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Abstract: Much work has been done on the estuarine
ichthyofauna on the east coast of United States. These
studies well documented the importance of the estuary
as a nursery for costal fishes. In Japan, eelgrass beds,
floating seaweeds and surf zones have been studied as
to differential biotopes for early periods of fishes, but
little is done about estuaries.

Since 1985, I have conducted collections of larval
and juvenile fishes in the Shimanto Estuary, Kochi
Prefecture. Consequently I obtained many larvae and
Jjuveniles of fishes, many of which were commercially
important species including two species of temperate
basses, Lateolabrax japonicus and L. latus, and three
species of sparids, Sparus sarba, Acanthopagrus
schlegeli and A. latus. In the present study, I describe
the larval and juvenile ichthyofauna of the Shimanto
Estuary and the adjacent surf zones of sandy beaches.
Furthermore, I detail the early life history of temperate
basses and sparids. Finally, consideration is given to
the role of the Shimanto Estuary as a primary nursery.

1. Fish larvae and juveniles oecurring in the
Shimanto Estuary and adjacent surf zones
of sandy beaches.

Monthly collections in the bank waters of the
Shimanto Estuary and adjacent ten surf zones were
made with a small seine. In the center of flow of the
Shimanto Estuary, monthly collections were made with
a 0.8 m ring net. A total of 49101 fishes of more than

species 100 from 42 families occurred in the bank wa-
ters of the estuary during the period from July 1985 to
June 1987. Gerre equulus was the greatest in number,
accounting for 20.02% of the total abundance.
Rhyncopelates oxyrhynchus ranked second, followed
by Acanthopagrus latus, Acanthogobius flavimanus,
Mugil cephalus, Parioglossus dotui, A. schlegeli,
Gobiidae spp., Redigobius bikolanus and Lateolabrax
Japonicus. These ten species made up 78% of the total
catch. On the seasonal basis, the number of species was
greater in the spring and summer than in the fall and
winter. The number of fishes, however, was not signifi-
cantly affected by season. The number of fish species
occurring in eelgrass beds of the bank waters was not
so different from that in non-eelgrass habitats.
Nevertheless, the density of fishes in eelgrass beds was
greater than in non-eelgrass habitats.

A total of 11722 (610.6/1000 m®) fishes of 47 taxa,
and 8367 (434.0/1000 m®) fish eggs of 18 taxa occurred
in the center of flow of the estuary during the period
from January to December 1987. Gobiidae spp. was
bay far the most numerous larvae of fishes, accounting
for 84.06% of the total catch. Larvae of Plecoglossus
altivelis and Blennidae spp. ranked second and third,
respectively. A total of 21 larval L. japonicus occurred
in the center of flow, but L. lafus was not caught, One
larval A. schlegeli, a total of 26 larval A. latus and no S.
sarba ware collected in the center of flow. 82.6% of to-
tal catch of fish eggs could not be identified. Most of
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them ranged from 0.61 to 0.70 mm in diameter. Of
Clupeidae eggs, Sardinella zunasi and Dorosomatinae
sp. commonly occurred in the estuary, while
Eterumeus teres and Sardinops melanostictus were not
so abundant. Both the density of fish larvae and the
number of taxa the greatest in August. Also the density
of fish eggs was the greatest in August., and the num-
ber of taxa of eggs was abundant in the summer. The
number of taxa of fish larvae and eggs was the most
abundant at the bottom layer near the river mouth.

A total number of 8358 fishes of at least 56 species
from 30 families occurred in the surf zone at ten sandy
beaches on southwestern Tosa Bay during the period
from December 1989 to November 1990. Plecoglossus
altivelis was the greatest in number, accounting for
74.48% of the total catch. Lateolabrax latus constituted
0.34% of the total catch, which was more abundant
than L. japonicus. Three sparines, S. sarba, A. schlegeli
and A. latus occurred in the surf zones, accounting for
0.11%, 0.18% and 1.85% of the total catch, respective-
ly. The number of fish species was the largest in May
showing a unimodal trend in the species diversity. The
fish density was the greatest in December, which de-
pended primarily on the presence of P. altivelis larvae.

The larval and juvenile ichthyofauna of the
Shimanto estuary and adjacent surf zones showed
marked differences from that of the coastal and off-
shore habitats in the poorness of Engrailis japonicus,
which occurs in those habitats as by far the dominant
species. The presence of Mugil cephalus, Chelon affi-
nis, Terapon jarbua and A. schlegeli and the absence of
Blennidae, Sebastiscus marmoratus and Callionymidae
distinguished the ichthyofauna of the bank waters from
that in the center of flow of the Shimanto Estuary. The
bank waters of the estuary and surf zones of sandy
beaches have something in common with the habitats
of many species of coastal, euryhaline and diadromous
fishes such as Lateolabrax and sparine. However, there
is a remarkable difference in utilization pattern of fish-
es between the two biotopes; surf zones were occupied
by migrants, but the estuary by residents.

2. Early life histories of the two sea basses in
the bank waters of the Shimanto Estuary.

A total of 1413 Lateolabrax japonicus and 86 L. la-
tus were collected in the bank waters of the Shimanto
Estuary during the period from July 1985 to June 1987.
Both L. japonicus and L. latus commonly occurred
from February to May in this area. They first appeared

within this area at the postlarval stage, thereafter they
showed a relatively uniform increase in length through-
out a given season, and metamorphose into juvenile
and young. Lateolabrax japonicus markedly outnum-
bered L. latus. Distinct ecological differences were rec-
ognized in habitats and food habits between the two
species: L. japonicus over 10 mm TL intensively in-
habited eelgrass beds, while L. latus was not so con-
centrated in eelgrass beds; the former fed on Copepoda
and Cladocera, while the latter fed on Copepoda and
fish larvae. As a result, estuaries are considered to be
important as a main habitat for L. japonicus, but not for
L. latus.

The number of lapillus rings of the L. japonicus was
linearly related to the sagitta ones, and thus was con-
sidered as an available tool to determine the age of the
L. japonicus. The growth rate per day of larval and ju-
venile L. japonicus collected in the Shimanto Estuary
estimated from the relationship between the mean age
and the total length was 2.3%, which was higher than
that of the L. japonicus occurring in the Chikugo
Estuary of Ariake Bay, Kyusyu.

3. Early life histories of sparinae fishes in the
bank waters of the Shimanto Estuary.

A total of 239 Sparus sarba (10.1-69.8 mm TL),
2144 Acanthopagrus schlegeli (8.1-51.5 mm TL) and
10087 A. latus (9.9-54.9 mm TL) were collected in the
bank waters of the Shimanto Estuary during the period
from July 1985 to June 1988. Sparus sarba and A. la-
tus occurred during autumn and spring, and A.
schlegeli during spring and early summer in this area.
Their developmental period first appeared in the bank
waters was postlarval to prejuvenile. In particular, the
greatest number of individuals was represented by
transformation larvae. Thereafter they showed a rela-
tively uniform increase in length until the young stage
within this area.

Sparus sarba under 14 mm TL and A. schlegeli un-
der 12 mm TL appeared evenly in both eelgrass beds
and non-eelgrass habitats of the bank waters in the es-
tuary. On the other hand, the majority of individuals
over the above mentioned sizes were caught in eelgrass
beds. Conversely, the most of A. latus over 15 mm TL
inhabited eelgrass beds in the estuary.

The stomachs of the three sparines were examined
and organisms identified. In S. sarba and A. latus
smaller than 24 mm TL and 22 mm TL respectively,
the Copepoda constituted by far the numerically most
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abundant food items, the majority of which were of
pelagic habitats. However, benthic Gammaridae were
found to be predominant in S. sarba over 24 mm TL,
and multiple in A. latus over 22 mm TL. Acanthopa-
grus schlegeli less than 12 mm TL fed mainly on
Cladocera. In A. schlegeli larger than 12 mm TL,
pelagic Copepoda were numerically the most abundant
food items, while Incecta larvae (Chironomidae) and
Macrura being of benthic habit were also found from
stomachs of A. schlegeli over 22 mm TL. The occur-
rence of benthic food such as Gammaridae and
Chironomidae larvae in stomachs indicates that they
transform to demersal habit.

The growth rates per day estimated from the rela-
tionship between age and total length were 0.88%,
1.55% and 0.87% in S. sarba, A. schlegeli and A. latus,
respectively. These values were tolerably low com-
pared with those of reared ones.

The developmental process of the skeletal tissues in
A. latus was examined. In A. latus from 11 mm TL to
13 mm TL that first appeared in the bank waters of the
estuary, the cartilaginous formation of the vertebral
column and fin-supports and rays was almost complet-
ed, but the ossification was still in the process of devel-
opment. Hence, it seems that the completion of the car-
tilaginous-osteological structures make it possible for
the larval A. latus to emigrate from offshore to the estu-
ary. The ossification of the osteological structures of
the vertebral column was accomplished before they
reached about 16 mm TL in size, while that of the fin-
supports, except for distal radials, was completed be-
fore 21 mm TL approximately. In the former size, A.
latus emigrate from non-eelgrass habitats to eelgrass
beds in the estuary, and in the latter one, they transform
into demersal habit. It thus appears that these steps of
osteological development almost correspond to the
conspicuous changes in their habitats and habits.

4. General discussion

Some of fish species occurring in the bank waters of
the estuary are also collected in the surf zones of sandy
beaches. Among those species, the principal habitat is
considered to be either of the two above-mentioned
biotopes. For the L. japonicus, for instance, the estuary
is a main habitats, but not for the L. latus. Hence it is
found that the community of fish larvae and juveniles
mainly occupying the bank waters of the estuary is an
exceptional species that has successfully adapted to es-
tuarine environment characterized by a relatively low

salinity condition.

The three sparines emigrate from non-eelgrass habi-
tats to eelgrass beds in the bank waters of the estuary at
the early juvenile stage. Thus those fishes are catego-
rized as a habitat only for a brief time. Consequently, it
seems that the role of the non-eelgrass habitats in the
bank waters as a nursery for these species is similar to
that of the surf zones on sandy beaches that are occu-
pied by migrant species. Subsequently, they reside in
eelgrass beds at least until the late juvenile or the
young developmental stage. During this time, they
transform to demersal habit, and feed on benthic ani-
mals such as Gammaridae in eelgrass beds. Thus the
eelgrass beds seem to play an important role in their
settlement,

As a consequence, the bank waters of the estuary
consisting of non-eelgrass areas and eelgrass beds is
found to be an important nursery where the exceptional
species adapted to low salinity environment can spend
a great part of their early life history.

Key words: Shimanto Estuary; larval and juvenile

ichthyofauna; eelgrass bed; sea basses; sparine fishes;
nursery ground
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Tosa Bay

Fig. 1. A map of the Shimanto Estuary showing the sta-
tions where the water temperature and salinity were
measured and ichthyoplankton was collected. Solid
circles indicate stations (B1-B12) where collections in
the bank waters were made with a small seine (1 x 4 m,
1 mm mesh-aperture). Arrows indicate stations (C1-
C5) where collections in the center of flow of the
Shimanto Estuary were made with a ring net (0.8 m
mouth-diameter, 0.33 mm mesh-aperture). The larval
and juvenile collection was not made at three beaches
represented by shaded circles (a, b, ¢).
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Fig. 2. Monthly changes in flow quantities of the Shimanto
River from 1985 to 1998.
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Lym

Fig. 3. Topographical map of the Shimanto Estuary. Depth
contours are shown in meters.
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Fig. 4. Monthly changes in means of the water tempera-
tures and salinities in the bank waters of the Shimanto
Estuary (solid circles) and the surf zones on the adja-
cent beaches (open circles) during the period from July
1985 to June 1998. The lines on either side of the
means represent standard deviations.
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Fig. 5. Monthly changes in means of water temperatures in
the center of flow of the Shimanto Estuary during the
period from January to December 1987.
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Fig. 6. Vertical changes in means of salinities at each sta-
tion in the center of flow of the Shimanto Estuary dur-
ing the period from January to December 1987.
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Fig. 8. Horizontal distribution of eelgrass beds (solid area)
in the Shimanto Estuary.
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Fig. 10. The operation of the seine in the bank waters of the
Shimanto Estuary.
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Fig. 12. Ten surf zones of southwestern Tosa Bay where
monthly collections with a seine were made.
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Table 1. List of fishes collected with a small seine (1 X4 m, 1 mm mesh) along shallow waters of the Shimanto Estuary
from July 1985 to June 1987 (modified Fujita et al., 2002).

