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Abstract

Marbled sole Pleuronectes yokohamae, one of the important fishery resources being widely distributed across this country,

from Hokkaido to Kyushu, has been decreasing seriously in the catch all over the country including the Seto Inland Sea in

recent years. Thus, this study on the marbled sole in Harima Nada and Osaka Bay has revealed the growth, feeding,

maturation and spawning habits, spawning grounds; habitat of their juvenile stage and the current status of the relevant

fishery industries and fish catches to examine ways of maintaining the fishery resource based on the ecological characteristics

and discuss the future challenges in managing and conserving this fishery resource.

1. Growth and feeding habits - Adult stage

Under this issue, the research on the marbled sole revealed its relative growth and absolute growth, how different the

absolute growth could be between the two analysis methods, Walford's and the least squares methods, and how different

growth rates could be between the late 1980s and the early 2000s. The feeding habits in the adult stage were also clarified.

Since the relationship between the total length and weight depends on the season, the author defined four relational

expressions between them following the seasonal changes in the condition factor, corresponding to the following four periods,

January, February to April, May to October and November to December.

The growth rates of the marbled sole in Harima Nada, Osaka Bay and the northern Kii Channel calculated using the

Walford's method did not show critical differences from those in the other sea areas of the Seto Inland Sea, while, they hadn’t

an advantage over those of Tokyo Bay and the sea areas off Fukushima Pref.

When comparing the two methodologies, the Walford's and the least squares methods, for calculating the growth curves

using the same data, the former tends to show an underestimation. When comparing the growth of the two test body groups,

one sampled in the late 1980s and the other in the early 2000s, the least square method showed that the latter surpassed the

former.

The marbled sole mainly feeds polychaetes in its adult stages (10 cm or more in length) and, with growth, the less the ratio

of polychaetes becomes in its food portfolio.

2. Maturation, spawning and spawning ground

Under this issue, the research determined the spawning season of the marbled sole in Harima Nada and Osaka Bay by

examining the transition of the gonadosomatic index (GSI), and provided the maturity criterion based on the GSI values to

determine the size and age attained at maturity. The research also examined the differences of the maturity rates by research

periods.

The research examined in detail the seasonal changes of the GSI hepatosomatic index (HSI) and condition factor (CF), to

determine the annual life cycle of the marbled sole in the sea areas. It also studied the sex ratio in detail, revealing the

fecundity. In the northwest of the Harima Nada, the research collected a large number of spawned eggs using scuba-diving,

which were enough to locate where the marbled sole spawns. It also examined the factors on forming the spawning grounds

through sediment surveys conducted across the located spawning grounds.
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The seasonal changes in GSI and gonads studied on females through these investigations revealed that the marbled sole in

Harima Nada and Osaka Bay spawn during mid-December to mid-February, reaching the peak period during late December

to late January.

The temporal changes and the known reports on the GSI, and visual inspections of the maturity stage of gonad allowed the

research to determine the females of 1.6 and the males of 0.7 or more in GSI in December would join the breeding group in

that spawning season. It was estimated that the smallest matured females and males were approx. 180 mm and 150 mm total

length, respectively. As for the maturity rates for females by age, the age one (one year and 11 months after hatching) showed

91% and the age two or more showed 100 %. While, for males, the age one and two showed 98% and 100 %, respectively.

When analyzing the above data by time period, 1986 to 1988 and 1998 to 2000, the latter period showed a 100% maturity

rate both for females and males at age one, indicating there was a difference by research period.

For the annual life cycle of the marbled sole, the author defined three periods, “Recovering (Feb. to May),” “Immature &

Maturing (Jun. to Nov.)” and “Spawning (Dec. to Jan.),” considering the transitions in condition factors.

The sex ratio in the whole sample (i.e., females to whole sample) was 0.54. As for the sex ratio by size, males exceeded

females for the 200 mm or less in total length, while females exceeded males for the 240 mm in total length. This tendency

could be reproduced through a fishing simulation with parameters differentiating between males and females. As for age

classes, there was a tendency where males exceeded females at age one, while females exceeded males at age two or more.

There was no sign of changes in the sex ratio with age during the research period, 1986 to 2001. Estimated batch fecundity

was 10 104 eggs in age one, 54 104 eggs in age two, 103 104 eggs in age three and 152 104 eggs in age four,

respectively.

As for the spawning ground, the research found a good deal of spawned eggs on the sand and mud seabed 5.6 to 16 meters

from the sea surface in the northwest of Harima Nada, allowing the place to be assumed as a spawning ground. This

discovery allowed the estimation that the structure where stones are distributed across the seabed was critical for forming a

spawning ground. In the vicinity of the spawning ground, the marbled sole caught by gill net showed that males were in

excess of females in number. This suggested a difference in the spawning migration behaviors between the males and

females.

3. Biology of the juvenile stage

Under this issue, the research investigated the growth and food habits of the marbled sole juveniles in the seaweed beds

scattered about along the northwest coast of the Osaka Bay, and how the marbled sole inhabits on the periphery of these

seaweed beds to reveal the incidence, as well as to examine the significance of the scattered seaweed beds as nursery grounds.

The experimental researches revealed which grain size of sediment the marbled sole and Japanese flounder Paralichthys

olivaceus prefer.

The emergence pattern of marbled sole juveniles was found to be different between in the scattered seaweed beds, and in a

flat sandy sea bed area that had been selected for the comparison, and this indicated that juveniles that had spent their lives

mainly in the flat sandy sea bed area after growing to a length of ca. 15 mm moved to the scattered seaweed beds after

growing to 60 to 70 mm. It is not clear why they move in that manner, however, the author infers that the scattered seaweed
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beds play important roles as shelters. The marbled sole mainly feed on copepods when it is 10 to 19 mm in total length,

cumaceans and gammarids when it is 20 to 39 mm, polychaetes and small crustaceans when it is 40 to 79 mm and

polychaetes, siphons of bivalves and other extended type of bait living matters when it is 80 mm or more.

Marbled sole juveniles of 35 to 80.6 mm in averaged total length showed the highest burying ratio in sand when the grain

size of sediment ranges 0.125 to 0.25 mm and 0.25 to 0.5 mm. The larger the size of the juvenile, the more the ability of

burying ratio in sand tended to be improved. The positive relationship recognized between the sediment preference and

burying ratio in sand for both juveniles of marbled sole and Japanese flounder indicated that juveniles prefer areas where they

can easily bury themselves. When comparing the marbled sole and Japanese flounder, the former tended to prefer more fine

sand.

4. Actual conditions of fishery industry and fishing

Under this issue, the research clarified the long-term variations of the actual fish catches and the fishing efforts and

discussed the possible cause of the variations. For these purposes, the research revealed the actual fishery states in the late

1980s, evaluating the resource conditions by studying the population dynamics based on the KAFS models. The research also

studied the actual status of discards of young and juvenile pleuronectids, and determined the survival rate of the released

fishes.

In the Seto Inland Sea, Hyogo Pref., the fish catches using compact trawl nettings had been increasing from about 1952 to

1995 and decreased since then. Other pleuronectids have also been decreasing in the fish catches since about 1995, and this is

especially true for the marbled sole.

Marbled sole at age zero can be seen in the catch from November, but only a few are caught. The author suggests that it is

not until they have passed the age of one, that is, May or later, that they are started to be caught in large number. The

available rate of age one fishes was 0.556. The survival and exploitation rates were 0.250 and 0.438 in the late 1980s,

respectively. The ratio of the spawning adult fish per fish in recruitment (%SPR) could be calculated to be 25% for both

cases where they were utilized or not as resources.

It was estimated that the juvenile marbled sole of 107 orders were discarded from the compact trawl fishery, with the

monthly maximum being observed in July. The marbled sole starts to be discarded when it reaches 40 to 60 mm or more in

total length; the sizes, 150 to 160 mm, in total length delimit between the discards and fish catch. For frog flounders

Pleuronichthys cornutus, the research estimated the number of the discarded fishes per year to be multi-million, with the

monthly maximum in June.

The survival rate of the marbled sole that were released was found to be low, 0 to 11.1%, except for March. For the frog

flounders, the research estimated the survival rate to be about 50% during May to July, when a considerable number of fishes

are discarded. This results showed that releasing would not be expected to be effective for the marbled sole.

5. Discussion

We discuss the resource management and preservation for the marbled sole, presenting the way of protecting the resources

based on the characteristics of the marbled sole’s life model, which had been revealed by the research.
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It was found that the marbled sole, which had spent its juvenile stage on a flat sandy sea bed area could move to

appropriate adjacent seabed structures, including scattered seaweed grounds, if any, for further growth, before extending its

habitat to more offshore areas. Without the scattered seaweed seabeds, it is highly possible that the juveniles grown to 60 mm

or more moved to the offshore fishing grounds for bottom trawl nettings where they can be easily caught by the nettings and

die. To have them delay entering the bottom trawl netting fishing grounds, the author has proposed a development of artificial

seaweed grounds scattered around the inshore nursery ground.

As for the spawning grounds, the author has proposed to construct artificial spawning grounds, which can attract the

spawning adult fishes using a leading mechanism, based on the seabed structures (sand sediment with scattered stones) that

has been revealed in this research.

Referring to the current fishery status where the fishing efforts have been decreasing, the author has proposed that

preventing large number of marbled sole juveniles from being captured and subsequently die on being discarded is more

important than controlling the fishing mortality coefficient, F. To reveal when and where the juveniles are massively captured

is important to set up sanctuaries.

Finally the author concludes that preserving the fishing ground environments is most critical. For this purpose, spawning

and nursery ground maps must be prepared to preserve the spawning and nursery grounds. He also discusses that to reveal the

cause of the decrease in the marbled sole resources comprehensive researches must be promoted from the viewpoint of

fishery activities, as well as considering the environmental factors, including the water temperatures and/or bottom sediments,

and ecological systems deployed in the target sea areas.

Pleuronectes yokohamae

100m

1984 1986

1981

1989

6

Pleuronectes herzensteini

6

1992 1996

2000
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Fig. 1 Changes in monthly catches of marbled sole
totaled for the 12 fisheries co-operative
associations in Hyogo prefecture (See Fig. 2-1).
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3

1970 80 Solomon et al. 1987

2000 2

Kume et al. 2006

1980

2000

1980

100mm

1975 1975

4

4 1

1973 1988

1987 1999

1974 2003

1

3 2

1986 5 2000 1

7705 Table 2-1

Fig. 2-1

TL BL mm

BD HL 0.1mm

0.1g

1

Table 2-1 Number of specimens of marbled sole used for analyses.

Total Trawl Gill net Longline unknown Total Trawl Longline
1986 382 382 207 204 3
1987 806 806 865 865
1988 856 856 432 244 188
1989 1302 1069 87 146
1990 234 234
1991 351 351
1992 375 375
1993 257 257
1994 234 234
1995 15 15
1998 253 253
1999 364 364
2000 606 347 220 39
2001 166 67 99
Total 6201 5610 319 126 146 1504 1313 191

Northern Kii Cannel
Year

Harima Nada and Osaka Bay

Fig. 2-1 Locations of the study area. Shaded areas show the
fishing ground of the marbled sole in this study. Solid and open
circles show the fisheries co-operative associations. Specimens
were sampled from the solid circles and catch data were
collected from the open circles and Murotsu and Akashi.

Fig. 2-1 Locations of the study area. Shaded areas show the
fishing ground of the marbled sole in this study. Solid and open
circles show the fisheries co-operative associations. Specimens
were sampled from the solid circles and catch data were
collected from the open circles and Murotsu and Akashi.
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2

ANCOVA 2006

F

Fb F

Fa

P<0.01

P<0.01

TL=1.186×BL+4.8166 (n=4188, r2=0.998)

BL=0.8412×TL 3.6033

TL=1.1828×BL+5.1372 (n=2206, r2=0.998)

BL=0.8436×TL 3.9076

TL=1.2001×BL+2.6998 (n=1904, r2=0.997)

BL=0.8305×TL 1.6575

TL=1.1932×BL+4.4091 (n=1502, r2=0.996)

BL=0.8348×TL 2.991

TL=1.1875×BL+5.0997 (n=770, r2=0.997)

BL=0.8395×TL 3.7196

TL=1.2117×BL+1.6348 (n=732, r2=0.995)

BL=0.8209×TL 0.4446

TL mm BL mm

P<0.01

TL=2.3523×BD+24.346 (n=2649, r2=0.962)

BD=0.4088×TL 6.748

TL=2.3237×BD+26.629 (n=1467, r2=0.961)

BD=0.4137×TL 7.5682

TL=2.4398×BD+17.948 (n=1146, r2=0.951)

BD=0.3898×TL 3.1959

TL mm BD mm

P<0.01

TL=5.1764×HL 8.018 (n=2649, r2=0.959)

HL=0.1853×TL+3.2926

TL=5.1923×HL 10.461 (n=1467, r2=0.961)

HL=0.185×TL+3.7859

TL=5.4302×HL 16.145 (n=1146, r2=0.951)

HL=0.1751×TL+4.8493

TL mm HL mm

3 1 12 2

1

Fig. 3-8

1 2-4 5-10 11-12 4

Table 2-2

4

P<0.01 11-12

P<0.01 Fig. 2-2

1

Fig. 2-3 5-10 1

Fig. 2-4 11-12
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1 1969b

1972

3 1 12 2

4 spent

Table 2-3 Fig.

