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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 10X 10* eggs in age one, 54X 10* eggs in age two, 103X 10* eggs in age three and 152X 10* 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



4 TCHRAT R MOKPES RS & & 2 —WFFe s (KEER ) 25 40 5 (2008)

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

Harima Nada and Osaka Bay

Northern Kii Cannel

Year

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
134°20" E 135°E
T T T T
- Murotsu 34°50" N
Har imacho

Akashi
Kobeshi

Goshikicho

Japan Sea

of Pacific Ocean

" N

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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BL=0.8209xTL — 0.4446
TL: 2 (mm) BL:FEHERE (mm)
ER—AEEER 2R SERSOBIRIIREY - KHGS
THAONERKIZONWTRD 72, stHENEL2E LK
EDOREFRRIIRADED ThH 5. LD HDHT DR,
B D IR XN A B AR Sz (P<0.01)o
i - Mt TL=2.3523xBD+24.346 (n=2649, r’=0.962)
BD=0.4088xTL—6.748

i TL=2.3237xBD+26.629 (n=1467, 1’=0.961)
BD=0.4137xTL—7.5682
i TL=2.4398xBD+17.948 (n=1146, ’=0.951)
BD=0.3898xTL—3.1959
TL: 2K (mm) BD: {£%& (mm)
eR-ERBKR 2RLEROBIRIIREN - s
TRHONIERITONWTRD 7, 2R EHEDOBHRRA
FIXADEBD TH 2o HEAHTORR, MEHED R
KM EAED RS Sz (P<0.01),

M - Mg TL=5.1764xHL—8.018 (n=2649, 1’=0.959)
HL=0.1853xTL+3.2926

i3 TL=5.1923xHL— 10.461 (n=1467, 1’=0.961)
HL=0.185xTL+3.7859

i3 TL=5.4302xHL— 16.145 (n=1146, r’=0.951)

HL=0.1751xTL+4.8493

TL : 2K (mm) L: 5K (mm)
SR—AEBKR 2RSAREOBRIIREYE - KBGS
DEERIZOWTRD 0 MR D~ L A DEEINIY
BEIEIFHTHERZ LD ICR2FE~2HRETH D
| AER BN E T B E I D 5, JHUTPE- TIKE
F2EL, GRS 1RO Z{E% 7R d (Fig. 3-8)o
O &S BEHEOFERINA L EEEL, 2Rk —(IKkE
BAfRIZ, 1 H, 2-4 1, 5-10 HB XU 11-12 HD 4 i
T TRDI (Table 2-2)0 BT ORER, h
5 4 oA L ORI E— &I a7 - -

(P<0.01)o F7z, 11-12 F&FROT, kD ERAL
ICHBEANRY 51tz (P<0.01), Fig. 2-2 IZHEHEA A
AL 2R —REMRERT, 2RITHT 2IKEIT
1 AWl b /NS irotzo FEICE 52K —(KERHRO
HENO—flE LT Fig.2-3125-10 A& 1 ADAE K
ERARE MERE AN TR T HERE S b WFIC B B 2R
—(RERRIZ A& WA SN T,

Fig. 2-417 11-12 H & B < MERE D 4 R — (R EBI R & 2=
HIHNZTRT o WINOFEFIT O T S FFIAVITITMERE
DOBIFRRIIFE— &I A I Nis 0Dy, BRIZAICHENT
MERE I3 S 0,
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Table 2-2 Parameters a and b are as follows: BW=ax10"xTL", 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 and Female Female Male
Periods
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
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Fig. 2-2 Relationship between total length and body weight by o May-Oct. .
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KH:~abL Aok ik 11

1200

Jan.
1000 [

- - - -Female
Male

800 |

600 |

400

Body weight in g

200

100 150 200 250 300 350 400 450
Total length in mm

1200
May-Oct.
1000 |
- = = -Female
Male

®
o
S

Body weight in g
S (=2
o o
o o

N
=3
S

o

150 200 250 300 350 400 450
Total length in mm

o
o

1200

1000

o
o
o

600

Body weight in g

400

200

100 150 200 250 300 350 400 450
Total length in mm

1200

Total

1000

800

600

400

Body weightin g

100 150 200 250 300 350 400 450
Total length in mm

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 Parameters a and b are as follows: BW=aX10'6XTLb, 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 Male
n a b a b n a b
Spent 301 3.3784 3.2185 6.4689 3.104 83 2.236 3.29
Others 657 3.0689 3.2696 1.757 3.3813 359 9.7144 3.0475
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Fig. 2-5 Ralationship between total length and
body weight in spawning season.

Table 2-3 IR L7=XKAERHWARETH D, 2K —KE
BRI I 1T AIEREFSIT 11-12 H ORI 2 BV TReEHY
IIHFE T, MIEICERSE E/NE otz

MEEZ RN IR b RE W 2-4 AW T, 2k
300mm (23 D HEREDHEEIRE 23k oD B &, MEDS 378g,
HEDS 354g L 720, ZElL24g THo T,

~akh A DOeER—KEMRIZOWVTEEOK
P E Lflad7e <, B Z2IARIS LI FEsh R 20

RENTWVDHIRZL N, FHIBI DG E L7l L LT
BB 2 IEARIED (1986) OIFFERH D, JE
Briic BT D~ ah LA OEINHIZ12A FTa~1 AT
THY (- 2l 1972), FEEE - KBS & 12T
U Thd, EARIFD (1986) (ZFERIRERE 2-5 4,

6-9 A LUV 10-1 A DHIMIZ /3T TRO TR Y, FHi
Koy DR & L CEMIRICIIT D IKE DMK E O
WEETF TV D, ZORREICIIERERODR
EENTVEEEZLNDN, 1| AFBIRSICIZEN
TV, ER—-FEBFRICEET S ERE LT
EREIICE S REOBER KRB RENEEZ LN
L5200, ENLEZBELEFHRSNLETHY,
BRICEINC X D IREZEAE L 1 AIERIOX S &
DHBEN,

2—2 {EEH - KRZEERFKELBEYIAL
213

~ 3 h LA OF & R OBRIZOWTIE, JE B
(IEARIZ7> 1986), #EEMEALVEH (W) (akhE
K (GLBPEH 1997), HIEH (Solomon
REDHRENRD D, &
BRI 2 R E, T OWEIEAE L EEDM
A S B OGO RE &2 H S 5 HikE

7>1974),
et al. 1987 ; Kume et al. 2006),
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Table 2-1 IRLEARD S B
7 H QM SRRV 12 3 2 W il R R LS
TATFL 1686 &, &=, R IEHEEIZR T <
1986 4 12 725 19884 3  OMICILHILE &5 Uil
f R & D RECGEGRIM G TAT L 1504 ETH
Lo BEARZMGEEE & B EIT/NRIROVER (TP EERED)
THEBENZHDOTHS (Fig.2-1) .

BELOFRA Al IR O H 42 vz, #
LLULEHAREZ IR AN THREL, #llE OBIZ
KIZE Lice GHNMZIETEEE B Z Wy, DRSS O i

1986 41 5 Hn e 1989

WRNI TD IR > T WOAI0 LEW MRS L,

Fig.2-6 12”79 K512, Halh s@E A1 - T
PfE (rl,02,...m) EHERROR)ZE 1/1,000mm HL T
HE L fz.

EERXOHE kELE von Bertalanffy & ki (7%
Wiz, BEHERNIC BRI A SN2 Biai o E 1 L5 %
AUz, 2, BNCsRed 7= MEkES O 7 2 Pf (mm)
EEEMER B (mm) D BRI A L, SRR EOR IR D e
ERREGREEGT Uz, ZOHEE BREEED S E £ -
2E 0, von Bertalanffy QEEERD/NT A—5 TH
%, L, (BFRMAER) K OREFRK) BIKy, (REHN
0 L7324EM) 2RIz, ¢ DFIRICH = - TEEEA
Bic k2 EHMT 2T (T 1985) EH#MAT
FEEOMENMTONZ ZENEVOT, B2 1 H
Dk - HRENMBERZHVWTE2EZFRLE,

Fig. 2-6 Graphical pattern of the blind side of an olohth and axis of
measurement in marbled sole. OR: otolith radius, rl-r4: annual ring radu.
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P EEMONENHE A T2 MEORIE AL 7 A2
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Fig. 2-7 Monthly changes of the percentage occurrence of the
otoliths with a translucent margin in marbled sole sampled in
Harima Nada and Osaka Bay, and northern part of Kii Cannel.
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Fig. 2-8 Relationship between otolith radius and standard body length in marbled sole

sampled in Harima Nada and Osaka Bay.
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LUEERD LN D o7z, AEFKEILEEIZ SV T,
FLImOFHARE R Z 22 &, MERE L b 378 FE Tl Lee-
BENR LN, 4 Al LTI, #ofmid Rl
Too B2 OWT G AR 3 B, AR
AR E LT Lee-BLGUIIRE CII R D2 o 72,

BERX Ao TUIT — BR3P 2Rk
FHRD DRI LT, HEESME - RBGEPEIC DV T,
HESWECOT—F %, HEIFEI4wMETOT—X%
Az, F7o, ROVKEILEREIZ DV & B2

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

Female
Radius of otolith ring (mm = SD)
Age N rl 2 3 4 5 6
I 443 1.23+0.28
I 391 1.13+0.16 1.97+0.20
I 46 1.18+0.18 1.98+0.20 2.55+0.17
v 25 1.37+0.21 2.13+0.19 2.64+0.20 2.98+0.22
v 10 1.39£0.19 2.11£0.19 2.524+0.21 2.76+0.22 2.95+0.23
V= 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 1.9940.20 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
Radius of otolith ring (mm==SD)
Age N rl 12 r3 4 15 6
I 500  1.21+0.23
I 219 1.15%0.16 1.93+0.19
I 22 1.19£0.17 1.98+0.15 2.46+0.19
I\ 20 1.31+0.30 1.91+0.14 2.35+0.13 2.57+0.15
A\ 5 1.29+0.23 1.954+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.

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

Female
Radius of otolith ring (mm==SD)

Age N rl 12 r3 4 15 r6

I 472 1.25+0.14

I 220 1.15£0.16 2.00+0.18

I 54 1.10£0.17 1.92+0.19 2.51+0.19

v 12 1.15+0.17 1.91+0.18 2.51+0.19 2.87+0.18

v 1 1.2 2.02 2.69 3.12 333

A 1 1.59 23 2.7 2.92 3.11 3.34
Weighted mean 1.21£0.16 1.99+0.18 2.524+0.19 2.89+0.18 3.22+0.16  3.34
BL(mm)* 98 160 203 233 259 269

40HE TOT —F &M LT, 15O ERER O R
RO LBV TH D,
(RREEE - KB)
i BL=286.3 {1-¢*30-0291}
M BL=238.6 {1-¢08-:0169}
(R AR E AL ER)
. BL=301.3 {1-e03641005)}
M BL=220.0 {1-¢*%#20059)
BL : fE¥ERE (mm)  t: 4R

Fig.2-10 (2 E #i# %, £ 72 Table 2-6 |2 von
Bertalanffy D RLEZD 5RO AWM OEERER &2
ExzrLE,

WY & & von Bertalanffy O kR OB AL R4 &
I S AT, FREEME - RERIBRETIE, 1 MAOREI
HEDOHRRRRNA, 2 MLl B0 TR REILR
Do T, FOPAGEILERFE I DWW T b [RIRR 2B M 23 3R
LTz, MBSO R, MEREE b 1 AT Ok
EALEFED F AMRIZR <, 2 ALl LT fk s
W - RBKIBPED FF DB RE T B -T2,

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.