Species name % Range of TL (mm) Species name % Range of TL (mm)
Elopidae Gerreidae
Elops hawaiensis 0.04 27.1 - 37.1 Gerres equulus 20.02 49 - 26.0
Anguillidae G. erythrourus* 0.15 10.8 - 15.1
Anguiila japonica 0.01 50.6 - 57.2 G. japonicus 0.19 7.4 - 230
Ophichthidae Sparidae
Ophichthidae sp. + 31.0 Acanthopagrus latus 8.51 10.0 - 54.9
Engraulidae A. schlegeli 434 8.1- 41.8
Engraulis japonicus 0.04 74- 219 Sparus sarba 0.26 10.1 - 49.8
Stolephorus indicus* 0.04 202 - 40.0 Mullidae
Clupeidae Upeneus japonicus 0.02 27.7 - 40.0
Konosirus punctatus 0.03 114 - 319 Pempheridae
Nematalosa japonica 3.18 79 - 347 Pempheris schwenkii 0.01 60- 69
Spratelloides gracilis 0.06 9.0- 339 Teraponidae
Sardinella zunasi 0.43 56- 25.7 Rhyncopelates oxyrhynchus 12.43 9.0 - 48.1
Sardinops melanostictus 0.01 179 - 19.1 Terapon jarbua 1.63 10.1 - 346
Chanidae Kuhliidae
Chanos chanos* 0.03 125- 154 Kuhlia marginata 0.02 213 - 250
Cyprinidae Scaridae
Carassius spp. 0.14 22.9- 87.2 Scaridae sp. + 12.2
Cyprinus carpio 0.01 40.0 - 134.0 Tripterygiidae
Pseudorasbora parva 0.01 224 - 294 Tripterygiidae sp. 0.02 79 - 126
Tanakia lanceolata 0.04 90- 17.1 Blenniidae
Tribolodon hakonensis 0.04 i3.1- 835 Omobranchus elegans 0.06 53- 8.1
Zacco platypus 0.49 73- 592 Eleotridae .
Osmeridae Eleotris acanthopoma 0.03 207 - 555
Plecoglossus altivelis altivelis 3.24 54- 534 E. melanosoma + 41.2
Moridae E. oxycephala + 9.5
Laemonema nana + 9.2 Gobiidae
Mugilidae Acanthogobius flavimanus 7.74 89 - 972
Chelon affinis 1.59 13.8 - 104.0 A. lactipes 0.05 24.6 - 589
C. macrolepis 0.15 13.0 - 61.8 Acentrogobius pflaumii 0.03 9.1- 556
Chelon spp. + 147 - 17.6 Eutaeniichthys gilli 0.24 106 - 376
Ellochelon vaigiensis + 180 - 73.0 Favonigobius gymnauchen 0.41 16.0 - 74.1
Moolgarda seheli 0.01 284 - 385 Glossogobius olivaceus 0.28 6.1 -134.8
Mugil cephalus cephalus 7.16 223 - 86.8 Gymnogobius castaneus 0.19 16.8 - 42.8
Atherinidae G. scrobiculatus 0.04 125 - 345
Hypoatherina valenciennei 0.09 84 - 41.7 Gymnogobius sp. 0.24 13.9 - 345
Adrianichthyidae Leucopsarion petersii 0.05 20.7 - 44.8
Oryzias latipes + 225 Luciogobius spp. 0.19 9.1 - 187
Hemiramphidae Mugilogobius abei 0.03 17.6 - 31.6
Hyporhamphus sajori 0.33 29- 850 Pandaka lidwilli + 9.2
Syngnathidae Periophthalmus modestus 0.10 10.6 - 89.5
Hippichthys penicillus 0.14 354 - 1522 Pseudogobius masago 0.04 16.7 - 283
H. spicifer 0.03 43.1 - 110.0 Redigobius bikolanus 3.48 3.1 - 34.8
Microphis brachyurus brachyurus 0.04 77.0 - 166.8 Rhinogobius giurinus 0.90 112 - 559
Syngnathus schlegeli 0.01 106.6 - 179.0 Rhinogobius sp. 3.06 7.7 - 376
Scorpaenidae Sicyopterus japonicus 0.27 25.4 - 40.0
Sebastiscus marmoratus 0.01 65- 92 Stiphodon percnopterygionus* + 16.2 - 16.8
Platycephalidae Taenioides cirratus + 81.0
Platycephalus sp. 0.01 40- 105 Tridentiger brevispinis 0.01 30.5 - 36.6
Cottidae Gobiidae spp. 4.14 40 - 233
Cottus kazika 0.28 49 - 3472 Microdesmidae
Cottidae sp. + 78 Parioglossus dotui 6.98 7.0 - 382
Centropomidae Siganidae
Lates japonicus 0.09 53 - 135.9 Siganus fuscescens 146 178 - 455
Percichthyidae Sphyraenidae
Lateolabrax japonicus 3.38 46 - 1162 Sphyraena barracuda 0.07 290 - 675
L. latus 0.22 112- 869 S. pinguis 0.01 39.7 - 500
Apogonidae 52 Paralichthyidae
Apogonidae sp. + Pseudorhombus arsius + 94.5
Sillaginidae P. pentophthalmus 0.01 154 - 174
Sillago japonica 0.08 6.6 - 43.5 Triacanthidae
Malacanthidae Triacanthus biaculeatus 0.06 3.8 - 282
Branchiostegus japonicus + 9.0 Monacanthidae
Carangidae Rudarius ercodes 0.01 43 - 125
Caranx ignobilis 0.02 527 - 84.2 Stephanolepis cirrhifer + 15.1
C. sexfasciatus 0.01 399 - 63.3 Tetraodontidae
Caranx sp. + 67.3 Takifugu niphobles 0.37 4.0 - 406
Scomberoides lysan 0.02 251- 829 Tetraodontidae spp. 0.01 14.0 - 20.0
Carangidae sp. + 50- 68 Diodontidae
Leiognathidae Diodon holocanthus + 16.7 - 196
Leiognathus nuchalis 0.29 42 - 54.6 Unknown + 6.8
Lutjanidae
Lutjanus russellii 0.03 258 - 488

%, of the total abundance of all fish sampled during the two years; +, less than 0.005%; *, tropical and / or sub-tropical species.
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Table 2, Monthly transition of the dominant species of fishes collected with a seine in the bank waters of the Shimanto Estuary from July 1985 to June 1987. Blank spaces
for the rank and percentage mean the species was not caught.

Month Jan. Feb. Mar. Apr. May. June. July. Aug. Sep. Oct. Nov. Dec.
Species number 18 25 27 39 41 48 42 53 28 24 22 12
No. of fish collected 755 1188 2350 5160 4795 2178 2133 22742 471 1925 2982 2422
Species name Rank % Rank % Rank % Rank % Rank % Rank % Rank % Rank % Rank % Rank % Rank % Rank %
Mugil cephalus 1 69.11 31352 14532 11 068 21 013 31 010 15 029 3 386 24718
Rinogobius giurinus 2 814 7 212 5 219 6 204 19 0.17 30 0.10 16 006 2 4.8
Plecoglossus aliivelis 3 58 8 159 6 140 18 036 11 018 4 275 14995
Gobiidae spp. 4 380 21610 22423 21503 10 063 11 129 6 131 12 035 16 191 8 023 6 0.16
Lateolabrax latus 5 0.85 6 217 16 017 22 028 13 044 43 004 30 0.05 9 0.04
L. japonicus 8 041 1 21.15 3 13.61 3 879 9 078 36 009 28 008 50 <0.05

Cottus kazika 6 269 4 607 7 068 29 0.09 6 0.13
Acanthopagrus latus 10 09 5 362 17 013 21 029 42 0.04 17779 18610 3 181
Acanthogobius flavimanus 4 8.36 15308 5 367 13 1.01 25 009 26 0.04

Redigobius bikolanus 9 1.11 10 097 11 043 4 723 41028 22624 8 1.15 13 033 12 294 5 061 11 004 & 004
Favonigobius gymnauchen 12 050 9 153 12 0.39 5 252 27 005 28 013

Acanthopagrus schlegeli 10 1.01 13407 31117 4 215

Nematalosa japonica 8§ 126 22803 15 077

Chelon affinis 16 023 20 009 24 017 31341 5 284 40 0.04

Rinogobius sp. 23 008 21 0.08 38 0.02 12798 3 13.79 5 295 8 357 17 006 13 004

Zacco platypus 20 005 4 966 7 120 17 1.68 7 004
Gerres equulus 1 39.90 1 4371 4 834 3 385 10 0.06
Rhyncopelates oxyrlynchus 13 038 17 038 20 013 46 004 23153 22606 12378 7 029

Sardinella zunasi 6 2.69 5 145 11 038 2 1136

Parioglossus dotui 25 0.08 31 004 6 202 26 022 11 080 31610 13 257 10 0.18

Siganus fuscescens 4 352

Leiognathus nuchalis 16 0.28 8 048 3 918

Gerres erythrourus 34 0.02 5 633 4 237 8 0.10

Terapon jarbua 23 031 10 09 6 258 11 040 21295 5 0.72
Leucopsarion petersi 13 018 32 0.04 42 005 23042 4 051
Sparus sarba 16 010 14 031 15 017 12 064 11 061 10 157 31 005 7 015 5 017
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Table 3. Dominant species of fishes collected in eelgrass
beds and non-eelgrass habitats in the Shimanto Es-
tuary during the period from July 1985 to June
1987. Blank spaces for the rank and percentage
mean the species was not caught.

Eelgrass beds Non-eelgrass

85 species 82 species

(N=32577)  (N=16524)

Species name Rank %  Rank %
Gerres equulus 1 1877 1 19.05

Rhyncopelates oxyrhynchus 2 1532 17 0.76

Acanthogobius flavimanus 3 13.69 5 509

Parioglossus dotui 4 8.26 21 0.47

Lateolabrax japonicus 5 6.86 16 0.79

Gobiidae spp. 6 624 10 272

Redigobius bikolanus 7 5.67 34 017
8

Acanthopagrus schlegeli 4.68 9 329

Plecoglossus altivelis 9 3.90 8 3.80
Rinogobius sp. 10 3.72 14 1.17
Mugil cephalus 11 2.84 31321
Siganus fuscescens 12 1.76

Acanthopagrus latus 13 075 2 1844
Favonigobius gymnauchen 14 0.64 23 039

Terapon jarbua 15 0.57 7 398
Rinogobius giurinus 16 0.43 11 1.79
Nematalosa japonica 17 041 -4 10.52
Sparus sarba 18 0.39 39 010
Leiognathus nuchalis 19 035 35 012
Luciogobius spp. 20 0.35 37 0.11
Chelon affinis 25 0.29 6 432
Takifugu niphobles 46 0.04 12 1.41
Zacco platypus 33 0.15 13 1.26
Hyporhamphus sajori 36  0.09 15 087
Sardinella zunasi 23 0.30 18 0.68
Cottus kazika 31 0.16 19 056
Eutaeniichthys gilli 34 012 20 054
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Table 4. Total number and frequency of occurrence of fish larvae and junveniles collected with a 0.8 m ring net in the
center of flow of the Shimanto Estuary during the period from January to December 1987.