2-5 4

p<0.01

- - -

n a b n a b n a b
All specimens Total 6042 5.0234 3.1814 3272 5.2154 3.1755 2770 5.3122 3.1697

Jan. 811 9.3587 3.0442 508 14.908 2.9643 303 8.6073 3.0514
Feb.-Apr. 1440 7.5437 3.1054 815 7.5136 3.1093 625 10.135 3.0453
May -Oct. 2592 2.6835 3.3047 1340 2.5028 3.3161 1252 2.5406 3.3165
Nov.-Dec. 1199 1.4792 3.4066 608 1.4075 3.4163 591 1.8562 3.3636

Table 2-2 Parameters a and b are as follows: BW=a×10 6×TLb, allometry formulae of marbled sole for the
relationship between total length (TL mm) and body weight (BW g) by sex and by season. There are significant

differences ( P <0.01) between female and male formulae except for November-December. n : number of specimens.

Male
Periods

Male and Female Female

Fig. 2-2 Relationship between total length and body weight by
seasons in marbled sole.

Fig. 2-3 Differences with seasons in relationship
between total length and body weight in marbled sole.
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-

300mm

249mm 247mm

248mm 246mm

-

11 12

Fa=0.04 Fb=0.10

11 12

1 2-4 5-10 11-12 4

300mm

5-10 412g 1 325g

87g

Fig. 2-4 Relationship between total length and body weight by sex and by seasons in marbled sole.
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Table 2-3

11-12

2-4

300mm 378g

354g 24g

1986

12 1

1972

1986 2-5

6-9 10-1

1

1

1986

1974 1997 Solomon 

et al. 1987 Kume et al. 2006

n a b n a b n a b
Spent 301 3.3784 3.2185 218 6.4689 3.104 83 2.236 3.29
Others 657 3.0689 3.2696 298 1.757 3.3813 359 9.7144 3.0475

Male

Table 2-3 Parameters a and b are as follows: BW=a×10-6×TLb, allometry formulae of marbled sole for the
 relationship between total length (TL mm) and body weight (BW g) for the spent specimens and others in
 the spawning season (December-February). Categories are based on the gonad condition. Spent is after
spawning. n : number of specimens.

Categories Male and Female Female

Fig. 2-5 Ralationship between total length and
body weight in spawning season.
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3 1

Fig.2-8 Fig. 2-9

ANCOVA P<0.01

BL= -21.137+94.44×OR n=919, R2=0.822

BL= -6.8652+84.883×OR n=767, R2=0.793

BL= 0.5333+80.333×OR n=761, R2=0.690

BL= 13.651+71.689×OR n=727, R2=0.668

BL mm OR mm

Table 2-4 Table 2-5 

Lee-

Fig. 2-8 Relationship between otolith radius and standard body length in marbled sole
sampled in Harima Nada and Osaka Bay.

Fig. 2-9 Relationship between otolith radius and standard body length in marbled sole
sampled in northern part of Kii Channel.
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1 3 Lee-

4

2

Lee-

5 4

BL=286.3 1-e-0.530(t-0.291)

BL=238.6 1-e-0.598(t-0.166)

BL=301.3 1-e-0.364(t+0.082)

BL=220.0 1-e-0.582(t+0.054)

BL mm t

Fig.2-10 Table 2-6 von

Bertalanffy

von Bertalanffy

1

2

1

2

Female

r1 r2 r3 r4 r5 r6
443 1.23±0.28
391 1.13±0.16 1.97±0.20
46 1.18±0.18 1.98±0.20 2.55±0.17
25 1.37±0.21 2.13±0.19 2.64±0.20 2.98±0.22
10 1.39±0.19 2.11±0.19 2.52±0.21 2.76±0.22 2.95±0.23
3 1.14±0.16 1.92±0.07 2.52±0.12 2.82±0.14 3.08±0.09 3.27±0.09

Weighted mean 1.19±0.16 1.99±0.20 2.57±0.19 2.91±0.24 2.98±0.21 3.27±0.09
BL(mm)* 91 167 222 254 260 288

Male

r1 r2 r3 r4 r5 r6
500 1.21±0.23
219 1.15±0.16 1.93±0.19
22 1.19±0.17 1.98±0.15 2.46±0.19
20 1.31±0.30 1.91±0.14 2.35±0.13 2.57±0.15
5 1.29±0.23 1.95±0.12 2.41±0.12 2.70±0.14 2.87±011

Weighted mean 1.19±0.15 1.94±0.18 2.40±0.17 2.60±0.16 2.87±0.11 -
BL(mm)* 94 158 197 214 237 -
* Standard body length back-calculated from mean radius of otolith ring.

Age N Radius of otolith ring (mm )

Table 2-4 Mean otolith ring radii for each age group of marbled sole sampled in Harima
Nada and Osaka Bay.

Age N Radius of otolith ring (mm )

Female

r1 r2 r3 r4 r5 r6
472 1.25±0.14
220 1.15±0.16 2.00±0.18
54 1.10±0.17 1.92±0.19 2.51±0.19
12 1.15±0.17 1.91±0.18 2.51±0.19 2.87±0.18
1 1.2 2.02 2.69 3.12 3.33
1 1.59 2.3 2.7 2.92 3.11 3.34

Weighted mean 1.21±0.16 1.99±0.18 2.52±0.19 2.89±0.18 3.22±0.16 3.34
BL(mm)* 98 160 203 233 259 269

Male

r1 r2 r3 r4 r5 r6
503 1.26±0.15
169 1.13±0.15 1.95±0.18
31 1.09±0.20 1.90±0.20 2.39±0.17
18 1.24±0.23 1.93±0.21 2.34±0.19 2.60±0.19
3 1.31±0.06 1.99±0.13 2.30±0.06 2.54±0.06 2.70±007
1 1.63 2.12 2.3 2.49 2.63 2.71

Weighted mean 1.22±0.17 1.94±0.19 2.37±0.17 2.59±0.18 2.68±0.07 2.71
BL(mm)* 101 153 184 199 206 208
* Standard body length back-calculated from mean radius of otolith ring.

Age N Radius of otolith ring (mm )

Table 2-5 Mean otolith ring radii for each age group of marbled sole sampled in northern
part of Kii Channel.

Age N Radius of otolith ring (mm )

Harima Nada and Osaka Bay

BL (mm) TL (mm) BL (mm) TL (mm)
90 111 94 115

170 207 159 193
218 263 195 236
246 296 214 260
263 316 225 273
272 327 231 280

Northern part of Kii Channel

BL (mm) TL (mm) BL (mm) TL (mm)
98 121 101 124

160 195 153 188
203 246 183 223
233 282 199 243
254 306 208 254
268 324 214 260

Age Female Male

Table 2-6  Age and growth of marbled sole sampled in
Harima Nada and Osaka Bay, and northern part of Kii
Channel. BL: standard body length; TL: total length.

Age Female Male
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1999

Table 2-7

2 1997

Solomon et al. 1987; Kume et al. 2006

1999

1970-80 Solomon et al. , 1987 2000

Kume et al. , 2006

Kume et al. 2006

Table 2-7

1980

2 3

2000

1980

von Bertalanffy

Walford

1999;

Female Male Female Male Female Male Female Male Female Male Female Male Female Male
90 94 98 101 75 84 90 92 119.4 108.3 98.2 92.6 131 136

170 159 160 153 161 154 149 144 184.5 169.1 199.8 186.5 211 201

218 195 203 183 210 187 193 178 232.2 205.6 267.9 230.4 269 239

246 214 233 199 238 202 225 200 267.1 227.5 291.5 235.8 310 260

263 225 254 208 254 209 248 214 292.7 240.6 314.3 249.7 339 273

272 231 268 214 264 265 223 311.5 359.7 359 280
*1: Back-calculated value.    *2 : Growth estimated using Walford's method in his study.

Table 2-7 Comparison of growth of marbled sole reported in various coastal waters around Japan. Figures show
standard body length in mm.

Tokyo Bay

Age

Off
Fukushima
Prefecture

Ikekawa

Suo NadaHarima Nada
and Osaka Bay Osaka BayKii Channel

Solomon et al. Kume et al.* 1Masaki et al.Present study Present study Tsujino et al.
(1987) (2006) (1999)*2(1997) (1986)

Fig. 2-10 Growth of marbled sole in Harima Nada and Osaka Bay
(solid line) and northern part of Kii Channel (dotted line).
Growth curves were calculated using the von Bertalanffy's
formula.
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2001 2004 1999

2 2

1980 2000

Table 2-1

1986 5 1989 7

1998 6 2001 1

1980

2000 1980

2 2 1980

1686 2000 1361 2000

1980

1

1 12

1980 von 

Bertalanffy A

B

A

C

3

B

BL=76.261×OR1.1263 n=919, R2=0.837

BL=78.225×OR1.0518   (n=767, R2=0.802) 

BL mm OR mm

5 4

Table 2-4

2001 MS-Excel Microsoft 

Corporation 

F 2004

2 1

Table 2-8

Fig. 2-11

2000

F

(P<0.001)

Table 2-9

BL=335.6 1-e-0.406(t+0.316)

BL=283.5 1-e-0.400(t+0.706)

BL mm t

1980 2000

Fig. 2-12 2000
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1980 F

P<0.001 1 6

13 16mm 9 16mm

Female Male Female Male Female Male Female Male
90 94 91 94 93 95 123 124

170 159 170 158 171 160 189 174

218 195 217 194 217 194 233 208

246 214 246 214 245 212 263 230

263 225 263 226 261 222 283 245

272 231 274 232 271 227 297 255

Table 2-8  Comparison of the growths of marbled sole estimated from different methods. Specimens were
sampled in Harima Nada and Osaka Bay in 1980s. Walford's method A: Body length were estimated from back
calculation by the weighted mean of the otoliths ring radii, and simple regression was applied to the relationship
between body length and otoliths ring radii, method B: Back calculation was the same as method A, but allometry
formula applied to the correlation between body length and otoliths ring radii, method C: Body lengths were
estimated from back calculation with the mean latest otoliths ring radii in each age and simple regression was
applied. Standard body length (BL) were calculated from von Bertalanffy's growth formula.

Age
Least squares method

BL(mm)
Walford's method A

BL(mm)
Walford's method B

BL(mm)
Walford's method C

BL(mm)

Fig. 2-11  Comparison of the least squares method and the Walford's method A (See Table
2-8) for the growth curves of marbled sole sampled in Harima Nada and Osaka Bay in
1980s.
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Kume et 

al. 2006

Lee

2001

1999

1980 2000

2000

Kume et al. 2006

2002 2004 2

1980 Solomon et. al 1987

2

2002 2004 3

3 25 35mm

16mm Kume 

et al. 2006

1990 200 300

2003 30

1990

2003 1998

1988

46 48cm

2000 60 62cm

BL(mm) TL(mm) BL(mm) TL(mm)
139 170 140 171
205 248 187 227
248 298 219 266
277 333 240 291
297 356 254 308
310 372 264 320

Age Female Male

 Table 2-9.  Age and growth of marbled sole sampled in
Harima Nada and Osaka Bay in the early 2000s. The von
Bertalanffy's formula and the least squares method were used.
BL: standard body length; TL: total body length.

Fig. 2-12  Comparison of the growth curves of marbled sole in the
1980s and in the early 2000s. The von Bertalanffy's growth
formulae and the least squares method were used.
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0 2

2003

1986 2001 15 1

2005

2003 1975

2000 1985 1987

80mm

100mm

 1975

1975 1975 1987

1970 1974 1979b

1975 1987

1997

1987

Pinnixa rathbuni 

1986 3 1989 3 Fig. 

2-1 439

Table 2-10

118 386mm

10%

Year Jan. Feb. Mar. Apr. May Jul. Sep. Oct. Nov. Dec. Total
1986 8 3 10 21
1987 16 10 12 12 13 9 6 78
1988 13 23 25 22 6 1 2 35 6 133
1989 85 99 23 207
Total 114 33 124 12 65 6 1 15 47 22 439

Table 2-10 Number of the specimens of marbled sole sampled in Harima Nada
and Osaka Bay for the anslysis of  stomach contents.
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0.1g

9 Polychaeta, 

Mollusca, Crustacea, Prochordata, Echiuroidea, 

Nemertinea, Echinodermata, Coelenterata, Pisces

F%

W% F%

W%

Table 2-11

F%

W%

F% 50

W%

Fig. 2-13 100 150mm

W% 59 300 400mm 2 1

27

F% 33 48 W% 16

24 W%

86%

78%

Philine argentata

F% 22 59 W%

5 17

Leptochela gracilis 

W%

W%

300 400mm

W%

150mm

Branchiostoma belcheri

F (%) W (%) F (%) W (%) F (%) W (%) F (%) W (%) F (%) W (%) F (%) W (%)
Polychaeta 67 59 65 50 59 39 65 45 57 27 62 42
Mollusca 48 24 43 20 39 23 36 16 33 19 40 20
Crustacea 59 17 38 11 39 17 22 5 52 6 37 10
Prochordata 4 0 10 2 8 4 8 6 13 22 9 7
Echiuroidea 0 0 7 2 14 6 15 12 17 11 11 8
Nemertinea 0 0 6 1 5 2 8 4 4 1 5 2
Echinodermata 0 0 3 1 5 1 8 3 0 0 5 1
Coelenterata 0 0 2 1 2 1 2 6 4 1 2 3
Pisces 0 0 6 10 5 3 2 0 4 10 5 5
Others 4 0 8 2 7 4 7 3 4 4 7 3
Number of fish 

Food organism
Total length

100 150 (mm) 150 200 (mm) 200 250 (mm)

24 439

Table 2-11 Food composition of the stomach contents of marbled sole sampled in Harima Nada and Osaka Bay from 1986 to
1989. F% represents the percent frequency of occurrence and W% the percent by weight of the food items.

