this south-

westward flow and the vertical velocity change

(vertical velocity shear) is generated in the

Ryukyu Current, which agrees with the observational evidence.

Keywords : Tokara Strait, Ryukyu Current, Topographic effect

1. Introduction

It has been widely accepted that the Kuroshio
has a bimodal path characteristics in the
Shikoku Basin between a non-large meander
path and a large meander path (e.g. TAFT,
1972; N1TANI, 1975; IsHII et al., 1983). Recently,
the difference in the horizontal velocity distri-
bution of the Kuroshio through the Tokara
Stait south of Kyushu was especially noticed as
an important parameter of the selection of the
bimodal path of the Kuroshio. AKITOMO et al.
(1991, 1997) numerically showed that the
northward shift of the main Kuroshio axis in
southwest to Kyushu is formed during the
large meander path. A similar tendency is also
shown by observational data analyses (e.g.,
KAWABE, 1995; YAMASHIRO and KAWABE, 1996,
2002; Oka and KAWABE, 2003). As the simpli-
fied flat bottom is assumed in the numerical

* Institute of Physical Oceanography, Faculty of
Bioresources, Mie University, Tsu 514-8507, Japan

tailed discussion on the coastal and bottom
topographic effects of the Tokara Strait is
needed to draw firm conclusion on this prob-
lem.

In the present study, a realistic topography
of the Tokara Strait and Shikoku Basin south
of Japan are modeled and the coastal and bot-
tom topographic effects of the Tokara Strait on
the velocity distribution of the Kuroshio is ex-
amined. ZHANG and SEKINE (1995ab) modeled
realistic coastal and bottom topographies
south of Japan and examined the path dynam-
ics of the Kuroshio. However, since the inflow
of the numerical model was given at the west-
ern region of the Tokara Strait, detailed
coastal and bottom topographic effects of the
Tokara Strait have not been examined. There-
fore, the inflow of the numerical model is given
at east of Taiwan in the present study and the
topographic effects of Tokara Strait is exam-
ined.

Some numerical models with different model
characteristics are performed in the present
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Fig. 1. Schematic view of the model ocean shown by the isopleth of depth (in 1000 m). Two arrows show the re-
gion of the in-and outflow and regions shallower than 1000 m are stippled.

study and the coastal topographic and bottom
topographic effects are examined independ-
ently. Namely, the coastal topographic effect is
examined by the flat bottom model and the bot-
tom topographic effect is examined by the real-
istic bottom model, depending on the intensity
of the current velocity of in- and outflow. In
the followings, the details of the numerical
model and characteristics of each model are de-
scribed in the next section. The results of the
numerical experiments are mentioned in sec-
tions 3, summary and discussion are made in
section 4.

2. Numerical model

A two layer ocean with bottom and coastal
topographies shown in Fig. 1 is employed in
this study. Here, an isopleth of the depth of 150
m is assumed as the coastal boundary in the
East China Sea. The reduced gravity of the two
layer model is assumed to be 2.87 X 10 *msec 2.
The basic equations are the same as those of
ZHANG and SEKINE (1995ab). The system is
driven by stationary in- and outflow through
the open boundary.

As for the initial state, the flow is given only

in the upper layer and the lower layer has no
motion (Fig.2). Sinusoidal horizontal velocity
distribution of in- and outflow is assumed and
only northward (eastward) velocity compo-
nent is given at the inflow (outflow) boundary.
A viscous boundary condition is imposed on the
northern coastal boundary and a slip boundary
condition is imposed on the other open bounda-
ries. In the numerical calculation, we adopt a
rectangular grid with horizontal spacing of
18.7 Km along x - axis (eastward) and 15.8 Km
along y - axis (northward).

In the present study, 8 cases of numerical ex-
periments with different model character are
performed. Firstly, a flat bottom with the
coastal topography of Fig. 1 and with a con-
stant depth of 3800 m is assumed and the
coastal topographic effect is mainly examined.
Here, the different in- and outflow volume
transport of 30 Sv (1 Sv = 10°m® sec™), 55 Sv,
70 Sv and 80 Sv is given and the effect of non-
linear effect (advection) is also examined. The
four models with different in- and outflow are
referred to as F30, F55, F70 and F80. The range
of in- and outflow volume transport of the
Kuroshio, 30 Sv to 80 Sv, is essentially based on
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Initial condition of F30. Spatial distribution of (a) volume transport function, (b) upper layer thick-

ness, (¢) velocity fields of upper layer and (d) those of lower layer. The contour intervals of the volume
transport function and the upper layer thickness are 10 Sv and 50 m, respectively. Areas with negative vol-
ume transport function or thinner upper layer less than 500 m are stippled.

the observed geostrophic flow observations of
35 Sv—-55 Sv (Isobe and IMawaKI, 2002) and 30
Sv-65 Sv (IMAWAKI et al., 2001) and 40 Sv90 Sv
estimated from the sea level height
TOPEX/POSEIDON (IMAWAKI et al., 2001).
Secondly, the realistic coastal and bottom to-
pographies of Fig. 1 are employed and the bot-
tom topographic effect of the continental slope
1s furthermore examined. Here, similar four
models with different in- and outflow volume
transport of 30 Sv, 55 Sv, 70 Sv and 80 Sv are
carried out and they are referred to as T30,
T55, T70 and T80, respectively. As for these
four realistic bottom models, coefficient of
horizontal eddy viscosity is assumed to be 5 X
10’m’sec !, while a larger value of 1X10°m’ sec”
is assumed for the four flat bottom models.
Because the current over a flat bottom is es-
sentially unstable and the enhanced velocity is
induced. SEKINE (1992) pointed out by use of a
simplified two layer model proposed by IKEDA
(1983) that a western boundary current over
the flat bottom is baroclinically unstable, while
a flow over the continental slope south of

Japan is almost stable by the stabilizing effect
of the continental slope. Therefore, in order to
suppress the enhanced velocity in a flat bottom
model, larger coefficient of the eddy viscosity is
given for the flat bottom models. The numeri-
cal time integration of ten years is carried out
for each model and the numerical solutions in
the stationary state or quasi-stationary state
are analyzed.

3. Results

Results showing the statinary velocity fields
of 30 are displayed in Fig. 3. A coastal flow
along western and northern coasts is formed in
the upper layer and the total flow pattern
shows a non-large meander path. In the lower
layer, three anticyclonic eddies exist at south-
east of Kyushu and south of Shikoku and
southeast of Kii Peninsula. The volume trans-
port function showing the total transport in
the upper and lower layer and thickness of the
upper layer of F30 are shown in Fig. 4. Since
the lower layer has a larger layer thickness, ve-
locity fields of the lower layer is relatively
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Fig. 3. Result of F30 shown by (a) upper layer ve-
locity and (b) lower layer velocity in a station-
ary state. No velocity vectors less than 10 cm
sec ' in the upper layer and 5 cm sec ' in the
lower layer are plotted.

exaggeratedly appeared in the volume trans-
port function. A clear compensation of the sur-
face pressure gradient is not carried out by the
gradient of interface in the stationary state
(Fig. 4b) and a lower layer velocity is formed
(Fig. 3), which indicates the occurrence of the
baroclinic instability.

Stationary velocity fields of F55 are shown in
Fig. 5. Although essentially similar flow pat-
tern to F30 (Fig. 3) is obtained, amplitude of
the meander of the mean flow in the upper
layer is enhanced in F55. Two anticyclonic ed-
dies southwest of Kyushu and south of
Shikoku are also enhanced in the lower layer
and their existence is also detected in the upper
layer. A small cyclonic eddy is formed at south-
east of Kii Peninsula in the lower layer, which
is shown by C in Fig. 5.

In contrast to F30 and F55, a stationary solu-
tion is not obtained in F70 and F80. In both
cases, a large meander path is essentially

e e T ]
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Fig. 4. (a) Volume transport function and (b) the
upper layer thickness of F30 in a stationary
state. The contour interval is the same as in Fig.
2.

formed and a spin-up and spin-down of a
cyclonic eddy southeast of Kyushu is repeated
(Fig. 6). The large cyclonic eddy is formed in
the spin-up periods, while it decays in the spin-
down periods. The period of the spin-up and
spin-down of the cyclonic eddy is about 50 days
for both cases. The flow pattern during the
spin-up period of the cyclonic eddy essentially
corresponds to the small meander of the
Kuroshio southeast of Kyushu (SorLoMoN,
1978; SEKINE and ToBa, 1981ab), which is a
trigger meander prior to the formation of the
large meander path. However, the spin-up and
spin-down of the cyclonic eddy in the numerical
model give no large influence on the total flow
pattern of the Kuroshio south of Kii Peninsula
and the large meander path is formed station-
ary. As for the velocity fields of these models
(Fig. 7, a typical large meander path is
formed in the upper layer velocity south of Kii
Peninsula and the cyclonic eddy accompanied
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Fig. 5. Same as in Fig. 3 but for F55. The location of
the cyclonic eddy southeast of Kii Peninsula in
the lower layer 1s shown by c.

by the large meander path is formed in the
lower layer. Two anticyclonic eddies southeast
of Kyushu and south of Shikoku are signifi-
cantly enhanced and they are also clear in the
upper layer flow.