Species name No. % Species name No. %
Engraulis japonicus 14 0.12 Gerres equulus 117 0.992
Etrumeus teres 3 0.03 Acanthopagrus latus 26 0.22
Sardinops melanostictus 272 2.31 Acanthopagrus schlegeli 1 0.012
Sardinella zunasi 72 0.61 Nibea japonica 4 0.031
Dorosomatinae spp. 51 0.43 Rhyncopelates oxyrhynchits 2 0.021
Zacco platypus 12 0.10 Omobranchus elegans 3 0.03
Cyprinidae spp. 16 0.14 Pictiblennius yatabei 1 0.01
Plecoglossus altivelis 573 4.87 Blenniidae spp. 321 2.73
Synodontidae spp. 3 0.03 Blennioidei sp. 2 0.02
Mugil cephalus 1 0.01 Gobiesocidae sp. 4 0.03
Bregmacerotidae sp. 5 0.04 Callionymidae spp. 32 0.27
Hippichthys penicillus 4 0.03 Ctenotrypauchen microcephalus 1 0.01
Hippocampus coronatus 2 0.02 Leucopsarion petersi 1 0.01
Syngnathus schlegeli 1 0.01 Luciogobius sp. 2 0.02
Urocampus nanus 1 0.01 Rhinogobius sp. 1 0.01
Sebastiscus marmoratus 97 0.82 Gobiidae spp. 9895  84.06
Scorpaenidae spp. 13 0.11 Paralichthyidae spp. 4 0.03
Platycephalus indicus 5 0.04 Pleuronectidae sp. 13 0.11
Cottus kazika 1 0.01 Paraplagusia japonica 1 0.01
Lates japonicus 2 0.02 Cynoglossidae spp. 2 0.02
Lateolabrax japonicus 21 0.18 Rudarius ercodes 1 0.01
Sillago japonica 1 0.01 Tetraodontidae sp. 1 0.01
Carangidae spp. 6 0.05 Unknown 145 1.23
Leiognathus nuchalis 16 0.14

Table 5. Total number and frequency occurrence of fish . 25

eggs collected with a 0.8 m ring net in the center
of flow of the Shimanto Estuary during the period
from January to December 1987.

Name of taxa No. %
Anguilloidei sp. 2 0.02
Engraulis japonicus 41 0.49
Etrumeus teres 43 0.51
Sardinella zunasi 264 3.16
Sardinops melanostictus 18 0.22
Dorosomatinae spp. 452 5.40
Synodontidae spp. 266 3.18
Lateolabrax sp. 5 0.06
Callionymidae spp. 109 1.30
Soleoidei spp. 249 2.98
Unknown

¢ 0.61-0.70 mm? 6177 73.83
¢ 0.71-0.80 mm 619 7.40
¢ 0.81-0.90 mm 99 1.18
¢0.91-1.00 mm 16 0.19
¢ 1.01-1.00 mm 2 0.02
¢ 1.21-1.30 mm 2 0.02
¢ 1.31-1.40 mm 1 0.01
¢ 1.51-1.60 mm 2 0.02
a, range of egg diameter.
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Fig. 16. Monthly fluctuations in number per 1000 m* (solid
dots) and number of taxa (open dots) of fishes collect-
ed with a ring net in the center of flow of the Shimanto
Estuary from January to December 1987.

2) HBROEHZEL

WONGEGEC T 2T A O HELE » IIE0E
BHOFHELE Fig 16 I2RL72. 1000 4D
DOHBEEH (BHEE) B1BCHUIRLEL L
<, PAREEILSODO8H KRB D2904.3RBIZE L
78, 10AICKRELEAL, RECHTEHCREMN
TAHMERME AL, e L Tid7-8Ai1I2£ L i
HyaWich o7, BEDEREEES 0H) 20
8H) O#BEIZH - 7275, FEHWEEEEZOAD
EFZ2BE, HREEOZREIZIZHE LTz,

HHBDEZ Do 72 12HIZ oW T FOFHEL %
Fig. 17 \ORL72. 2055, HNEhhspp. DHIEZE



16 R EMHENE > & —HEE

Sardinops melanostictus

F

y s

D e N W b
1

Gerres equulus

| A

Sardinella zunasi

W

Acanthopagrus latus

ﬁ Y

Dorosomatinae spp.

_ A

Plecoglossus altivelis

] N

Log (/1000 m’ +1)

Lateolabrax japonicus

P -

£ Leiognathus nuchalis

© = N W AO N ®AD =N W RO =N W AO B N W A
T T T 2]

[ -~

! 1 (

Gobiidae spp.

Blenniidae spp.

L __AAA
Sebastiscus marmoratus

L ‘

£ Callionymidae spp.

S W

L it L

O = N W OAO = N W AO = N W A R N W RAC A, N W ADO P, N W &
T T T T

L e I
J FM A M ] J A S8 0 N

J F M A M J J A S O N D

Month

Fig. 17. Seasonal occurrence curves of 12 species characteristic of the center of flow at the Shimanto Estuary from

January to December 1987.
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Fig. 18. Monthly fluctuations in number per 1000 m® (solid
dots) and number of taxa (open dots) of fish eggs col-
lected with a ring net in the center of flow of the
Shimanto Estuary from January to December 1987.
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Fig. 19. Length frequency of eight species collected with a ring net in the center of flow of the Shimanto Estuary.
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Fig. 20. Number per 1000 m*® (upper) and total number of
taxa (lower) of fishes collected at each sampling sta-
tion in the center of flow of the Shimanto Estuary dur-
ing the period from January to December 1987. Solid
and shaded bars in the figure indicate surface and bot-
tom catches, respectively.
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Fig. 21. Number per 1000 m* (upper) and total number of
taxa (lower) of fish eggs collected at each sampling
station in the center of flow of the Shimanto Estuary
during the period from January to December 1987.
Solid and shaded bars in the figure indicate surface and
bottom catches, respectively.
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Table 6. Local difference of the dominant taxa of larval and juvenile fishes collected with a 0.8 m ring net in the center
of flow of the Shimanto Estuary during the period from January to December 1987. Blank spaces for the rank
and percentage mean the taxon was not caught.

Locality St.C1 St.C2 St.C3 St.C4 St.C5
Number of fishes 2288 2347 1424 1650 4063
Number of taxa 36 29 20 17 18
Name of Taxa Rank % Rank % Rank % Rank Yo Rank %
Gobiidae spp. 1 64.12 1 89.26 1 85.88 1 92.30 1 88.28
Blenniidae spp. 2 10.14 2 2.60 9 0.35 6 0.42 4 0.39
Sardinops melanostictus 3 9.48 6 0.68 3 2.39 10 0.18 10 0.05
Unknown 4 4.59 5 1.15 8 0.49 7 0.30 18 0.02
Sebastiscus marmoratus 5 2.23 10 0.30 5 2.04 5 0.55 13 0.02
Plecoglossus altivelis 6 2.01 3 1.62 2 2.81 2 3.39 2 9.67
Dorosomatinae spp. 7 1.22 8 0.43 11 0.18 6 0.25
Callionymidae spp. 8 1.09 12 0.26 12 0.02
Acanthopagrus latus 9 0.66 9 0.34 11 0.21
Sardinella zunasi 10 0.61 7 0.43 6 1.90 4 0.61 5 0.27
Gerres equulus 14 0.31 4 1.53 4 2.25 3 1.15 3 0.57
Lateolabrax japonicus 19 0.17 11 0.26 7 0.56 12 0.12 14 0.02
Cyprinidae spp. 20 0.13 24 0.04 10 0.28 7 0.20
Zacco platypus 34 0.04 13 0.13 13 0.14 8 0.24 9 0.05
Leiognathus nuchalis 15 0.26 18 0.09 15 0.07 9 0.24 8 0.07
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Fig. 22. Monthly changes in water temperature (upper) and
salinities (lower) recorded at the ten surf zones on
southwestern Tosa Bay form December 1989 to
November 1990.
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Table 7. List of fishes collected with a seine in the surf zones on southwestern Tosa Bay from December 1989 to

November 1990.

. Range : Range of
Sp ecw‘s name % total lenggtt?(l;nm) Species name % total lenggth(mm)
Elopidae k Carangidae
Megalops cyprinoides 0.01 28.1 Caranx sexfasciatus 0.01 69.2
Anguillidae Scomberoides lysan 0.02 274 - 284
Anguilla japonica 0.01 54.9 Trachinotus baillonii 0.05 572 - 88.4
Engraulididae Trachurus japonicus 0.01 3.7
Engraulis japonicus 0.53 75 - 36.1 Gerreidae
Clupeidae Gerres equulus 1.36 7.1 - 138
Konosirus punctatus 0.92 62 - 287 G. erythrourus 0.01 14.0
Sardinella zunasi 0.07 95 - 274 Sparidae
Sardinops melanostictus 0.01 19.0 Acanthopagrus latus 1.85 10.1 - 147
Chanidae A. schlegeli 0.18 7.0 - 115
Chanos chanos 0.34 124 - 142 Sparus sarba 0.11 11.2 - 131
Osmeridae Teraponidae
Plecoglossus altivelis 71.48 105 - 554 Rhyncopelates oxyrhynchus  0.07 9.6 - 182
Gonostomatidae Terapon jarbua 2.55 9.8 - 192
Gonostomatidae sp. 0.01 12.0 Scorpididae
Isonidae Microcanthus strigatus 0.07 14.7 - 19.0
Iso flosmaris 0.01 12.3 Kuhliidae
Exocoetidae Kuhlia marginata 0.01 26.1
Exocoetidae sp. 0.02 52 - 58 Oplegnathidae
Mugilidae Oplegnathus fasciatus 0.01 14.6
Chelon affinis 1.08 139 - 350 O. punectatus 0.01 23.0
C. macrolepis 0.34 11.8 - 447 Girreidae
Crenimugil crenilabis 0.01 50.3 Girella leonina 0.02 19.8
Mugil cephalus 1.12 2277 - 363 G. punctata 0.63 16.7 - 27.8
Oedalechilus labiosus 0.02 36.1 - 389 Blenniidae
Atherinidae Petroscirtes breviceps 0.04 114 - 179
Atherion elymus 8.59 51 - 64.6 Pictiblennius yatabei 0.07 2 - 182
Hypoatherina bleekeri . 0.48 132 - 836 Gobiidae
Scorpaenidae Chaenogobius spp. 2.58 114 - 335
Sebastes pachycephalus 0.01 21.7 Gymnogobius spp. 0.30 16.1 - 34.0
Platycephalidae Luciogobius spp. 0.32 87 - 199
Platycephalus indicus 0.02 9.0 - 10.9 Rinogobius spp. 3.25 92 - 171
Cottidae Sicyopterus japonicus 0.05 305 - 325
Cottus kazika 0.06 54 - 175 Gobiidae spp. 0.20 62 - 140
Ocynectes maschalis 0.02 85 - 13.0 Monacanthidae
Percichthyidae Rudarius ercodes 0.02 39 - 58
Lateolabrax japonicus 0.04 117 - 134 Tetraodontidae
L. latus 0.34 102 - 36.0 Takifugu niphobles 0.43 42 - 388
Apogonidae Tetraodontidae sp. 0.01 4.1
Apogonidae sp. 0.01 9.6 Diodontidae
Sillaginidae Diodon holocanthus 0.01 11.2
Sillago japonica 0.13 9.6 - 14.8 Unknown 0.01 -
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Fig. 23. Monthly fluctuations in number per haul (solid
dots) and number of species (open dots) of fishes col-
lected with a seine in the ten surf zones of southwest-
ern Tosa Bay from December 1989 to November 1990.
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southwestern Tosa Bay.
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FONTIRERT - LEEb I F 7F 47 Ol
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Table 8. Local difference of the dominant species of fishes collected with a seine in the surf zones on southwestern Tosa Bay during the period from December 1989 to
November 1990. Blank spaces for the rank and percentage mean the species was not caught.