27 127 173 88

250 300 (mm) 300 400 (mm) Total

Fig. 2-13 Food compositions of stomach contents by weight of food
items and by each size class in marbled sole.
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1

Ammodytes personatus

Table 2-12 

Fig.2-14 Fig. 2-14 

20 W%

30 50

3 12 2

1 3

1 3

1,2

2 5

Table 2-13 Fig. 2-15

1986 1989

F% W%

1987

1988 W%

36 F% W% 1987

Fig. 2-14  Food compositions of stomach contents by weight of food
items and by month in marbled sole.

F (%) W (%) F (%) W (%) F (%) W (%) F (%) W (%)
Polychaeta 67 45 63 36 56 36 65 48
Mollusca 29 23 64 35 38 14 33 15
Crustacea 29 13 50 10 41 11 30 9
Prochordata 24 1 6 2 5 17 11 3
Echiuroidea 19 7 9 9 10 5 13 9
Nemertinea 10 2 5 2 6 3 5 2
Echinodermata 5 3 1 0 7 1 4 2
Coelenterata 10 4 3 1 0 0 2 6
Pisces 0 0 5 3 11 8 0 4
Others 14 3 5 3 11 4 4 2
Number of fish 21 78 133 207

Table 2-13 Food compositions of stomach contents of marbled sole by year sampled in
Harima Nada and Osaka Bay from 1986 to 1989. F% represents the percent frequency
of occurrence and W% the percent by weight of the food items.

Food organism
Year

1986 1987 1988 1989

Fig. 2-15 Food compositions of stomach contents by weight of food
items and by each year in marbled sole.

F (%) W (%) F (%) W (%) F (%) W (%) F (%) W (%) F (%) W (%) F (%) W (%) F (%) W (%) F (%) W (%) F (%) W (%) F (%) W (%)
Polychaeta 61 46 64 28 73 49 58 15 49 37 67 68 0 0 67 26 60 49 50 44
Mollusca 57 26 48 19 20 3 92 70 32 14 0 0 0 0 93 71 32 13 32 28
Crustacea 39 9 36 7 34 7 100 13 37 20 0 0 0 0 40 2 36 15 18 14
Prochordata 11 4 18 34 11 2 0 0 6 0 0 0 0 0 0 0 0 0 5 0
Echiuroidea 6 3 12 4 17 14 0 0 15 12 17 14 0 100 0 0 6 14 18 8
Nemertinea 7 2 6 1 3 2 0 0 11 3 0 0 100 0 0 0 2 3 5 2
Echinodermata 8 3 0 0 2 1 0 0 2 0 0 0 0 0 0 0 11 4 9 2
Coelenterata 2 6 0 0 2 3 8 3 5 2 0 0 0 0 0 0 2 0 0 0
Pisces 0 0 3 1 10 18 0 0 6 4 0 0 0 0 0 0 2 1 5 1
Others 3 2 6 5 5 2 0 0 18 7 17 18 0 0 7 0 4 1 14 2
Number of fish 22

Dec.
Month

15 47

Oct. Nov.

65 6 1114 33 124 12

Food organism Jan. Feb. Mar. Jul. Sep.Apr. May

Table 2-12 Food compositions of the stomach contents by month in marbled sole sampled in Harima Nada and Osaka Bay from 1986
to 1989. F% represents the percent frequency of occurrence and W% the percent by weight of the food items.
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1988

1988

1987

W% 9 13

W% 1988

2 250mm

F% 1988

1986

1986

2 5

2 3

1997 100mm

1987 110 150mm

160mm

1 150-200mm

0.46g 200-250mm 0.95g

250-300mm 2.53g 300-400mm 3.48g

1

6%

1998

 1975

1975 1975 1985

1987 2004 2001 2002

1980

1995

1975 1987

3

F% 18 1979

F%

1998
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1974

 1975 1975 1975 

1974

4 1

1987

1997 1972 1987

1974

1

GSI

2

CF HSI

3

4

1983

1986 1987

1973 1970

1997 1988 1990
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1986 2001

15

1 2005

Table 2-1

5035

Table 3-1 1 1995

4 1998 5 1986

12 1987 12 1988 1 11

2 mm

0.1g 0.01g

2 3

1 1 1 1

1

0 2 1

12

GSI

GSI 5035 616

GSI

GSI=GW×102 BW

GW g BW g

1

2

3

4

1954

10

1 1954

2 1 3

3

4

1982

6 Stage 1 Stage1 Stage2

2 Stage3 3 Stage4 Stage5

4 Stage6

4

1

2

3

4

1

Total Trawl Gill net Longline unknown
1986 376 376
1987 771 771
1988 799 799
1989 841 609 87 145
1990 155 155
1991 207 207
1992 306 306
1993 220 220
1994 219 219
1995 15 15
1998 245 245
1999 363 363
2000 352 227 86 39
2001 166 67 99
Total 5035 4579 185 126 145

Year
No. of specimens

Table 3-1 Number of specimens of marbled sole used for
analysing maturation.
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3 4

1

GSI GSI

12 GSI 1.6 0.7

12 GSI

5035 12

803

638

Fig.3-1 GSI

1 5

1986 1995 1998 2001

GSI

GSI

GSI 3 9 1

10 10 GSI 1 2

11 3 7 12

GSI 20 25 1 GSI

1 2 4

GSI 3 9 1 10

10 1 11

12 GSI 15 20

12 GSI 1

1 3 GSI

GSI

GSI

GSI

GSI

Fig. 3-2 Seasonal changes of gonadosomatic index (GSI) in marbled sole from
September 1987 to May 1988. GSI=GWg/BWg 100 (GWg: Gonad weight in g,
BWg: Body weight in g ).

Fig. 3-1 Seasonal changes of gonadosomatic index (GSI) in
marbled sole. Vertical lines represent standard deviations.
GSI=GWg/BWg 100 (GWg: Gonad weight in g, BWg: Body
weight in g ).
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1987 1987 9 1988 5

1 GSI Fig.3-2

12 4

1 12 50 12

1 27 35 24

2 17 1

GSI 35.3 247mm 1

GSI 36.0 324mm

2 12 9

33 23 90 3

2

GSI 5

1987

1 1

1987 12

1988 12 21 GSI 30

2000 12 18

12

GSI Table 3-2

GSI

12 1 GSI 1

2 2.8 1 GSI

1 1 GSI

2 GSI 15.7

GSI

1 4

GSI

1

12 1 GSI 1

2 GSI 7.3 22.9

1 GSI

3 GSI

1

4 GSI

1 2

Fig. 3-3 12 1

GSI

GSI 2 180mm

150mm

GSI

180mm 150mm

Table 3-3

179mm

250mm 100%

50% 185mm

200mm

100% 149mm 1

Female
Month Maturity Number GSI (Range)
December 1 12 0.32-0.79

2 84 2.8-27.2
3 6 27.5-30.1
4 2 3.4, 3.7

January 1 12 0.25-0.84
2 37 15.7-37.3
3 42 9.4-43.8
4 124 0.6-7.0

Male
Month Maturity Number GSI (Range)
December 1 5 0.07-0.13

2 23 7.3-22.9
3 140 3.2-23.9
4 0

January 1 3 0.10-0.18
2 0
3 97 1.2-17.8
4 29 0.1-1.9

Table 3-2 Relationship between maturity division and
gonadosomatic index (GSI) of marbled sole in the
spawning season, December to January. Maturity divisions
are defined from the external appearance of the ovary and
testis. Those are as follows: 1 immature, 2 maturing, 3 ripe,
4 spent. GSI=GWg / BWg×100 (GWg: Gonad weight in g ,
BWg: Body weight in g).
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160mm

Table 3-4

1 91% 2 100%

0 12 0

1

27 1 GSI 1

0

0%

1 98 2

100% 0 2

GSI 13.7 12.5

0

0

1955 8

0.05mm 8

12

0.7mm 0.05mm

GSI

GSI

GSI GSI

Table 3-2 1

GSI 1 2

2 GSI 12 1

GSI 12

12 1

2

GSI

1 0.79 2 2.8

1

mature immature rate (%) mature immature rate (%)
140-149 - - - 0 1 0
150-159 0 2 0 1 2 33
160-169 0 1 0 5 2 71
170-179 0 2 0 13 2 87
180-189 4 4 50 31 3 91
190-199 10 5 67 45 2 96
200-209 17 6 74 51 0 100
210-219 21 2 91 59 0 100
220-229 30 2 94 48 0 100
230-239 36 2 95 41 1 98
240-249 38 1 97 37 0 100
250-259 40 0 100 17 1 94

260< 166 0 100 52 0 100
No data: -

Table 3-3 Maturity rate by total length class in marbled sole.

Total length
(mm)

Female Male

mature immature rate (%) mature immature rate (%)
0 0 1 *(0) 2 0 *(100)
1 136 13 91 264 5 98
2 120 0 100 54 0 100
3 11 0 100 9 0 100
4 10 0 100 6 0 100

>5 5 0 100 2 0 100

Female Male

*Values in parentheses are not reliable because of few data.

Table 3-4 Maturity rate by age in marbled sole.

Age

Fig. 3-3 Relationship between total length and gonadosomatic index (GSI) in
marbled sole during the period of December to January. GSI=GWg/BWg×100
(GWg: Gonad weight in g, BWg: Body weight in g).
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12 1

GSI 0.95 2.16

GSI 1.6 12

1986

KG g×104/ 3cm

KG 0.55

KG GSI 2

R2=0.97 KG0.55 GSI

1.09

12 1 2 GSI

12 1

0.13 2 7.3

GSI

1

GSI

0.16 1.15

12

GSI 0.7

12

3

GSI 12

2 12 1

1986 2001

1982

1969

1972

1997

12 1

12

2

12

2

GSI

GSI

1 63%

1987

Fig.3-4

12 1

12 1 1

1987

12 10 2

10

Fig.3-4

1972 1985

1973
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1983

2 2000

4 1973

3 1995

Table 3-5 0

1997 25% 1987 0%

0

0%

1

1995 40% 91%

1997 62.5% 91%

1997

×100

GI 12 GI 20

GI GSI GI

20 GSI 16.6 12

GSI 16.6 2

Table 3-2 1997

1986 1988 1998 2000

2 1 Table 3-6)

1 86% 100%

0 1 2 3 0 1 2 3

Kikonai Bay 40 100 90 100 Ishino et al. (1995)

Mutsu Bay 60-80 95 Takahashi et al .(1983)

Sendai Bay 70 90 Hatanaka et al. (1953)

Ibaragi coast 75 100 Wada et al. (1997)

Osaka Bay 25 62.5 90.5 100 100 Tsujino et al. (1997)

Harima Nada and
Osaka Bay

91 100 98 100 Present study (2006)

Suo Nada 0 70 90 100 20 95 100 Masaki et al. (1987)

Table 3-5 Maturity rate (%) of marbled sole by age in different regions of
Japan.

Area
Female (Age) Male (Age)

Literature
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96% 100%

2 Fisher's exact

probability test; P=0.0021 P=0.012)

1

100%

1998 1998

1987 1990 2003

Kume et al.

2006)

1

1983

Shafieipour et al 2004

1987 1973

1997

1986

1980 1986 7 1989 1 2000

1998 6 2001 1

GSI

CF2 1

Table 2-1

2898 GSI 3022

(CF2 Table 3-7 1986

1987 1 1989 5

1103 Table 3-8 mm

0.1g 0.01g

2 3

1 1

GSI HSI

GSI=GW×102 BW

HSI=LW×102 BW

GW g LW g

BW g

2 CF1

CF2

CF1=BW×105 TL3

Female

1986-1988 1998-2000
Immature 13 0
Mature 82 54
Maturity Rate (%) 86 100
Fisher's exact probability test:P =0.0021

Male

1986-1988 1998-2000
Immature 5 0
Mature 108 156
Maturity Rate (%) 96 100
Fisher's exact probability test:P =0.012

Table 3-6 Differences of the maturity rate of 1 age in
marbled sole between the research periods of 1986-
1988 and 1998-2000.

Division
Period (year)

Division
Period (year)
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CF2=(BW GW) ×105 TL3

BW g GW g

TL mm

1

2000 1

100% 1980

100% 3 1

1980 1986

GSI 1 2 10

11

Fig. 3-5 1 1 2

12 1

20.8 9.7 2 26.2 7.7 2

1

43 9 1 GSI

25.3 2

Welch's t-test P=0.615)

GSI 1 2 10

11 12 GSI

Fig. 3-5 GSI

GSI

1 14.4 6.4 2 15.7 4.4

1

GSI 16.2

GSI

t-test P=0.767

1 2 GSI

1 2 t-test P<0.01

HSI 1 2 7

2.19 0.80 4.05 1.11

Fig. 3-5

1 2

7 HSI GSI

Total Female Male
21-Jan-87 8 6 2
24-Feb-87 43 18 25
2-Apr-87 104 47 57

19-May-87 46 24 22
28-Jul-87 115 37 78

22-Sep-87 62 38 24
28-Oct-87 64 32 32
26-Nov-87 66 32 34

9-Dec-87 64 37 27
23-Dec-87 55 27 28
12-Jan-88 57 43 14
27-Jan-88 69 30 39
17-Feb-88 57 30 27
24-Mar-88 15 6 9
24-May-88 28 14 14

26-Jul-88 16 10 6
29-Aug-88 32 21 11
27-Sep-88 17 12 5
28-Oct-88 11 5 6
4-Nov-88 4 1 3

22-Nov-88 43 25 18
21-Dec-88 42 30 12
30-Jan-89 27 17 10
15-Feb-89 12 10 2
3-Mar-89 15 13 2

13-Mar-89 20 5 15
30-Mar-89 4 4 0
13-Apr-89 6 5 1
30-May-89 1 0 1

Total 1103 579 524

Number of specimens
Date

Table 3-8 Specimens of 1986 year class of marbled sole.