It is noted from Figs. 6b,d and 7a that in pe-
riods of the spin-down of the cyclonic eddy
sothwest of Kyushu, a southwestward flow
with a velocity of 30 cm sec ' is formed in the
lower layer at the southwestern part of the
anticyclonic eddy at the separation area. Al-
though the Ryukyu Current with an approxi-
mate maximum velocity of 50 cm sec™' (YUAN
et al., 1998) is not modeled in this numerical
model, the simulated southwestward flow is
the opposite direction to the observed north-
eastward Ryukyu Current along the continen-
tal slope off Nansei Islands. Therefore, it is
inferred that the southwestward flow formed
in F70 and F80 and the Ryukyu Current blocks
each other and their velocities are decreased. In
period of the spin-up of the anticyclonic eddy
(Figs. 6a,c and 7b), since the anticyclonic eddy

develops so eastward and the surrounding flow
of the anticyclonic eddy dominates, while the
southwestward flow is unclear.

It is also noticed that in F70 and F80 the
northward shift of the current path west of
Kyushu is more prominent in the upper layer
in comparison with those of F30 and F55. Con-
sidering that the large meander path is formed
in F70 and F80 and the non-large meander path
appears in F30 and F55, the northward shift of
the current path in case of the large meander
path agrees with the observational evidence
(KAWABE, 1995; Y AMASHIRO and KAWARE, 1996,
2002; OkA and KAWABE, 2003) and the results
of the numerical models so far proposed
(AKITOMO et al., 1991 and 1997). From the dif-
ference of the results between F30-F55 and F70
F80, it is resulted that the formation of the
large meander path in F70 and F80 is caused by
the northward shift of the current path west of
Kyushu and the downstream southward shift
by the topographic effect of Kyushu. Namely,
because the large northward shift in west of
Kyushu yields a large Rossby Lee wave in east
to Kyushu, the large meander path has a possi-
bility to be formed as a Rossby Lee wave which
induced by the topographic effect of Kyushu.

Although the non-large meander path is
formed in F80 of ZIANG and SEKINE (1995a),
the large meander path is formed in F80 of this
study. Because the non-large meander path in
their model is formed by the downstream
advection of the large meander, which yields
the decay of the large meander path. In the pre-
sent study, as the inflow 1s given at east of Tai-
wan (Fig. 1), the eastward velocity south of
Kyushu and its downstream advection of the
large meander path are weak and the large me-
ander path is formed. The difference between
the two models shows that the range of the
non-large meander path in the exceedingly
large current velocity of the Kuroshio south of
Japan.

Results of T30, T55, T70 and T80 are shown
in Fig. 8. Although time dependent quasi-
stationary solution is obtained in F70 and F80
(Figs. 6 and 7), the stationary solution is ob-
tained in T70 and T80. All the eddies formed in
the flat bottom models are relatively weak and
a coastal flow along the western and northern
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Fig. 6. Time change in the volume transport function of F70 at (a) 1200 days, (b) 1225 days, (c) 1250 days and
(d). 1275 days The contour interval of the stream [unction is 20 Sv. The regions with negative stream func-

tion are stippled.

boundaries is formed. In general, the bottom
topographic effect is enhanced in a two layer
model and the large meander appears in case of
significantly large offshore advection effect
from continental slope (e.g., SEKINE, 1990). It
should be noticed from the lower layer velocity
shown in Fig. 9 that the southwestward flow is
commonly formed along the continental slope
off Nansei Islands. The southwestward flow is
maintained stationary and it is confined to the
lower layer. Because the lower layer flow has a
strong tendency to flow along the contour of
f/h, where f is the Coriolis parameter and h is
the thickness of the lower layer, which is well
approximated by total depth, the southwest-
ward flow along the continental slope off
Nansei Islands is generated by the bottom
guiding effect along isopleth of depth.

As the northeastward Ryukyu Current flows
along the continental slope of the Nansei Is-
lands, the northeastward Ryukyu Current is
weakened by the opposite southwestward flow
simulated in the present model. Furthermore,
the Ryukyu Current is considered as a

barotropic response of the ocean to the seca-
sonal change in the wind stress (SEKINE and
KuTrsuwaba, 1994; KAGIMOTO and YAMAGATA,
1997), the vertically homogeneous flow is ex-
pected for the Ryukyu Current. However, it is
commonly observed that there exists a vertical
velocity change in the Ryukyu Current and the
Ryukyu Current is confined to the shallowest
margin of the continental slope off Nansei Is-
lands (YUAN et al., 1994, 1998; ZHU et al,2003).

As for these observational evidences, it is in-
ferred that the northeastward Ryukyu Current
is blocked by the southwestward flow with a
vertical velocity shear. Namely, the collision of
the southwestward flow and the Ryukyu Cur-
rent yields the vertical velocity change in the
Ryukyu Current. Together with the south-
westward flow formed in the flat bottom mod-
els, more detailed discussion will be made in the
next section.

4. Summary and discussion
We have examined the coastal and bottom
topographic effect of Tokara Strait on the
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70 and (d) T80 in a stationary state. The contour
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velocity distribution of the Kuroshio south of
Kyushu, as a succeeding study of the numerical
experiment of ZHANG and SEKINE (1995a,b).
The main results of the present study are sum-
marized as follows:

(1) Tt is resulted from the numerical experi-
ments that the Tokara Strait is essentially con-
sidered as a separation region of the Kuroshio
from the western boundary in the East China
Sea. An strong anticyclonic eddy is formed in
this region in a flat bottom model and the
southwestward flow is formed in the lower
layer at the southwestern part of the
anticyclonic eddy during its spin-down periods.

(2) In the realistic bottom model, the south-
westward flow along the continental slope off
Nansei Islands is commonly generated by the
topographic guiding effect along isopleth of
depth. This southwestward flow is an opposite
direction to the Ryukyu Current and the
Ryukyu Current is blocked by the southwest-
ward flow. Although the Ryukyu Current is
essentially formed as a barotropic flow, the
vertical shear is observed. It is suggested that
the vertical shear of the Ryukyu Current is
caused by the blocking of the southwestward
flow.

(3) In case of the large meander path, the
northward shift of the current path at the
western region of the Tokara Strait is clear in
the upper layer in comparison with those in the
non-large meander path. This agrees with the
results of the previous observations and the nu-
merical studies so far proposed. It is suggested
that the large meander path is essentially con-
sidered as a Rossby Lee wave formed by the
coastal topography of Kyushu.

{4)  Although the non-large meander path is
formed in F80 in ZHANG and SEKINE (1995a),
the large meander path is formed in F80 of the
present study. As the inflow of ZHANG and
SEKINE (1995a) was made at the western region
of the Tokara Strait, the eastward advection of
the large meander path is enhanced. The range
of non-large meander path in exceedingly large
current velocity of the Kuroshio is suggested.

On the observed velocity distribution of the
Ryukyu Current, it is inferred that the ob-
served confinement of the Ryukyu Current to
the shallower margin of the continental slope
off Nansei Islands (YUAN et al., 1994; 1998; ZHU
et al., 2003) may be generated by the blocking
by the southwestward flow denoted in (2). Even
if the topographic effect of the continental
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slope i1s weak, the southwestward flow is
formed by the spin-down of the anticyclonic
eddy mentioned in (1), the residual flow may
be exists only in the margin of the continental
slope. It is also inferred that because the south-
westward flow is formed by the topographic
guiding effect of the continental slope off
Nansei Islands, the stronger southwestward
flow is mainly confined to the lower layer. If
the southwestward flow is formed during the
spin-down of the anticyclonic eddy, the surface
trapped southwestward velocity still exists in
the upper layer (Fig. 7a), there is a possibility
that the minimum of the southwestward flow
exists in the intermediate layer. Therefore, the
northeastward Ryukyu Current has a has a
maximum velocity at the intermediate layer
and the smallest blocking effect is expected in
the intermediate layer. This agrees with the ob-
served velocity maximum of the Ryukyu Cur-
rent at a depth of 600 m (YUAN et al., 1998).
However, more detailed discussion is needed to
explain the observed velocity distribution of
the Ryukyu Current, which will be carried out
in the next step of this study.