Locality St.S1 St.S2 St.53 St.54 St.S5 St.S6 St.S7 St.S8 St.59 St.S10
Number of fishes 30 505 4170 1266 504 345 731 414 325 68
Number of species 12 18 28 22 18 20 20 19 25 11
Species name rank % rank % rank % rank % rank % rank % rank % rank % rank % rank %
Atherion elymus 1 2333 6 396 26 0.02 1 51.97 2 870 13 0.14 g 024
Terapon jarbua 2 16.67 2 21.58 4 070 7 0.79 3099 5 290 6 192 3 072 3 800 5 294
Plecoglossus altivelis 3 1333 9 059 1 91.56 2 3017 1 8948 1 69.57 1 7291 1 96.38 1 43.08 4 588
Acanthopagrus schiegeli 4 10.00 18 0.10 13 0.16 7 040 16 0.29 18 0.14 17 031 7 147
Gerres equulus 5 675 12 0.20 14 012 14 0.08 5 0.60 4 290 3 684 5 024 8 1.85 1 5147
Rinogobius sp. 1 4832 4 221
Chelon affinis 3 1050 5 053 9 040 7 174 7 215
Girella punctata 4 614 14 020 3 551 15 0.62
Chasmichthys spp. 5 495 10 0.24 3 1074 2 4356 17 0.29 17 0.14 2 121 4 462
Acanthopagrus latus 6 667 11 040 2 326 9 024 11 0.58 9 041 3 10.29
Engraulis japonicus 14 0.20 3 098 16 020 18 031
Lateolabrax latus 6 046 4 099 13092 11 147
Gymnogobius spp. 5 118 5 3.08
Trachinotus baillonii 7667 6 040
Chelon macrolepis 9 026 9 087 5 192
Konosirus punctatus 14 0.14 12 0.8 2 930 6 147
Chanos chanos 23 0.02 19 0.08 8 145 8 055 4 048 19 031 2 20.59
Mugil cephalus 15 0.20 16 0.12 16 0.08 6 203 15 0.14 6 024 2 23.69 8 147
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HBRLTBLF, £2o5MmIZn s (Hf - 25,
1982; Fujita et al., 1988) X @i} % il B # P 1
(Kinoshita & Fujita, 1988), 7% E¥ (KB, 1954;
i, 1962) FOTIBFEBICBOATHE I E
b, F7z, JROFIRISHBET 5 A X F
B Morone saxatilis 2 M. americana DIFHEA B K
1.5 m DUROKIBIZE S G555 2 mbh
THYH (Boynyon et al,, 1981; Smith et al,, 1984), A
AEBO—TPEEETEREH L LTWH I E
FHLPTH .
112y o [ BT S R QPR 73/ PN i s B e )
FREAOEMR L BT 5720, FhENTES
IARISRLC A BAFHEAIC DWW T E O IR L JEAL
% Table 9 {Z7R9 . 3D HMKIRIZHE L CTH
B WS /T w8, 72, XAXAF, &
UHF, FFXETHLEHAWTES. O,
NERE, a2 @R, a4 BHIowTIIEOR
ERTERD-T2bD0, £ OLEHEIETN
TWHEEbNE, L, £, LAVEKT,
YAYEF, abkF, rus A OHEIZONT
IRATCIES BB LZIC 3 30b 5 305 Tl
Table 9. Dominant species of larval and juvenile fishes
collected in the bank waters and the center of flow
in the Shimanto estuary. Blank spaces for the rank

and percentage mean the species was not caught.
+, less than 0.005 %.

Bank waters Center of flow
(N=49101) (N=11772)

Rank % Rank %

20.02 6 099
12.43 33 0.02
8.51 11 022

Species name

Gerres equulus
Rhyncopelates oxyrhynchus
Acanthopagrus latus

Acanthogobius flavimanus 7.74
Mugil cephalus 7.16 36 0.01
Parioglossus dotui 6.98

434 35 001
4.14 1 84.06
3.48

3.38 12 018
3.24 2 487

Acanthopagrus schlegeli
Gobiidae spp.
Redigobius bikolanus
Lateolabrax japonicus
Plecoglossus altivelis

= e =
NBEWNNRLODOUXITAAWUL R WND—

Nematalosa japonica 3.18 9 043
Rinogobius sp. 306 41 0.01°
Terapon jarbua 1.63

Chelon affinis 1.59

Blenniidae spp. 3273
Sardinops melanostictus 69 001 4 231
Unknown 84 + 5 123
Sebastiscus marmoratus 75 0.01 7 082
Sardinella zunasi 19 043 8 061
Callionymidae spp. 10 027
Leiognathus nuchalis 23 0.29 13 0.14
Cyprinidae spp. 18 073 14 014
Engraulis japonicus 49  0.04 15 012

a, identification to the subfamily level.
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HEBIDET OB WEF AT - JIZELATWw
(Fig. 19). Tz, ZOX ) LRI EDH OB 5
FOOERCHIR L2 v oS, o/ vadRl, 2 X,
A Ay KEHe EIMFRO KL ST RS
WEINTHD, Zofs, KEICHELIIE
0.6 mm B OARIFO I 1E -+ 0 IIEE BT 2
LEZ7AOVFER S, FSFEFORPFEENTHS
TREEEATE . QBH - KT, 1988). 7z,
ECOFHE - AIPOFEHEL 2SR OB BHHE
EAFAOMEORBIZBWTEHET, WIHICE
WERICHBT 2HABOE ABEEETH S &
WETED (Figs.20, 21). ZDXHiZ, MON
TLEBICHMBT AiEEAM DL X2 DREINGHT
MIORE 22X EL ofRich s L vz X
I, Ay, EOPREREFICEE EEAEIZ DN T
i, ZLPTOEICHREETRT - VOMATIEE
B (BAMTA-REAE) 220 HBELED 2 H%,
FNODMEIPBEL THWiRWT &0 5T
O Sh DEENTKBICHLEEZ DR
4. BE, SNEEERESORE T ORER
A GHETH R IFR <A FRREDOTA
PEBIRESINTED (IBHE, 1969 Fi#r, 1991),
NS DI O SR METHS &
D% I 5.

U bkoZ & 2WFEL, WOMICHIRT 2FHA
OENGI L LB oOBE Yy -V EHEET S &
Fig. 27 VORT K I BR3Z A TTH N TE B,

Type 1 Type 2 Type 3

Fig. 27. Conceptual diagram of three patterns of spawning
areas and emigration sites after hatching for ichthy-
oplanktons occurred in the Shimanto Estuary.
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Nematalosa Jjaponica 0
\//\ Acanthopagrus latus

Acanthogobius

flavimanus Gerres equulus

[ ]
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L ]
Terapon jarbua
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A
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Fig. 28. Relationship among the species distributions in the three habitats; eelgrass and non-eelgrass areas in the
Shimanto Estuary, and the surf zones on southwestern Tosa Bay.
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Fig. 29. Ranges of total length of seven species collected in eelgrass beds and non-eelgrass habitats in the Shimanto

Estuary, and the surf zones of southwestern Tosa Bay.
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Fig. 30. Length frequencies of Lateolabrax japonicus col-
lected in the Shimanto Estuary.
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Fig. 31. Length frequencies of Lareolabrax latus collected
in the Shimanto Estuary.
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Fig. 32. Developmental periods of Lateolabrax japonicus.
A, 6.6 mm TL (6.4 mm SL) postlarva; B, 13.5 mm TL
(11.7 mm SL) postlarva; C, 14.4 mm TL (12.1 mm SL)
postlarva; D, 15.6 mm TL (13.5 mm SL) postlarva; E,
18.2 mm TL (15.1 mm SL) juvenile; F, 20.7 mm TL
(16.9 mm SL) juvenile (Kinoshita et al., 1995).

S HEIZ R 5 L 5 T MR A U8
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DET LR TH 7Dz L, AXFTiE L
JERTOMR (Fig. 32a) DR PHIRES L.
BRI L LFA» SHA~DOBITHICH S
B (Figs. 32b, ¢, 33b, ¢) %oz, WL B
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7218, 50-60 mm TEM, FF L HIITHAaRE
Bl7. ‘
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LEATIF A SRS 2B S 2 L ko,

Fig. 33. Developmental periods of Lateolabrax latus. A,
10.3 mm TL (9.1 mm SL) postlarva; B, 14.5 mm TL
(12.3 mm SL) postlarva; C, 16.2 mm TL (13.8 mm SL)
postlarva; D, 17.1 mm TL (14.3 mm SL) juvenile; E,
19.5 mm TL (16.3 mm SL) juvenile; F, 26.1 mm TL
(21.4 mm SL) juvenile (Kinoshita & Fujita, 1988).
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Fig. 34. Seasonal occurrence curves of Lateolabrax in the
Shimanto Estuary from July 1985 to June 1987. Solid
and dashed lines indicate L. japonicus and L. latus, re-

spectively.
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Fig. 35. Seasonal changes in length distribution of
Lateolabrax japonicus in the Shimanto Estuary.
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Fig. 36. Seasonal changes in length distribution of
Lateolabrax latus in the Shimanto Estuary.
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Fig. 37. Size-related differences in composition of number
of Lateolabrax collected from eelgrass beds (shaded
areas) and non-eelgrass habitats (open areas).
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Table 10. Numerical percentage of food animals taken by Lateolabrax japonicus and L. latus collected in the eelgrass
beds and non-eelgrass habitats of the Shimanto Estuary (Fujita et al., 1988). +, uncountable.

L. japonicus L. latus
Eelgrass beds  Non-eelgrass Eelgrass beds  Non-eelgrass
No. of fish examined 32 28 15 18
Range of TL (mm) 12.4-19.6 12.6-20.0 12.3-19.0 12.2-20.0
No. of fish with food 32 27 15 18
Range (mean) of
food no. / individual 1-195 (37) 0-96 (12) 2-55(21) 1-83 (30)
Food items
Polycheaets 0.2 0 1.6 0
Cladocerans 29.4 332 32 5.4
Ostracods 0.1 0 0.3 0
Copepods 69.4 65.0 70.2 90.3
Cumaceans 0.1 0.3 0 0
Gammarids 0.4 1.2 1.3 04
Shrimp larvae 0.1 0.3 0 0.2
Crab larvae 0 0 3.2 0.6
Fish larvae 0.3 0 20.0 3.1
Unknown 0 + + 0
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Fig. 38. Average dry weights of three prevalent food items
detected from the gut of single Lateolabrax japonicus
and L. latus (Fujita et al., 1988). Solid bars show eel-
grass beds and open bars non-eelgrass habitats.
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Table 11. Examination records of the age (day) and estimated birthdates of larval and juvenile Lateolabrax japonicus
collected in the Shimanto Estuary from January to April 1987.

Total length (mm) Age (day)

No. of fish Estimated
Date collected examined Range  Mean Range  Mean birthdate
Jan. 16, 87 1 10.0 13 Jan. 13
Feb. 15-16, 87 48 10.0-16.8 123 15- 49 25 Dec. 29-Feb. 1
Mar. 15-16, 87 53 11.6-19.1 153 22- 58 44 Jan. 16-Feb. 21
Apr. 19-20, 87 41 18.4-358 274 64-113 96 Dec. 27-Feb. 14
Total 143 10.0-35.8 177 13113 52 Dec. 27-Feb. 21
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Fig. 42. Date-of-hatch frequency distribution for
Lateolabrax japonicus collected in the Shimanto
Estuary.
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Fig. 45. Length frequency of Sparus sarba collected in the

Shimanto Estuary during the period from July 1985 to
June 1988.
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Fig. 46. Length frequency of Acanthopagrus schlegeli col-
lected in the Shimanto Estuary during the period from
July 1985 to June 1988.
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Fig. 47. Length frequency of Acanthopagrus latus collected
in the Shimanto Estuary during the period from July
1985 to June 1988.
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Fig. 48. Annual changes in length frequency of Sparus sar-

ba collected in the Shimanto Estuary from July 1985 to
June 1988.
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Fig. 49. Annual changes in length frequency of
Acanthopagrus schlegeli collected in the Shimanto
Estuary from July 1985 to June 1988.
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Fig. 50. Annual changes in length frequency of
Acanthopagrus latus collected in the Shimanto Estuary
from July 1985 to June 1988.
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Fig. 51. Seasonal occurrence curves of Sparus sarba in the
Shimanto Estuary from July 1985 to June 1988.
Horizontal and vertical bars in the figure indicate
means and ranges of total length, respectively.
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Fig. 52. Seasonal occurrence curves of Acanthopagrus
schlegeli in the Shimanto Estuary from July 1985 to
June 1988. Otherwise same as in Fig. 51.
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Fig. 53. Seasonal occurrence curves of Acanthopagrus la-
tus in the Shimanto Estuary from July 1985 to June
1988. Otherwise same as in Fig. 51.