GSI CF
1986 313 318
1987 767 768
1988 791 790
1989 126 126
1998 244 242
1999 363 364
2000 227 347
2001 67 67
Total 2898 3022

No. of specimens
Year

Table 3-7. Number of the specimens of
marbled sole examined gonadosomatec
index (GSI) and condition factor (CF) in
this analysis. Upper the dotted line is
1980s and the under is early 2000s.
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1

1 2 HSI 1.01 0.31

1.14 0.52

GSI

HSI 11 12

HSI 1 2 7

2.15 0.57 4.31 0.68

Fig. 3-5 2

HSI HSI

1 1 2

0.66 0.16 0.82 0.22

1 2

HSI

Mann-Whitney' s U-test P=0.666 P=0.448

1 CF1 CF2 5

9 Fig. 3-6

CF1 1

CF2 9 12

CF1 CF2

10

1

CF1 CF2 4 5

1 2

CF1 CF2

1 CF1

1 4

5 1

2

2

GSI Fig. 3-7

GSI

Fig. 3-5 Seasonal changes in gonadosomatic index (GSI) and hepatosomatic index (HSI)
in the 1986 cohort of the marbled sole. GSI=GW×100/BW. HSI=LW×100/BW. GW, BW
and LW are the weight of gonad, body and liver in gram, respectively. Vertical lines
represent the range of standard deviations.
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11 12

1 3 9 3 10

GSI 1 GSI

2000 11

Mann-Whitney' s U-test P<0.01

CF2

1

5

Fig. 3-8 5 9

12 1

0

10

20

30

G
SI

Female Jul. 1986 - Jan. 1989

Jun. 1998 - Jan. 2001

N=1094

N=477

J F M A M J J A O N DS

0

10

20

30

G
SI

Male

J F M A M J J A O N DS

Jul. 1986 - Jan. 1989

Jun. 1998 - Jan. 2001

N=905

N=445

Fig. 3-7 Seasonal changes in gonadosomatic index (GSI) of
marbled sole sampled in July 1986 - January 1989 and in June 1998
- January 2001. GSI=GW×100/BW. GW and BW are gonad weight
and body weight in gram, respectively. Vertical lines represent the
range of standard deviations.
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Fig. 3-8 Seasonal changes in condition factor (CF2) of marbled sole sampled in
July 1986 - January 1989 and in June 1998 - January 2001. CF2= (BW-GW) ×

105/TL3. BW and GW are the weight of body and gonad in gram, respectively.
TL is total length in mm. Vertical lines represent the range of standard deviations.
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Fig. 3-6 Seasonal changes in condition factor CF1 and CF2. CF1=BW×105/TL3. CF2=(BW-

GW)×105/TL3. BW and GW are the weight of body and gonad in gram, respectively. TL is total
length in mm. Vertical lines represent the range of standard deviations.
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3

5 2000

5

1980 1.43 2000 1.55

t-test P<0.01

1.39 1.57 t-test

P<0.01

1983

8

Wintering Jan. -

Apr. Recovering May - Aug. Maturing Sep. - Nov.

Spawning Dec. 4

Shafieipour et al. 2004

4

Active feeding & Recovering May - Jul. Inactive

feeding Aug. - Jan. Spawning Feb. - Apr.

3 1986

Fig. 3-6 Fig.

3-8

4

Recovering Feb.- May Immature & Maturing Jun. -

Nov. Spawning Dec. - Jan. 3

1986 CF1 1 2

1

2 5 (Fig. 3-6)

1983 Recovering

1969b

CF1

CF1 CF2

CF1

1981a 1981b 20%

CF1 11 GSI 1

3.4 2 3.1 1997

0.3mm

11

CF1

Clemens and Grant 1964

HSI

Aida et al. 1973a, 1973b 1974

HSI 7

1 2

(Fig. 3-5) GSI

HSI

Takasima et al. 1971; 1963
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1953 HSI

11 12

Kume et al.

2006 1980 2000

2004

1980 2000

GSI

2000

11

GSI 2000

Hatanaka and Iwahashi 1953;

1974; 1997

1969

2003

1986 2001 15

1 2005

1999

1982

1969a 1969b

Table 2-1

6096

5505

126 319 146

1

100

1990

1

12 1

1 1

1989
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F =0.830

M =0.553

BL=309.1{1-e-0.422(t-0.195)}

BL=264.4{1-e-0.435(t-0.0165)}

TL=3.99+1.19×BL

BL mm TL mm

t

1987 1988

Fig. 2-1 100

mm

0.1g

1 2 4

mg

Gilson 2

6096 3

6093 3299

0.54 Table 3-9

2 test P<0.01

1:1

160mm

160 219mm 220

239mm 240mm

320mm

90% Table 3-9

Table 3-10

1 2 10

12 1

3883

Table 3-11 1

0 3883 3

1 2 1 0.48

1:1

2 0.56~0.75

3

Fig. 3-9

Female Male Female Male FemaleMale
1 465 228 0.67** 44 75 0.37**
2 277 200 0.58** 18 2 0.90**
3 218 205 0.52 31 10 0.76**
4 158 152 0.51 19 7 0.73*
5 193 200 0.49 24 15 0.62
6 110 134 0.45 73 61 0.54
7 262 265 0.50
8 276 250 0.52
9 276 245 0.53
10 151 102 0.60**
11 213 179 0.54
12 387 356 0.52 8 58 0.12**

Total 2986 2516 0.54** 125 194 0.39** 92 34 0.73**

Table 3-10 Sex ratio of marbled sole by month and by fishing gear.
Sex ratio: female / total.

Sex
ratio

Sex
ratio

Number
Compact trawl Gill net Longline

Number
Month

Number Sex
ratio

Expected sex ratio is a 1:1.
Levels of significant differences: * P 0.05, ** P 0.01 .

Female Male
139 23 23 0.50

140-159 118 122 0.49
160-179 255 316 0.45**
180-199 395 613 0.39**
200-219 555 622 0.47*
220-239 489 484 0.50
240-259 472 330 0.59**
260-279 368 159 0.70**
280-299 274 83 0.77**
300-319 145 33 0.81**
320-339 94 7 0.93**
340-359 70 1 0.99**
360-379 24 1 0.96**
380-399 10 0 1.00**
400 7 0 1.00**
Total 3299 2794 0.54**

Number Sex ratio
(Female/Total)

Table 3-9 Sex ratio of marbled sole by total length class.

Expected sex ratio is a 1:1.
Levels of significant differences:* P 0.05, ** P 0.01.

Total length
class (mm)
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0.52 0.56

2 test P=0.235

199mm

Fig. 3-10

BF

Fig. 3-11, Fig. 3-12

BF=0.00172×TL3.547 (R2=0.855; n=100)

BF=0.00691×BL3.411 (R2=0.851; n=100)

BF=2820×BW 90568 (R2=0.867; n=100)

TL mm BL mm

BW g

200mm

25 250mm 55 300mm 105

350mm 182 400mm 292

450mm 443 100g

19 200g 47 400g 104

800g 217 1200g 329 1600g

442

Table 2-9

1 14

2 54 3 103 4

152 5 193

1974

Female Male
1 1000 1105 0.48*
2 808 546 0.60**
3 179 106 0.63**
4 50 40 0.56
5 23 11 0.67

6 9 3 0.75

Expected sex ratio is a 1:1.
Level of significant differences:* P 0.05, ** P 0.01 .

Number
Age

Sex ratio
(Female/Total)

Table 3-11 Sex ratio of marbled sole by age.

0%

50%

100%

**1986-
1988

**1989-
1991

*1992-
1995

1998-
2001

Period (year)

R
at

io
(%

)

Male

Female

1954 1647 878 1023n =

Fig. 3-9 Changes in the sex ratio of marbled sole sampled
by compact trawl in Harima Nada and Osaka Bay from
1986 to 2001. Asterisks with periods show the levels of
significant differences: * P 0.05, ** P 0.01.

Expected sex ratio is a 1:1.

Fig. 3-10 Changes of the sex ratio (female / total) with
total length. Solid circles show the results of the
simulation using cohort analysis and open circles show
the observed values (see Table 3-9).
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Hatanaka and Iwahashi 1953

1997

2 test P<0.01

2 test P<0.01)

1997

1997

12 1

1

1997

3

4

1999

1995

2004

Fig. 3-12 Relationship between body weight and batch
fecundity in marbled sole.

Fig. 3-11 Ralationship between total length and batch
fecundity in marbled sole.
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1995 Goto et al. 1999

Goto et al. 2000

25mm

15 50%

25 17.9% Goto et al. 2000

2000

Hashimoto et al. 2000

2001

1:1

2004 2003

Goto et al. 2000

0 1:1

0

Kume et al. 2006

1997

Table 3-12

1997

Eastern Seto

Inland Sea*1 Osaka Bay*2 Tokyo Bay*3

200 25 22 18
250 55 45 38
300 105 82 69
350 182 135 115
400 292 207 178

*1 Present study
*2 Tujino et al. 1997

Table 3-12 Comparison of batch fecundity in
marbled sole.

Batch Fecundity (×104)

*3 Kume et al. 2006 (TL-BL conversion was by the
formula in 2-1 section of this study)

Total
length
(mm
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1984 1986 1990 2001

1985

1974 30m

1986

17m

0.6km

Fig. 3-13

12 1

2000 1 14 15 2001 1 9 10

2 1 2 Fig. 

3-14 2000 1 2001 1

2 1 90m 2000

60m 0m

90m

Fig. 3-13 Survey area of  the spawning ground of  
marbled sole in the northern part of Harima
Nada, the Seto Inland Sea.
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13m 60m 11m 2 120m

1m 120m 16m

2000 10.2

29.79 0.5m 10.9 30.77 0.5m

2001 9.8 10.5 31.25 32.20 0.5m

1) 2)

3)

1

0.05m2

2000

2001

2000 1 15 Stn.1

15 2001 1 2 8

Stn.16 23 Stn.24 31 Fig. 

3-14

10%

1979

0.5mm 1mm

m2

1955 1969a Yusa1960

0.7mm

Nakai 1962

3

A

B

C

1968

0.0625mm 0.0625 2mm

2mm 600

2

2 Fig. 3-13 1

Fig. 3-14 2

Fig. 3-14 Survey lines and  sampling stations in the
spawning ground of marbled sole. Small numerals
indicate station number. Numerals in boxes show the 

distances from the starting points of the lines.
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10m 1

10m

2

1999 12 2000 1 2000

12 2001 1

2000 1

14 2000 12 18 28 2001 1

10 GSI=

g 102 g

Fig. 3-14

1

1 2m 60m

Stn 23

26 Stn 23

76 2

22

1 2m

110m

20%

6

Table 3-13

2000 1

15 Stn. 1

15 1

20 89,240

9m Stn. 2, Stn. 4 Stn. 14

3 62,060

Sampling Station 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Number of Eggs/m2 5940 39380 1280 89240 180 160 300 260 180 20 80 40 1720 57560 340

A 79.5 98.2 95.7 99.2 100 87.5 100 100 71.4 100 100 100 88.5 99.7 77.8
B 6.1 0 4.3 0 0 12.5 0 0 28.6 0 0 0 3.8 0 0
C 14.4 1.8 0 0.8 0 0 0 0 0 0 0 0 7.7 0.3 22.2

Depth (m) 10.4 9.6 10.2 10.4 7.7 7.3 7.8 7.9 7.3 6.8 5.8 5.6 9.0 9.0 9.8

Silt Clay 16 20 17 17 13 21 12 11 10 11 17 13 26 26 17
Sand 63 56 34 44 46 25 45 54 52 61 52 70 33 56 39
Gravel 21 24 49 39 41 54 43 35 38 28 31 17 41 18 44

Median Diameter (mm) 0.75 0.78 1.90 1.05 1.55 2.40 1.52 1.22 1.40 1.10 1.01 0.77 0.97 0.50 1.52

Ignition Loss (%)

Sampling Station 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31
Number of Eggs/m2 120 200 0 80 20 20 0 0 40 40 260 120 64480 75900 80 40

A 50.0 50 0 0 100 0 0 0 50 50 69.2 100 17.4 20.3 25 0
B 16.7 50 0 0 0 0 0 0 0 50 15.4 0 22.9 40.6 25 100
C 33.3 0 0 100 0 100 0 0 50 0 15.4 0 59.7 39.1 50 0

Depth (m) 9.0 9.2 9.6 10.0 6.0 10.0 10.0 13.0 6.4 6.4 9.0 9.0 14.0 14.0 16.0 16.0

Silt Clay 13 21 9 17 12 19 17 76 7 7 11 12 15 10 13 18
Sand 61 56 83 48 53 51 46 20 49 57 52 67 43 52 30 36
Gravel 26 23 8 35 35 30 37 4 44 36 37 21 42 38 57 46

Median Diameter (mm) 0.85 0.50 0.61 0.98 1.30 0.70 1.02 <0.063 1.65 1.30 1.13 0.80 1.45 1.40 2.80 1.60

Ignition Loss (%) 10.5 13.5 9.5 11.8 11.3 11.2 12.1 12.5 6.6 8.0 8.7 9.9 12.0 11.6 13.7 14.1
: no data

Table 3-13   Density and developmental stage composition of marbled sole eggs and the grain size composition of sediments in each sampling station. Sampling at
stations of 1-15 were carried out in 2000 and 16-31 in 2001.  Developmental stages are based on the description of Nakai (1962). A: until myotome begins to appear after
fertilization, B: from the end of A stage until tail end begins to separate off the yolk, C: from the end of B stage to hatching.