It is pointed out from (4) that the path pat-
tern of the Kuroshio depends on not only the
volume transport but also the velocity distribu-
tion at the Tokara Strait. YAMASHIRO and
KAWABE (2002) suggested the clear difference
in the shape of the Kuroshio axis south of Kyu-
shu between the large meander path periods
and the non-large meander path. They also
pointed out that a realistic flow through the
Tokara Strait should be given in the numerical
model, while the inflow should not be given at
the Tokara Strait as a boundary condition in
almost numerical model so far proposed. The
different results between F80 of the present
study and that of ZHANG and SEKINE (1995a),
which is mentioned in (4), correspond to this
event. Therefore, more realistic modeling south
of Kyushu including the Ryukyu Current is
needed in the next stage of this study.
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Partial stock transportation of three clupeoid, Engraulis
japonicus, Etrumeus teres and Sardinops melanostictus,
larvae into the shirasu fishery ground of Tosa Bay, Japan

DJUMANTO', Izumi KmvosurTa, Chiho Biro® and Jun-ichi NUNoBE

Abstract : In Tosa Bay, three species of clupeoid (Engraulis japonicus, Etrumeus teres and
Sardinops. melanostictus) larvae were collected monthly by the commercial shirasu trawl be-
tween October 2001 and September 2002. E. japonicus occurred all year round, E. teres from Oc-
tober to July and S. melanostictus from November to April. Hatching dates, estimated by daily
ring increment of otoliths were distributed all year round in E. japonicus, October to March
and May to July in E. teres and October to March in S. melanostictus. Furthermore, from larva
net collections made offshore in the bay from April 2002 to March 2003, eggs hardly or never
occurred from July to February for E. japonicus, from April to October for E. teres and from
April to December for S. melanostictus. Considering these facts with information by other in-
stitute, larvae of E. japonicus, E. teres and S. melanostictus which occur in November to Janu-
ary would not be born in Tosa Bay. Since their early larvae were collected with a larva net
during the autumn, they must be transported after hatching from outside Tosa Bay. Hence,

each larva assemblage of three clupeoid seems to originate from plural spawning stocks.

Keywords : shirasu fishery, clupeoid larva, daily age, transportation, Tosa Bay

1. Introduction

The shirasu (clupeoid larvae) fishery middle
trawl is performed in Tosa Bay (OcHIal, 1981),
where a large fishery ground of three clupeoid,
Engraulis  japonicus, FEtrumeus teres and
Sardinops melanostictus shirasu are formed,
and their major spawning stocks exist
(HATTORI, 1982 ; KURODA, 1988 ; WATANABE
et al., 1997 ; ZENITANI and KiMURA, 1997 ;
ZENITANI and YAMADA, 2000 ; UEHARA and
MITANI, 2002). Therefore, Tosa Bay has played
an important role as spawning and nursery
grounds. However, little is known about the as-
semblage mechanisms of the shirasu, i.e. a for-
mation of the fishery grounds after spawning.
Our previous paper (DJUMANTO et al., in press)

Usa Institute of Marine Biology, Kochi University,
Usa, Tosa, Kochi, 781-1164 Japan

! Permanent address : Department of Fisheries,
Faculty of Agriculture, Gadjah Mada University,
Yogyakarta, 55283 Indonesia

? Present address : Nishinihon Institute of Technol-
ogy, 9-30 Wakamatsu-cho, Kochi, 780-0812 Japan

clarified seasonal abundance and changes in
sizes of the three clupeoid species. In the pre-
sent paper, we report recruitment patterns into
the fishery ground of the shirasu by examina-
tion of otolith daily rings, and compare the dis-
tribution pattern of their eggs and early larvae
between the shoreline and offshore.

2. Materials and methods

Four stations (T1-T4) with increasing depth
(5, 10, 15 and 20 m) from the mouth of the
Niyodo River were sampled monthly for juve-
niles of three clupeoid species (Engraulis
japonicus, Etrumeus teres and Sardinops
melanostictus) using fishermen's middle trawl-
ers (mesh size of bagnet : 2 mm) between Oc-
tober 2001 and September 2002 (Fig. 1). The
trawl structure used and collection methods
were described in DJUMANTO et al. (in press).
Collections of eggs and early larvae were made
by oblique tows (from near the bottom to the
surface) with a larva net (1.3 m mouth diame-
ter and 0.5 mm mesh aperture) at nine stations
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A chart of Tosa Bay showing the stations where ichthyoplankton were collected. Shirasu trawls were

performed at solid circles (T1-T4) arranged by different depths (5, 10, 15 and 20 m) from October 2001 to
September 2002. Oblique tows by a larva net (1.3 m mouth-diameter, 0.5 mm mesh aperture) were made at
open circle stations (L1-L9) from April 2002 to March 2003.

(L1-L9) performing a transect south—east from
the mouth of the Niyodo River between April
2002 and March 2003 (Fig.1). All samples were
preserved in 10% sea—water formalin then
transferred to 80% ethanol, subsequently fish
specimens were sorted and measured their sizes
by developmental stages (KENDALL et al., 1984)

in the laboratory. Unlabeled lengths are body
lengths (notochord length in yolk - sac,
preflexion and flexion larvae, and standard
length in postflexion larva and juveniles). Wa-
ter temperatures and salinities were measured
using STD at each station.

A maximum of 100 and 50 specimens from
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Fig. 2. Seasonal changes of horizontal distributions of water temperatures (°C, 5 m depth layer) and salinities
(psu, surface) in Tosa Bay from April 2002 to March 2003. Dots indicate sampling stations and crosses in-

dicate no survey.

the shirasu trawl and larva net collections, re-
spectively, for each species on each sampling
date was selected randomly for age determina-
tion from otolith (sagitta). The right side
sagittae were removed from specimens, and
fixed on a microscope slide face up with epoxy
resin. Rings outside the nucleus of the sagittae
were counted with a light microscope at 400-600
times magnification, and the mean of five repli-
cate counts was used as the estimated ring
number. Hatching dates were estimated from
the increment of daily rings and the collection
date. The daily periodicity of increment forma-
tion on sagitta in E. japonicus, E. teres and S.
melanostictus was ascertained by TSuJi and
Aovama (1984), HavasHI and KAWAGUCHI
(1994) and HAYASHI et al. (1989), respectively.

3. Results
Temperature and salinity

Seasonal changes in the horizontal distribu-
tion of water temperatures and salinities off-
shore from the mouth of the Niyodo River in
Tosa Bay are shown in Fig. 2. Temperatures
were approximately equal when examined hori-
zontally through the waters, but changed sea-
sonally. For salinities, horizontal discontinuity
layers were formed around 5 km offshore in
spring and summer, and salinity tended to be
higher in nearer stations from the shore dur-
ing autumn and winter.

Comparison of size between larva net and
shirasu trawl collections
From larva net collections, all three species



86 La mer 42, 2004

60
[ o
Engraulis japonicus Etrumeus teres Sardinops melanostictus
n=97989 n = 10559 n=10472
g
>
g .
: X L .
o
Y15
w
n= 967056 n = 392388 n= 105962
10
5
0 G e ) SR
0 5 10 15 20 25 30 35 40 O 20 25 30 35 40 O 5 10 15 20 25 30 35 40

Body length (mm)

O Yolk-sac O Preflexion & Flexion @Postflexion m Juvenile

Fig. 3.
(bottom) in Tosa Bay during study period.

were mainly composed of preflexion stage lar-
vae, with a mode at ca. 5 mm (Fig. 3). Larvae
over 10 mm were rather abundant for
Sardinops melanostictus, as opposed to never
for Engraulis japonicus.

In the shirasu trawl samples, juveniles over
30 mm occurred appreciably for Etrumeus teres
and S. melanostictus but never for E. japonicus.
All three species were composed of chiefly the
postflexion larvae. Modes were considered to be
18.1-19.0 mm for E. japonicus, 17.1-18.0 and
24.1-25.0 mm for E. teres and 25.1-26.0 mm for
S. melanostictus.

Seasonal changes of eggs and early larvae

E. japonicus eggs occurred from February to
April, with a further isolated production of
eggs in June and September, and were chiefly
distributed 5-10 km and 10-15 km offshore in
April and June, respectively (Fig. 4). In win-
ter, eggs were dispersed, and tended to be abun-
dant over 20 km offshore. Early larvae were
collected all year round, with peak in April,
when they were aggregated around 5 and 15

Body length frequencies of three clupeoid fishes collected by a larva net (upper) and a shirasu trawl

km offshore. In other months, larvae tended to
be dispersed along the transect.

E. teres eggs and early larvae occurred
chiefly from October to March, and were more
abundant in the period between January and
March (Fig. 5). Dense distributions were found
over 15 km offshore for eggs, but distinctive
distributions for larvae were difficult to ascer-
tain.