Harima Nada and Osaka Bay
Age Female Male
BL (mm) TL (mm) BL (mm) TL (mm)

I 90 111 94 115

I 170 207 159 193

I 218 263 195 236
v 246 296 214 260

v 263 316 225 273
VI 272 327 231 280

Northern part of Kii Channel
Female Male

Male Age BL (mm) TL (mm) BL (mm) TL (mm)
Age N Radius of otolith ring (mm = SD) i 98 121 101 124
rl 12 3 4 15 16
I 503 1260015 i 160 195 153 188
I 169 1.13x0.15 1.95:0.18 m 203 246 183 223
m 31 1.09£0.20 1.90+£0.20 2.39+0.17
v 18 1.24+0.23 1.93£0.21 2.34+0.19 2.60+0.19 v 233 282 199 243
v 3 1.31£0.06 1.99£0.13 2.30£0.06 2.54+0.06 2.70+007 v 254 306 208 254
VI 1 1.63 2.12 23 2.49 2.63 2.71 VI 268 324 214 260
Weighted mean 1.2240.17 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.
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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.

E =B
I (1999) 1E~ 27 LA DRREAZ DUV Tl R
X ROEERKELFL) & Hoh ZRIEXO LKA
T, W FECHAE SN RICENNELDZ L E
B LTS, 2ok, -2 TR UEERETE
DIV MAEHR O RR & D AT 5, Table 2-7 ([ZBE#H
DFER L DI 2R Ui, AROAFAEEDREIL,
2 WALl Bl oW, BEA (1997) AS KBRS
THREERELVEZ /R LT, F72, BREL LI
WRE AR Uiz, —07, R - KEIGEREITZ 5 X
D HRRMEF R T, WEPNMEEIZHE T, O
7B (Solomon er al. 1987; Kume et al. 2006) <18 &5 I
PE (Il 1999) D~ aH LA OEEIFHALITEN,

SN RMOKERAN e &1 o & — AR ZEH S UKEERR) &5 40 %5 (2008)

ZOXRIBEOENMEL DRI E LTE, KIBSMH
BHREEDI1Z, SERIDB ST 2 RIFLE K OMhRED £ 8
BERENREZONDN, WHNTEARV, KRBT
1% 1970-80 4EfX (Solomon et al. , 1987) & ¥ % 2000 4%
& (Kume ef al. , 2006) OENREL, ZhiZoWT
Kume et al. (2006) 13[RO A S5 FE O F 23RN T
BAHILLTWD, HEETRINZ L RHFMRIT K
DREOELWITNIBIZB W THA LTV D Al
P& %, Table 2-7 127 L 7= M PN PE O AR ARBLAEAR
I 1980 FRUICEP L TR Y, ITFEOREKEIZET S
WENRNZ LD, 25 3 ECIRRE - KRB
WIS 2000 FERYEEDO~ 2 LA DR ERT &
1980 RO E & DItk ZA B 272 5,

-
=

e
2—3 ERIHHEEITELDZIIALIDOEERER
B L UVRAEFERBORKRLE

3k 5 von Bertalanffy DK EREZRD BI12HT=->
T, B OmHCEEED bR R 2 W5 L Walford O 7 7
M HREEADNT A =2 BHET D HERAVLN
TEN,
£V, FWEEMOERT — & 56 IR iR/ Z R IEE
DiELiEE O TEEKE DO ART A —Z 2 4E
DHENRANSEND X D> TETWD GHl)I 1999;

BETIEIANA—Y F L a s B a—& DIEID

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

standard body length in mm.

Off
Harima Nada Kii Channel ~ Osaka Bay Suo Nada Tokyo Bay Fukushima
and Osaka Bay Prefecture
Age Present study  Present study Tsujino ez al. Masaki et al. Solomon ef al. Kume et al.*" Tkekawa
(1997) (1986) (1987) (2006) (1999)*2
Female Male Female Male Female Male Female Male Female Male Female Male Female Male
I 90 94 98 101 75 84 90 92 1194 1083 982 926 131 136
I 170 159 160 153 161 154 149 144 184.5 169.1 199.8 186.5 211 201
m 218 195 203 183 210 187 193 178 2322 205.6 2679 2304 269 239
v 246 214 233 199 238 202 225 200 267.1 227.5 2915 2358 310 260
v 263 225 254 208 254 209 248 214 2927 240.6 3143 249.7 339 273
VI 272 231 268 214 264 265 223 3115 359.7 359 280

*1: Back-calculated value.

*2 : Growth estimated using Walford's method in his study.
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TAIT 2001 ; JEH1 2004), Il (1999) (T~ =H LA
DREFEICHOWTEZARE (FCTlimelal) Lk
INZFREX O AT, EERNEIC IV BB SN
EDENFHITH D AR A R L, 5% 3 HITH
FESNDHNETHD EBRATND, LavL, ZRLUE,
= 2 H LA B Lo T = O RBEIZ oW TREE
SITZHE A DR, 5 2 B2 fi CEAKIEIC &
D IREME - KIRBEEO~ 2 LA OEZH LML
7o’ REICIERI LT —% %AW TR/ ZHRIEIZED
EREZRD, WTEOWBREITY, £, HBEH -
KBE Tl S 47z 1980 X & 2000 FAFIEHD ~ =
oA DREE /N ZFIEIC L - TR, RO
R % it 5,

MHE L UVHE
E@H—KET—4 OFITIT Table 2-1 (TR LICFEAR
DL, FEEEE - KBEHED 1986 455 A ~1989 4 7
AL 1998 4 6 A~2001 1 AIZAF LIAEARDT —
ZafE M Uiz, LUFTIERTE OBz 1980 X, %
FHOWME 2000 FRYPFLFESZ L LTD, 1980 F
RIZE 2 E 2 HiL FUEATH D, AR 1980
AR 1686 J2, 2000 FAHIEEAS 1361 B TH %, 2000
AEARAT B O K AR D M VI LR BE M A3 0> B KBRS
EIEETH Y, 1980 FALL Y bREEEHRIZ PP 7 b
LTW5, FioEERIT1IA TR EL, BAICER
5 B OTERCRIL & BREH I DA A HE LTz, fix
INCRIETHOWDERIL, BAICK 2 EEFIC, B8
EHMS 1 2o\ AR 12 THRLUEA A T
Kz,

HEAE HEHEBECLDIREOEVORFICI
1980 EFROTF— 2 A L7z, E=IE von
Bertalanffy DR A& A2, EEMIEOFHFIL, A :
H A O ECE R O B & FHHE» S RERER %
WHT 5 H1E, B HAEREEERR L OMKRET
oA MU= TEBL LA LV EERE 2 ET D)
5, C: B O BAEECERR OBl E v TR

EREWRET DI, O3 = THRT A= EH
ELTz, B THWEEA R LFEERREDT B A MY
— IR LEBY TH D,
Mt BL=76.261xOR"!?®*  (n=919, R?=0.837)
. BL=78.225xOR"%®  (n=767, R*=0.802)

BL : fZ¥#{AK (mm) OR: AP (mm)
HEICHIZ > THEE S ET, HEL4mETOT—
5z il L7z (Table 2-4) . fie/h —SRIEOFHRIZTANT
(2001) 723 fERL L 72 MS-Excel (K [E Microsoft
Corporation OXEEXFHIE) OV —27 — K& Wz, %
R RO FHHI LB I B F 12 & - 72 (FRE2004)
ERIFFE2EIHIIOR LR —REBFERICL VK
Wiz,

® B
BRDIHEARCELDIBREORE EANEICBW
T, B FERECER % VT35 L SRR OB
ERECERE W6 L T, MRk e HEERRIC
BT E A E o7z (Table 2-8), F7=, ER PR
CEMEEOMBRIZT 7 A MY —RKEAWZGAT
HITEAEETRD LN hoTz, LoL, EEXIE
ERUNRETIIREREVR RO, R/ RE
T O AT R AR AR S 2 e L 72, E
B LD 5RO 7o R AR 1L ERE 2 5 TRy 7k
LTHY, FCmbnf T/ oM@ 23 imun s &
WO MRz 7z (Fig. 2-11),

FERBEORERLE K/ "RETRDZ 2000 FRHY)
FHOMERER DO RLERITK A DEY Th D, F HRE DR
R, WU IEHEEHICA F AR 5 72(P<0.001),
Fiz, FHIOFEARR LFHRAR % Table 2-9 12 L
77
. BL=335.6 {1-e0400070310))
M BL=283.5 {1-¢4000706)

BL : fE¥(AR (mm)  t: 4Ffip

WIT, F/NZFRIEIZ LV RDTZ 1980 48 L 2000 4
RANEED R iR & Fig. 2-12 12oR L7z, MR & & 2000
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ERRFADH A 1980 FRE Y bLRITRM o7, F iR
TEORER, ML b IR O RIS B 2R

bivle (P<0.001), FRIERE THIZBENRH D 1~6
RAOKEZL, METIE 13~16mm, &ETiX 9~16mm
Thol,

5 =
TEAMNE & /N RIEOIE T, RIEL OBES

DEGWH LYW L T/ RIEOF N EBREORE
ZEVIERIZRL TV E-BDND, Z ORI
(1999) LR TH D, HANT (2001) HE T X DF
FEGT, EERE TR 72 RSB NI 23 &
HZEHRRLTWD, #JIl (1999) 1EEAKIEICET
B/ N O FRIK 2 B 52T 5728, MR OTmEL
PROLERNTHEL, T XV i/ NaTlsckE
ENdELTWD, LoL, RFTIHESMROERC:

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.

Walford's method A Walford's method B Walford's method C  Least squares method
Age BL(mm) BL(mm) BL(mm) BL(mm)
Female Male Female Male Female Male Female Male
I 90 94 91 94 93 95 123 124
I 170 159 170 158 171 160 189 174
m 218 195 217 194 217 194 233 208
v 246 214 246 214 245 212 263 230
A\ 263 225 263 226 261 222 283 245
VI 272 231 274 232 271 227 297 255
400 300
Female Male .
350 . —
250 om0
£ £ ee O _ o
€ 300 £ -
£ <
s | £ 200
%D 250 g
2200 | z 150 |
o (<}
el o)
- 150 -
3 5 100
§ 100 4 Observed é ¢ . Observed
@ . Least squares @ 50 | " Least squares
50 ) = = = =Walfords = = = =Walford's
0 1 1 1 1 L 1 1 L 0 1 1 1 1 1 1 1 1
o 1 2 3 4 5 6 1 8 0o 1 2 3 4 5 6 1 8 9

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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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.