TENTAIZDONTIE, ZOMOHREOHERIZ
R X BRAEEALHED b7z,

2) &R

ANF A 131985-865E DFRZRIC B S, 19864F
FED3A4HZ 13-17 mm TL OEEIHB L7215
BUE, ¥FH4E BRREEZDWAL, 7THLKC
i 50 mm TL 3T { OffEAHEH L7 (Fe. 51). —
¥, 46 OBIICHE LMk eRE 13.1-
134 mm OFNFHFHAT-ELTEH, Zofizz
NE/NEEAOMAB RN EEZ SN,
1986-874F & 1987-884E (2 BT 2 &R OHEREmIZ
VEIZFRRT, 11 - 128 OFKZEIZ 11-13 mm D/NE!
RSB L, 19874ECid2H, 19884 Cld1 A L
BaHEF CPHBLUOBEBRERELELRE kT
Lo L, SHICIEME & & /A REEA S ML,
Y eERIF4AFICE~NS ot T2, BV
HROEREIT19865FE11 A2 5 BESH Tl 10.1-13.2
mm, 198711 AP S5SHOB TlE4R 2 %10.5-
12.6 mm OHF TR E REBIA LN o 72,

7y 4Tidd4, 5HIC 10-12mm TL ZH0E L
TNRMEAR DS B L, #011986, 19884 Tid6
HET, 19874 TII8H F T & & DITTFH -
BREREBKREL kol 72, /MAKOLE
BhDH L, 19864E TIE4-7H, 19874E TlE5-6H,
19884 Tld4-6 HOM TR ELEFHN L L, 8.1-
10.7 mm OHEPHIZH - 72 (Fig. 52).

FFATEREL HIZIFEABLEREZRL,
10-12H 12 12-13 pum TL % WO & U 72/ bR RS
W L-%, - &Kk - BhaeRs b BEED4
BECHEL L HIWALE (Fig.53).

Do X9 Ay £ A OANERT~ 13 mm TL
B TP SBEF TOEMICESTIMAL, &
Bk, 12A EsAISWERNCH 72, F o,
70 4TS, 6% HulMZ 10-12 mm TL OfEE
P, FFXTI10-12H12 12-13 mm TL Z &
L7225 O PRERT~IA L, 3f8E & 2Dk,
FEA T W ONENICHEL, RELTw2
RIS S & o,

3. &£RB5A

AENOHBBABEZ T ES LT < EHIIH
V¥, #OMBE Fig. 54 1ZR.

ANF A T 101-120 mm TL IS B W TH 40% 75
7 eI ONTH. FOHB, BEELEHIZT
TEBICHEEL, 4 mm TL B ETIEETHT<
EBIIGA LTz, 72 aF L I2onTb ek
LCix7<EHI2£ <, 12 mm TL P EoEkT
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Fig. 54. Size-related differences in composition of number
of three sparines collected from eelgrass beds (Shaded
areas) and non-eelgrass habitats (open area).

T ERD 08.5% AT EHTCHELE, LaLy
P55, 12 mm TLELF Tl A L [EEE 30% B
BTGNS LT, —F, $FXT
EEREIC N7 EHTORBEEE L,
15 mm TL PLUF TiE 80% PLEDEAD 7 < E35 DL

BHEAEMHENEL & —HiEE

AHCHELZ. LA L, 15mm TL 237 <E
BBA LD, 16 mm TL PLETIXERD 94%
W7 EBHBIZHM LTz, 7B, 23 mm TL BL
LOMFICOWTIEIFEE B L TT < EHICHA
L7z, F7, TRESHEIETERTOIREY
DOMBEE L MEEEMOEREL 116 (Fig. 8 &
DS 2 S FNEFNOGMHBOLEHET S &,
FET IS BT EROFREIATAT
68%,, 7 Q¥4 T 28%, FF X TliL3% Thot-.
VEDXHIT, ~FAEray 4 CIRmONE
Fr~IARE, EHIMO ) bic7 e~ EA8T 2
DIZRL, FFXTEMABLIESL S ORIZIET
< EEBET S EMPEE T, ¥R LM
MICBWTT < B~ OB ORI AHEDFE
oz, UL, BREIfE-T7vEHE R
kAR £ A A IE3ME S L FRIRT, N AT
14mmTL, Z72% A4 CiX 12mm TL, FF X TlE
15 mm TL BLEDIZ & A EDEES 7 < EBICE
BT AHERPHO N E R o7

4. BiE

1) 7eEIBEFT < EHDOLE

ra¥y A4 EFFIOFIEFEY A XOFHAICD
WT, TEREFETEHIIST, FOENE
Y OBAREHRLE E Table 12, Fig. 551RY. %35,
AN AT TIRRERD A7 {, MREROHT
BT R EEME SN o 127202 2Tl
B ze,

2Oy AT B TEARED L ERRE
b, 7TYEHTO26MOEEFEML Ty
7o, ELERAMIISSHEEENETH 20
)b, BHAROEMAEIZRENTRICELRY,

Table 12. Numerical percentage of food animals taken by Acanthopagrus schlegeli and A. latus collected in the eelgrass
beds and non-eelgrass habitats of the Shimanto Estuary. -

A. schlegeli A. latus
Eelgrass beds  Non-eelgrass Eelgrass beds  Non-eelgrass
No. of fish examined 44 44 60 60
Range of TL (mm) 8.8-12.0 8.7-12.0 11.2-14.6 11.2-14.7
Feeding incidence (%) 25.0 63.6 56.7 66.3
Mean of
food no. / individual 0.9 2.0 11.6 7.7
Food items
Polycheaeta larva 2.5 0 0.1 0
Cladocera 4715 73.3 0 0
Copepoda 425 15.6 99.4 92.0
Gammaridea 0 0 0.1 0
Pisces larva 7.5 11.1 0.1 6.9
~ Unknown 0 0 0.3 1.1
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Food no./individual
[w]

Eelgrass beds
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[ Acan thopagrus schlegeli

A. latus

(R TITTTET

Non-eelgrass
ground
M Copepoda

Others and/or
unknown

Fig. 55. Average number of food items detected from the stomach of single Acanthopagrus collected from eelgrass

beds and non-eelgrass habitats.

TRER O Lo, —F, BRHEOEHE
BERBICL AEEFED SN Lol T, F
i (FERD BIET < BIECHENS B
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WBIE7 < B TILFF X 1B 4 Y FiH 058Kk 0T
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Fig. 56. Comparisons of feeding incidence and number of
food items per an individual among Sparus sarba (sol-
id circle), Acanthopagrus schlegeli (open circle) and A.
latus (open square) collected from eelgrass beds in the
Shimanto Estuary.

20mm TL, 7 27 A4 Tl 18mm TL W Tl E
EEBIcHiMENMER L. L L, FRUEE
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BNAEYWOMEAEMEE AL L, ~NF LTI
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24 mm TL ZBICFHEIIRECERD, 24 mm
TL LR CikiptslEoBME» E & T, ZRET
WEAROa T YHEEREREL TV (Fg 57).

20 ¥ A O/NEUEIECIIR AR E % CEEL T
BY, 10 mm TL PLF TIZE&TOEEED, 10-12
mm TL Tl AETH > 72, 12 mm TL
DLRE, Mg AS .G E 72, 22 mm TL BLEORA
FETREEEOM, XY REORBENAEREA
MoRbE (22) sRgE) 2EHEL W
(Fig.58).

FF I IBEHEPLOEMED S 22 mm TL LAE
2, EARog a n CHEO D 2 FEEmL,
30 mm TL PLECIRPEH L% 3 2 RPN ED
7z. %72, 12 mm TL PUF O/NEUEARC I SE
oM, T (Fio71) MBS (B ESRT
Wiz (Fig. 59).

DL, ~AFAEFRFRITIRBERICENE
SRS SIEAM D 3 0 T EEANE BT
LETENL TV, —F, Zu¥ A4 Cld/haE
IRCEITHAESMEHAIN T 2 L, BLUE
D%O A 2 T CHEHOFEELE A AL TR &
B oTni.

5. BRHMICE DR EMEROHE

1) FEE BRI
N A TERHFRE R OB WA R A AT 1

100

80

60 I~

40 |~

Composition (%) v

20 -

1 1 1 i I

~NHETH D, B30 mm TL T CRIFBEETED
ST EE R IR RCATRRD H 17z (Fig 60).

F 7z, RFARSE L AR EOMERIE Fg
61 DEBVTHY, 3L HIET y=x DH LD
o7z, F I TREAEHBRORHE R EEICIOWT
BEORREERL, Ao EERT 72
(Table 13).

2) &

ANFA, rvavs, FFIXOREHEEREOEE
% ZNFI Figs. 62, 63, 64 1ZRT.

BICHL P E -7 B, MONEFI~OM
AT A ZOBLNEATATE Bmm TL, 7u¥
4 TiZ 10-12 mm TL, FF X Ti¥ 12-13 mm TL &
BTHLH, INOMAROHEHIZANY A TiE30-
40H, B TITWITNL30HFHREHEEINS.
FOBOBEIIIMEE L ITITERNT, OHET
AFLEXFRTIEBEZ 16mm TL, 7054
T3 17 mm TL BEIEL .. HL £ROBE
12X D3RD 7230 H60HEEOM O B EEIL, ~
AT 0.87%, 725 AT 1.56%, ¥F I
095% TH o7,

3) WMEH

ANFA, ray4, FFIXOREDEBEPS
WAL 2B L, 2O5AHOHEESFhEN
Figs, 65, 66, 67 12713,
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Fig. 57. Change in stomach contents with growth of Sparus sarba collected from eelgrass beds in the Shimanto

Estuary.



M5 NS BV 5 A 2 ¥, ~ 5 A TRHTFHE o AR 19T ge 41

100
8ol

)

=

g eof

g

=

el

&

g 4op

S

!
201-
QoL

§ 10 12 14 16 18 20 22 24 26 28 30
Total length (mm)

Fig. 58. Change in stomach contents with growth of
Acanthopagrus schlegeli collected from eelgrass beds
in the Shimanto Estuary. Symbols of food are same as
Fig. 57.
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Fig. 59. Change in stomach contents with growth of
Acanthopagrus latus collected from eelgrass beds in
the Shimanto Estuary. Symbols of food are same as
Fig. 57.
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h, ZOB9IA25-30H 10820250 B X 11 A
14- 198 DIFIZFEHBICEFNFNYE - 75580 5
nr.

PYlrorvuy 4 opiiiiiisEs, $FX TR

Fig. 60. Lapillus (left side) and sagitta (right side) of three
sparines collected in the Shimanto Estuary. A, 24 rings
are countable in 11.7 mm TL Sparus sarba. B, 28
rings are countable in 11.1 mm TL Acanthopagrus
schilegeli. C, 20 rings are countable in 11.6 mm TL A.
latus. Scale bars indicate 25 pm.

METHD, ~NFAL TRKELESOMIIER
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1bDBIE% Fig. 68 1 IRT.
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collected in the Shimanto Estuary.
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Fig. 62. Relationship between age and total'length for

Total length (mm)

20

Sparus sarba collected in the Shimanto Estuary.
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Fig. 63. Relationship between age and total length for

Acanihopagrus schiegeli coliecied in the Shimanto
Estuary.

Table 13. Examination records of the age (day) and estimated birthdates of larval and juvenile three sparines collected in
the Shimanto Estuary from May 1987 to May 1988. Age (day) was estimated to be added five days to ring number.