For S. melanostictus, the eggs were collected
from January to March, and were concentrated
around 10 km offshore in January (Fig. 6).
The larvae, however, started to be found over
10 km offshore in November, and the distribu-
tion changed monthly, i.e. near the shore in
January, around 10 km offshore in February
and over 15 km offshore in March.

Age (days) of larvae and juveniles

For the larva net collected larvae, the ages of
all three species were concentrated at 6-10 days
old (Fig. 7). On the other hand, for the shirasu
trawl samples, the ages were distributed from
6 to 68 for E. japonicus, 4 to 80 for E. teres and
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Monthly changes of horizontal density (n/1000 m*) of egg (upper) and larva (bottom) in Engraulis

Jjaponicus. Dots indicate sampling stations and crosses indicate no survey.

from 5 to 64 days for S. melanostictus. Fur-
thermore, there was little differentiation of age
ranges among the three species. Their modes
were found at 26-30 days old for E. japonicus,
11-15 days old for E. teres, and 16-20 days old
for S. melanostictus.

Relationship between egg monthly distribu-
tion and hatching dates of larvae

E. japonicus eggs were most abundant in
April, with few or no eggs from July to Janu-
ary (Fig. 8). Hatching dates of the larvae by
both collection methods were distributed al-
most over the year, with a peak in July for the
larva net and in October for the shirasu trawl
collections.
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Fig. 5. Etrumeus teres. Otherwise same as in Fig. 4.

Eggs of E. teres were collected in July and
from October to March, with a peak in Febru-
ary (Fig. 9). They were, however, utterly ab-
sent from April to June. Hatching dates of the
larvae collected with the larva net were distrib-
uted from October to March, peaking in No-
vember and larvae collected by the shirasu
trawl were distributed from May to July with
a peak in June and from October to March with
a peak in December.

S. melanostictus eggs occurred from January
to March with a peak in January (Fig. 10).
Hatching dates of the larvae by the larva net
were distributed from November to March, be-
ing most abundant in January from the larva
net collection method, and from October to
March, with the greatest abundance in Janu-
ary from the shirasu trawl.
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Fig. 6. Sardinops melanostictus. Otherwise same as in Fig. 4.

4. Discussion

Owing to the fact that mesh sizes were 0.5
and 2 mm in the larva net and shirasu trawl
bag—net, respectively, it is possible that larger
larvae avoided the larva net, and conversely,
smaller larvae may pass through the mesh of
the bag—net during the trawl. However, Fig. 3
shows that Engraulis japonicus, Etrumeus
teres and Sardinops melanostictus larvae are

likely to assemble in fishery grounds near the
coast over 10, 10 and 15 mm in size, respec-
tively, just after attaining postflexion stage.
This fact shows that the formation of the fish-
ery ground of clupeoid larvae is attributable to
higher swimming ability as a result of the de-
velopment of the caudal fin (KENDALL et al.,
1984).

Since the larva net collection method had not
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Fig. 7. Age frequency of three clupeoid larvae collected by a larva net (upper) and a shirasu trawl (bottom) in

Tosa Bay during the study period.

been carried out before April 2002, we studied
the origins of the shirasu trawl specimens by
examining information (ISHIDA et al., 1999,
2000, 2001, 2002, 2003) from the National Re-
search Institute in more detail.

No or few eggs corresponding to the shirasu
trawl larvae which hatched between July and
August, May to July, and October to December
for E. japonicus, E. teres, and S. melanostictus,
respectively, were found in our study waters.
Although data were from different years, E.
japonicus also showed the same situation from
October to January.

Hatching dates of early larvae were distrib-
uted in July and November, when the shirasu
larvae of E. japonicus and S. melanostictus, re-
spectively, had hatched. In E. teres, no early
larvae had hatched between May and July,
when hatching dates of the shirasu larvae were
distributed.

First, E. japonicus had spawned in July to
September not only outside the western and
eastern parts of Tosa Bay, but also inside this
bay in 2002 (ISHIDA et al., 2003). Hence, it is
likely that we could not collect eggs, because
eggs were distributed offshore over our present
waters in the summer of 2002 (ISHIDA et al.,

2003). However, eggs which could not be col-
lected by us in the present waters, had been dis-
tributed outside the western part of this bay in
the autumn every year (ISHIDA et al, 1999,
2000, 2001, 2002, 2003). Therefore, it is certainly
that the autumn born stocks of the shirasu
trawl were transported from outside the west-
ern side of Tosa Bay.

Second, in E. teres, eggs being the origin of
specimens born in May-July of the shirasu
trawl were hardly collected in our present wa-
ters, but usually occurred inside Tosa Bay and
outside the eastern part of the bay (ISHIDA et
al., 1999, 2000, 2001, 2002, 2003). For the speci-
mens born in Autumn 2002, however, their
original eggs had only occurred marginally
outside the eastern part of Tosa Bay (ISHIDA et
al., 2003). Thus, the autumn born stock of this
species was likely to be transported from out-
side the eastern part of the bay, at least in 2002.

Finally, S. melanostictus eggs had been a lit-
tle found only outside the eastern part of the
bay in the autumn of 2001 (ISHIDA et al., 2002),
when a number of shirasu larvae had been
born. It is likely that they had also been trans-
ported from outside the eastern part of the
bay.
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Fig. 8. Comparison of seasonal changes between egg abundance and hatching period of the larvae in Engraulis

Jjaponicus.

Consequently, in all three species, it is sug-
gested that the larvae and juveniles caught by
the shirasu trawl in Tosa Bay are composed of
different stocks, a part of which being re-
cruited from outside the western part of the
bay in E. japonicus, and from outside the east-
ern part of the bay in E. teres and S.

melanostictus. Since in all species, early larvae
born in autumn were present in our study wa-
ters, recruitment from outside the bay seems to
occur at the early larval stage.
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Seasonal abundance of three clupeoid larvae and juveniles

occurring in the shirasu fishery ground in central
Tosa Bay, Japan

DJuMANTO'!, Izumi KinosHITA, Chiho Brro® and Jun-ichi NUNOBE

Abstract : The community of three clupeoid (Engraulis japonicus, Etrumeus teres and
Sardinops melanostictus) larvae and juveniles were examined monthly in their fishery ground
in central Tosa Bay, Japan between October 2001 and September 2002. A total of ca. 1.5 million
clupeoid larvae and juveniles were collected at four depths (5, 10, 15 and 20 m) in areas off the
Niyodo River mouth. E. japonicus occurred all year round, and was the most abundant (ca.
61% of total), followed by E. teres (ca. 25%) and S. melanostictus (ca. 7%). Dominant species
changed seasonally, i.e. E. japonicus dominated from April to October with two peaks in April
and August, E. teres dominated from November to February with a peak in February, and S.
melanostictus dominated in March with a peak in February. Sizes were more widely distributed
and larger for both E. teres (7-41 mm with two modes) and S. melanostictus (7-41 mm with
one mode) than for E. japonicus (7-37 mm with one mode). Age determined by ring increments
on otoliths (sagittae) showed multi-modal patterns in all species, i.e. modes were identified
around 29-30 and 49-50 days for E. japonicus, 9-10, 29-30, 3940 and 49-50 days for E. teres, and
17-18, 25-26, 31-32 and 51-52 days for S. melanostictus. According to relationships between
monthly changes in the modes of size, age and hatching date, migrant and resident stocks were
present, and all three species tended to be longer residents in the fishery ground during winter.

Keywords : Clupeoid Larvae and Juveniles, Tosa Bay, Shirasu Fishery Ground

1. Introduction

"Shirasu" is a commercial Japanese term for
the larvae and juveniles of fish, particularly eel
and clupeoid fishes. In southern Japan, fisher-
les for catching clupeoid shirasu are common
and commercially important, and the coastal
waters facing Tosa Bay yield particularly high
catches. The forming of fishery grounds for
clupeoid shirasu must be no more than assem-
blages of their larvae and juveniles in coastal
waters. Descriptions of larval and juvenile
ichthyofauna have been reported in some areas
(Isurvyama, 1950; Horr, 1971; HAYASHI et al.,
1988). Engraulis japonicus is the main species

Usa Institute of Marine Biology, Kochi University,
Usa, Tosa, Kochi 781-1164, Japan
' Permanent address: Department of Fisheries, Fac-
ulty of Agriculture, Gadjah Mada University,
Yogyakarta, 55283 Indonesia
? Present address: Nishinihon Institute of Technol-
ogy, 9-30 Wakamatsu-cho, Kochi 780-0812, Japan

in catches and studied on their early life his-
tory (TsuJI and AovaMa, 1984; MiTani, 1988a,
b, c¢). These specimens were fragmentally
shared by fishermen, and were sampled irregu-
larly. Therefore, in order to obtain more de-
tailed information on the community of larvae
and juveniles, we employed fishermen and peri-
odical collections were conducted. In the pre-
sent paper, to better understand the mech-
anisms underlying the formation of shirasu
fishery grounds, we examined seasonal recruit-
ment of three clupeoid species in Tosa Bay.