Age Female Male
BL(mm) TL(mm) BL(mm) TL(mm)
I 139 170 140 171
I 205 248 187 227
I 248 298 219 266
v 2717 333 240 291
v 297 356 254 308
VI 310 372 264 320

PEFAVCHE L CHUEIT R 572 h - 72, Kume et
al.  (2006) ITHFHEFHEICHWAERE L HAROBM
FAELTTrA RN —RXERHL TS, 7R AL

V—RXZHWD Z &iIZ ko Tl/hRHliAkE SIS
ME D DERTD, WEOMRIIHALNRNoT, L
L, MEEE S —KEIFERLY 7 A MY —KDHFN
[\l O % 52T & h - 72,

EZKNEDG AT HA OGRS AL 2D, HIE
FIZEDMERAES, HAER—RREBERICADND
KOREMTDOLDONRFESEEDITSSE, b
Lee i, FERICRZELE X 5% < OHERBFTE
T5, ZNHHEDTLHRNT (2001) XEERIEDOH%
ONORBEEERH LTS, LnL, SHEED BN
T2/ NFFAT I DWW T O G E 2 RN W2 2 &
TCcEanol,

/N CRIE T EARBCEROFHIIA R ETH D Z
L7l EERKIEICHRTREREOADERN D72,
KR Y 7 M &AW THERHHRICRERD/IF 2
— X EGDHTENHKD D, SRITFEERTGILE
LrEEBZLND, —, IThETHREIRLTWE~a
LA OEREEDORBRRITIZE A LN EZERIEI
LoTROLNTEHOTHY, Kol (1999) T
RENT D & [FER 7 /NEAL O R 2 1 2 TV 2 F]
REPEDNE O, 6o T, ABITRUN RIEIC L D ER
DORGE & FRF AL OWHE TR I D Z ENEE
s,

/N ZRIEICE D 1980 AR & 2000 FEAPFHD LR

350

300

£
& 250 f
<
)
=4
2
3 200
8
° 1980s female
©
T 150 Early 2000s female
S
L 1980s male
100 = = = =Early 2000s male
50 :
1 2 3 4 5 6 7 8 9 10
Age

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.

AL L7 AE R, 2000 (ERAIBAD H A, AR B
ERGon, ~a b OREZERICHZ->TE
=H—LIBIXIEE ARV, Kume ef al. (2006)
1% 2002~2004 FEIZHHE L HAED 2 ALl Lo~
AT LA DD 1980 £££8 (Solomon er. al 1987) I
HARTRWEHRELTWD, 215 2 2O 2 EHE
g9 % &, 2002~-2004 4130 3 7% £ TORMERHS,
3 A OERERR DL 25~35mm TH Y, APk
Bk 16mm) £V 6752720 flRZ2EIERKE WV, Kume
etal. (2006) IFHFUEIZEIT DRI OEZDIRE
ELTHEDRPRLEZLNDIERTHLELT
WBHA, BRI —Z 3R L TRV, KRS - &
B O SR IR BV T b, EEIRERFEMA DO~
a7 LA R 1990 FEARHTHEFE TD 200~300 |
235 2003 4EICIT 30 hACETHAO L TR Y, BIH
KT LTV 5D, BHFKEDK I L - THRED
REMNEL 252 L%, 7T (B 1990 ; #7#k -
I 2003) °~A T (FIf 1998) THESLTH
Do BIZITY T T TITEFKEDE D> 72 1988 4FH
D1 iEfADRXERIT 46~48cm Th o727, EF/KYE
DML 722 72 2000 F121E 60~62cm & KAUL L TEH Y,
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FEC 0~2 WOEBHORREN < fp o iz 2 L ASilds
INTWD (7rFk - ILHE 2003), #EEWH - KIGSICE
5~ Ak v A DRREDEMITONT HEJRIRTE L
B L CW A ATREME A & 573, — 7 TREEEMED /KIRIX
1986 4E72 5 2001 4E % TO 15 £ BICH 1C LR LT
0 (EiEAN 2005), ZO XD REEFE R~ 3T LA
DOREICHEBEEZRITL TV D HREELE X NS, K
WMTITFERBTHREMBICAEEZEZRD N E{LD
TEIE R BTN TS, A% bIRALHEL, Mk
ROECEERT DLERDH D,

2—4 B

Ko~ COENEOREIL, *t
SR DO ERRRZRALE, FIECTTENC S\ T O R E
HEZ2TND, £, fBERoTWLAEMIZEHLTO
Bex o5 Mo Blar e T& s, Zokiic, BEH
AT R B [7) O FRAT O M TR SR A 0D 2 T2 D (T
Th b,

~ 3 VA FER O ERBEEBVEDIE, AR TTF TR
H2REDAAT VENS 7~ B & o/
HEdE, £ L CEEE~LRRICHFVRE AT D
ZERMBTWD (FI 2003 5 F)INEIZA 19755
HRRIED 2000 ; K URIED 1985 5 RoyIk 1987), &
72, T &S DI 80mm < HVWETIC
BV, DRIZZEHEERORBMEL 0D, R~
fall (&K 100mm Ll L, BIFRIL) o~akrAo
BYEZOWTIE, WAWMEEE (B - AR 1975 &I

Gty —wgeEms UKER) 5540 5 (2008)

VLED 1975 5 HkF « A 1975 5 K%
B CRARIED 1970 ; KFR 1974, 1979b), FEEE ()
JIL - I 1975 5 BiGIE2s 1987), 8 L ORHREA &
NE (EARIEN 1997) e EO®mERH D, b D
WEILBEN~ 2T LA OLHETH B A TR
HBLTWDD, FLSRD LRI X DR R RS
N5, BIZIE, FEEECIEEREDIC ED 5 L2 EHD
B IZEBMICE VD (EEIE2 1987), G T
FRFEERLSE 2L, FREO I ANy AT =
Pinnixa rathbuni ° L HFEDOKEL L BEILNT
Wb, ZOXI AT LA DHENEYHGNDE]
BHEY OENE, Z OUHEK O JEA AW EEE O R UA K
BLTWpEEZLND,

WA NI BT D~ 2 LA R~ o
PEIE, PEEHER Gl S Tv D b 0 O KIS
DONTIFE & E o FRIT R, AR TIXIAMEEE
b & T D FREEME - KIRIE T B AL 7o R~ Rl
DO~ A LA DOEMZH LT D,

I 1987), &

MEBLUAE

1986 4% 3 H 76 1989 47 3 HIZHEIEE - KIS (Fig.
2-1) IZBWTERI/NMIUEDE M TS 439 2
(Table 2-10) Z i THAL, BNEBOLHTICHEL
2o BEARMORRHPAIL 118~386mm THDH, AFL
Fov a B L ATEORET (G RAT O AR L
7o) AEMEHAI L2, B2V L 10%5kL1~ Y T
BEL7tk, BNEMOSHTICE L, BRNEWIT%
KT ZRNR > T b REENFYERELZHIE

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

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
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D%, FOEEZITV, FHIE 72T AR

Yo 0.1g BALTHIE L7,
FHEREAYOBENE, 9 DO %RE (Polychaeta,

Prochordata, Echiuroidea,

Mollusca, Crustacea,

Nemertinea, Echinodermata, Coelenterata, Pisces) 72 & (Y
ZENRLSMIKRBIL, HBUEE (F%) &SiEEEHE
(W%) 12XV 1To72, FRiTFATREICRT 52D
fEAEME B TWIZRBEOEIE, WhITEEEED DR
ILE R 2 DAY DI ERZRDOHE TH D,

#w R
REREBME Table 2-11 [ EREBEEBI OSSR R 2R
Ty WTFNOEEMRIZEWTHEBEN FRB LW
W%E bicbm<, EERIHAED L R>TW e, £
BHOD FRIIETOERMBEHR TS0 L ETH-72, £E
BoORTIX 7Y I A B2 EOEERORENRZE <
HEL L7z, 2RO WhITEEDKE R D ITHWE

FL7 (Fig. 2-13), T72bb, 2E 100~150mm O

W%(% 59 TH 5728, 225 300~400mm TiIHI 2 55D 1
D 27 ITARTF L7, #SEREEIEZL ISRV CEE
B 2o TV, BIREED F%IT 33~48, W%IE 16~
24 Thofe, WEEHD WhlZiZ~va LA oA Xk
BEE L= B (LiZ A bR o7z, KIREEE LTI i
AENZHARL, MIEHSREED 86%% 57,

21

FKMAEARERD 18%BZOKETH o, &
DIEN XY U X HA Philine argentata HH#EHI% <
HEL U7z, HESED F%iX 22~59 & mh-o728, W%
25~17 Thole, HEBHTEZIHB LD, 74
N AT =,
TV A ThH oo, FRIHD Whit~a LA DY
AAZXPRKRELRDIPENME T 2 MBS 7z, i
REDD WShIT/NZ WA, RENKE 2DV
Mg MR RS, FIZAeR 300~400mm O KA
TERD W% E WA, ZAUIEENKE VKR VEEE
BRLTCWBHEAERR D> T272DTH D,
150mm L b ~a B LA RF Ry Dyt
Branchiostoma belcheri Z &R LTV 2B bz,

Y a7 Leptochela gracilis , 7

ZDEIEERE

n=27 n=127 n=173 n=88 n=24
100%
O Others
80% O Pisces
M Coelenterata
> 0 Echinodermata
o 60%
S ® Nemertinea
% Echiuroidea
& 40% B Prochordata
B Crustacea
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0%

100~150 150~200 200~250 250~300 300~400
Total length (mm)

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

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.

Total length

Food organism 100~ 150 (mm) 150~200 (mm)  200~250 (mm) 250~300 (mm) 300~400 (mm) Total

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 27 127 173 88 24 439
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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.

Month

Food organism Jan. Feb. Mar. Apr. May Jul. Sep. Oct. Nov. Dec.