Grain Size Composition (%)

Grain Size Composition (%)

Developmental Stage (%)

Developmental Stage (%)
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875

A 98.5% B

0.2% C 1.3% Table 3-13

2001 1 8 Stn. 16 23

5 20 200

2000

A 40.9% B

27.3% C 31.8% 2000

2 8 Stn. 24 31

40 75,900 14m

Stn. 28 Stn. 29 70,190

97

A

19.2% B 32.4% C 48.4%

Stn. 29 2.3 2.6mm

16

1999 12 2000 1

Fig. 3-15 12

1 100

12 500

600

1999 2000

2000 12 2001 1

12 1

Table 3-14 2000 1 14

20 8

8 4 3

1 2

12

8

4

2000 12 18

22 5 3

2 17 15

0.23
2 test, P<0.05 2000 12

28 44 3

41 40

0.07

P<0.01 2001 1 10 4

2

4

90

16

P<0.01

Fig. 3-15  Daily catch number of marbled sole by the gill net set
around the spawning grounds (See Fig. 3-13). Asterisks show no
gill net operation.  Thick arrows show the date of the reserch dives.
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1 2000 2001

2

2000 2001

2001

2000 1 14 15

98.5% A

A 3 B

3 4 C 5 10

1939; Yusa 1960

2000 3

2001 1 9

10 B C

30%

1 2000

Stn. 2 Stn. 4 Stn. 14 10

2 14m Stn. 28 Stn. 29

16m

Stn. 28 Stn. 29

Female Male
Maturing Ripe Spent Maturing Ripe Spent

n 1 3 4 8 4
TL (mm) 311 294-331 228-306 207-298 227-314

GSI 23.0 9.4-43.8 4.1-6.4 1.2-5.4 0.9-1.4

n 3 2 2 15
TL (mm) 252-315 234, 247 202, 250 192-248

GSI 27.5-30.1 3.4, 3.7 10.1, 15.5 7.9-15.2

n 3 1 40
TL (mm) 248-281 220 187-332

GSI 28.5-28.8 7.5 3.2-14.0

n 2 2
TL (mm) 198, 294 189, 210

GSI 2.4, 2.9 0.9, 1.9
Total 0.18**  (Female 16, Male 74)

* P <0.05    ** P <0.01 (Levels of significant differences. Expected sex ratio is a 1:1.)

28 Dec. 2000  0.07**

10 Jan. 2001 0

18 Dec. 2000 0.23*

Table 3-14  Maturity conditions and sex ratio of marbled sole caught by the gill net set in the spawning
ground. Sex ratio: female/total. Maturity level of female: Maturing, clear ova don't exist in ovary yet; Ripe,
clear ova exist in ovary (include spawning); Spent, after spawning. Maturity level of male: Maturing, sperm
doesn't exist in testis; Ripe, sperm exists in testis; Spent, after emission (sperm doesn't exist in testis). GSI:
gonad weight (g) 100 / body weight (g). TL: range of total length.

Sex
ratio

Sampling
date

14 Jan. 2000 0.8
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2

Stn. 28

Stn. 29 12 13m

14m Stn. 30

Stn. 31 Stn. 28

Stn. 29 0.1% Stn. 28

Stn. 29

2

5.6 16.0m 1

1

9.0 14.0m 9m

1984

1990

1972 1976

Fig. 3-16 31

28 10

5 10 3

400

5.6 16m

10 9

14m

Fig. 3-16a)

0.5 2.8mm

0.5 1.9mm Fig. 3-16b

7 26%

76%

Fig. 3-16c 25 70%

17 57%

33 63%

18 49% Fig. 3-16d,  3-16e

2001 6.6

14.1 104 11.6 12

Fig.3-16f

10

0.5 1.9mm

10 26% 33 63% 18 49%

11.6 12% Fig. 3-17

Stn. 23 76%

7 26% Fig. 3-17
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2323

Fig. 3-17 Ternary diagram of the sediment contents and egg density. Small 
numerals show the sampling stations (See Fig. 3-14).

Fig. 3-16  Relationship between the elements of sediments and the density of
marbled sole eggs collected in the surface sediment layer.
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2001
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40m
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1990
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2000 1

14 8 12 2000 12 18 5

17 12 28 3 41 2001 1

10 0 4

1997

50%

1999



49

180 200m

Emlen and Oring

1977 "Lek mating system" 

1982 1969b

3 1

1981

1988

30

 1981

9.7mm

14.27 1988

1986

1981

15m

1989 9mm

2 10m

3 4

1975

2 4 10 20mm

20mm

7

60 70mm

1981

1975

1988 2000 2003

Nakaya et al.(2004) Crangon 

uritai

1983



50 40 2008
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Fig. 4-1

200 300m 10m 700

800m 40m 5m

30 40m

Fig. 4-1

A 10m

1987 4 1988 2

8.6 2 24.8 8

32.3 7 33.23 12

Fig. 4-1 A B

A 20×20m 1987 8

4

A

1987

6 Fig. 4-2

A

B 2 Fig. 4-1

100m

2.5 3.5m

1988 3 25-26

4 21-22 5 20-21 6 20-21 7 15-16

8 26-27 9 19-20 7

1cm

200 2m×100m

1

10%

1mg
Fig 4-1 Map showing study area.
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B

5 9

A 16.0-24.9 B 15.4-24.3

A

70 99 B 70 107

Table 4-1

0.125 1.00mm

7 A

0.398 0.483mm B 0.200

0.812mm

t-test P=0.60 Table 4-2

A

6.9% B

52%

F-test P<0.01 0.063mm

A 1 B 0 6%

COD (O2 mg / dry g)

A 0.92 1.52 1.17 B 0.35

1.64 0.79 B

t-test P=0.216

Fig. 4-4 1 0

1 0

1

Fig. 4-5

B 3 0

13 17mm 1981

3 4 5

0.025 /

A 5 0

6

B 9

Temp. ( ) DO (%) Temp. ( ) DO (%)
5/21/88 16.0 99 5/20/88 15.4 107
6/20/88 19.4 77 6/20/88 19.7 70
7/16/88 21.9 83 7/15/88 21.0 79
8/27/88 24.9 70 8/26/88 24.3 74
9/20/88 23.4 77 9/19/88 24.2 82

Table 4-1 Monthly changes in water temperature and saturation of dissolved
oxygen at the bottom layer of Line A and Line B.

Date Line A Date Line B

COD
(O2mg/dry )

Median
diameter

(mm)

COD
(O2mg/dry )

Median
diameter

(mm)
26      Mar. 1.52 0.483 0.812
21-22 Apr. 1.02 0.398 0.35 0.536
20-21 May 1.15 0.480 0.61 0.277
20-21 Jun. 1.00 0.444 0.59 0.406
15-16 Jul. 0.92 0.448 1.64 0.200
26-27 Aug. 1.07 0.420 0.88 0.297
19-20 Sep. 1.51 0.467 0.87 0.304

Line A Line B

Date

Table 4-2  Characteristics of sediments of Line A and Line B.

Fig. 4-4 Monthly changes of the density of
marbled sole in the scattered seaweed bed
area (Line A) and flat sandy seabed area
(Line B).
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0.045 / 1

A B

3 0.005 /

Fig. 4-5 A B

0 1

0 1

3 5 7cm 6 9

5cm 0 3

15mm 9 111mm

3 5 5 6 6

9 3

0.425mm 1.132mm 0.408mm 5

6

0 1

5 0.02

60mm 6

Fig. 4-6

8 97mm 0.08g

3 5 B 4

A

Fig. 4-6 Monthly changes in wet weight of stomach contents of 0 age
marbled sole.

Fig. 4-7 Monthly changes in SCI of 0-age marbled sole.  SCI = wet
weight of stomach contents (g)×100 / body weight (g)

Fig. 4-5  Growth of  merbled sole juvenile. Solid line shows the
mean total length of  0-age fish.
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5 1

6

1 (Fig. 4-7)

Table 4-3

N% 19mm

Harpacticoida

20-39mm N% 9

30 61

40-79mm N%47

34 14

80mm

N% 80

W% 20-39mm

50

40 79mm W%55

80mm

W%20

F% 20-39mm

17

N% W% 80mm

F%

Aoroides sp. Corophium sp.

Fig. 4-8 Food compositions of stomach contents in marbled sole. N% is by
number and W% by weight.

F% N% F% N% W% F% N% W% F% N% W% F% N% W%
Polychaeta 0 0 17 0 0 85 47 55 61 42 41 93 35 62
Mollusca

Bivalvia 0 0 0 0 0 15 0 2 34 0 23 64 2 21
Other mollusca 0 0 0 0 0 0 0 0 0 0 0 11 1 2

Crustacea
Ostracoda 0 0 0 0 0 38 1 0 34 4 2 64 8 1
Copepoda 100 100 17 9 0 0 0 0 11 1 0 14 1 0
Cumacea 0 0 33 30 50 85 14 24 37 4 1 39 5 0
Tanaidacea 0 0 0 0 0 31 2 0 39 3 0 32 3 0
Isopoda 0 0 0 0 0 0 0 0 13 1 1 36 2 0
Gammaridea 0 0 33 61 50 85 34 19 74 39 11 86 34 5
Decapoda 0 0 0 0 0 8 0 0 21 2 4 18 1 0
Other crustacea 0 0 0 0 0 0 0 0 5 0 1 54 1 1

Others 25 0 0 0 0 23 1 0 26 3 16 57 7 7
number of fish

Table 4-3 Food organisms of stomach contents in marbled sole. F% represents the percent frequency
of occurrence, N% represents the percent by number and W% percent by weight.

120-239Food organism

Total length (mm)

4 6 13 38 28

10-19 20-39 40-79 80-119
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40-119mm Pseudopolydora sp. ,

120mm Polydora sp. 

20-79mm

Dimorphostylis sp.

19mm

20-39mm

40-79mm

80mm

Fig.4-8

0 1

Fig. 4-9 

1

1

0.007g 0.01g

1

0.005g 0.01g

1

0.01g 0.01g

1

A B Fig. 

4-10

A B 8

9

A

9 A

Aonides sp.,Rhynchospio sp., Polydora sp.

B

B 6

7

Montacutona japonica

A 4

7 8 9

4

Urothoe sp. 8 Euphilomedes 

japonica 9

Leptochelia sp., 

Processa sulcata B

8

Corophium sp. Urothoe sp. 

A B

Fig. 4-9  Relationship between the size of marbled
sole and mean weight of food organisms.
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2003 1975

1974 4

1.45

1974 0.16 /

1996 4

2.51 / 3.80 /

0.045 /

10m

1981

1990 6

4.4m

0.14 /

10m

Fig. 4-10 Monthly changes in number and wet weight of benthos per 0.0625 at
Line A and Line B. In this analysis, Polychaeta and Crustacea of which mean wet
weight of under 0.01g were examined.
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1981 J

Paracalanus sp. 16.7 83.5

10-30mm

2003

20-30mm

2000 1975 1985

30mm

10-19mm

20-39mm

40-79mm

80-239mm

40mm

40-50mm

1982

1975 2000 80mm

2 4 80mm

1 Fig. 4-7 60mm

6

” ”

3

15mm 5

9

5

6

6

60 70mm
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Table 4-3 Fig. 4-5

3

4 5 6

7

Fig. 4-10

3

3

4

5 6

7

7

80mm

1994

Nakaya et al. 2004 Seikai et al.

1993 3cm

1994

1983 22mm

35mm

10 20cm 10

20cm 10 25cm 10

15cm

5 20cm 10

15cm
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60 70mm

Werner et al. 1983
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10m

60 70mm

Fig. 4-6

10m

Table 4-3

Fig. 4-12

1987

60 70mm

1974 4 6

7

9,10

1974 1975

1956

16.1 22.1cm 14.7

25.7cm

1956 16cm
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1988

1988

21mm 1988 3

3

1

138cm 82cm

1988 7 6

JIS

6 Table. 4-4

0.125mm 0.063mm

63%

130 2 0.125mm 0.125

0.25mm

0.125 0.25mm

Table 4-5

1988 4

17 25 0.25 0.5mm

2cm 10

36cm 23cm

13cm 1 35mm

S.D.=4.3mm, n=73 10 1

10% Fig. 

4-11 

30

53%

2 47% 4 39% 8

14%

Time (hours)

B
ur

ie
d

ar
ea

(%
)

Fig. 4-11 Change in time of buried area of marbled sole juveniles 
averaging 35.0 mm TL. 0.25 0.5mm grain size sand was used.
The experiment was repeated three times. Vertical bars represent
standard deviation. 