2. Materials and methods

Larvae and juveniles of clupeoid species
(shirasu) were sampled monthly at four sta-
tions (T1-T4) of increasing depth (5, 10, 15 and
20 m) from the mouth of the Niyodo River us-
ing trawlers between October 2001 and Septem-
ber 2002 (Fig. 1). Two boats towed a net along
a depth-contour for ca. 1,000 m along each
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Fig. 1 A chart of Tosa Bay showing the stations (T1-T4) where larvae and juveniles were collected by shirasu
trawls from October 2001 to September 2002. Stations were arranged by different depths (5, 10, 15 and 20

m).

station, the mesh aperture of bag-net was 2
mm. Water temperatures and salinities were
measured using STD.

All samples fixed in 10% sea-water formalin
were then transferred to 80% ethanol until
clupeoid fishes were sorted based on develop-
mental stages (KENDALL et al., 1984) in the
laboratory. In this study, unlabeled lengths in-
dicate notochord length for preflexion and flex-
ion larvae and standard length for postflexion
larvae and juvenile.

A maximum of 100 specimens from collec-
tions for each species on each sampling date
was selected randomly for age determination
from otolith (sagitta). The right side sagittae
were removed from specimens, and fixed on a
microscope slide face up with epoxy resin.
Rings outside the nucleus of the sagitta were
counted with a light microscope at X 400-600,

and the mean of five replicate counts was used
as the estimated ring number. Hatching dates
were estimated from the increment of daily
rings and the collection dates. The daily perio-
dicity of increment formation on sagitta in E.
Japonicus, E. teres and S. melanostictus was de-
termined by Tsudi and Aovama (1984),
Havasui and KawacucHr (1994) and HAYASHI
et al. (1989), respectively.

3. Results
Temperature and salinity

Seasonal changes in average water tempera-
ture and salinity among the depths (0.5 m in-
terval) of all stations are shown in Fig. 2. The
temperature was highest (27.7°C) in Septem-
ber, and lowest (15.9°C) in February. Highest
and lowest salinities were recorded at 34.6 and
32.6 psu in February and October, respectively.
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Fig. 2 Seasonal changes of mean temperatures and salinities off the mouth of Niyodo River in Tosa Bay from

October 2001 to September 2002.

Table 1. List of clupeoid larvae and juveniles collected by a shirasu trawl in Tosa Bay from October 2001 to Sep-

tember 2002. Total number of fish larvae and juveniles =

0.5%.

ca. 1.6 million. ne, not examined; +, less than

Species %

Range of BL (mm) Range of Age (day)

Engraulis japonicus 61
Etrumeus teres 25
Sardinops melanostictus 7
Sardinella zunast +
Spratelloides gracillis +
Other species 7

6.5-37.4 6 68

6.6-40.5 4-80

6.6-40.8 564
ne ne
ne ne
ne ne

The salinity was sporadically lower in July due
to heavy rain. Consequently, seasonal patterns
of the two physical parameters tended to be re-
ciprocal.

Composition of clupeoid larvae and juveniles
Of ca. 1.6 million fish larvae and juveniles
collected during the study period, ca. 1.5 mil-
lion fish belonged to the clupeoid species. These
comprised five species, with the dominant spe-
cies being Engraulis japonicus (60.8% in nu-
merical percentage), Etrumeus teres (24.7%)
and Sardinops melanostictus (6.7%) (Table 1).
Seasonal abundance of the three species is
shown in Fig. 3. E. japonicus was present all

year round, and was dominant in October and
from April to September. E. teres was collected
all year round except in August and Septem-
ber, and was dominant from November to Feb-
ruary. On the other hand, S. melanostictus was
present in limited numbers from November to
April, and became dominant only in March.
The dominant species thus changed on a sea-
sonal basis.

Total compositions of size and developmental
stage of three species were shown in Fig. 3 of
DJUMANTO et al. (2004). Juveniles larger than
30 mm were appreciably common for E. teres
and S. melanostictus, but rare for E. japonicus.
All species were chiefly composed of the



98 La mer 42, 2004

6
i
~-
=
o
o)
—d
2_
0
100
. 80rF
&
c 60
2
0_40'
§
U 20t
0

O N D J F
2001 2002

-0~ .. .
0 Engraulis japonicus

A M J J A S

Month

Etrumeus teres

Sardinops melanostictus
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2001 to September 2002.

postflexion larva stage. Modes were considered
to be 18.1-19.0 mm for E. japonicus, 17.1-18.0
and 24.1-25.0 mm for E. teres and 25.1-26.0 mm
for S. melanostictus.

Ages were distributed from 6 to 68 days for
E. japonicus, from 4 to 80 days for E. teres, and
from 5 to 64 days for S. melanostictus (Fig. 4).
Thus, age ranges for the three species were al-
most equal. Age frequencies also showed a
multi-modal pattern, and modes were found
roughly at 29-30 and 49-50 days for E.
Japonicus, 9-10, 29-30, 39-40 and 49-50 days in
E. teres, and 17-18, 25-26, 31-32 and 51-52 days
in S. melanostictus. Therefore, younger speci-

mens tended to occur in E. teres followed by S.
melanostictus and E. japonicus.

Seasonal changes in size and age

In order to examine the duration of residency
in the three clupeoid larvae and juveniles, their
size, age and hatching date distributions were
compared for each month (Figs. 5-7).

E. japonicus : Modal size increased from Oc-
tober to November, December to February, and
June to July, and did not vary substantially
during the other months. Size ranges widened
from January to March, and were relatively
narrow in other months. Modal age was 21-30
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Tosa Bay from October 2001 to September 2002.
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days in most months, but increased to 41-50
days in January and February, when age
ranges were also wider than in other months.
Hatching dates were distributed over the year,
and overlapped between October and Novem-
ber, December and January, January and Feb-
ruary, and June and July. The frequency
distributions of other months exhibited no dis-
tinct patterns.

E. teres: Modal size increased from December
to March and June to July, and remained
roughly the same in other months. Size ranges
widened in January-March, and were relatively
narrow in other months. Modal age of 21-30
days was most frequent, and younger and older
modes were present in October and June, and
from January-April, respectively. Hatching
dates were distributed over the year except
August and September, and overlapped be-
tween January and February, and February
and March, and in other months were largely
isolated.

S. melanostictus : Modal size increased from
January to March, but little differentiation
was seen between November and December.
Size ranges were wider from January to
March, but were narrower in November, De-
cember and April. Modal age was at 21-30 days
from November to December, 31-40 days in
January, February and April, and exhibited
two peaks at 31-40 and 61-70 days in March.
Hatching dates were distributed from Novem-
ber to April, and distribution overlaps were
seen from January to March.

Seasonal changes in horizontal distribution

In autumn (October-December), both E.
japonicus and E. teres were dispersed, and
tended to be extend their distributions beyond
2 km offshore (Fig. 8). In winter (January-
March), all species were clearly aggregated 0.5
1 km offshore, while they expanded somewhat
beyond 1 km offshore in spring (April-June).
In summer (July-September), the most dense
aggregation of E. japonicus was formed near
the coast.

4. Discussion
Etrumeus teres larvae and juveniles were
dominant from November to February, and

were the major shirasu component in Tosa Bay
(Fig. 3). Other coasts facing the Pacific seldom
or never yield this species of shirasu (ISHIYAMA,
1950; Hori, 1970). This differentiation makes
the shirasu community of Tosa Bay unique.

Larvae and juveniles of Engraulis japonicus
and E. teres continued to occur in the fishery
ground over most of the year (Fig. 3). This
phenomenon is attributable to recruitment
from stocks outside as well as inside Tosa
Bay (DJuMANTO et al., 2004). Sardinops
melanostictus larvae and juveniles occurred
chiefly in winter for shorter periods than the
two species above. This shows that outside
stocks have the spawning period as Tosa Bay
stock.

Overlapping degree of the hatching date dis-
tribution between months for three species in-
dicate that a continual influx and departure of
individuals from the fishery ground occurs.
This tendency was also found in E. japonicus
shirasu from Sagami Bay, central Japan
(MrTANI, 1988a). However, there were overlaps
in hatching date distributions in each species.
Based on these results of monthly changes of
size, age and hatching date, E. japonicus were
apparently resident during October-November,
December-January-February, and June-July,
and showed growth during these periods. E.
teres and S. melanostictus hatched from Decem-
ber to February tended to remain for one
month and grew in the fishery ground. Al-
though it is unusual that species would be resi-
dent for longer periods when the water is
coldest, this phenomenon may be attributable
to 1) food, 2) density of the fish larva commu-
nity, or 3) specificity of the cohort.