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 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 114 33 124 12 65 6 1 15 47 22

100%

80%

60%

40%

20%

0%

BERME & LTI RO A V8L, L RKlo~ =
T vAPBHBT 2N A Bivlz, B4 E LT
HEL L e falE, ~EROMD 1 RHR S BT
BTA B+ Ammodytes personatus T -1z,
SEHECEELES ~a LA ORMEOFRENRE
bz R5720, ARNCER LIZiE R4 Table 2-12 &
Fig.2-14 (Z7~”¥, Fig. 2-14 TITEAE DDV (1
AREEAS 20 K 1ZKR Liednotz, ZBED Wi
B2 30~50 OFEPHTH o7, IEE (THAENE)
X, 3 HidAd < 12~2 HOAFIZL BT 20
DR, FEEEIT 1~3 A OBKIBEHIZIT D220
D R S AT JREREMIE 1~3 A DAZFITHBLL,
ZRLUADFITITE A EHBLL 220 070, A THIT
1,2 AICHBA D e ote, I (1FEAEA HF )
X 2~5 FICHBEL L2, 2 ORIEA 7T T O
HZH1= b,

Table 2-13 & Fig. 2-15 (ZFERNZHEF LB R 277,

n=114 n=33 n=124 n=65 n=47 n=22

O Others
® Pisces

Nemertinea
Echiuroidea
O Prochordata
£ Crustacea
& Mollusca

B Polychaeta

I Coelenterata
M Echinodermata

Feb. Mar.
Month
Fig 2-14 Food compositions of stomach contents by weight of food

items and by month in marbled sole.
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May

1986 FIIEAE A D72 <, F72 1989 FITERE A M4
DHEPEAR > TV D72, FOENWE T 2 DIiE
T LIFEARVR, ZEEIT FRB LT WhE b
WL D BRI NE Do T, TREA DR Y 23721~ 1987
o 1988 FaikT 5 &, WMEL LELEHD Wik
36 TH L)oo, BIEEIT FRB L Whe b 1987

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.

Year
Food organism 1986 1987 1988 1989
F(%) W) F(%) W(%) F(%) W ) F(®o) 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
n=21
100%
O Others
80% ™ Pisces
I Coelenterata
2 O Echinodermata
§ 60% I Nemertinea
3 Echiuroidea
S 40% F O Prochordata
v &l Crustacea
B Mollusca
200 T M Polychaeta
0% !

1986

1987

Year

1988

1989

Fig 2-15 Food compositions of stomach contents by weight of food

items and by each year in marbled sole.
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- 7=(Table 3-1 )o FAE IR T 1 [BIZENHE L 7275, 1995
4 3~1998 42 5 JIFERL Tz, £7z, 1986
F12 7, 1987FE 12 AB X 1988 F 1 A& 11 HIZA
2 EOMEREML 720 2R EKREIT mm Bz, (AH
13 0.1g Bif7, AFIRERIT 0.01g A CTHIEL 720 4F
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Table 3-1 Number of specimens of marbled sole used for
analysing maturation.

No. of specimens
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
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N7ZEU IR0,
R, KR S A TOPRW A b
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A 2000-2001
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N=2202
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Fig. 3-1 Seasonal changes of gonadosomatic index (GSI) in
marbled sole. Vertical lines represent standard deviations.
GSI=GWg/BWg X 100 (GWg: Gonad weight in g, BWg: Body
weight in g ).
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Fig. 3-2 Seasonal changes of gonadosomatic index (GSI) in marbled sole from
September 1987 to May 1988. GSI=GWg/BWg X 100 (GWg: Gonad weight in g,
BWg: Body weight in g ).
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THoto ULHL, 2817 HITHNTH, KK 1 AR
T®H 5H% GSI A 353 g iR 2% 247mm, 1 5% F4)
mHSNTz, HED GSI Dl EifiEld 36.0 (4% 324mm,
2%f) ThHotzo HiT 12 A 9 HITIIEARDS B
33% DA, F [ 23 HIZIX 90% D {RD #E 3
RORUMSENICHIR S R S Ntz 2 APANzidiz e
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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 /BWgx100 (GWg: Gonad weightin g,
BWg: Body weight in g).

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 34.37

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

o 7=hS, 1988 4FE 12 H 21 AIZIE GSI A% 30 ## 2
AEARDS, F 7=, 2000 4F 12 18 HOFHAE TIZHEINE
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Fig. 3-3 Relationship between total length and gonadosomatic index (GSI) in
marbled sole during the period of December to January. GSI=GWg/BWgx100
(GWg: Gonad weight in g, BWg: Body weight in g).
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Table 3-3 Maturity rate by total length class in marbled sole.

Total length Female Male

(mm) 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 43 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: -

KDEAET B EIIHONTH S, UL, AR
DI 0 TRADOHEAE G EHHOZT A I EIIT
%7275") 7LC.O
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BN - Al (1955) 12k B &, 8 HBENE
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A SINEEDS IR IR REL I U, T8l
HEH—E— FOF RN AL, 12 A NITE
0.7mm IZ3E9 %0 T ORFAT HIIHRMNITIZ 0.05mm D
INBEDIEAET B0 TDE D HINDFERR D SHEE L
T, INEPICHEASITINRE D AL T B (EIRIZ IR PR D Y
KIZPE GSI A3 BINT 2 7%, BCERFSTTONEE % 73 i L 75
WRBESO GSHIZEWE R T EH LN,
T, RABITIEOE—FPH—-ThbI L b,

12 B L % /K9 Table 3-2 1Z/R L 72205 1 DD
GSIIZ, 1 HE 2 ATIRIFEAEZIRIZIE D - 1275,

FNE 2 OFED GSHF 12~1 AT/ T L 7= 72

MFAERED GSLIZ 12 AR Tl Thveo TDZ
Em o, 12 BIRFRICHT 230 1 BHIRBINEE D S %
AU YEZPEINIITII AR L 22 OB, BE 2 BRI RGN
BEL BEASITONEE R AT U, MakrE NI EN 3 B R &
HREINE, Lieh-T, Wiltxn#d 5 GSI filid,
A 1 REDHROKAA 0.79 & ZAEE 2 FED /M 2.8 DRI
By, o, EPEFINTITRE 1 ORI E
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Table 3-4 Maturity rate by age in marbled sole.

Age 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

*Values in parentheses are not reliable because of few data.
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Region Spawning Season Literature
Nov. Dec. Jan. Feb. Mar. Apr. May
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Kikonai Bay (Hokkaido pref.) [ [ [ I I 1 |Ishino and Mihara (1995)
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Osaka Bay (Osaka pref.) : : ; ; ; ‘ : : : : : : : : Tsujino et al. (1997)
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Beppu Bay (Ooita pref.) : : : : :"@—' : : : : : : : : Ooita pref. (1985)

The ranges of arrow indicate

WHBEDHTHDo AWTIE 0 RAITHEE 72 1A
ERIF R SN T, BEAEIGIE 0%ITiTu & HEH
Lizo LU, BEABD DR WI-DSERI SITHHET
BENH Do 1 ADRAE X, JbimEAR SN

Fig. 3-4 Spawning seasons of marbled sole in different regions of Japan.
the spawning seasons and open circles are the middle of those periods.
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Table 3-5 Maturity rate (%) of marbled sole by age in different regions of

Japan.
Female (Age) Male (Age) .

Area 0 1 2 3 0 ] > 3 Literature
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 ef al. (1987)

= 1995) D 40%7> 5 ARHRD 91%F T &
WIEASH B o Fhz, AAUHRATEBR T B KA TH S
N IE A (1997) D 62.5% & AHD 91% & DT
K& o dBHIA (1997) IHRADIEREE LT, 4
JENRE %100 Z{RE~ A + A EFEIREE TERL 728

(GI) ZFHL, 12 JIZH0T GLA¥ 20 BLEDOEIKAD
FEERARELTWB, £2IT, HEDDARRD
FT—2%HWT Gl & GSI DRARERDI-E ZA, Gl
EEL o7 12 HIZBWT
GSI %% 16.6 LA FOEAITIZZAEE 2 otk &E 5 0]
AEMED S B (Table 3-2)o L7225 T, B A (1997)
EDHEIZOWTIE, BEVHIERSEDR O EL T
wWasekFEzions,

BOAEI GITREN R B S 5N ES RS-
¥, 1986~1988 4= (Hilll) & 1998~2000 4 (1)
D 2 WNTHT, 1 TR ADEEAE & % H#L U 72 ( Table 3-6).
I 1 A0 EEAE & 13 HTHAY 86%, 4

D 201% GSID 16.6 & 1%

=

R

BIADs 100%
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Table 3-6 Differences of the maturity rate of 1 age in
marbled sole between the research periods of 1986-
1988 and 1998-2000.

Female

L Period (year)
D

Hvision 1986-1988 __ 1998-2000
Immature 13 0
Mature 82 54
Maturity Rate (%) 86 100

Fisher's exact probability test:P=0.0021

Male
L Period (year)
Division
1986-1988 1998-2000
Immature 5 0
Mature 108 156
Maturity Rate (%) 96 100

Fisher's exact probability test:P=0.012

P HED Z UL FIEAAY 96%, HiAhY 100% & 72 b, Hiat
FNZd 2 HIDMITHEZMHE D 517z (Fisher's exact
probability test; fiff : P=0.0021, [ : P=0.012)c D

100% & HESE SN 5 o BTIRREIC & 0 BUR R HEVER D
ZAET B Lid3wA Ty (KA 1998 ; FIH 1998 ; i
B01987 5 ) ¥ T Z (FEH 1990 ; 14k - [LIH 2003 )
TRHOLNT VDY, va# L1 TIiE Kume et al
(2006)DFLEHLIAMI R B 7= 57500 ABIZEICH W T,
vaAA LA 1 REDHEAE G O ELHTRE S N,
WA D B ) % WIEIC T 5 - D5 H S HITHkFEm
BREZITY, HROMWRBEEZITH JEMEET
H5o

3—2 AERAIEH, BEES L ULEHEEOEE
%1t

AFERMATE R, M B & O OB/,

A TR & B g B o0 A PR B & R 9 E B A fR A
TdH Do mEkEEN (1983) 1T HHRROBERIBIZHE N T,
F 7= Shafieipour et al. (2004 ) (3 Ab¥EE H RO AR S NE

IZBWTZNSIREOFMAMHE LTV, SRIch
Fo=2akmL A OEFERNEZHESPIZL TS,
FNETIE, FEINIR HEE S 2 HINT, ARl IR
DD EARIED (1987) R¥ARIZA (1973) 1T
Lo THEENTWS, T2, BlEORHZ(LIZS
WTEERE A (1997) OREPH B, UL, Aib
ERIO S 6 DREITH 6N 0,

AT, T3, REEEMREE (1986 FAAE) DG
BRURFESL, MRS B & O RO FFA LR L <
BT 5, VT, 2N SO PN A L%
1980 4EfX (1986 4E 7 A7 5 1989 4E 1 ) & 2000 4
RO (1998 4F 6 A7 5 2001 45 1 1) BITRL, #%
JEWE - KIGBITH1 5~ a3 LA OEHEFEFIIZO 0
THEET 5,

MRBLUHZE

BAALBTEER ERKIES (GSI) &
(CF2) O BEIZ(EOMFHT 1 sl E& iR
Wrodsigee LU, Table 2-1 DEEAD S b iR - KL
T - 2898 A (GSI D) & U 3022
{K(CF2 D#Ef) OF — % & H i 7z (Table 3-7), 1986
AERLEEIT 1987 4E 1 A6 1989 4E 5 HoicifiExn
7= 1103 & T & % ( Table 3-8 )o 2% LA K13 mm Hif,
{REIT 0.1g A7, AR ER & HFIHERIT 0.01g H{7
THE LIz Fr2, HAZHERL, H2E3FHLEL
TR THERMEERIT- 1o FiAEORERIT 1 H 1
H&LU 7o

AR TE R (GSI) & JJFEME (HSI) (3 &
DRD7=,

GSI=GWx102/BW
HSI=LWx10?/BW
GW : /LR ER (g)
BW : {AH (g)

B BEIZ IR 2 SOFHRIC L b ke 7z, CFl
IR AROINGE, %72 CR2 I3 ATl % R 7= i
RO IR e % T

CF1=BWx10° /TL?