Grain size (mm)
0.125

0.125 0.250
0.250 0.500
0.500 1.00

1.00 2.00
2.00 2.83

Table 4-4 Grain size divisions
of sand.
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1988

1

35mm

S.D.=4.3mm, n=73 , 58.7mm S.D.=4.2mm, n=24

80.6mm S.D=5.6mm, n=21 3

35mm 1988

4 17 25 58.7mm 9 10 14

80.6mm 9 21 27

1 5 8
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2 1

1
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6

4
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10 21

200 1500lx

180°

35.0mm S.D.=4.3mm n=73 1988

4 16 21 11.1 11.9

55.7mm S.D.=4.5mm, n=34 1988 8 15
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60cm 40cm 20cm

0.25 0.5mm

1 2mm CaseA

6

CaseB 10

2 3

21 16

70.7mm S.D.=3.6mm, n=25

74.3mm S.D.=5.3mm, n=22

1988 8 31 9 10

Fig. 4-12 

0.125

0.25mm 0.25 0.5mm

35.0mm 58.7mm 

0.125mm

80.6mm 1 2mm

40% 0.125mm

Table 4-5 2 1:1
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0.25 0.5mm 0.125mm 1 2mm

2 2.83mm

1% 0.25

0.5mm 0.5 1mm 5%

0.25 0.5mm 0.125

0.25mm

Table 4-6
2 0.25 0.5mm 0.125mm 1

2mm 2 2.83mm 1%

0.25 0.5mm

0.125 0.25mm 0.5 1mm

Table 

4-7 6

A 10 B

0.25

0.5mm A

B Mantel-Haenszel test 

P=0.021

35mm 58.7mm

1mm

0.125mm

1988

0.25 0.5mm Other size
0.25 0.5 vs.         0.125 125 80 (64)*1 45 (36) 0.01
0.25 0.5 vs. 0.125 0.250 100 51 (51) 49 (49) ns
0.25 0.5 vs. 0.500 1.00 106 66 (62) 40 (38) 0.05
0.25 0.5 vs. 1.00 2.00 74 67 (91) 7 (9) 0.01
0.25 0.5 vs. 2.00 2.83 59 51 (86) 8 (14) 0.01
0.25 0.5 vs. 0.25 0.5 *2 122 59 (48) 63 (52) ns

(whitish) (brownish)
*1  Figures in parentheses show percentage.
*2  Result in a preliminary experiment (different sand color).

Statistical
significance (p )

Table 4-5  Preference for grain size of sand in marbled sole juveniles averaging
35.0mm TL. Number of juveniles located in the two divisions was examined by 2

test. Expected ratio is 50:50.

Combination of grain sizes
(mm)

Total number
examined

Number located in

|
0.125

0.125
|

0.25

0.25
|

0.5

0.5
|

1.0

1.0
|

2.0

2.0
|

2.83
|

0.125

0.125
|

0.25

0.25
|

0.5

0.5
|

1.0

1.0
|

2.0

2.0
|

2.83

TL 35.0mm

TL 58.7mm

TL 80.6mm

Fig. 4-12 Relationship between grain size and buried area in 
three size-group marbled sole juveniles : 35.0mm, 58.7mm
and 80.6 mm TL. Vertical bars represent standard deviation.  
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80.6mm 1 2mm

0.125mm

35.0mm 58.7mm

0.125 0.25mm

80.6mm

80.6mm

10m

60 70mm

1975 1989 80.6mm

0.125mm

35mm

0.125 0.5mm

55.7mm 0.125 1mm

1974

1977

=0.17mm =1.0mm

=0.09mm

2003

0.10 0.57mm 0.063mm

1.3 33.2%

Case A

0.25 0.5 1.0 2.0
Marbled sole 88 38 126

Flounder 77 49 126
Total number 165 87 252

Case B

0.25 0.5 1.0 2.0
Marbled sole 117 43 160

Flounder 101 59 160
Total number 218 102 320

Grain size (mm) Total
number

Table 4-7 Preference for grain size of sand when
marbled sole (70.7 mm TL) and flounder (74.3
mm TL) were put together in an experimental
container. In case A 6 juveniles of each species
were put into the container, and in B 10 juveniles
each. If the data for both case A and B
experiments are combined in a Mantel-Haenszel
test, the result is significant (P =0.021).

Grain size (mm) Total
number

0.25 0.5mm Other size
0.25 0.5 vs. 0.125 79 56 (71)* 23 (29) 0.01
0.25 0.5 vs. 0.125 0.250 79 39 (49) 40 (51) ns
0.25 0.5 vs. 0.500 1.00 82 47 (57) 35 (43) ns
0.25 0.5 vs. 1.00 2.00 81 57 (70) 24 (30) 0.01
0.25 0.5 vs. 2.00 2.83 82 69 (84) 13 (16) 0.01
* Figures in parentheses show percentage.

Table 4-6  Preference for grain size of sand in flounder juveniles averaging 55.7mm
TL. Number of juveniles located in the two divisions was examined by 2 test.
Expected ratio is 50:50.

Combination of grain sizes
(mm)

Total number
examined

Number located in Statistical
significance (p )0.25 0.5mm Other size

0.25 0.5 vs. 0.125 79 56 (71)* 23 (29) 0.01
0.25 0.5 vs. 0.125 0.250 79 39 (49) 40 (51) ns
0.25 0.5 vs. 0.500 1.00 82 47 (57) 35 (43) ns
0.25 0.5 vs. 1.00 2.00 81 57 (70) 24 (30) 0.01
0.25 0.5 vs. 2.00 2.83 82 69 (84) 13 (16) 0.01
* Figures in parentheses show percentage.

Table 4-6  Preference for grain size of sand in flounder juveniles averaging 55.7mm
TL. Number of juveniles located in the two divisions was examined by 2 test.
Expected ratio is 50:50.

Combination of grain sizes
(mm)

Total number
examined

Number located in Statistical
significance (p )
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1977

2003 33.2%

Fig. 4-13

1980

Acanthopagrus 

schlegeli

35.0mm 58.7mm

0.125 0.5mm

1988 62%

1

2

1980

1997

1993 3
Fig. 4-13 Relationship between buried area and preference index 
in marbled sole (solid circle) and flounder juveniles (open circle).
These figures were obtained from results cited in Fig. 4-12, Table 4-5,
Table 4-6 and the buried area of flounder juveniles obtained in a
previous experiments (Tanda 1988). 

Fig. 4-13 Relationship between buried area and preference index 
in marbled sole (solid circle) and flounder juveniles (open circle).
These figures were obtained from results cited in Fig. 4-12, Table 4-5,
Table 4-6 and the buried area of flounder juveniles obtained in a
previous experiments (Tanda 1988). 
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Fig. 5-1  Annual changes in catch of compact trawl  in the Seto
Inland Sea of Hyogo prefectural region.

Fig. 5-2 Annual changes in number of fishery management units
mainly operating compact trawl (solid circle) and total number of
boat-days (open circle) of compact trawls.
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prefectural region.
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January and February

0 1 2 3 4 5 6 7 8 9
100- 0 1 0 0 0 0 0 0 0 0 -
120- 0 0.923077 0.076923 0 0 0 0 0 0 0 39
140- 0 0.923077 0.076923 0 0 0 0 0 0 0 39
160- 0 0.621053 0.368421 0.010526 0 0 0 0 0 0 95
180- 0 0.091954 0.896552 0.011494 0 0 0 0 0 0 174
200- 0 0.009804 0.906863 0.083333 0 0 0 0 0 0 204
220- 0 0 0.815476 0.178571 0.005952 0 0 0 0 0 168
240- 0 0 0.688073 0.293578 0.018349 0 0 0 0 0 109
260- 0 0 0.298701 0.584416 0.064935 0.038961 0.012987 0 0 0 77
280- 0 0 0.088235 0.676471 0.088235 0.088235 0.058824 0 0 0 34
300- 0 0 0.066667 0.4 0.333333 0.133333 0.066667 0 0 0 15
320- 0 0 0 0.181818 0.272727 0.363636 0.090909 0.090909 0 0 11
340- 0 0 0 0.117647 0.176471 0.294118 0.176471 0.117647 0.117647 0 17

March and April

0 1 2 3 4 5 6 7 8 9
100- 0 1 0 0 0 0 0 0 0 0 1
120- 0 1 0 0 0 0 0 0 0 0 27
140- 0 0.980769 0.019231 0 0 0 0 0 0 0 104
160- 0 0.942308 0.057692 0 0 0 0 0 0 0 104
180- 0 0.51087 0.48913 0 0 0 0 0 0 0 92
200- 0 0.186441 0.762712 0.050847 0 0 0 0 0 0 59
220- 0 0.041096 0.794521 0.150685 0.013699 0 0 0 0 0 73
240- 0 0 0.670886 0.303797 0.025316 0 0 0 0 0 79
260- 0 0 0.439024 0.463415 0.04878 0.04878 0 0 0 0 41
280- 0 0 0.307692 0.538462 0.096154 0.057692 0 0 0 0 26
300- 0 0 0.1875 0.5 0.1875 0.0625 0.0625 0 0 0 16
320- 0 0 0 0.25 0.25 0.333333 0.083333 0.083333 0 0 12
340- 0 0 0 0.117647 0.176471 0.294118 0.176471 0.117647 0.117647 0 13

May and June

0 1 2 3 4 5 6 7 8 9
100- 0 1 0 0 0 0 0 0 0 0 -
120- 0 1 0 0 0 0 0 0 0 0 3
140- 0 1 0 0 0 0 0 0 0 0 14
160- 0 0.986111 0.013889 0 0 0 0 0 0 0 72
180- 0 0.980769 0.019231 0 0 0 0 0 0 0 156
200- 0 0.846154 0.153846 0 0 0 0 0 0 0 78
220- 0 0.425532 0.553191 0.021277 0 0 0 0 0 0 47
240- 0 0.259259 0.62963 0.111111 0 0 0 0 0 0 27
260- 0 0 0.777778 0.166667 0.055556 0 0 0 0 0 18
280- 0 0 0.5 0.25 0.125 0.125 0 0 0 0 4
300- 0 0 0.1875 0.5 0.1875 0.0625 0.0625 0 0 0 16
320- 0 0 0 0.25 0.25 0.333333 0.083333 0.083333 0 0 12
340- 0 0 0 0.117647 0.176471 0.294118 0.176471 0.117647 0.117647 0 17

Table 5-1A   Age-Length Key of marbled sole in Harima Nada, Osaka Bay and northern Kii Channel.

Total length (mm) Age

Total length (mm) Age

Total length (mm) Age

No. of
specimen

No. of
specimen

No. of
specimen
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July and Augst

0 1 2 3 4 5 6 7 8 9
100- 0 1 0 0 0 0 0 0 0 0 -
120- 0 1 0 0 0 0 0 0 0 0 -
140- 0 1 0 0 0 0 0 0 0 0 3
160- 0 1 0 0 0 0 0 0 0 0 59
180- 0 1 0 0 0 0 0 0 0 0 130
200- 0 0.989362 0.010638 0 0 0 0 0 0 0 94
220- 0 0.688889 0.311111 0 0 0 0 0 0 0 45
240- 0 0.268293 0.658537 0.073171 0 0 0 0 0 0 41
260- 0 0.033333 0.8 0.133333 0.033333 0 0 0 0 0 30
280- 0 0 0.769231 0.153846 0.076923 0 0 0 0 0 26
300- 0 0 0.545455 0.272727 0.090909 0.090909 0 0 0 0 11
320- 0 0 0.272727 0.272727 0.318182 0.090909 0.045455 0 0 0 22
340- 0 0 0.074074 0.259259 0.407407 0.185185 0.074074 0 0 0 27

September and October

0 1 2 3 4 5 6 7 8 9
100- 0 1 0 0 0 0 0 0 0 0 -
120- 0 1 0 0 0 0 0 0 0 0 -
140- 0 1 0 0 0 0 0 0 0 0 4
160- 0 1 0 0 0 0 0 0 0 0 30
180- 0 0.993671 0.006329 0 0 0 0 0 0 0 158
200- 0 0.974138 0.025862 0 0 0 0 0 0 0 116
220- 0 0.705882 0.294118 0 0 0 0 0 0 0 51
240- 0 0.243243 0.756757 0 0 0 0 0 0 0 37
260- 0 0.12 0.72 0.12 0.04 0 0 0 0 0 25
280- 0 0 0.7 0.2 0.1 0 0 0 0 0 20
300- 0 0 0.545455 0.272727 0.090909 0.090909 0 0 0 0 11
320- 0 0 0.272727 0.272727 0.318182 0.090909 0.045455 0 0 0 22
340- 0 0 0.074074 0.259259 0.407407 0.185185 0.074074 0 0 0 27

November and December

0 1 2 3 4 5 6 7 8 9
100- 1 0 0 0 0 0 0 0 0 0 -
120- 0.8 0.2 0 0 0 0 0 0 0 0 -
140- 0.4 0.6 0 0 0 0 0 0 0 0 5
160- 0.111111 0.888889 0 0 0 0 0 0 0 0 45
180- 0 1 0 0 0 0 0 0 0 0 385
200- 0 0.94186 0.05814 0 0 0 0 0 0 0 258
220- 0 0.49 0.51 0 0 0 0 0 0 0 300
240- 0 0.497076 0.48538 0.017544 0 0 0 0 0 0 171
260- 0 0.181102 0.740157 0.047244 0.031496 0 0 0 0 0 127
280- 0 0.060241 0.807229 0.072289 0.048193 0.012048 0 0 0 0 83
300- 0 0.03125 0.65625 0.125 0.125 0.0625 0 0 0 0 32
320- 0 0 0.272727 0.272727 0.318182 0.090909 0.045455 0 0 0 22
340- 0 0 0.074074 0.259259 0.407407 0.185185 0.074074 0 0 0 27

Table 5-1B   Age-Length Key of marbled sole in Harima Nada, Osaka Bay and northern Kii Channel.