1) Food: It has been clarified that copepods
are a major food source for the shirasu period
of the three species (YAMASHITA, 1955, 1957a, b;
Yorora, 1961; KuwaHARA and Suzuki, 1984,
MITANT, 1988b, ¢). The longer residence periods
in winter may be supported by sufficient
biomass of copepods as a food source. Little is
known about the seasonal distribution of cope-
pods in coastal waters, such as the fishery
grounds of shirasu in Tosa Bay, but HIrOTA
(1998) reported seasonal abundance of cope-
pods in surf zones of Tosa Bay where their den-
sities were rather lower in winter. Hence, it is
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unlikely that residency in winter is attribut-
able to food abundance.

2) Density of the fish larva community: For
the Plecoglossus altivelis altivelis larvae occur-
ring along surf zones, AZUMA et al. (2003)
speculated that transition from short- to long-
term residence may be caused by an expansion
of the distribution range of larvae during the
mass-recruitment period, and this expansion
contributed to a moderate increase in larval
density in the surf zone during the mass-
recruitment period. The present study also
showed that cohorts became resident in Octo-
ber ( E. japonicus ), December, January (three
species) and June ( E. japonicus ), whenever
CPUE of all fish decreased (Fig. 3). This indi-
cates that clupeoid larvae are dispersed off-
shore In a similar manner as P. a. altwelis
larvae.

3) Specificity of the cohort: It should be
noted that long-term resident cohorts of the
three species seem to originate from stocks of
outside Tosa Bay, other than E. japonicus born
in June (DJUMANTO et al., 2004). Because ear-
lier larvae should be more easily transported,
immigrantis seem to grow in new waters, and
are less likely to be transported further. Thus,
Tosa Bay may be a terminal and supply a nurs-
ery ground for transported larvae. Further-
more, they must be recruited into the adult
stocks in Tosa Bay. It is suggested this phe-
nomenon is also found in other waters facing
the Pacific, and thus these waters seem to sup-
ply fish stocks to one another.

Long-term residency of clupeoid larvae is
probably attributable to the increased density
of larvae and/or origination (immigrants or
natives) of cohort.

Acknowledgements

We express our gratitude for assistance from
laboratory staffs during fieldwork. This study
was partly supported by a Joint Project of
Kochi Prefecture and Kochi University. This
article English was corrected by T. Jones.

References
AzumMa, K., I. Taganiasur, S. Fuarta and 1. KiNosHITA
(2003): Recruitment and movement of larval ayu
occurring in the surf zone of a sandy beach

facing Tosa Bay. Fish. Sci., 69, 355-360.

Dyumanto, I. KiNosHiTa, C. Bito and J. NUNOBE
(2004): Partial stock transportation of three
clupeoid, Engraulis japonicus, Etrumeus teres
and Sardinops melanostictus, larvae into the
shirasu fishery ground of Tosa Bay, Japan. La
mer, 42 (in press).

HavasHi, M., N. Tanigucht and K. Yamaora (1988):
Quantitative analysis on fish larvae and juve-
niles caught by sardine drag net in Tosa Bay.
Usa. Mar. Biol. Inst. Kochi Univ., 10, 83-92.

HavasHi, A., Y. YamasHITA, K. KawacucHr and T.
Tsuir (1989): Rearing method and daily ring of
Japanese sardine larvae. Nippon Suisan
Gakkaishi, 55, 997-1000.

Havaszi, A. and K. Kawacucnr (1994): Growth and
daily otolith increment of reared round herring
Etrumeus teres larvae. Fish. Sci., 60, 619.

Hrrora, Y. (1998): Ecology of copepods and mysids
as prey. In Biology of larval and juvenile fishes
in sandy beaches. Senta, T. and 1. Kinoshita
(eds.), Koseisha-koseikaku, Tokyo, p. 78-88 (in
Japanese).

Horrt, Y. (1971): On the "shirasu" fishery of Ibaraki
Prefecture-1. On objective species, sizes, catches
and fishery grounds. Rep. Ibaraki Pref. Fish.
Sta., 45d, 10-25 (in Japanese).

Istrvama, R. (1950): Study of the larvae and youngs
of the several clupeoid fishes. J. Fish. Sci., 40, 1-
21.

Kenparn, A.W., E.H. AsistroMm and H.G. Mosgr
(1984): Early life history stages of fishes and
their characters. In Ontogeny and systematics of
fishes. Moser, H.G., W.J. Richards, D.M. Cohen,
M.P. Fahay, A.W. Kendall, Jr. and S.L.
Richardson (eds.), Ame. Soc. Ichthyol.
Herpetol., Spec. Publ., 1, p. 11-22.

KuwaHARA, A. and S. Suzukl (1984): Diurnal changes
in vertical distributions of anchovy eggs and lar-
vae in the western Wakasa Bay. Bull. Japan. Soc.
Sci. Fish., 50, 1285-1292.

Mirrant, 1. (1988a): Characteristics of daily age com-
position of larvae of Japanese anchovy Engraulis
Jjaponica in the fishing ground in Sagami Bay.
Nippon Suisan Gakkaishi, 54, 209-214.

Mirant, I (1988h): Distribution pattern cyclopoid co-
pepods Oithona spp. in the shirasu (anchovy lar-
vae) fishing ground in Sagami Bay. Nippon
Suisan Gakkaishi, 54, 215-219.

Mizant, 1. (1988¢): Food habits of Japanese anchovy
in the shirasu fishing ground within Sagami
Bay. Nippon Suisan Gakkaishi, 54, 1859-1865.

Tsudl, S. and T. Aovama (1984): Daily growth incre-
ments in otoliths of Japanese anchovy larvae
Engraulis japonica. Bull. Japan. Soc. Sci. Fish.,
50, 1105-1108.

Y amasurra, H. (1955): The feeding habit of sardine,



106 La mer 42, 2004

Sardinia melanosticta, in the waters adjacent to
Kyushu, with reference to its growth. Bull. Ja-
pan. Soc. Sci. Fish., 21, 471-475.

Y aMASHITA, H. (1957a): Relations of the foods of sar-
dine, jack mackerel, mackerel and so on, in the
waters adjacent to west Kyushu. Rep. Seikai
Reg. Fish. Res. Lab., 76, 45-53.

Y amasuITA, H. (1957b): On the relation between the
food and the shape of the intestines of sardine,

jack mackerel, mackerel and their kindered spe-
cies found in the west coast Kyushu. Rep. Seikai
Reg. Fish. Res. Lab., 77, 55-68.

Yokota, T. (1961): On the feeding habit of juvenile
fishes. Rep. Nansei Reg. Fish. Res. Lab., 14, 41—
152, 230-232.

Received December 13, 2004
Accepted January 27, 2005



La mer 42 : 107-108, 2004
Societe franco-japonaise d’oceanographie, Tokyo

'
542 B5F 2 SHBHEMOGRES

e, T - EBRE - TF B TRBICEITNEOBRICHES BHEREL

2N ORI A, SEARHEACOT TORREAERSMIZT 2720, ZEIFOOTRETREL
287 ((AK9.7-15.9 mm) DHILENEWERE L7, AHO FHEEAYIE, FERICHEL-T, HAESH S
IR XIS 2RFEIREDEMT T VI NSNS F I 2R EO/NRIERA RN LB U, BRI O/
fTH, EHEYMOREINED L, HLERBEIMELS Z2BEAL Shi,
CHRRERFRFEMGE PR B YEBEL T113-8657 BIRAMCRXREL-1-1 “*REEERFARIHAR T
108-8477 H AR X B RI4-5-7 T MO BER T110-8676 HEE#HAEREK TS 3-10-10 () HAREME L~
% —; e-mail: kkano@jwrec.or.jp)

B EiE - BIREE  E2HICRIZT MSEEOEREEMESNRICET IHEERS

ZEBEE T VAR TEMICRIET M SilROBEEENR AR BUHEETVERICKD, M RO
PAERHHR I BRI o HIC S SRR OB R T BN EE A 2 2 LA TE, HAICE L TEKRERSEL S
CEhRENI, Fh, FATEFEEOMMSTOFERITB I RN OWE N S I OBEIBICHEN & OO S TEIZAEL
B EMRENI, TORAERETEKIER SR USSR REAMIZRN 5720, MEFREET 5 &30, WED
WNDBEALT B & EARE S hic, AREERKIGHR B OFEIG OERE I T 2 HENRE & LTEREN S 70w,
FEIC RN &5, UL, BITRREOHMEZENL GRE YT —) OFEEMERIhTEY, oMK s
DETRTHRERE > 7 — 24 U 2 a[fEMEMSRB S N,
(*'Institute of Physical Oceanography and Climate, Faculty of Bioresources, Mie University, Tsu 514-8507,
Japan. “!Department of Hydrospheric-Atmospheric Science, Graduate School of Environmental Studies,
Nagoya University, Nagoya 464-8601, Japan)