LW : HFlgE= (g)
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CF2=(BW—GW) x10°/TL?
BW: (A& (g) GW: EhtliER (g)
TL : 2K (mm)
AT 1ALl LA TSR E U ehs, RIS

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.

No. of specimens

Year 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

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

Number of specimens
Date

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

FA OB & WA B 61, Kaxkkged 50
DIEEE L 62000 FERFIEIZ OO TIIMEREE b 1%L
LORFAEIT 100%TH - 7277, 1980 FRIZTOVTIE
HiERE & b BEAEN 413 100% A5 T dh - 7=(FE 3 151,
Z D7 1980 4R & 1986 AEFREF DRHTIZIZ AT T DA
KEDT—2inEaENn5,

#w R
1986 FEMRBE D ETERRIAIEL, LAFEES S UEBED
%
ETEIRIATEEE M GSLIT 1 kb X 2 fMed 10
Ao,z ERL, 11 ADRELE, A8us L5
U7z (Fig.3-5)0 2L T, 1mMid® 1 3ig, 2m%Al3

20.8+9.7, 2 %A 262577 TH Y, At LT 2%
BOHPE,-> 1o LA L, 1 Gomzid, A5l
DD S RIMER E EIN GO AP GENTED
(3T 9RE), 2N o &R & 1KAD T GSI D
e fEl 253 L7 h, 20ADE N EFEHNR TR
H NI - T2 (Welch's t-test P=0.615)0

HED GSTZ 1, 2788 L b 10 HITEPIT ER L 2%
11 Hh62aaciik L, 12 FIT Y GSI i ii
KU 7= (Fig. 3-5)c BED GSI DA BIMIM L v
FHABNIZ 2R B CHN B EA A SN Fzo 15 GSI D
eI 1 A 144264, 2 DS 157244 TH
o To 1 AT RAEERS G EN TV B2, Zh
SRR L GSTIZ 162 L2 0, & AR E — 7 1
IZH1F 5 GSIDfHIZ, FHIZ &L 2 EITRD 5N iih -
7z (t-test P=0.767 )o

F72, 1, 2% & b GST O EITHE & b b
DIt otz (1, 2f& b, ttest P<0.01)o
EERFENE D HSI O PI(HEIE 1, 2 e d 7 HiZ
Ex/RL, ZNFN 2192080 & 405E1.11 TH-
7= (Fig. 3-5)0 2D & DIZ, AKREIC LD 5 TIEERE
DEIEITHSPIT 1AL D b 2AD S d @D - T=o
7 AL, HSHIZEINIIZ M THRAIZIE ML, GSI
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Fig. 3-5 Seasonal changes in gonadosomatic index (GSI) and hepatosomatic index (HSI)
in the 1986 cohort of the marbled sole. GSI=GWx100/BW. HSI=LWx100/BW. GW, BW
and LW are the weight of gonad, body and liver in gram, respectively. Vertical lines

represent the range of standard deviations.
DE—=7P#E 81 FITEEEITREER Lz, &
DEED AL 2MO HSLIZZN 21, 1.01£0.31
& 1141052 T, ZNHDMEICHEAETA SN D>
Tzo E12, METIE, GSI OEINMTLREITT 5 L1
HSI O—RFY72 38 mAs 11 A T a6 12 A LAaIZiEs
LN T,

HEDHE S HSI OTFHEIT 1, 2 s d 7 BTk
EERL, ZOEIZZNZEN 2.1550.57 & 4.3110.68
TdH v (Fig. 3-5), ME&FEE, 2 mAD I SNITE
otz Fhz, HETIX, MO Sz XD A e EAn
D —KF72 HSI OEIIIRESD 67 d - foo D HSI
DOFEMEIF 1 JITRIKER D, ZORED 1kfs 2%
BOMEIZZNZ1 0.66£0.16 £ 0.821022 TZNLHD
MICHBEARZAONLDP > T T 1AL O 2%
fal b, PI HSI O EEICHERER] DTN 5N 7s
7> 7= (Mann-Whitney' s U-test P=0.666 & P=0.448 ),
BESE M 1% A0 CFL & CF213 5 T Mili& R L
79 HETREPPITIE ML 72 (Fig. 3-6)0 DR
CFLi3 | i E T—RenmicignL, s, —5X

WK TR U7 77, CF213 9 AME 12 AlhvE T
REGEWIZRGE L 728, BRI mg TRBITIKN
Lizo 2O &HIZ, CFL & CF2 DEIZIZAEFHIRAIEK
LiEH 25 10 HED SEINPHT 32 £ TORITH S
DRAEBRNED 6N, 1 ARFITRIKEERL 72
CFl & CR2 IZDVEH &3> THML, 4 » HZD 5 H
BEICIZIT RS BT E L 7o 2T, 1AL h D 2
D IER I & - 720

HEIZ 30T b PESII % HaiZ CF1 & CF2 D22 0558
otz 1 ATHIKT 2 &, JEOFEINMFTD CF
ORMMIMEIZHANTRETH Y, FEINEIOE Rz
BN TH - Too WD 1 ARFORAKED S 4 4 H12
D5 JNTIINEMEITI T EIE L 7o F/z, 2ARIC 1
LD b 2 IRADIEEDIE S & - T
HIERRIATE R & BB E DML EL
HARERP RS 2 SOz onT, AZED
T — & B L TE GSIDZA{L% Fig. 3-712/°9,
ZEZEALDO RN 187 — VITIFHAERITE B K
EEWITIMEME L B oAb o Foo EkEE B GSI
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Fig. 3-6 Seasonal changes in condition factor CF1 and CF2. CF1=BWx10%/TL’. CF2=(BW-

GW)x10°/TL*. 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.

11 Ao oMz ERL, 12 AiTkEEEZRL 2
%, 1 AITE T LU 720 D 3~9 A% L OHED 3~10 A
D GSHIME L 1 Kiili TdH - 7= TIZEINI D GSI 2%,
2000 FERHBEO T PRV R o (11 A ¢
Mann-Whitney' s U-test P<0.01 ),

MEiEE (CF2) biAFENRET, PR ZFHZE

30

Female & L1986-Jan. 1989 N=1094
0 § Jun. 1998 -Jan.2001  N=477
10
0 £ L oo &% N & o % I ﬁ N

J F M A M J J A S (o] N D
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Male & 1986-un 1989 N=905
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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=GWx100/BW. GW and BW are gonad weight
and body weight in gram, respectively. Vertical lines represent the
range of standard deviations.

Dy — AT ERENT R o a7 1 I
SEMORKMERRL, ZDHIE 5 HEE TR L5
L CTHEMO RS %R L 72 (Fig. 3-8)0 5 JJLIEIL 9
HEE TR LA TR RSIRICHERR L, 2z, %
VIO 12~1 HIZind TR N3 2 BEiZ{E % R L 7o
ZD & RN FHAD 8 — VITHERET K

2+ i Jul. 1986 - Jan. 1989 N=1093
Female

A Jun. 1998 -Jan. 2001 N=476

o
s
] F M A M T J A S O N D
2y ‘ Jul. 1986 - Jan. 1989 N=906
Male T
§ Jun. 1998 - Jan. 2001 N=446
o
S s
©o1s %

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) x
10%/TL®. 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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EIEVIR oD - 1o IEmEDHEMITH 5 3
~5 J] DAifilZ 2000 FFERBIFHDIT S H3ERE & & 50w
DB ONT FHEHES m L 725 5 DOl % ik
T 5 &, METIE 1980 4E(RA 1.43, 2000 4ELFIEHAS 1.55
THY, HEEZNWRD SN (ttest P<0.01), %7z,
HEZoWTH 1.39 & 1.57 THEANED 6N 7=(t-test
P<0.01)o

=

EEE A (1983) (3, BERISO =LA TN
IZ— BAFOEMERINCA D, HFD O EREE
WEEBAT 2720, BIADOEEE TIZHE » 1%
B Lk, D AETEFE %, Wintering (Jan. -
Apr.), Recovering (May - Aug.), Maturing ( Sep. - Nov.)
¥ & O Spawning( Dec. ) 4 S DHAMIZK 3L T %,
Z 7=, Shafieipour et al. (2004) (&, JLHEFTHOARE
WBDZ a7 LA 3EIRE B ITEEEEL, 4 »
HEPIZ Sk % A7 & & 5 LN, B0 E G A
% Active feeding & Recovering (May - Jul.), Inactive
feeding ( Aug. - Jan.) ¥ & O Spawning ( Feb. - Apr.) @
3DITKL T B, HEEHE - KBATIE, 1986 4k
T (Fig. 3-6 ) DML L DHEFS, F 72 FHIR9 72 i ( Fig.
3-8) OHEFE D 6, FEINED SBIAD FTFIZITMEMEE b
4 » ARET B RSN, BIEHEIZ VTR
RN DFERITIT D > T2o AR TIZIE LRI DA
FLTWRWD, FRREAREEATTRYT B4 5
E, BRI - KRB D23 7 LA OEEERNI
Recovering ( Feb.- May), Immature & Maturing (Jun. -
Nov.) # &0 Spawning (Dec. - Jan.) D 3 X743 %4
LEzZons,

1986 “EARBFDMED CF1IZ 1 ks, 2 mkf & & sEIN
IR ER L TE D, ZOROfHEIT, 1 ik &
P2t d s AL ED - (Fig 3-6)0 EikGIEH
(1983) ASER~<TUV5 & HIZ, Recovering DI A
HEEAK R L, XOEININZ T TR 2 12K
TLTWL o FRTAERBEIIEKR T B RHE = 618