Total length (mm) Age

Total length (mm) Age

Total length (mm) Age

No. of
specimen

No. of
specimen

No. of
specimen
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No. of  boat Days / boat Boat-days No. of  boat Days / boat Boat-days No. of  boat Days / boat Boat-days No. of  boat Days / boat Boat-days

Jan. 334 14.1 4712 256 8.2 2089 475 10.3 4908 11 10.0 110
Feb. 329 13.6 4465 237 9.4 2236 490 13.5 6619 11 18.9 208
Mar. 213 17.8 3790 232 11.3 2615 469 14.3 6707 20 22.5 450
Apr. 491 16.5 8111 442 12.1 5344 173 12.2 2104 30 19.1 574
May 652 16.6 10820 614 13.3 8178 72 13.4 965 64 23.3 1494
Jun. 677 16.3 11061 583 13.2 7669 61 13.3 812 61 24.1 1469
Jul. 683 18.5 12644 616 15.9 9822 85 14.8 1268 68 24.2 1648

Aug. 705 17.0 12004 593 15.7 9330 90 14.8 1321 56 21.4 1197
Sep. 648 15.9 10284 497 12.2 6048 86 16.7 1440 45 20.2 911
Oct. 593 16.4 9746 342 15.2 5202 153 11.2 1715 38 19.5 740
Nov. 402 17.9 7170 267 11.7 3116 307 15.2 4678 16 19.1 306
Dec. 310 19.9 6177 269 13.7 3688 490 18.7 9154 11 18.6 205
Total 6037 200.6 100984 4949 151.8 65337 2950 168.5 41691 431 241.1 9312

No. of  boat Days / boat Boat-days No. of  boat Days / boat Boat-days No. of  boat Days / boat Boat-days

Jan. 186 10.1 1890 87 9.6 839 92 9.6 887
Feb. 219 11.1 2434 117 14.2 1654 82 7.1 583
Mar. 275 11.4 3148 113 16.9 1908 68 10.2 689
Apr. 354 12.8 4520 122 17.4 2124 120 14.5 1746
May 458 14.5 6652 130 16.7 2173 133 19.5 2582
Jun. 490 15.6 7616 120 18.5 2226 95 24.6 2344
Jul. 490 15.8 7763 111 18.6 2052 108 19.6 2116

Aug. 452 14.7 6645 106 18.1 1921 108 20.4 2203
Sep. 411 12.9 5285 99 16.0 1587 99 19.4 1922
Oct. 349 14.2 4946 77 16.5 1267 118 18.7 2204
Nov. 288 13.4 3861 92 14.2 1307 105 19.3 2027
Dec. 233 14.0 3265 97 14.2 1381 97 18.3 1765
Total 4204 160.6 58025 1271 190.9 20439 1224 201.2 21068

Month
Compact trawl fishery

Small otter trawl

Table 5-2  Fishing efforts by fishing methods related to the catch of pleuronectiformes, marbled sole, frog flounder and Japanese flounder in the Seto Inland Sea
of Hyogo prefectural region in 1988.

Month Gill net fishery Long line fishery Small set net fishery

Small beam trawl Dredge net Danish seine

Marbled sole Frog flounder Japanese flounder Marbled sole Frog flounder Japanese flounder Marbled sole Frog flounder Japanese flounder Marbled sole Frog flounder Japanese flounder Marbled sole Frog flounder Japanese flounder
Jan. 6533 5243 1405 9595 10157 784 30476 9705 1829 0 0 0 46604 25105 4018
Feb. 8077 5124 963 12020 9038 651 27559 10951 2421 70 150 0 47726 25263 4035
Mar. 8000 4502 526 9809 8339 631 15511 16182 3006 0 0 0 33320 29023 4163
Apr. 12134 8389 1527 15643 19271 2844 7874 6065 754 200 150 60 35851 33875 5185
May 7171 3722 4133 11730 16414 2489 2506 1438 517 180 50 50 21587 21624 7189
Jun. 7242 4558 903 9568 12947 2304 2803 696 405 200 60 0 19813 18261 3612
Jul. 10024 5005 2117 13569 17510 2219 5771 1418 154 200 70 0 29564 24003 4490
Aug. 5146 5242 463 15137 17465 1678 5370 1137 104 120 100 40 25773 23944 2285
Sep. 6285 4362 458 12309 13148 1843 5025 2311 174 50 50 20 23669 19871 2495
Oct. 4190 4842 474 11002 12834 1712 3554 1756 323 150 80 0 18896 19512 2509
Nov. 4083 6683 1753 7880 5309 1753 7749 12977 1374 250 100 0 19962 25069 4880
Dec. 10568 3907 4136 9516 5945 3053 45622 12235 2685 0 0 0 65706 22087 9874
Total 89453 61579 18858 137778 148377 21961 159820 76871 13746 1420 810 170 388471 287637 54735

Marbled sole Frog flounder Japanese flounder Marbled sole Frog flounder Japanese flounder Marbled sole Frog flounder Japanese flounder Marbled sole Frog flounder Japanese flounder Marbled sole Frog flounder Japanese flounder

Jan. 13617 239 259 827 0 0 2843 56 747 827 10 577 64718 25410 5601
Feb. 7834 1127 72 7397 1 0 914 31 554 1120 0 425 64991 26422 5086
Mar. 6880 943 223 12416 0 0 969 6 774 1839 8 612 55424 29980 5772
Apr. 11378 1864 477 12591 9 0 1886 17 1174 917 38 534 62623 35803 7370
May 18750 1991 1213 6673 4 0 2586 7 1410 432 30 279 50028 23656 10091
Jun. 26165 1662 942 3682 0 0 3038 10 853 342 0 659 53040 19933 6066
Jul. 19192 1772 525 2522 0 0 2672 10 395 909 3 98 54859 25788 5508
Aug. 7108 1090 655 3104 0 0 3714 0 609 729 2 68 40428 25036 3617
Sep. 7095 877 1045 1711 0 0 2435 6 553 855 6 67 35765 20760 4160
Oct. 8224 985 1585 2982 0 0 1094 8 1008 638 175 155 31834 20680 5257
Nov. 4858 2976 1103 4805 0 0 1226 16 2518 580 31 604 31431 28092 9105
Dec. 6459 1442 1268 2940 0 0 1918 508 1955 1280 1 509 78303 24038 13606
Total 137560 16968 9367 61650 14 0 25295 675 12550 10468 304 4587 623444 305598 81239

Small set net fishery Other fisheries TotalMonth Gill net fishery Long line fishery

Table 5-3  Catches (kg) of pleuronectiformes, marbled sole, frog flounder and Japanese flounder by fishing method and by month in 1988.    

Danish seine
Compact trawl fishery

Month TotalSmall otter trawl Small beam trawl Dredge net
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Fig. 5-7  Percent catch of marbled sole by fishing method in 1988.
Total catch was 623 tons.

Fig. 5-8  Seasonal changes in the catch of marbled sole per boat-day.
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Marbled sole

Small otter trawl Small beam trawl Dredge net Danish seine
Jan. 1.39 4.59 6.21 0 7.2 0.99 3.21
Feb. 1.81 5.38 4.16 0.34 3.22 4.47 1.57
Mar. 2.11 3.75 2.31 0 2.19 6.51 1.41
Apr. 1.5 2.93 3.74 0.35 2.52 5.93 1.08
May 0.66 1.43 2.6 0.12 2.8 3.07 1
Jun. 0.65 1.25 3.45 0.14 3.44 1.65 1.3
Jul. 0.79 1.38 4.55 0.12 2.47 1.23 1.26

Aug. 0.43 1.62 4.07 0.1 1.07 1.62 1.69
Sep. 0.61 2.04 3.49 0.05 1.34 1.08 1.27
Oct. 0.43 2.11 2.07 0.2 1.66 2.35 0.5
Nov. 0.57 2.53 1.66 0.82 1.26 3.68 0.6
Dec. 1.71 2.58 4.98 0 1.98 2.13 1.09

Frog flounder

Small otter trawl Small beam trawl Dredge net Danish seine
Jan. 1.11 4.86 1.98 0 0.13 0 0.06
Feb. 1.15 4.04 1.65 0.72 0.46 0 0.05
Mar. 1.19 3.19 2.41 0 0.3 0 0.01
Apr. 1.03 3.61 2.88 0.26 0.41 0 0.01
May 0.36 2.01 1.49 0.03 0.3 0 0
Jun. 0.41 1.69 0.86 0.04 0.22 0 0
Jul. 0.4 1.78 1.12 0.04 0.23 0 0

Aug. 0.44 1.87 0.86 0.08 0.16 0 0
Sep. 0.42 2.17 1.6 0.05 0.17 0 0
Oct. 0.5 2.47 1.03 0.11 0.2 0 0
Nov. 0.93 1.7 2.77 0.33 0.77 0 0.01
Dec. 0.63 1.61 1.34 0 0.44 0 0.29

Japanese flounder

Small otter trawl Small beam trawl Dredge net Danish seine
Jan. 0.3 0.38 0.37 0 0.14 0 0.84
Feb. 0.22 0.29 0.37 0 0.03 0 0.95
Mar. 0.14 0.24 0.45 0 0.07 0 1.12
Apr. 0.18 0.53 0.49 0.1 0.11 0 0.67
May 0.38 0.3 0.54 0.03 0.18 0 0.55
Jun. 0.08 0.3 0.5 0 0.12 0 0.36
Jul. 0.17 0.23 0.12 0 0.07 0 0.19

Aug. 0.04 0.18 0.08 0.03 0.1 0 0.28
Sep. 0.04 0.3 0.12 0.02 0.2 0 0.29
Oct. 0.05 0.33 0.19 0 0.32 0 0.46
Nov. 0.21 0.56 0.38 0 0.29 0 1.24
Dec. 0.67 0.83 0.29 0 0.39 0 1.11

Long line
fishery

Small set net
fishery

Long line
fishery

Small set net
fishery

Long line
fishery

Small set net
fishery

Table 5-4  Catches (kg) per boat-day of marbled sole, frog flounder and Japanese flounder. 

Month Compact trawl fishery Gill net
fishery

Month

Month Compact trawl fishery Gill net
fishery

Compact trawl fishery Gill net
fishery

Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec. Jan. Feb. Mar. Apr. May. Jun. Jul. Aug. Sep.
<100 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

100-110 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 1 4 0 1 0 7
110-120 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 8 0 0 1 0 6 0 1 2 19
120-130 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 8 5 0 2 0 4 2 2 2 26
130-140 0 0 2 4 4 26 0 0 0 0 0 0 0 0 0 11 4 1 9 1 9 8 3 1 83
140-150 0 5 11 14 25 76 4 6 3 2 3 0 1 0 8 13 5 3 13 2 6 12 6 2 220
150-160 1 34 28 46 43 111 9 3 1 1 12 9 4 2 9 11 5 8 11 4 8 17 11 7 395
160-170 2 49 56 54 45 102 10 13 24 13 31 15 5 4 12 7 11 6 8 12 20 26 25 13 563
170-180 2 32 42 55 63 99 17 34 40 31 61 21 10 3 9 16 10 10 2 6 25 40 29 23 680
180-190 4 16 35 50 64 92 45 54 44 72 111 46 9 15 11 25 19 22 5 16 33 36 35 25 884
190-200 13 8 34 53 55 70 41 62 74 90 102 42 26 15 34 46 50 33 5 17 37 55 26 30 1018
200-210 16 19 42 54 45 41 40 42 71 105 134 58 32 32 42 47 51 53 8 22 61 44 28 31 1118
210-220 17 22 56 47 41 33 30 33 83 87 104 38 22 25 54 51 34 65 12 28 58 32 23 16 1011
220-230 13 22 56 45 53 44 18 25 55 72 73 32 10 13 49 50 42 61 11 30 52 28 27 13 894
230-240 16 33 60 38 36 37 18 21 25 65 55 13 9 21 55 41 34 32 7 24 42 27 16 12 737
240-250 12 32 53 51 31 19 17 15 32 46 28 9 7 8 45 34 16 25 14 17 38 27 22 9 607
250-260 6 20 46 37 29 22 8 7 17 22 22 5 6 8 28 29 14 21 15 13 29 22 13 4 443
260-270 8 21 26 31 20 12 7 7 12 9 8 3 6 3 20 19 7 12 8 8 22 9 7 12 297
270-280 6 9 23 23 22 9 8 3 9 15 7 6 0 2 12 16 13 16 5 5 14 15 4 6 248
280-290 0 6 22 17 15 13 5 5 6 2 9 1 1 2 7 11 5 9 3 6 11 10 5 4 175
290-300 2 8 21 16 14 5 3 2 2 6 5 1 0 1 1 9 9 4 3 2 5 10 3 3 135
300-310 2 5 10 8 11 4 3 2 2 5 3 3 0 1 6 7 5 3 3 6 3 2 3 2 99
310-320 0 1 8 11 3 3 3 1 0 1 4 2 1 1 7 4 5 2 2 1 1 1 1 0 63
320-330 1 2 7 7 5 2 7 2 3 3 2 0 0 0 2 4 1 2 1 0 0 0 1 0 52
330-340 0 3 1 8 4 0 2 2 1 2 4 3 0 0 3 4 3 1 0 0 1 0 0 1 43
340-350 1 1 5 4 0 0 0 1 1 0 1 0 0 0 1 0 1 0 2 0 0 0 0 2 20
350-360 0 2 3 3 1 0 1 1 1 0 0 1 0 0 3 2 0 0 1 0 0 0 1 1 21

360< 0 1 2 4 2 0 1 0 1 0 0 0 0 0 5 3 1 1 0 0 3 1 2 1 28
Total 122 351 649 680 632 820 297 342 507 649 779 308 149 156 423 477 350 390 151 221 492 424 295 222 9886

Table 5-5 Total length compositions of marbled sole caught by compact trawl.