Total length (mm) Age (day)
. No. of fish Estimated
Species name Date collected examined Range ~ Mean Range  Mean birthdate
Nov. 22, 87 11 10.6-13.6 122 22- 34 28 Oct. 19-31
Dec. 21, 87 3 12.1-132 127 28- 38 33 Nov. 13-23
Sparus sarba Jan. 17, 88 1 202 64 Nov. 14
Feb. 20-21, 88 17 13.5-223 168 49- 72 64 Dec. 11-Jan. 2
Mar. 19-20, 88 17 123-27.5 189 39-113 81 Nov. 28-Feb. 9
Apt. 16, 88 3 19.0-23.0 214 86-118 107 Dec. 12-21
May. 28, 88 22 12.7-162 142 31- 64 44 Mar. 23-Apr. 27
Total 74 10.6-27.5  16.1 22-118 57 Oct. 19-Apr. 27
Acanthopagrus ~ May. 17-18, 87 67 8.7-18.7 11.1 21- 55 32 Mar. 23-Apr. 27
schlegeli  June. 22, 87 22 10.3-17.2 140 34- 57 46 Apr. 26-May. 19
Total 89 87-18.7 118 21- 57 36 Mar, 23-May. 19
Oct. 25, 87 30 10.6-13.3 12,0 21- 30 26 Sep. 25-Oct. 4
Nov. 21, 87 30 11.0-142 126 22- 32 27 Oct. 20-Oct. 30
A. latus Dec. 20-21, 87 29 10.9-13.8 120 28- 41 32 Nov. 9-Nov. 23
Jan. 17, 88 7 15.0-204  17.0 46- 77 58 Nov. 1-Dec. 2
Feb. 20, 88 14 15.9-23.8 206 73-120 98 Oct. 23-Dec. 9
Total 110 10.6-23.8  13.6 21-120 39 Sep. 25-Dec. 9
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Fig. 64. Relationship between age and total length for

Acanthopagrus latus collected in the Shimanto
Estuary.
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Fig. 66. Date-of-hatch frequency distribution for
Acanthopagrus schlegeli collected in the Shimanto

Estuary.
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Hotz, Tz, EREFIZHTEHVEALNLEY L X
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Fig. 65. Date-of-hatch frequency distribution for Sparus
sarba collected in the Shimanto Estuary.
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Fig. 67. Date-of-hatch frequency distribution for
Acanthopagrus latus collected in the Shimanto
Estuary.

BEFOEE L T, 2, BEICES i
BahbE, 14mmTL HERIE - BHEOHE
LD EBFAIE T % MHIE A FE D Bi{Lt.

Z &

AT (1993) RHEBORMERRERIETNICE]K
DY A HRHIREAPHET 2 BERH L »IC
L, TZCTOPHERROERPHRE L TnA5.
Z O, FINPEHERE (Senta & Kinoshita, 1985;
Senta et al., 1988) R RIFEA 41515 (Kinoshita &
Tanaka, 1990) , ERRE (R3S, 1987), KB
B (X, 1988), =iE (BEIEIEDY, 1984;
HfCIEA,, 1985; 1986) 7 &% Hh O RS iE R
HTONY A BRI R A O BB R SR, Bk
BHABEELREBEE o TW5hHEOBERE SR
TE, INSEREHETICHET 254
FAHMFHEA D TEEEBEIZIT & A EFah HHEA
~ORBATICH 5. TIEUHTHIE PR
BB LHEDZEEOBFERE I—FHLTH
D, FOHBEEICOWT D RRERRERTO
FNEIFIZAMETH S (Figs.51-53). 2D X H (T,
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Fig. 68. Occurrence distribution of osteological developmental changes of vertebral column, fin-supports and rays

against total length in Acanthopagrus latus. Stippled and solid areas represent chondrification and ossification,
respectively. Open arrows in the figure indicate segmentation sequences of soft-rays.
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Fig. 69. Relationship between counts or ossificatory changes (cumulative percentage) and total length in
Acanthopagrus latus.
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A OAPRANC B B~ A BRHMFAEL DO IAIR
DB L CHE IR R s & 13RI L T

B, FAKBIZINHRT 2 BERAERBE L ZoTw

LHrEZOLND. 2, O OMICBNTD,
Lagodon rhonboides X2 Archosargus rhomboidalis 7% &
D5 A BFHERDPSHINIT 5 Z LR SINT
B0 (Lewis & Mann, 1971; Weinstein,1979; Shenker
& Dean, 1979; Bozeman & Dean, 1980; Chavance et al.,
1984), WOEAY A FHFHEROERBB L % 5T
WAHEDIRHBATHA . LerLEDIS, RIB2k
VBT ONY A HEMFHER OBREN I %
< (GE, 1986 K7 - #H, 1988), WINbWH
Bebicd EEoTns,

WigERER BT AT 1, 7uasyA{,
FFREFITRE TLCRONABEHEICHD,
B4 H RS HHESE L 2-FRn 1280 A TE IR
B4-SHEETH L LEZONRTWS (KT,
1993). —J, AMOPRERT CTld3fE & $ 4 30 mm
TL ¥ TIRITER U CHRE S N (Figs. 45-47).
¥/, EROBHEIL (Fgs. 51-53) 5 H 3D
FABICEEL, RELTWARREHEHL LTS
O, IIABOBEN ISR LM E o<
REGMHEFRDOSLNSL, UL, WIOAERIC
BWTL 7B LT EHTHEY 4 AR
%0 (Fig. 54), JE7 ~TITHHBY 1 i3k
RIHERRERETE CoFRE—HLTWE. 20
2 M ORIk T < Tk & BREEFRE T O
AR E L TCEEPFE—TH L EORHGREF LS
5, ZORNREEER S OREIIOWT, KT
(1993) WEALFZODOHE, WEEREL %
ALMERGE LT, TRREODEES~OBEEL
LCEELRERBELMEDIIT TV,

NF A BEEMFREANI AT DR~ R, K
Rl o 7~ EH~OmERELRL, 0
BEALVTYESE~EST S (Fig. 37). 0
R R D 5 W ONDIE7 <€
WA BN L BRMTHEORDEER? T <
B THBIEERLTWA, BHE=SMME (K
B, 1954) REHMBHONE (L - PE, 1983),
IO E/NERE (FHE, 1954), EIMAFRERiE
(N, 1980) % 07 < EHIZIZFIZ 20 mm
TL U EOAF A ERFEAFBEL By, 7
EHEHPHAILRORTSE & LTHHIN TV
PRFGH 5. —F, BREBERE (Kikuchi,
1966), ZEBEIILEE CRFI3H, 1983), HFHEE
THE - fHE Ohb - Fil, 1977), =ik
BE (- 808, 1962) &7 <ERHTIEAN
FAERFHAIZIEEAED DV IE4A L HBE
3, TEHOMMAY - FEMZERIC X D HBIR

PUIZA % ) OEDPHEZ 5. KB (1954) 13T
WIRLE  ORVIKIETTICH L3 7T ETHRE SN
TGN Y A ERMTHEASZ BT 5 2N
Tw5, RTORO7<EHLE U EFIICTERE
EN-a7<ERETDHH, ~F A4 dBEHFRAI
TR OB BT T A EL L. T,
e (1988) W RIRBEHOA T /U, 74,
Tk ) FEOBHNEET HEICB VT 15 mm
TL U Lo 7 a7 A HEOWBRZHERL T 5,
CORERENL, RSB T~ BEOHAE L vakik
THRAMOBEFOBERT 5 EZIHAF L HEHEL O
BEBERVELZ EZRELTHND.

NF A BEEHMTHEARLL, ORI S8
TER LT Y BMOWMBE ISR T S, FO
g, MBREEToERE B L 2&RE (Fig 55,
A TEIET v B CEAR, BERE L
SPE Mol 2, FFRIZOWTH K
TOEMFNE L, BHEEICOVWTHEENICI
TYEHERSD» L LEFRU EOHEEZZS
Nz, KT (1993) (X IS BT 2 18T T
M OBEERZ T, FOE S5 5B OER
Wi LCOEEERHBIRL TWS, RTHRIC
BWTh, 7TYELHEST IR0 TS AL
FFXAFHERICE ST, 7RI VIETYE
WASBEEAT . L CEELRRE L 25> T A HE
HAid Y, ZZTHRDNOIET < Tk & ik
FRWEEE & OB TE 2.

ANTALEFFITIRTEE~NES LT, F
NENK 24 mm B X O 30 mm TL % 3EI\FEED
BEMEEA S 9 g VAN AW AR L7 (Figs.
57, 59). F7z, 70 A TILHRED X5 R BHE
LEROERIIZED SNk o2b D, 22 mm
TL EH SIEEEDL 2 ) HEHEL AL T
w7z (Fig. 58). SO X9 e~y A HEHEA A 20
mm TL VL E-CHEEMEE A & Wl B £ o B A A~
EEMEFEMASELBREITCIHESIN TS
(KB, 1954; &RHIEA, 1979, ZHE - 5, 1983;
MR 12y, 1983). 72, ~F A HEER, WO
BWOBESICHERT 55 18D Lagodon rhonboides
%2 Diplodus holbrooki 72 £~ 20-30 mm TL 0> [E] Tl
W &3 B RO B DR A SIS
(Carr & Adams, 1973). Adams (1976) &7~ T
TOFEEERELREEL, TYTRIEET LA
HFIZE > THIRERENH DL LT 5, ¥
512, FHih (1973) F7~ERTEEWE L XD
ELEIHEE - 2L HEFICBETHY, oh
OHEBEOEELRTH L LRI TS, K
WOMNIZBT S JEAEAREICBIT Lo~ ¥ £ Hif
AT F O % 7 v BEO B R EWRIKE
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LTwainz k).

W7, ~F A BRI AT IR 7~ €
WZEA LR, LIES L ofiEmEtoimE s
FELLTEY, ZOHOEED T T o0
MENTWD LIS VEEV. Holt et al. (1983) 1
visual feeder TdH 5 red drum FHEB DS OIF
I AT T % O OBMES O )RS
NTIVEFTHLDTHY, BT
ELTTIRRL, BEEF L LToORENzHRNE
WL TWD, 252, IiEs (1982) o v
FARFHEEOBREL 7 AREKBE O
FThERL, TEHIIBITABEZOEREDIS
FAKBORBEET E L CORBELZIERL TV A,
AMONIZBWT A A BRMFHEfRIZ 7 v &
~BAR, I CHASORESBYEIELT S
FTCOMIZ T TG FISRBETE UTRAEL
TwaeEEzbh5.

A ONEICHIE L2~y BRsEOL&E
& HEROBRIC X b RD7230%0 560HEEDH O H
BERIX, 5L T 088%, 7125 1T 1.55%,
FF X T 087% THh-o7z (Figs. 62-64). FHFHD
BE2A5LE, ~NF4 TF29-54H#OMICHBLT
HHBEEER 3.14% T (FE - kB, 1982), 7
O & 4 TIX30-60H DM T 2.56% TH 5
(Fukuhara, 1986). F 72, FF X Tii26-41H# &
FEPHARRE VL O, ZoMoHEERZ
2.87% £ OMEGF B L GREF - BHE, 1982).
COLHBEELFEFRATOREFIENET L
B, DL, AFALIEARFONRNOERADIFE
A EBRD SEFIIWEH 2O TH - 120
12k L (Table 13), HRS - L& (1982) OFEH
MIZSADEETH Y, HEROKEEZE KL
WM ZZ oMb, T/, FFXIIOWTHR
W - B (1982) DOFIE I OKIRASAT I
~ 4-5C v, T 72, Fukubara(1986) 2k 5271
¥ A4 OFEAIRIE 193240C (X Y FHEARD)
OHEAICH Y, ZHIEIRFTONTOZ Q¥ [ O
B (5, 6H) OKiE 19.8-22.8C IZHNRFEHT
04T B, RETERZVWL OO, KON TO
KBOBHESETHPTH H, MK
T35 EBDONLBEELEFICBEIL Cnine
&, B Fukuhara (1986) 12 & BEEDEHHMS
BRKBEBOV R VERFTCHLZ L%
BRT L EFBEKETRI Y KRELETH 7T
BEERZELONSE. Z0XIIC, FFTREOKRE
HOMEZFICREKEOEIER LR e &
ZbNB, 72721, RIREESIZBIT AT A HE}
DRI T A HARIIED TZ LVERIZH D,
SBOMFEE D 2.