BRIEAME N 5 SN B (Rl 1969b) TD &
2R R UM EE A E — 7@ L CoARE,
TOMIE, AERIZEZ O 32 VF = pEINT
THBESN TSI TH 5, Lich» T, CF1 D—
RER9 72 I3 SR D T 2V F — D KIZL 5 L 13%
ZIZ< W CF1 & CF2 L DR & HIkr LT, FESII
ATDMED CF1 DIFMMIIIN D ALK & B U 7= AL PR
BHREEZONE, 2a L AIZO0TIE, &
BB (IR ) TEmDKHIIEENIZHL
A (oK - B 1981a, 1981b), 1KEDS 20%
LN 5 2 ENFBERRICEODP S ,PITENT
Who LA L, ORI BoKBI G PN % et g
MESHRICR C 28R EEZ 6N D, —TF, AT
CFl OmZ 11 HroHon, ZORD GST 1
KDY 3.4, 20K 3.1 THD, dFFEA (1997) o3
WG L T B AR R & TN R ORI (R &
AT, PIRRT 03mm BRELHEEIN S, Lz - T,
11 ARESOINIF RN OB/ EE L o0
b0 TOZENG, JNHEADIKGDOED AH DD
RGBT T K, b DULNTOERED 6% 12t
DNTWB AN D & 5o HED CFLIZ W T H SN
BN —IRE 7 BN R D53 Stz AFEHED KD &
ENPHERICEE A L3 F v F 2D THE SR
T 5 (Clemens and Grant 1964 ), ¥ 7 L £ IZH 01T
bIEHDIEKIZHE - TKDDOE D AR ITHON DD
FARR SR SIL gAY

PESIITET D HSI @ FA1UZ, T 513 5 SN aiERY)
H(ETeYs=V) OGMERMEL 22ME L g s
1% (Aida et al. 1973a, 1973b ; F&ks 1974), AHIZH
WTHSHIT, MifEE 7 AEZHLETHHITK S &
<, BEEIEO 1, 2 AEICHR BN 25 &0 S FERE
%L 7z(Fig. 3-5) L2*L, METIZ GSIDE -7
725 T HSI D—IFN7E ERSH o NfzDITR L, HET
ZZDEH>RBRIEI 6N - Iz TIEDIKIZHE
WIFIRE R NT 2RI =V v A Th@E S
T\ % (Takasima et al. 1971; BFA 1963 ) F 72, <+
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XTI, IVRUINC 72 B LoD T IR T 2T i 2
B0, WTIEZDO XS RBHRIA SN T L
ENTWD (FO - EHE 1953) ABITHED HSI Dk
A oniz 11 A6 12 A, SNoREIIZ
Hizb, SNHYEOFERENEAITTON T AL
fshs,
F—icb W Tva b LA OEFEROER
(72 25 b B b~ 7 fllTIZ & A E 70 A, Kume et al.
(2006) IZHFZIZH T, 1980 E{RDHEE 2000
~2004 FETITEININTEP RN L2 REL TV
B ABIZHEWVTS 1980 & 2000 ERPIFATIE
TS GSId & ORI EE D FEFIAALD/ <7 — LT
EREWNIRD 6N 120 TDITES, Wi
DA LA DEEFERINPRELSZEL TS Z
LidhhnweEzons. E~HVEONmEIL 2000 4
ROIBEDZ S Ay Em WA= 6z E/z, WD 11
HO GSIiZ 2000 FRENEAD SR - 128, T o
DFIZONWTRASE DR 5081 H 5,

3—3 b EEINK

P 10 BE I B O 1 3B IR AR AT OD 3t R T RE DN
BOEINREZ RO DL HITNEL L BIHERTH D, <
a AL OPERIZ O VW TIIR A IICRLE S T 5
13 &% % 7% ( Hatanaka and Iwahashi 1953; #A4%(Z A
1974; E¥FIE > 1997), FEL MRSz s o
Nz HHIBMERE DA 91T 1 X6 L O Fimic
Ko TEHTHIEpH B0 (HHE - AR 1969)
fl 2RO EMEICHET 2 Z 3L VW EE X
6N Do AW TIIEEAL ], FEH, ok
FOERMZKA L, &XMTHIT 5L EZH ST
Lico E72, WEMO2REX D IMELS I RIZ - T
LT LR MED Y I 2L — a VITk - TR
UTco FBEOMEDREN KROEEEZT I LT &
KEHEN TS (I 2003 )0 7RO EF KR I,
AAAEDHAMITH 5 1986 225 2001 FFTD 15 7

EHITH 1C EAL TW S (JRIE D 2005 )0 F 714,
ORI B 52 5RO 2MEE LT,
NI EEELYE O I EIF oz £ 5127 -
fz (V7K 1999 )0 AR TIEEIEADFIHRIZT T
{, TOEIREEALIva LA OWHIZEEL
TWBDNEI DR B8, MEHROBRENLZ(LIZo
WTHREETL 720

7 LA B RGERERUL o 7 A AR R o)
S (AW - bR 1982), (FE&A EDIIA BTl
ENB (FAH 1969a, 1969b), L7chs» T, wa#L
AT, FEIVE (ZRO0E0) 13 & 12 F L VW E A
BEILNTED, 22T, ARTIIHEE - KPiL
BLOR KBS TSNz~ a LA Ol
BATAL, ZOENEEHEEL 2.

MEE L UHE
T
EAA HHOSPNITIE Table 2-1 IZRLZEAD S
B, B - KRBRIB T s/ 6096 ROT—% %
Hutzo WEAINGUT, NUED XM 5505 &, Al
126 J&, #8319 |8, A 146 B TH 5o HhEHITMELE
BRI MO EIA TR 720
2REMAMLEDS T2 L—23 Y MR ES
Db HGEIT, WENOEREX DMLY ED &
DT BN EFHNLEHNTY I 2L —v 3
Y EAT o fzo AP MERERIZ UG 1k DR TR
il (100 B& L) &5 %, ak— bEromi
P ORIE - BEEF 1990) 1T & b R R ko 1,
WERBORHEHEMI L » AL L, ZOBOAR
FEC R & WIS C R BT RO 123D 1 & L
Too BURATNE 1 IAEE, 1 4 J 2 LT ERERNC &
Bl BonfiiERBERERD, oKD 4
R T SRR SEGT L, M ERFIRL 720
AHRICHO - EEEEEE REAB LR L
HERKEOBKBRIRDOEEYTHS (KEIEFD
1989 )
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ESEC R % (F) =0.830
HARIEC R (M) =0.553
it BL=309.1{1-¢%22(-0-199)y
/Aﬁ BL=264,4{ 1_6»0435(1—0‘0165)}
TL=3.99+1.19xBL
BL : f#E{K K (mm)
t o AF i

TL: &£ (mm)

EIN#

FEA I 1987 4% K O 1988 4EDFEINIAIZH £ & 1
E (Fig. 2-1) IZkBF Enlo<wa L1 100 £ T
HBo BEARBO R EFERRIT mm BT, (KEIZ
0.1g AL THIE L 720 FAINBIIIRDEREPUT & D kD
Foo VIIKIZO E/ELENROK 2 T, &at 4 AFH
SH TV T, Ke OESEE mg BATHE L 2o
WIZ, Gilson KIRDIKFEREE % 2 512 L 72k & W T
SRz L, FHEL oo R R Y VT v U EE
HTHRLU Tt e L 7z,

#® B

PEEE PRI HIEIZHEL 72 6096 RO 5 B IEREARIAIL 3
FET®H - 1= ot F A HIE T & 72 6093 ED S B L 3299
J&THIE 054 TdH - 7= (Table 3-9), DX HITH
MR AR TIIMD 5 H3 %> 1= () test P<0.01,
Rl 1:1, BARFELU ) Mz 2R E & bITZL 72,
Thbb, 2E 160mm Kmld ZIETHEHERLETH 50
4% 160~219mm 12725 LA % < 1D, &R 220~
239mm TH MR E 72 - 72, 25K 240mm DL I
TIIHEDEIED L 7o Foo FRTARER 320mm DL ED
KIS 90%LL_EA3HET 3 > 7= ( Table 3-9 ), i T
(TR O & A &R IO E &5 <, TR
HEDENG D ED > 120 TODXHITIEIT L - THHIZ

HEWAFEYD S5 (Table 3-10), A FITIZ, NUED
XM 1AL 2 AB XU 10 A3l %<, Zoftio
RO H B EWI R ooz TD &
I, NUES X TIEENIITHE ORI & E < 72 b
HEAFED SN Fzo —J5, RILMITZEINHD 12~1 ]

WO PITHEDEI G S, BEALSIKT b HEDOHIG

E o foo EHIIRART-> VT hDATHIlEr %
Motz FEEEIT- 72 3883 BT oW THER M
E& G 720 Table 3-11 1203 1 REfMALLEOFE R &R
L7z, 05%fald 3883 e 3 8727 Th b, ZDOWMR
FHED 1 REHEAD 2B TH - 7o 1 DI 0.48
THEREEIS X LLITEWDS, atiCid A By %
Mo oo 2 AL EDMEIT 0.56~0.75 THIZHEA % A
> oo WHITRENLRZER D0 EI R RL1-5

BEARKD L W NIERCEHIZHONT, (JF3FET LI
JE % XH) - THEH R ETEL 72 (Fig. 3-9)o &I O

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

Total length Number Sex ratio
class (mm) Female Male  (Female/Total)
=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**

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

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

Compact trawl Gill net Longline
Number Sex Number Sex Number Sex
Female Male ratio  Female Male ratio FemaleMale ratio
1 465 228 0.67%* 44 75 037**

Month

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

6 110 134 045 73 61 054

7 262 265 0.50

8 276 250 0.52

9 276 245 0.53

10 Is1 102 0.60%*

11 213 179 054

12 387 356 0.52 8 58 0.12%**

Total 2986 2516 0.54** 125 194 0.39%* 92 34 0.73**
Expected sex ratio isa 1:1.
Levels of significant differences: * P <0.05, ** P <0.01 .
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Table 3-11 Sex ratio of marbled sole by age.

Age Number Sex ratio
Female Male  (Female/Total)
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 isa 1:1.
Level of significant differences:* P <0.05, ** P <0.01 .

PEERIZ 0.52~0.56 DEIFHIZH b, WTNHRED D%
WEADSFED 6N T F i, MEHITRAER R ZRIZR
B HNIED - 12 (P test P=0.235)o

MDY TalL—ay MHEICKESEZ G 22
B Ial—varyofik, 2K 199mm F T3
%<, DI, REPKE LR BITH- THOE &
E < o7 (Fig. 3-10)0 2D EHIT, fEHmTA LN
Fe RS O Z(T, DY I —Y
3 VT HMIEHET & 72,

O AU (BF) &2 RH L ORE L ORIRIT~N
EFEXT, T2, RELOBFRIT LKA TEET
% Z & H3T & 7z (Fig. 3-11, Fig. 3-12 )0 £NZN DK
NIERDEELEH TH 5,
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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).

n= 1954 1647 878 1023
10000

50%

Ratio (%)
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**1986-  **1989- *1992- 1998- |B Male
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Period (year)

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.