TotalTotal length
(mm)

1988 1989 1990
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Fig. 5-9 Monthly change in the age composition of marbled sole caught by
compact trawl in Harima Nada and Osaka Bay

1988
Dec. Apr. May Jun. Feb. Mar. Apr. Jul.

<100 0 0 0 0 0 <100 0 0 0 0 0
100-110 0 0 0 0 0 100-110 0 0 3 0 3
110-120 0 0 0 0 0 110-120 0 1 3 0 4
120-130 0 0 0 0 0 120-130 0 2 6 0 8
130-140 0 0 0 0 0 130-140 9 12 24 0 45
140-150 2 0 0 0 2 140-150 19 15 27 0 61
150-160 0 1 0 0 1 150-160 25 28 28 0 81
160-170 4 1 0 0 5 160-170 20 21 20 0 61
170-180 5 4 0 1 10 170-180 13 18 23 0 54
180-190 10 3 2 4 19 180-190 10 38 24 0 72
190-200 15 13 6 12 46 190-200 10 35 24 2 71
200-210 18 11 15 23 67 200-210 12 35 15 14 76
210-220 27 4 15 20 66 210-220 7 26 28 28 89
220-230 16 4 12 17 49 220-230 12 32 20 28 92
230-240 6 5 11 9 31 230-240 10 22 15 15 62
240-250 1 5 15 7 28 240-250 10 16 21 7 54
250-260 0 1 12 3 16 250-260 8 22 21 5 56
260-270 0 2 7 2 11 260-270 11 10 19 3 43
270-280 0 1 5 2 8 270-280 6 5 12 1 24
280-290 0 0 0 0 0 280-290 3 5 13 0 21
290-300 0 0 1 0 1 290-300 6 4 8 0 18
300-310 0 0 0 0 0 300-310 1 3 5 0 9
310-320 0 0 0 0 0 310-320 0 3 2 0 5
320-330 0 0 0 0 0 320-330 0 0 0 0 0
330-340 0 0 0 0 0 330-340 0 0 2 0 2
340-350 0 0 0 0 0 340-350 0 1 0 0 1
350-360 0 0 0 0 0 350-360 0 0 0 0 0

360< 0 0 0 0 0 360< 0 0 0 0 0
Total 104 55 101 100 360 Total 192 354 363 103 1012

Total

Table 5-6 Total length compositions of
marbled sole caught by gill net.

Table 5-7 Total length compositions of
marbled sole caught by long line.

Total length
(mm)

1989 TotalTotal length
(mm)

1989
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Table 5-5 5-7

Fig. 5-9 
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Table 5-8 1988-1990

Fig. 5-10 2

1

2

1 0.556 5

3

2 Table 5-8

2001 (Z) 1.39

S=e-Z 1980 S

0.250

8

1990

9 12

1987 10 1997

10

8

1990

10

1990

(M)

0.598 55%

1990

1 10%

56%

0.578 S0

F Z=F+M 0.812

E E=F/Z(1-e-Z) 0.438

Table 5-9 1980

840.8 594.8

Age Number
0 17031
1 1350459
2 951675
3 196725
4 42118
5 23970
6 8688
7 2775
8 1236
9 0

Total 2594678

Table 5-8  Age composition of
marbled sole caught by compact
trawl in 1988-1990.

Fig. 5-10    Age composition of marbled sole in
1988-1989.
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1350 955

F=0 Table 5-10

F=0.812 394

F 0.6 26%

375 5% F 1.0

23% 403 2% F

F

KAFS

1 0 527

34% 0

YPR yield per

recruitment

YPR

1

%SPR spawning per recruitment

%SPR

Table 5-9 Table 5-10

%SPR 25% 1996 %SPR

%SPR

20 60% %SPR 20%

Number Weight Number Weight Number Weight Number Weight
(year) ( ×103) (t) ( ×103) (t) ( ×103) (t) ( ×103) (t) (×104)

1 5543.33 400.62 3083.74 222.86 1350.46 97.60 0.00 0.00 0.0
2 2149.50 415.04 2149.50 415.04 941.33 181.76 1173.62 172.36 4712.8
3 536.46 177.46 536.46 177.46 234.93 77.71 337.97 91.15 2808.6
4 133.89 59.85 133.89 59.85 58.63 26.21 87.03 33.40 1103.1
5 33.41 18.18 33.41 18.18 14.63 7.96 22.39 10.64 366.5
6 8.34 5.12 8.34 5.12 3.65 2.24 6.25 3.42 121.2
7 2.08 1.39 2.08 1.39 0.91 0.61 1.56 0.93 33.6
8 0.52 0.37 0.52 0.37 0.23 0.16 0.39 0.25 9.0
9 0.13 0.09 0.13 0.09 0.06 0.04 0.10 0.06 2.3

10 0.03 0.02 0.03 0.02 0.01 0.01 0.02 0.02 0.6
Total 8407.68 1078.14 5948.10 900.39 2604.84 394.30 1629.33 312.24 9157.7

Number Weight Number Weight
(year) ( ×103) (t) ( ×103) (t) (×104)

1 5543.33 400.62 0.00 0.00 0.0
2 3109.91 600.49 1698.01 249.38 6818.6
3 1744.72 577.14 1099.17 296.45 9134.3
4 978.82 437.57 636.23 244.19 8064.5
5 549.14 298.84 367.92 174.88 6023.5
6 308.08 189.03 231.06 126.46 4478.1
7 172.84 115.11 129.63 77.41 2788.7
8 96.96 68.43 72.72 45.97 1674.5
9 54.40 39.68 40.80 26.77 982.2

10 30.52 22.90 22.89 15.44 569.6
Total 12588.72 2749.80 4298.44 1256.94 40534.0

Table 5-10 Estimated stock of marbled sole under the condition of no fishing mortality.

Age
Total stock Adult (female) Number of

spawning

Adult (female) Number of
spawning

Age

Table 5-9 Status of marbled sole stock caught by compact trawl in Harima Nada and Osaka Bay in the late 1980s.

Total stock Available stock Catch
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30 40%SPR

25%SPR

1980

%SPR %SPR

30%SPR

30%SPR F 0.812

0.65 20%

Conger

myriaster 1994a

1994b

1986 1985

1989 3 ~1990 9

1 ( )

1 ( 2 )

1~3

27 (

: 9 5 2 :

4 3 : 9 ) 1988 10 1989

9 1

1

Time / haul Depth
(min.) (m)

1989 26 Jun. Small beam trawl 19:00-23:30 8 20
5 Jul. Dredge net 06:00-09:00 6 15 6-8

29 Aug. Small beam trawl 18:30-21:30 6 20 14-19
10 Nov. Small beam trawl 17:30-22:00 10 20 9-20

1990 8 Mar. Small beam trawl 18:00-22:30 10 20 11-18
16 May Small beam trawl 18:30-22:00 7 20 11-17

Table 5-11 Outline of the experimental hauls using a compact trawl.

Year Date Fishing method Hour No. of haul
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3 1.0 5 12.2 6 26.4 8 18.0 10

10.6 3

4.5 5 3.7 6 3.4 8 2.6 10 1.8

Table 5-2 Boat-days

1989 6 1990 5

6 Table 5-11

1989 7 3

2

2

15 3

1 2

1

6 10

3 4.5

60~90

1 FRP

2

20

60

60

Fig. 5-11 Size distribution of marbled sole discarded from the compact
trawl in Harima nada and Osaka Bay.
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Fig. 5-11

5

40 50mm

140~180mm 1

6

60mm 12

60mm

160 180mm

100%

140mm

Table 5-5 140 180mm

150 160mm

Fig. 5-12

1 2

3

30mm 7

100mm

1 7

160mm

Fig. 5-12 160mm

140

150mm

Fig. 5-13 Fig. 5-14

5

3

7

6 800

160

9

50%

Fig. 5-12 Size distribution of frog flounder discarded from the compact
trawl in Harima nada and Osaka Bay.
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88%

2

Table 5-12

3 83.3%

0~11.1%

6-8 0 6.8%

5 , 6 , 7

77.0% 44.3% 60.0% Table

5-13

10.9

30-50mm 52.9% 50-70mm 66.7%

70-90mm 100% 70-90mm

10.9 100% 16.3 52.6%

20.2 22.0%

5

40 50mm

6

15 2 1

20mm 2 12

23mm 1989

L mm

Marbled sole 1989 Jun. 20.2 21 1 4.8 84
Jul. 20.5 543 37 6.8 100

Aug. 26.1 162 0 0 85
Nov. 20.1 27 3 11.1 88

1990 Mar. 10.9 6 5 83.3 135
May 16.3 13 0 0 58

Frog flounder 1989 Jun. 20.2 192 85 44.3 119
Jul. 20.5 5 3 60 139

Aug. 26.1 46 9 19.6 139
Nov. 20.1 2 1 50 135

1990 Mar. 10.9 88 56 63.6 53
May 16.3 126 97 77 104

Species
Number of

fish examined

Table 5-12 Survival rate of the fish discarded from the compact trawl.

Survival rate
(%)

Mean total length
of fish examined

(mm)

Number of
survived fish

Date
Mean water
temperature

( )

Fig. 5-13 Monthly variation in the estimated number of marbled sole
discarded from the compact trawl fishery in the Seto Inland Sea of Hyogo
prefectural region.

Fig. 5-14 Monthly variation in the estimated number of frog flounder
discarded from the compact trawl fishery in the Seto Inland Sea of Hyogo
prefectural region.
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mm L m

50%

L m 2.1

50% 55mm

0% 100%

L m

40mm 66mm 15

40mm

40~50mm

2 50%

62mm 0% 100% 46mm

76mm 2

40mm 50mm

Fig.

5-11 6 60mm

60 70mm

5

40mm

5

40mm

1986

5 ~

35~50mm 2 1

- 46~64mm

1986

6

50mm 64mm

1989 5 15m

6

50mm 64mm

60~70mm

10.9 16.3 20.5 26.1
Marbled sole 30-50 0 (2)

50-70 0 (10) 0 (3) 0 (19)
70-90 0 (1) 3.5 (115) 0 (98)

90-110 5.4 (295) 0 (31)
110-130 100 (1) 13.5 (126) 0 (9)
130-150 80.0 (5) 0 (4) 0 (5)
150-170 100 (6) 100 (1) 0 (16)
170-190 100 (2) 100 (1) 0 (1) 3.2 (31)

Frog flounder 30-50 52.9 (34)
50-70 66.7 (48)
70-90 100 (6) 52.6 (19) 20 (5)

90-110 80 (65) 21.2 (52)
110-130 81.1 (37) 46.4 (84) 37.5 (8)
130-150 100 (5) 66.7 (51) 5.8 (38)
150-170 68.4 (19) 31.3 (16)
170-190 100 (1) 50 (2)

Water temperature ( )
Species

Total length
(mm)

Table 5-13 Percent survival of marbled sole and frog flounder discarded from the
compact trawl. Figures in parentheses show the number of fish examined.
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6~8

1986

Table 5-2

1 1

100

180 1

18000 1986

1

4300~42000

1

0-83.3% 0-86.1%

2004 19.6-77.0%

43-88% 1997 27-81%

1999

3 0 11.1%

0 27%

haddock

0-94% Main and Sangster 1990

48-89% (Sangster et al. 1996.) whiting

52-86% Sangster et al. 1996.) vendace ( )

50% Suuronen et al. 1995 herring

9% < 12cm 38% 12-17cm Suuronen

et al. 1996 70-95%

30-60% Pagrus major 90% 1992

97% 100% 2001

Fig. 5-13 Fig.

5-14 Table 5-12

5.7%

58.5%

0%

1996
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60 70mm

9

60mm

60mm

3m

60

70mm 10m

” ”

60mm

10m

100m

” ”

5-10m

60mm

3 4

0.5 1.9mm 10 26%

33 63% 18 49% 11.6 12%

10m
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Fig. 3-14 2

1990

3 4

5 2 1980

30%SPR

20%

5 1

1980 1985 1989

221257 1999

2003 196324

8.9%

F: F=qX q X

X

q

1995

CPUE

5 1

5 3

1980

5.7%

1997

1997a, 1997b 9 15m

65 70mm

2004

15m 60

70mm

6 8
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22.5mm 1994a

Trachypenaeus curvirostris 27mm

1994b

10m

5m

1936 6823ha 1978

4997ha 2004 4498ha

3 4

5 1

1 2-4

5-10 11-12 4

1980 2000

2000
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10cm

GSI

GSI

1

GSI HSI

CF

GSI

12 2

12 1

GSI

GSI 12 GSI 1.6

0.7

180mm

150mm 50%

185mm 160mm

1 1

11 91% 2 100%

1 98% 2 100%

1986 1988 1998 2000

1 100%

Recovering Feb.-May

Immature & Maturing Jun.- Nov. Spawning

Dec.-Jan. 3

0.54

200mm 240mm

1 2

1986 2001

BF

1 14 2 54 3

103 4 152

5.6 16m

15mm

60 70mm

10-19mm

20-39mm

40-79mm

80-239mm

35 80.6mm

0.125 0.25mm 0.25 0.5mm
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1980

KAFS

1952

1995

1995

0 11

0

1 5

1 0.556

1980 0.250 0.438

1

%SPR 25%

6 8

40 60mm

150 160mm

6

3

0 11.1% 5.7%

5 7

50% 58.5%

60mm

F
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