BREHEHE» L ROz z oy &+
F RN OV TIGERM SN TV EIE (RE,
1941; RME, 1984) L 1F—-F L7z (Figs. 66, 67).
LAaL, "FAIZOWTIRGEOA R, 1984)
Tid7 {, Kinoshita (1986) /g (1988) D
HLFER, BECOEHL T I2EESHL 2 E
% o7z (Fig. 65). Fig. 70 13PN BN L 72
A (BRI BT 5 RENRE) 258 LHsE
OKBEHEEL, FOHEZRLTWS, Th%
AD L, ~"NFALTIRKE QBICHhhTnE
L HMER I ZITEBRET 2 KBEWTHLEVE L
. F77, 3L D 18-21T ITLH 2 EoHEK
BALNG, B5IZ, BEHEEB L UMEERIC
AHS D IFT I UYL Acanthopagrus sivicolas |2
BWCH EINBIAEFOKIRIL, 182-23.5C D#iH
I2H 5 (SR - EAR, 1982). ZDEHiZ, ~
& A WRH IO IR KR I BB 2
5. MIERAOT & T HHERE LCiEEE
HRARKENEEE:IRLTBY (BH - ®H,
1961; <<, 1982; &, 1985), FEINEAASTFRN
Lruy A4 EEFANONTIEFOINHER SR
ToTwhEnz kd., —F, ~FLiZonTid
BEEMEIENFNEINH 2 FF02RBOEE
PEZOND, UL, EiFh (1992) ZHEE
VAL Aeith L, HFHEEE LN co®
EHHEOR—HE2HLPICLTEY, 2%

50~

40k Sparus sarba

n=74

30+

20+

101

0 . .

60 l:
g 50 Acanthopagrus schlegeli
‘; 40 n=89
o 30
3 0L
g 10
—
42 0 . AR .

35

30 A. latus

25~ n=110
201
15
10+
5 b
o

14 15 16 17 18 19 20 21 22 23 24 25
Water temperature (C)

Fig. 70. Frequency distributions of water temperature on
estimated birth date for three sparines collected in the
Shimanto Estuary.
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GHEIELHEC. FUZARHIRTAFF A4 (L
VA% A) Dentex tumifrons \I~F 4 LEERICE L
B H > Z L5 THBY, Shindo &
Aoyama (1954) 1A D IH3E O RBIREE D 5L
TEEBEHEE L, BE 2R ENTLEL
TWa, PEhd, AFALIonWTHE2RE
T5 L ORAEETH S D DD, KDL
RICDOWTRBRADOBRAICHAT AL S LD
M BE LB EbND.

WORICHIEE LGS S 11-13mm TL OFF X T
BHEHERE X OB B ROBEMMBRILIZIZRMN
LTy, #KINBEFRTEEEZ LN ERD
FAREEIL T T2 T2 (Fig 68). <4
A R 71 F A T35 H RIS BRSO 23558
51 (Fukubara, 1984; 1986), Z#UE~ % A ML
B AT ORI IR LR % Hiih & —3%
LTw3 (Figs. 62-64). F72, ¥ ¥4 TLHFFX
FE4E, 25HE (8 mm TL) EIZIXHE/LANTITR
LTBY (Matsuoka, 1987), FRERMBOSE L
BRDOBIZ L LB L TW AT 2990 5.
LT, ZO#KIORANRED SEON~ND
BREEZTRRICLZEEZEZONL.

-7, FF I FHAOTEE/LIIETHRTIE 16
mm TL &, ESHEZTITHBEO—HE KB E
21 mm TL F TIIZEIERT L7 (Fig. 68). 20
BOEBRITCOEILE A5 &, BIHETIIIET<E
B 7Y ERICEST LR L, BETILFE
PEOBEHFED S EARD I O L PEANE B
LIRS LRI E N EN—F L Tw5,. Hf
(1986) 2k Bk, &L IIRERHMEHE, §
W5 72 EANTITR S B BRI i A A & R
EFRCBIT TS, FFRII0WTEH T IEEAD
SR ERAT~OEEOELIZEA LT O
TERALTEY, ZoRNCEEREROREL 2
YA BIEAREFEOMEENTR TS EEZ BN
5.

V. % & § =&

Weinstein (1982) iZ, WIHEBIZHBET 2 fHHz
FOEFERRPH27 0V - TR LTWS, —
DIFAF RO TIUIRERD %M CTHE I35
FHETHY, b)) —HIIEEDO—RH %2
THEET BNV - T THbE. HiEERETLMAME
& LT, B RS CId killfish, Cyptinodontidae
% silverside, -Menidea spp., anchovies, Anchoa spp.
LEBHITONSE, IRALITTEICHBHELCE
BN RE L ->TVD. —F, BEIETA
BHEDL MO AT BT 2 6 DT,

TR CIMEL, FOBARICKES % RO T
Bt AAFREA AL E e B U N T AT
WCHBE LG ) 5, BEEe P EEon
FEO—FIROLNTBY, BEE - 8L 34<
v, BRLERETREO VI 2 -V -5 F
ORI OV TH EEFII e AF VRED—
T, Tripterygion, RSN TWAEET, BIIC
% 72\ (McDowall, 1976). A EIZI LD ET S
THIFE D3 I8 CIE K RED IR K 2 LI Hex
TSR EHEDEE 2 5.

—, EiERO—EEE I3 aEEmT
AONTEEICASNS, FICEEAEOTHESA
W34BT, WMOMNERINCE T 2 Ao RL X
moTWwh (Table 1), 2O X9 Rl INERTIC
W 2 EAIEA XX By A BRHMFHAE
BUSE L TRERRET IS @ LTS
BENE G, L L, AR FFRBIIHIEEICH
N OWNEIT TS SHBIL, I AXF TR
B IZBWTEE T, F0E5mBdiafE
MTRZ-> T/ (Fig 44). E5I2, ~"F(H
B3 H B, ANFAFREAOTNOREN Tt
HE o k472, 3sEoRAREGETO
2%\ E v TASH L, IWMOEERPEER T
DANFTADFENIL 5.1% THY, EHELRETIEIL
W ODOFOHRERITIZESZn, B - BB
(1983) BEAF AL L ra¥y 4 BILOFORMHEL
DR CEIE ST & L, ~F A DA
T FRRET, 7084 XDIEHLICEN &
AR L TWA, F/z, WA - AR (1977) R
W (1983) EA% A B - REAOMTT TN
HNTOHG EFRRIZ 7 0¥ 4, FFX2HXD
FTHRMTHELELTBY, NFAfFHERICDOWT
b F O TG TP LB O RME R
BT Ch LRI, 2ol v A4 F
Bor=f4Flat e fao2fEiconT
b, WOWNETCIZ <4 RO MBI AR
2% <, BOHOM BB OBET Cida b e F28
ZEB L (Tables 1, 7), 2 S MmO T
AT R o T %, WD DT b A
ONTIE, I PeRICHERIA 5L D B
WZETHHT A Loty (N - 5K,
1977; 115, 1983), fFHEM O F HFiis o AE & i
MOBIEATHEOZL KL CWAEE L BILE.

COXH %, HENAEOZZ XY 4D
RGO B LT, RS E R A )
PRSI TERARVESOTOS 2 F L OREE
REED S, (FHEANIIC BV CREARIE S BREs 1 08
WTELAMPYRA DAL FHRBL TS & DFE
B2 E N Twad (BEWNIZDS, 1991; Kimura &
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Tanaka, 1991). F7z, AR (1993) 3~ ¥ A &2
Uy A HAOABILE L ZORERD LA,
7 APEVEIESERIIEE LA L%
oL CB Y, RMOMNERNICHET 27
FBUTBEAOTTH & ) bIHMERIESBRIEIEE L
PEREOABTHLEVE L., S5, YkigT
BIRRAEIZETNET LA <EY, NERO—
BB L RERAEOTHEMA D 2 BHET 5
(Table ). TNHIIXEFD T A JMEESHBRBI
JHS L7227V =T THB, 20 XD I2YAMITE
WA OBIGEE 2 S L b e o fifa+h
CDIZEEBERE L TRIHENTWE L2 5.

WHOPMRATIC IR T 2 EADEZ 1L, AT
MMEL, A2BRERE L7 BICYKE~NAT 5.
Z OMARED HEgE 54 Tid30-40H, 704
1 &FFXATEH30HFHETH S (Figs. 62 - 64).
A X FNT DWW FT AT OGS TIIR AR E
ENBTEPSMOFBTRILLTnB EEZ S
NbdH0D, EETA~OMAIL20-30 H B O HIEAT
HTH S (Fig. 41). ZOBHOREERFEZHL
L BITEFA LT, T OHEA~ORITHIZHE
W5, FF XTI OBEBICHERERLMNE T
SROBEMMEATTITER L (Fig. 68), k1A
ENETICHRKRESHTLEZ OGNS, 70y
4RI FALIIBVT H I OEIIZ R OB KA
FERENTHBY (Fukuhara, 1984; 1986), FE55
MEA~OBITENC A2 S W O~ OHEE % %
TRELS T A HARAEAE b B L V2 L9, 3512,
Z OBIZIZIHAL - WRIARRE (Hdr, 1971) o4
e A, 1991) oiEHd», Yusrs v
(Kimura & Tanaka, 1991) S HIRE RV E >
(Tanaka etal, 1991) OFEAB X X7V VL
B OIENES (Kawal & Ikeda, 1973) O b FE
REINTVE, 2O L) REHEERLETERIEDR
BB, AR EE COXKE ZiERER
BLTHY, ZOKETONEI~OERTH
HrEZOLND,

WINPT & B RO IB L THBT 5
PR DOIMAYT A ZITEBREMTI {—FHLTw
L5 L5, ThoFHAIZENORESE % /&H
EFMELOEETMOMNICRAL, BincERs
LrEZONSL, 2, AXFRL A VR
£ O OWERETICEB T 5 18EY% ) 0EFLHRE
RBEE, FEABEFE0FNER 119, 225508
2, HBEDS AT L PRI~ RN
EHEL TS EWZ L9, [FHAasHEs» 5O
HRRBIZBAT S A Z X LITOWTIE, $E
BRBEIZ1T) 2 LI X ) BRI~ OBWH %
RGICFIHL TV BEAE I TH S (Weinstein et

al., 1980b; Boehlert & Mundy, 1988; Miller, 1988; Holt
etal, 1989). L&L, WHHINOHE, ol
BHOERONEIE 200 m FEEE &4k, Lo db@lifos
B BAMEICIE LT WA 7=, MWk ->Ta
M &AL ORI TROZTERA A L B KIRIZ 2D
Bohi-#ipich s L Bbns, LidsT, &
%< b ZOWEMAICERET 5 F COMIMTE,
DB X S TOKEHMCBEIL, MOEBICE
E95LEZ5N5,. Tanaka et al. (19872, b) 1T~
FATHEAOBEOR» LREY & 7 HEHEA~D
BAZEKE LIZER SN AEENE (Acartia) @
BEEFAEEELTwWAZ LR LY
%. 72, Kinoshita & Tanaka(1990) (&7 124 4
DIFEYHF B OREH ARG BE 2 BIF L
FREEZ, BEFE~OBACELTLNEDLS
DOESRNEEIREE LTHELTWS &L Tw
b, Zofl, RERLKE, @R EOKTPHER
ZOWTHZOIEEI TR I N TS Miller,
1988). VU I OANOAFHEROBAIIL LD
I BBERVEE LTV ETEZVD O
O, MO EME L ORIZITEFILES LS
L) BRFBELVEREAESALNSE I LIZHALLT
HBH. Lrd, WOPNETH IS BRI #S