BF=0.00172xTL***" (R?=0.855; n=100)
BF=0.00691xBL**!! (R*=0.851; n=100)
BF=2820xBW — 90568 (R*=0.867; n=100)
TL : &£ (mm) BL: KK (mm)
BW : (K& (g)
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442 TR E R R E N,

Table 2-9 @ 4R & 46 @ B IR & W TH i il
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2 % O 54 kT, W 3 RS R 103 Tk, G 4
AEIT 152 J5RL, B 5 REUTRY 193 ik & HEE
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b LR HR O ARTIRIC L 5 &, /NUEBER S & OV
RRO EMOEAL bHfEAT % < (KRFIZD 1974), &
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Fig. 3-11 Ralationship between total length and batch
fecundity in marbled sole.
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Fig. 3-12 Relationship between body weight and batch
fecundity in marbled sole.

LTI EOEI S E D - 1o B, MUK &L
HFILMTIZSA R D, miE G &2 B 3R
il LT be Lichi-> T LEEDORERIT, I
IR R T, MM E IO B D B 2
EERRBLTWAE, 83 H (1997) biER, 5
O Bt LIRS HEEE LT b, Fi2, B3 E
4 JITRT LIS, FEIVINTEEINENE (0 fIl L fifis
TfEINE2a T LA IZIBMENR %0 2RO DHE
I~ LA D e NI M T HRAs - f iR 9
BLAREEEN BB T LB TS, THH LA T,
BE OIS 3 D KIRAIT AL 7 JEAS BRIz A L
MRS 2 LG s Tns (ILFEA 1999),
PEINIIC B LW T va LA TRD SN EIT L S
P D#E D, IO A HRMEEDTE L LD &S
BIEDS S B DPITO N TIT X SITFEM P& % 1T
IMEND B o

AR LA DY A XD, 2RPIKELLS
IZREWEIEL 7o F7ab b, MEREREITHED THED %
<D, MOMBREE - - RIEMI %< LB L0
HELE R LTz BT AITBENTH, B —H(1995)
2 JSEHE A (2004) (391 X OMEHIZZELLD B B
TEEWMEL, WINbMBEOREASZDOFEKTH
AHELTWD. LA L, AMTHIT- &) il



40 TeRIAT EEMOKPERITR & v & —WFFEt: (KEERR ) 25 40 5 (2008)

LT, Alal, MEHHZRE 2% 5 2 TIT - foifolé
DY 3Ial—ya ik THLEOZLIZ NGB
T&lzo Lichi= T, lEWIZHONBHILDZE(LD
TERFERNEIMEDOKREZICH D EATRVTHA
Do RAALAITRS T, MHEITHRREDN S 51581
3, EEPZ R oM 2 2 RIS M2 bid Rk
TRIDEEEEZOND,

2 LA DFERBIMEIICET Iz LA L
HHNT, EFEMINZHE VT HHRITFEmIED ST
111 ELTHRODNTH S (RAIZD 1990), LA L,
AHIZHEOT, 1O TIEHEN %<, 2 R BT
EENZ B EMEOEI AN E B e oL
1o tzo G TIZFREITAIL 22 MRS OV &
NBENETH D, FhalMEHSZT 2 HRIZH S A
TRWDS, MOHPEENELS, o, DRIE LR
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i

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

Total Batch Fecundity (x10%)
length Eastern Seto " .
(mm Inland Sea ! Osaka Bay = Tokyo Bay
200 25 bD) 3
250 55 45 13
300 105 82 69
350 182 135 115
400 292 207 178

*1 Present study

*2 Tujino et al. 1997

*3 Kume et al. 2006 (TL-BL conversion was by the
formula in 2-1 section of this study)
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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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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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H B o572, Table 3-13 ([ZHIA DTN HBI%L
L ORI BLREF KL OURE TR R a2 R T,
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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.

Sampling Station 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Number of Eggs/m’ 5940 39380 1280 89240 180 160 300 260 180 20 80 40 1720 57560 340
A 795 982 957 992 100 875 100 100 714 100 100 100 885 99.7 778
Developmental Stage (%) B 6.1 0 4.3 0 0 12.5 0 0 286 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 03 222
Depth (m) 10.4 9.6 102 104 7.7 73 7.8 7.9 73 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
Grain Size Composition (%)  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) 075 078 19 105 155 240 1.52 122 140 1.10 1.01 077 097 050 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/m’ 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 50 692 100 174 203 25 0
Developmental Stage (%) B 16.7 50 0 0 0 0 0 0 0 50 154 0 229 406 25 100
C 333 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 6.0 100 100 13.0 6.4 6.4 9.0 9.0 140 140 160 16.0
Silt-Clay 13 21 9 17 12 19 17 76 7 7 11 12 15 10 13 18
Grain Size Composition (%)  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) 085 050 061 098 130 070 1.02 <0.063 1.65 130 1.13 080 145 140 280 1.60
Ignition Loss (%) 10.5  13.5 9.5 11.8 113 112 121 125 6.6 8.0 8.7 9.9 120 11.6 13.7 14.1

—:no data
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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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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) X 100 / body weight (g). TL: range of total length.

Sampling Sex Female Male
date ratio Maturing Ripe Spent Maturing  Ripe Spent
n 1 3 4 8 4
14 Jan. 2000 0.8 TL (mm) 311 294-331  228-306 207-298 227-314
GSI 23.0 9.4-438 4.1-6.4 1.2-54 09-14
n 3 2 2 15
18 Dec. 2000 (.23 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
28 Dec. 2000 0.07  TL (mm) 248-281 220 187-332
GSI 28.5-28.8 7.5 3.2-14.0
n 2 2
10 Jan. 2001 0 TL (mm) 198,294 189,210
GSI 24,29 09,19
Total  0.18" (Female 16, Male 74)

"P<0.05 " P<0.01 (Levels of significant differences. Expected sex ratio is a 1:1.)
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S/, KEOIEAGOMEE 0~ 10m # % THm oM
DHEDNL-> T, BN OEAEEETE 7% T
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bolz, WA EOTEERMEOTEII I VA, ~TF¥
WX, DITFY, v I ETHoT, 74 BILk
WTHIEKBRZIT o208, 50137 < B2 e
JETH o7,

RESAOKEELVERRE

KBEBHEEET S HND 9 HE TOWKMIIOKIR
X7 A4 > A 16.0-249°C, 71 > B3 154-243°C T,
WTROAICENWTH A TREVEVTA LN
Rinole, £z, EBOWEGFRFRENEIIT A AN
70~99%, T4 > B 70~107% Chlij LRI K & 72
ZITFRD b/ s o7z (Table 4-1),

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
Temp. (°C) DO (%) Temp. (°C) DO (%)
5/21/88 16.0 99 5/20/88 154 107
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 8/26/88 243 74
9/20/88 23.4 77 9/19/88 24.2 82

EE s & BRI 0.125~1.00mm DR & ERK &
THWEMWE CThHolz, THOFEIZLDTA L AD
JEE O IRk 0.398~0.483mm, 7 > B i¥ 0.200
~0.812mm T, 7 A > O HIRIEAE O I X
B B 7o (t-test P=0.60) (Table 4-2), LA L,
T A ADHRIKIBAE A LAY ZTE L TV = DITxE L
(BRI 6.9%), T4 > B TIXFAEEOLETNK
&< (LR 52%), WO BICITA BAENR
¥ AT (F-test P<0.01) ,0.063mm LA F D 2V 431,
FALVATITI%LT, 74 B TiX0~6%Th o7z,

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

Line A Line B
Date cob e 0D

(O;mg/dry-g) (mm) (O,mg/dry-g) (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

Number/m

Number/m

A EOFRIETH H COD OfEi(0, mg/ dry-g)iX, 7
A2 AP 0.92~1.52 (FH 1.17), FA >~ B A 035~
164 (F¥J0.79) T, FEMHEIZT A > B DI DMK M
A3 BT, FatiR G ERATRD bhishnolz
(t-test P=0.216)
RAALADOEBERREBHLRSTICTEEEY
TaIHLADHIRRR Fig 44121 nddH 720 O 0%
&1 RREA B BB (RS FE DR 2R T, 0 ksl
LR EORBNIEKEHZBIEE LR 2 K L8
Lo~ al A oeRMEW®R (Fig.4-5) 22512
HIE Lize 74 2 B T3 HIZ 05k HBLAHeR
iz, TRE LHERORRIT 13~17mm TR (1981)
DOFERERE B LB 5 & B AR b 22V E i
LRI ENT, HAEEIL 3, 4 AL BRI oTR 5
AL, &AM (0025 B/m) &R LE®IZA %
B &AL, =T, A ATIESHETO
RAIKIEE A CHBL L o728, 6 HUE, T4
B O HBUEH R & ITCARE R, 9 B Do

0.05

004

003

002

001

Mar. Apr. May Jun. Jul. Aug. Sep.

0.05
—8—|ine A

—8—|ine B

1=age
0.04

003

G\|L_||I_||l_||l_|| .._

0 ) 7 7 7

Mar. Apr. May Jun. Jul. Aug. Sep.

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).



1T 0.045 /ot &
T BN AR o 7o, REEZEL T, 7
A v ADHRENMARICH o7z, —F, 74 B Tl
3 AI20.005 B/m R SN2 Th o7z,
0MADEE Fig 45174 ABXURTIA BT
WEINT~va v A DERNfiE R, BROSA
MH, AHREFOMEEZ 0k, REIOMEE 15
FREHEL, 0 e 1M ERORSRITHNC
Sy, WEBNCIE 3~5 AT 7em LL E, 6~9 H Tl
Sem LA EDENRD HiLTz, 0 AOFE2RIE3 A
@ 15mm 75 9 HO 1lmm £THZB-TREL 72
ST, REDOEEWIZIE 3~5 H, 5~6 HBX U6
~9 AD 3 DODT = —ANRAD L, KO A RF
BN 0.425mm, 1.132mm 3 L8 0.408mm TH Y, 5
ATa»S 6 A THOHOMENR S BRI o7,
BERAEMEE 05A0 | flkdH-Y OFNAHER
L5 HETIF0.02g LT &b Zhotzy, HfDEE
28 60mm L & 72D 6 ALIBRITERIZ L 216 0&
KEVHLOOEMEE LTRE LML (Fig. 4-6),
BRI 8 HICBRESNT-2E 97mm DE{ED 0.08g
Thole, ZZHIT3~5 A7 4 B TREIN 4
ERTZTTHY, 740 A TIEZEHEEERER S22 h
olc, —F, BNEWEEREICIIAZB TRTT

KH :~ah LA OERE Lk 53
EAER L7, 1 sl by
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2 0.04 8 °
£ e § 3
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Fig. 4-6 Monthly changes in wet weight of stomach contents of 0 age
marbled sole.
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Fig. 4-7 Monthly changes in SCI of 0-age marbled sole. SCI = wet

weight of stomach contents (g)x100 / body weight (g)

O LineA 0 age
® LineA 1= age
AlLineB 0 age
A LineB 1= age
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Fig. 4-5 Growth of merbled sole juvenile. Solid line shows the
mean total length of 0-age fish.



54 S Jo U ST SRR OKPE Bl

Gty —wgeEms UKER) 5540 5 (2008)

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.