Djumanto* « KT R*« EHETHE* - HHE—"  LEEO LS ANy FRBBEANO=_> VERIE (HFIF41D
DeIAALTY T4 T Y) OFREEREOTSNGE

FEBCBNT, 2001FE10H 1 520024E9 HE TOM, VI A8y FHREEZHNT, 17 VHRHIE (W5 o574
Ty eI ALT Y e AT YY) OFREBARE LI, 77 7F AT VRBE, TVALTVRI0ALS T Hizh
BT, 2LTRA T VRERIADPS A HithdCEnEnEE L, B (BFED) ©BEG» SHRN S hemien i,
NG IFATYTEE, INAATYTIO-3HES —THIL, w147 TI0-3FiT, ThENSHL T, &
51T, 20024F 4 A 520034 8 Hizh W CTHH, RBMETIT - Hfax v FOBREH T, L, A5 7F 10
TT—2HOM, YIWAL TS TL—10HOM, ZLTA 7Y T4 —12HORM, FEAESLLBEHALEL-
2o I ODOBEELMOMEBUEIT - HERBREELAbEZ L, VI MBI - 1 AT 23E0THA
i, VTN B TRENSNE L7122 &I2h 5, ThoORGFEMHAR v Ml k- THE, BESh T
B ES, FNSEIRBHTEE, BRIZEESHZIGEN L, -T, ¥ REBICEBINE3EOF
ABEIEROBEEREL OBREN TV I ENREI i,

(*T781-1164 TAETTFHEITHFI SHMRFEHREMEEHE YL 7 —, muhomatu@cc.kochi-u.ac.jp)

Djumanto - KT R* - XHETHE* - HEE— LEERRPICEFEI S RBFBICHATEI=L VEEHIBOE
&AL

20014E10H 2 520024F 9 Hizhid TEH, TMEBPREBO Y I 2B, —v o HEH3E Wy orF17Y,
TNAALT Y, AT Y) OFHERREICM U THEET » /oo {Z)ImamokEgE (5, 10, 15, 20m) THI
4EET, 1EMPNBOTRO =Y VEHOFHENRES NI, 75 7 F 47 VRAERBEL, HbZ(RESN
(BEEED61%), A4 Ty (5%) ExA4T7Y (1% WERITHW, B5HEE, 4-1000mMTIZ4, 8
HUZBER A5 7 F 147, 11-2 AoMTR 2 HRERAZE > IVA( DY, SHTE 2 ARBEREF <1
T VT, ZEMICEMA L, REHRE, 1HOoE—-F 26245 7F 47y (BRET-28mm) &0 b, 2HOE—
FEEDINVAATY (T-4lmm) & 1EOE-FE2b2% A4 7Y (T-4lmm) ThE»-7. B (BFH) OH



108 & B

A » SR SN BRI 3 BE S ITEBET - KA 0N, BBXEAF 75149 2 T-30£49-50H, T ALY
T 9-10, 29-30, 39-40&49-50HIZ, £ LT~ A 7 ¥ T17-18, 2526, 31-32&51-20 iz hENRonsz, A
EFAZXDE—- FBELICHLAOZHEAALOMFEN S, 3BELBBITEAET Z2ARBENL SN, FiL, £FTZ0
fEE DBHE T H - 72,

C*T781-1164 TETNFEETI94 HHNFIREEMNIZE £ » ¥ —, muhomatu@ce.kochi-u.ac.jp)



La mer 42: 109-110, 2004

Societe franco-japonaise d’oceanographie, Tokyo

28 A
F =

1L 2004426 14 A (&) WhRUgeRAEERER S
B TRESMHM NI,

IR OBEHERAMFT Lz, £0%, FHASNEH
iz,

2. 20044F 6 A19A (1) BUASEEAH=CBLT, F
RIS AN R RS S b N, REED ERE
ZRIROBY
L. Z LI X DBIC A Ul IR -0 ki e
FILO#EE
..................... OB 1B (B /KBRS V9L

< FIHRE « KRHEE (BK - KREED

2. PUEBICR I ANEEY LR x v F—RBR &
DR eeeeererereer L O R SR

AL 8B « LB GEERD

3. WOCEF—7%7 %t v ML BLRiBHEOEELD S

S S OB - 35 HKRER
HEF—8B GREERD

4., WiktoWM TS o7 b OEEANDRER

........................... O}\Q1%/\a: . ?EEE#E? . ﬁ)”y\%
FokEh GEEERN) - HZBIER (v —y—z2(#)

5. HIGHEBEE LR

--------------- ORHER « FINASE « kS GEER)
EHEAR (OO AR

6. PHADKTREIED S A7z MathN A f o EETE
.................................... OFNbE (SER - AL
JVANT 7= ®—=Jbe /=2 (JST) -

K EA OKIHD

T. WERET =7 ) V7Y 27 L0 EIGH
.......................................... *’Am{i(ﬁ . /{ttﬂ%’ﬁ_‘mg

OfiRFZ QR < NLEREE (b
FILER (Nl « sSsARMEE @ )

8. WREBY v IMIZE T2 BILIRELSEERS—
HEMOCO.75 v 7 %

..................... OF;%*H';L?? . Jbﬁﬂg‘(:% . ﬂi%/k%% .
BT o KRR GER - 8)

9. KNy 7 RTICE B T L TS OMEEERR T

;‘Eé .............................. Jt}[l%ﬁ& (1%5;2@%& (ﬁ%))
KB (3 - 77 70 « k¥ GEER

10. 125 =%y NCAHBLES VTV VBB (1 F

P TAARIE) OBEEE-- AKEM GRS - 4D

ouj

c E

11 iEALE S i T S e r V7 L it o i
FEREIE S EERORRIC DT
.......................................... u‘[sl:,{f& -g(_:‘ Gﬁ‘iAj\.)

3. 20044F 6 H19H (1) AMAZEEAEEICB UL THLS
B CRKIERE) Banfrni, BHONFEKD
&Y,

1) P16 « ITAREERTaR BB AR s

2) “FRRI6 « 1THEE R B A R

3) FHl6 « ITHKRIZE - B - BEHO®

Bk D INATER « /UK
e

B Ak 8 T
b hith BB SRR
sk o HAPHE b e
W9t : REBFHH W IE
B R B NBEEZ
B NEFER RO
MEERE | HHRA

4) PRI R
a) MR

2 B R
| TS | | oma | gy | B | 166
i— 4H : 7 A 3H
ZELH 2 - — — 2
| E2R | 268 6 | 5 1 1 269
whsE 10 2 5 - - 7
s 0 e -1 -]

b) EERRM

MEEA 1(15/6/2)

® % 2 4W(15/3/3, 15/6/2 15/10/14, 15/11/

18)

B 2 11 (15/6/14 [DALZEERY)
FFEFERS 118 (15/6/14  HALZEER)
HETERIT A0B A B ~41B3F

FRERS WHER (FRKE¥E H15/6/14)
M ERE WAL CRAUEEKEHIH/6/14)
HALEEY RO L (Gt

XAERELE

258 [La merd 40 (4), 41 (1), 41 (2+3) F&H



110 La mer 42, 2004

5) ERIGEEIGIRERE B L UBEERE GlRSR)
XA DI

RE RS 59,017

ERBLE 901,000 JE~1504 S AEL)

FHEEELE 18,000 54 (4000 4 £,

2000 1)

BYH2AL 130,000 8#: 13m

S ST 158,649

[T 120,000

BURIETRIE 537,900

EHAMERE 730,083

MO A 53,704 HEEHEFRE,
PN VERERE At

&t 2,708,353

SZH DR

FOTEERIE 1,847,800 40 (4), 41
(1.2-30 A —EH)

R BEE 197,836

B B 563,410 AM#, EBHMM

X @ B 20,090

2 BB 17,955 Sx45{d FfHi

FLERE 33,016 A &I, Eikth

M # 24,810 IH{E, SRITIRAFH
B RS54 MM

AR 3,436

At 2.708.353

R0 KB EIhiz,

6) FREI6FEFREE () BF#
1) SBME R - SmoUBHEE « SRSCAIRINR — 2 O YE
2) FHEE BE FRMARERS BES
3) La mer® ¥
4) Fvr L o EBBENEERE SN
5) HALBIREY v R U v L (Gt
) PRIGEETE () Fik