L7z MCHR L, X527 a¥ fFH T
RSN LD RRIE SRR~ OBETNE L %
T5E, ROOKFIERIPEELER L %2> T
WA TR S W E BEbh 3,

REHIC BT AR BRI F 2 COWELI
DRBIZL D7V - 730 TE, K& ITWi%E
ELRORES %% THBITT resident 7V — S
—HH DO AWM 5 migrant 2V — FD DK
73D (Mulkana,1966; Modde, 1980). 2[4
EATTIE resident 7V — FIZBT AAFENLE L %
HODDOPEFHMT, AXFAY [ TR ITF
ORELFEE VD, ZOHT, FEALY
migrant 27 )V — 7 Cd b BSiEERRHE OIFHER
HELIIKEEL-TWS, LyL, WONE
ATZBIT 5 resident 7V — FITiT ¥ A SEEMEHE
B LI IR > TT Y B~ RET 258
BEv. DF D, INOSFHRARZETIEHOA
THMW 5 &, SHAEMMAE 7250 migrant 7
V=TG5 ENns, 2ok Sz, WONERD
HTHIET Y EIHTIE, migrant 7V — FILET

C AHENE & DD RIB WV TR &

HHBELTBY, INOFMAORER L LTHE:
TREPTERFEM THEUL Cwb L EZ 5N 5.
HEGER TR ORENIOWT, KT (1993) 1k
ROWHER~NEE, BAELGOEKE X2 570
DEELZBE S LEwmIT TV 5. R LIPER
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DOIT<EHD T vEHBATIHIFHRAIE
TOBEE 22 E L HI12, BEEFE~NORITZE
A HRNER - AR 2 DML LCo
BEAF - TNDHEEZL LIS,

AT A ERHFHAIZ T~ EBA~BEL, HoE
ERELZBIITEBICEELRATY A
Lz, BAEEBRNEBITTS (Figs. 57-59).
OB T I ELOBREE U QAR ESE
EANBATS 5 T COMIZRBESET & LT oREds
FThorEEZLNL., FLT, EAMIEREEY
ANEERE LRI oBRBNINA, R OMRE
ELTHEELRERYFHD. 0L, 7vE
X FRERIZ & o T ORBLEITB L OB RS
ELCOEREZFL, RMONEHMTEE»S
FEAMCELRHMOBRELE LURY T 4E
BERrBEERLLoTWwLEVZ L), 512,
7' & BT < BIR TR & LA AR O
i, BEOKEFRE LTELSERESRTWS
NEO T <TG EEERER L L COEESED
ZBHTH S 2S00 B AR O M

HE bR h L LB, ThERD.

WEHE LTOBELFRRAELZ TR EEZLN
5. .

T 2 B R M BRI L T B A BE T S
{, TN TR ORI R 2875
7N BELEE L INTAS (HFR, 1981; Day et
al., 1989). ANAOINEFTICB 2877 7 b
VEIZDWTRAHTH L D00, ik
T 5 AAXBIREAOBEE HLEN) 33T
100% #R L7z (Table 10). F72, 7%
FXIZD2WTCTD 16 mm TL PLETIEIE 100% DOF
A= (§) #2RL (Fig. 56), MK +59%
HEPEAELTWAMKT BB EES. E561,
RMOAMEFTICHBET 2 eI AXF, 2as 1,
FF AFHEAIT M AR & SO AR AR
PREHIEDIZS, I I ANVEZEONERRT L
A% L% B L TWwW/z (Tables 10, 12).
BRI A (1990) (AR PN & i ORbiR i
BRkaic iR 5 7 Ao R ES et F
WREM TR L Cw5, Zhutksl, 724F
BOREFAORNICBWTEIT, Z0ERD]
S LCHOMRER TS I AN VEFASEF
NTWeBmEZBREL YA, Zoft, [HOEmS
BRIEBWTOIENICRDEZ BT EEHME
MarMbofa EABEICERTHAESATWAS S
EHRMOENT VS (FR, 1982). ZDL) e
BHFE o MEARLY ) OFE RIS AE BB IC I
REAHEPICEL, TEWICHEEE LCEESR
fFrEErEZOND, —J), NEHORERTAE

AR TR LRI IR T 5 20 84% % 59,
IR D B AR L oo T\ b (Table
4). ZOL) BIMIPNICER 2N ERMT A LR
FHZ BT A DRE % 3£ 2 5 BE DR
BEEREM E o TWAB EEZ NS,

AT P 2R 5 S RIS %
72 BN 7 MBS IR B8 - RiofE
ERAKREWEHRTESL., SO L) RABORE)
W75 v b vERCD AEEAIEEDHRTIC
FEN LT ThARERICBRET LT T >
FrEoEBEEFEREY, BASEZEDS
THHH) EoMEmrERs T 5. FHRIC, RO
72O DFTBFE ISRV AR oS L EE
TEREEFBPEEDLTHS ). EBIL, 7T
BRELATOEMITIEE D S ORGSO %
B A, — KT, EARTH 2 MONEITCIE
WEELRESRORBICES L 2 2 b, WHEE
OREITEE I AN EWEEETE S, b
FRET AL, AMONER CHE T 2RI
F9 D A S PIEER @ IR ARG N E
WEIEIITE 5, FHEAO T 5 HEEER I
BETHHEEZLNTBY (Houde, 1987), A
(1991) EHEEIHAOEEE L LTHKYT 5
EPENE R OEERMVE % 50 5 HEEAE W
ZEEEHELTWS. FAOMEINIBWCLH
BIEORIVPEREHE LRI TARSLERE
o TWAWEEEDH L, L, RTINER
WCHHT 2 7 032 < A VS fart =7
TAMANSEHAEINTWDL IR (EHIE
H, RER), Wl L7z ) i BRe 7 2 AF AT
ARXENE, ~NFABRMTHAICHEES N TV E
FEFEET D L, BAKBICBWTHEEEMTF
HADBHO—ER 2o TWADIRHLITDH
A, BEBEBHIIBIT AT HAOEHEY EEWICH]
o7 TZ L < (AP, 1991), 5%
BT REBEE VRS,

g ACEOARNEET OB S & 13135%
L<, Yok TRz LIEEEZ TR L, #ik
PR ERILL, EEAHEE T A 12X
DEEEERS TnD (BH, 1977). L2
T, K« AR AR B RV EART T
oS OB - IRORBEZ/NS L, i W
F-HEEZEZLLLEKRPTLY AR EHERTE
4. A (1979) E30H%0 7 gy 4 FH T
3% K (R 1psw) FCARIITIEALE
BRRIERWZEZHLNITEE L BT, FE
RSB LR R T K L D) bR R
WIEGFICH L ERBELTn 5, $72, 7TATMA
DFEET OAFREL, FEAROESPBVIEER
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< (FRZE - FumE, 1967; T, 1971), #EAH
ICHAREKRP ORI VE - ORIV EnwZ L
PREEREES, 512, JkomOEsic S
9 L HEREFA D Atlantic menhaden, Brevoortia tyrannus
DI (Lewis et al, 1972), FFKDIESHT 10-
15 psu AEBREFRLEL, WO RIS T
FHABOEED IR S5 L OEEPERAIN
Twb (Lewis, 1966). Zdftl, 5257
A TIZEKRE D HEESR TCORBTRHRDS
BNTHBEEOHEFLDH L (Tl 1994; &
122, 1994). Zh HAFZEHE, RIS BREICHE
TH L7z & o TR X 0 b B oy
MBS E LT R RESLETIEHS2 L
ZRLTWA,

VLo X5z, WA OpHEemid &= s»o
PSR BB L TEH T 5 & & b, LR
FHEBHE LTY L 2 5 7 < TR REFE
THI LWL, EIESBREICHEE L FENA
BOAOEAEF RO 2B LS BEELRRE
WekhoTwnab, £z, MONENTOIETE
WU ES & U CIHEmERET & @5 5%
g, ThbbIEEEE~OBITE HIET 5 E -
METERE 2 5 2 BRI RE /RO LS A &
. BB, ARICBVWTHEO TS TO
FREABERICET AR TIZIZLALERSINT
Wil 23R 7 < Bl S 7T BN OBED T
Y2 4B CE-C &L, MR &
TYELREOREEE 2 L ETHWO TEREY
EEZ oL, LAL, TRFETCHERRLLIHICE
PE L DRHATNELEENH Y, 5B I N>
DEBEBII O BRENRMENPLETHA ).
—7F, AEOFOFHEHBITHEWAROBEZ X
ELEZDOHLOVBIRTH Y, KEERDOHE
eI OWE D & ORENSHOERERIEEE
2459,

£ #

1. Wn-Hhlomasic 3 =cmsrmAL, —2
DD B, KREIFIEN D5 5808 km H&ET
F600m &b, TNIDERD 5km {3k
TIZ350mBEL 25, WOROMMCIXERIZH)
BEATER S AR TR 200 m & v, AKIRIZT
OWOMTHRLELS, 17Tm (SET A, WOHD
KRBT TR 15 m 1SES 5 MERAH A0, Fl
T 5-10m, FRLYATIE SmIRTH 5.

I R O AR 0 A FKiEE, 116 (12
A) 29.1C (8R) o#ifich Y, #EIHICHEN
KIBOEEDKE L, KICHKERLSATIIMTT

O CIFRICH 5. AP, R
WZHB S 2R, 1.7 (6H) -19.1 psu (118)
O TEET A, FHMICIEIIREDOSL WF
ZEROEEPTT 5psu LKL, AFITEWEN
I2H 5. FHONTRGERNC BT 2 BRI OES 54
L, MMOMNIZIEIEARD S STRRIZBAL TW S
Z &5,
HOMICIZAZBBEUERICATY T ) ) HE%
BL, BELKEGE:R-oTWS, 72, &
DB % HOICHE 7 < THEIER S h Ty
5.

2. P DR R BT AR A A
T VO BT S R, MBI ITRE (RY
D, BIERERERETOFNEHPL TS, 2 X
FBOAXF, TG AXF AT A BRONT 1,
ray4, FFAFEATSTRLALNERE
ZOFAOWIREERETICHERL, IRk
BB TAHHATHEEERS.

TR & G OB oA B L O ATl o 3R
RE»S, 72, NERL, o, AXFEOX
NIRRT 723 FOFATRILL, &
HRRERE L%, MOWNEENIEETS 7V -
TE, A VX VRE, AT, AXvRBEOX
INZHITMHE THALT % 3 00 F OBRMO KIS~
BETHINV -7, FLTRIH, vy~1 5358,
AN A EREEOWA TR - BMLL, HAHEER
L7728, WMONEMCERTLIV-T0=0
ARG - (I

WOPHEFT O 7~ B3 L IE7 < Bild L O
A ORI\ R A A o FERE
B LA, TR EMETFICIEENER
FE D A S, FE7 v BEIEIAO PR
R E/R L2, JE7 v BBOBREIMONE
o7 < e L R, BWIES CREOT 55,
LaL, FOBIREHEDHER I RKEETH S
LB wTHRERERETEEBLTBY, 2
D X ) LEBEOFEMMEFHEARRIC RS LT
WhHEEZLNRS,

3. AXF, I RAAFFI3HIFE» A
~OBITEICH 725 12-18 mm TL TS S A
NIRRT 5. 0%, AL FHAIIED
W7 TEBICERL, FOREE T4 ZITRERMm
SNTVAREED 7T ERHTOFNIZHER L ) E
HTroMITH S, il, TAXFTET
B EFETEBICBII A EFNEFNRONEE L
HENPD, 7ERIHT A EFESA L HTH
BN EEZ SN,
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AXF, BT AT R I
BWTHHBEL, A XS AR S~
COREIT T4 <, I AXF TIRSICHRER T8
BEThb. ZoZ s, MEOKBEHIEIE
FthiETEETLILODFOHLE R LER
Wk EICHESICI D EES N, A X TR
WA, 9 AXFTRERI VESTOB R
WeEZONG.

AXFHEROFERDH B, BALHEOHE
SRR SN T 2 T4 & ORBEIZITEY
MEPASNDE, O RS, Hio X b g
TEAIZE A HBOWEEIEN TH 5. Hakwi
BICIOHERE L AZFFHAO R S, WO
ARSI LGS 5 12 mm TL BifEOFA385
1L#%20-30 B AR CH 0, FEAP SHEANOE
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