LA DR

FAE RS 3,436

E£EAE 1,320,000 165 % 8,000/
() AT =4 150,000 256,000/
FHELRLE 20,000 5 x 4,000/
BWEERE 130,000 8#: 131
e ST o 160,000

= & % 60,000

SR R 2 540,000
EHEAHEME 800,000 164 x 50,000
MO A 60,000 ZEMTEVERESE FIRME
Pas

i}&

3,243,436

=

Xt o

RIAEERLE 226,145 41 (2-3) D 1EB

FETEEIRIE 2,000,000 41 (4), 42 (1, 2,
3) %500,000/

R BEE 190,000

w B OB 700,000 Af:E, HBM 6
it

x B B 20,000

2 % B 20,000 EMERARL e
1 bRHb

EEERE 35,000 A FOVEFEERY Ek
it

M # 25,000 BE, SRATIRIAFH
B S MEHb

T 5 # 27,291

&8 3,243,436

JREE® Y KRa i,
4, Z0fth

FlEROTRHEZERE~OZESHRG LR EL SN
MiITbNls, & RBHITEENRXERERSMTD
hic, RTHBT b VERFIES 14 v TRESVHI N
BRI T Ui,

5. MIARH

K& i FAH
YESSY R R R E LR # HIRAD
ARVELYNA T135-8533 BUATHEIL XA £52-1-6
BimT IHREDIER FK B

THHEAXES H4-28-23

6. B (HREE)
BESR FEHHT



T v w7

Bt 4 — o4 oz
AR & O B RO
Rkt AHEBE AH

il

14

MRN8 7 A Y 3R 5 B O

et & # &

R

r—eezvv=7Y v I HEASH

B O+ ® O® Kk X =

[as

(BB ST

EN: I = S VS
X =2 @ 5 M
s #H KX =
B & # & Kk X %

[l

3

Nt

ft
&
Fan
#®
*

i

B & F

/

PP HKEHRE T — 2 — 3
A RXZEES -2 -9
SORAXTFERAR 4 —20— 6
XHEXKE 3 —34— 3
FREXHEMERET 3 —29 FEERELVLF
RERKAKFHAHR 2 —31— 8
BRXEER S —14-10
R R 2 — 2 — 2

B XEH A L — 2 — 8
BRXEE 6 - T —22
XHXEE 4 — 1 —13—402
JEXERHET 9 — 2

BRI B S AR FH BT 4 K RF 230



IR D
*ﬁih‘ﬁ?fzzb WLFES

RIERIFESBFOREaUYILE D b

O El LERBE stant

(18 38 KL EFHRRNA4)

G HE |
% //\I.l ﬁ]\ * ﬁ- /

[

http://www.metocean.co.jp/

RIERE A XER3-15-1 (T154-8585)
TEL : 03-4544-7600.7FAX : 03-4544-7700




BEEMERZADICHRT IERTHOEL
FRUT A F =) PO ERELN S —— @

®

B3 HICITEE/

La mer la mere, I’'amour pour la mer!

Sll'l' & H & 568 &k X = =&
| TI08.0045 TREHKFHZHEI-1 TEL 479007565 FAX 0479(22)3638

(o BER KEER -&BL M M\DF EVE-BEZA—T RERHES 1 |

URL http://www.fis-net.co.jp/shida/ A —IV7 F L X : shida@choshinet.or.jp

Biospherical Instruments (KFSHHEET - PAR £ H—X—hH—)
® 10094 FIvILUYKRGATOTPAF—
® HARFCNEHIE
® FLEEHHT=S—

@® Scalar - Cosine PAR t ¥ —
@ Tt //ntrv—

Idronaut (WOCE CTD A—7#—)
@® 24tV A XEV—-/FSK7O77A(5—
® 6IHHEEE+ROSETTE RkEEAS > ¥ 72—
® ZIEHEHH T - By A M) —El

Richard Brancker Research (kA Hi— A —Hh—)
@ 24tV I -RSA VI 7 x—AWEOH—

® 6IHAHE v

e
?",_\ 5;‘».
i

AaefEE T—  TOIZT TR
T111-0053 HREHAERRXEEROS —14-10
TEL 03-5820-8170 FAX 03-5820-8172
www.k-engineering.co.jp sales@k-engineering.co.jp




(ELE - $ELE)
ERF L )AL £ A HE5A
E %
0— v 3 H H 4%
BT
PEL MY
=
4 E & W oT
B
AN LEES
AT 458 M| xerE
SEDED K FLETH50E-Y ) B g %
(UTF R LBHRA)
e 2% on BT E
i i n— ¥ L

ARHIAEEN L - T150-0013 R Ao R E L FH 3-9-25

CHEVRS 5
H AL &# ¥ R

ERSES :00150-7-96503




BILBXFSREZTES (2004-2005FF)

£ B B SHRKE

£ B EALE HbwmE EESE, e X W T EES—

#HEE H. ] CeccaLdl (75 ¥ R), E.D.GoLpeeErG (7 # U #), L.SEurONT (7 5 ¥ R),
T.R.Parsons (# 4 %7

% E@EdPnL e IER

BILEFFAEE - FEE (2004-2005FEF)

B B 2_R—e JOV: Yyl eaOR—lb TLIYVR+FS5UF=) IV ¥ —Ta
OR—=J s FIWb= Yoyl eoT— LAV e Tr YFUANNYz: T—F2RFV NNy
AR—= e vANT s FVET e TVH—ib EI—eh T35V

ZELE  EI—e 21

& K EERER

Bl & & LOER AKREM

% F: (% &k B LEFE

2D il BB OFRINAE
(R%) HobHE JLHHm A
M) BExBEX REFHE
@) AR B NEERZ

% % By NEFLR
REZEER | SHIRE
o EIEASE  WIAE HEHEE 0 BL B OBE 2 0 W F SHER

EEEx  NEELE  REHNE  wHEEK AT 1§ BEIE  LHEIK
El—E  heEk b B NBERZ eSS MIEXA BEE—
EREEE  AEEE  PR&EF TIER 0T BN SHME  SBLEE
BESRx  HbnE A0 B i OB AREE kB B PHEZ
hEEE  EESE FHT  HE\xX  WHER  RE B RBe
ZAk B I8 K WEEE  AKRES  LDER  LESE W G

EEKE MR B EEE— (2L ERRFRASD)
00475 5 2 B3 5B 55s

E i ¥ 2,500
E R E = B K
% 17 B LB OB ¥ 2
MEEA BILEHERN
RS RE L 3-9-25

B E & 5 :150-0013

B 03 (5421) 7641

& B F 5 . 00150-7-96503
7RI & o ® - =
@ Bl ) 3 M IR R

RAE X TEAK 4-20-6
# OFE F 5:113-0022
E 5503 (5685 0621

AUEICETAHADY EEES 03(5463)0462




Notes originales
Diet shift with settlement in the yellowfin goby Acanthogobius flavimanus on a tidal mudflat
---------------------------------------------------- Kouki Kanou, Mitsuhiko Sano and Hiroshi Kouno 67

A numerical experiment on the coastal and bottom topographic effects of the Tokara Strait
on the Kuroshio flow rererermeemrmcc Miao Yang CHEN and Yoshihiko SEKINE 73

Partial stock transportation of three clupeoid, Engraulis japonicus, Etrumeus teres and
Sardinops melanostictus, larvae into the shirasu fishery ground of Tosa Bay, Japan
--------------------------------- DJuMaNTo, Izumi KiNosHiTA, Chiho BrTo and Jun-ichi NUNOBE 83

Seasonal abundance of three clupeoid larvae and juveniles occurring in the shirasu fishery
ground in central Tosa Bay, Japan

--------------------------------------- DaumMaNnTo, Izumi KiNosHITA, Chiho BiTo and Jun-ichi NuNoBe 95

Faits diVerS ..................................................................................................................... 107

Procés—verbaux ............................................................................................................... 109
B &

TFBIFICBIT 2 EOBEICHS BEHEEIL (TS IoELE - EEE - mE & 67

BECRET b7 5 BROBREEEMTENRICET 2HEER (350 e B ke - BAREE T3

TEEOY SRSy FREEFE Q=Y VEHZE (DI FA TV TR TV e TATY)
OFEEEEEOIDEIEGE (TEIL) cvereererrmeenns Djumanto * KT 2 - EETH - mEE— 83

TEBRRERICE TS v 7 REFBICHET 5= v vEE SBOFEHE L GO

............................................................ Djumanto KT R ;g’%’;:}:ﬁ . qfﬁg{gjg_ 95

g #
B 49 B 9 EIEEIR SEA YL DRITIIEE +-vereeeereerrer et 107
- G R RLELITEEERRPPES 109

200455 A

HAL ¥R