Total length (mm)

Food oreanism 10-19 20-39 40-79 80-119 120-239
& F% N% F% N% W% F% N% W% F% N% W% F% N% W%
Polychaeta 0 0o 17 0 O 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 0O 0 O 0 0 0 0O 0 O 11 1 2
Crustacea
Ostracoda 0 0 0 0 O 38 1 0 34 4 2 64 8 1
Copepoda 100 100 17 9 0 0o o0 o0 11 1 0 4 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 0O 0 O 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 0o 0 O 0 0 0 5 0 1 54 1 1
Others 25 0 0 0 0 23 1 0 26 3 16 57 7 1
number of fish 4 6 13 38 28
HEMNRH LN, Thbb, 5 AETIH 1 L EER
TEERRE ST, 6 AUZRITIFE A LEDEKTH
6 13 38 28
U 1 BLF & 725 7= (Fig. 4-7). 100%
80% [
B Table 4-3 ICHABWOHTHER 2R, HEEK
60% [
MR (N%) T, 4F 19mm LA FOHMMEH A T v z o |
D VR F 7 ZHH Harpacticoida & B L Tz, 0% |
45 20-39mm TIZH A 7V HEHD N%IEL 9 12 L, & 0%
boT/—<AM30, Sa=CEAN 6l Lo, 100% =
80% H O Others —
25 40-79mm TIEZEEARHL HILL (N%47), e —
60% 1 umacea E
KNTIaTEWAN 34T, 77—~ HIX 14 ZED L ES - Do
% [0 Ostracoda
7o Z2F 80mm Ul FIZBWTHLELEHE I o il 20% ,gg;'cvhjeta m
RET, WA D N%IER 80 Th o7, F7-, o
. e . . 10-19 20-39 40-79 80-119 120-239
ﬁE*’l’XT%% AN E%*i@iﬁ WNILL 72 51@:'_{3—] NI D Total length(mm)
i,
MMEEME (W%) THDE, 2F 20-39mm O P&k Fig. 4-8 Food compositions of stomach contents in marbled sole. N% is by
number and W% by weight.
Tlgaxvifil &7 —~EBRENEN S0 2 HHT,
4R 40 - 79mm TIEZEEN TR E YD (W%55), = THZEEDN 17 2R LIZONREThH o7, Fiz,
o bEliHE Y —~HOEASIIMEF L2, &K 80mm N%S® W% ClE2RK 80mm LAk CTHEFEDOEHIE 039/
BT, Z2RERETHLRICEDY TRV, 2 L7273, F%TIEmVMEZAMERF L TR0, ~a LA
ST AR —~ HEORESENEAD L, “HEE BEIZE-S T, K0 ZARRFEROAY & RS L CH]
272 (W%20), K HBEIXIFEAERKETH- HALTWBZ EDR AR biT,

77
HEBEE (F%) TIE2eR 20-39mm O /N2

oLy s s s, IaxbdHHEOI LM
> 2% 3 doroides sp. & Corophium sp. T¥ > 7=, %E3H
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1%, 25 40-119mm Tl Pseudopolydora sp. , F7z,
45 120mm LA _ETiX Polydora sp. 7Mcb % < HBLL
7o 25 20-79mm TH LN —~ B D I b b Eh
72 DX Dimorphostylis sp. T&H > 12,

YA B D AT #E R D & iR BERE R 0 S D HER A R
By 5, 2K 19mm DL FOEKRITIHS A 7 &
LT BN, 2K 20-39mm (2725 L BREEHE Y —< B
FaTtHICRELSENT D, &6
5L —~v AR az UENEY LEEEHIZ
EBHICALT 5, 2K 80mm LA ETIEXZEHICMZ T
WY (I “AEEOKE) O 5D 5E &1 E<
Db, R ERD2EMEORMBEITIEN D
(Fig.4-8),

0 MDD EL LR SN HEY O | JiEHTZ0 D
EHEE L~ LA ORRE OBR%E Fig. 49 (TR
T, FREICOWTHRD L, RER~valLrAizl,
1 EEOERENREWEELZFH L TW DAL L
7o f & 700 T USRS | EROEE) B & ORKIL
0.007g T, 0.0lg ##Zx Db DT o7, BIEEY
TR EEEL~a T LA OLE L OMIZIHR
RBARITH DN 0T, fE o TWELEIE 1 H
RO EBEO R KIL 0.005g T, 00lg #Bx5H0
X7 o7,

EEEY EOBMEOHITRERNS, ~ahLADH
FBITFEIER LOREEY & b 1 ERO S HEE
2 0.01g 2 5 HOILEL Loz, 2T 0.01g
ZEDE SR L2 24 1 ERO LIRER LUEL, =
TR ENRM OB TG L Ui, 72721,
THREBIZOWTIEKEN TR L o T
O, HBLLE _MBEBEOEEZZOEEMN W, 71
PEERED D JEAE Y O BRI A Fig.

12, 2F 40-79mm

ALT4 2 BDS
4-10 lZR T,
T4 AL T4 B OLEHOHBUEKRKIL, 8
AETIHMHE TRENEZIAONRD -T2, 9 H
W74 ATRESHEIM LTz, HERIZOWTH[AER
RERTHoT, FHDT AV AITBITDLEHOE

Wet weight of food Organism (g)
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Fig. 4-9 Relationship between the size of marbled
sole and mean weight of food organisms.

W5 1E13 Aonides sp.,Rhynchospio sp., Polydora sp. T -
Too “HOBFIIMEMGE, MEELE LERITTA L BO
FRZMAMICSH -T2, T4 BT, EFEBuL6 A
W2, BEREEZ7TACE—IRALN, WL bE SR
X~/ KU HA Montacutona japonica Toh -7z, H
BIEICONWTHRD L, T4 ADOREEIT 4 AR
iR L7zt 7 HiCh g T L, 8, 9 IO
L7, EEIZOWTHERRMEm TH -7, 4 AT
Urothoe sp., 8 HIX 7V I A% /)€ KX Euphilomedes
Jjaponica MEE LT\, 9 AIXEEETIZZ A4 X
BEETINYIry Y 7L
Processa sulcata MEE LTz, —JF, 74 2 BOH
PRIAEARERB SO ERLE L 8 ANRHE L, Ak
$ Tl Corophium sp., {BE & TIX Urothoe sp. DME 5
LTz,

H® Leptochelia sp.,

E =B
A v A GRIERBEES) & 74 B (B EIR)
D~ 3 H LA MO HBLRILUIXRA TH -7z, £ 2
T, Wl 7 A B UT BHE DS &R, KE, K,
BLOBEEEYMOMERRERTT D128, &

TERI I b MR I D AR BE) 7 B FRIC OV TE
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£ fu® @
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Fig. 4-10 Monthly changes in number and wet weight of benthos per 0.0625m at
Line A and Line B. In this analysis, Polychaeta and Crustacea of which mean wet
weight of under 0.01g were examined.
255, PR TARREWIRIZB T D~ a T LA B OSHE
MADHMEE BARBRICLYHAOSMHELZ B EHER S D, ATV RBRIE N TRt

FAE L7Blid D722 <, WA PR CIEOR RS SR E =
Se (1 2003) &L R4S (F)IRIEDS 1975)

WINBIRRMERE ChH Y, ~ 3 LA HEfDEEIC
1 L 72KER 10m LA OO Wi A1 3 R R AR S 12

OWMEBIN B D120 Th D, FEMIETIT 1974 4 4 BT, mO(1981) BB TWAH L HICHEEL
A FAORET 145 B/ mE@mWEED~a Xl LA HE ~ 3 VAR, FO%IVEBRVNEITICEBEIT S &
APNBEINTND, L LZORIFEOR Uild (a TR, PRI D HER OIS L 7oy
FZA 1974) TIXEAED 0.16 B/mfefE (77 70 BN, BRGICHE T DHEROSHBEICRE S FEL
La A -T2E) ThY, WEFEIZL > TOMBEIC TWDDONBHNZR, FEHIT CR¥ER) 1990 FD 6

BONROND, E7z, KEEHREE S T 1996 4 4
A FREOHA THE 2.51 B/m, KK 3.80 B/niév)
EEEOS AT UAHRBPBIEREI N TN D, AFRET
BONT-DAEE (KK 0.045 B/od) 13251~
TUERD o Tz, FRMSEOTER O X 5 1T MHETIT
WEMNDH D EBEZDLNDH, KEGE AR

i

SRR AL VG 350 00 7 3% 1 TR IR D 7K
TR CEKREICLY 014 B/do~ab v 1 Hfaz
TEFR L CWD A, Z OFfAH S o A
% DUFEDNR DY > TN D

BEDOEILL ~ 2L AHAO LR E I
S BMEDEALITHONWTIFZ K ORERH 2, FHRET

4.4m DA

WZIX/K T 10m Al
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i FBHRICBS W TREAT — VO REEZTHE L
7=m (1981) OFERICE D&, FEHORAT—V ] T
HA T D Paracalanus sp.75 16.7%, %X 83.5%
HEL TS, £/, RREEHBERTELE
10-30mm 2 DOFEFR D FEERNS Y 2 I V0 |
TIVVaOLG L, ZEEOLAENH D 2 LDH
HIhTnws (Fl, 2003), —J7, BAT ERE
£ 20-30mm F CTOHERAO EIPELE 72 D 2 LidihE
7> (2000) , FJIBEIE2> (1975) 38 L OUKSy BRIEH> (1985)
L#ME LTS, ZNHDZEND, FEAER, DA
E30mmEED~a b LA OFEMEHII A TV TH
B, BEHRIEIC L > TS BEHVFIMAT 2 L EX S
Do AR TIE~ 2 VA OEEEEHIAR 10-19mm 23

AT U, &K 20-39mm A —~v B LI aeliA,

2R 40-79mm NELEHEE/NRFBRE, SHICeR
80-239mm TIEZLEHH & “BEEUKE OIZMEEEHEY)
OFEENEL Ipole, ZD X, REICHEWER
BHIZIL LTz, A T VHENOERME 7 —~ H
72 & O /N A % T RIS E D AR R INERE
WOFRRLIZITLE LTV, £77, EENLEHIC
ZAbT HREENIIAR TILIEE 40mm Pl ETh o773,
PEROFER 2 L bR AT 5 L, 2K 40-50mm DL E L5
ZTRWTHA D (BEWRIEH 1982 ; FINRIEH»
1975 ; Hf#1EAH> 2000), 4= 80mm LA ETIZZLEHD
E0, IR EMY (I ZREOKE) b A
LB L b, RS T D AEMTRDHEMAIL L 7o
Tz, AN DWW TR & 35 & 0 KRB DAEE}
AW EBERTH X 91272508 (55 2 ® 4 i), 25 80mm
AT CIRIZRAR OB L 20, DIBRITHEAS O LD
AR EEOEITH N D EEZBND,
Hef 1 BH7- 0 oBHE (Fig 4-7) (32 E 60mm LA
bried 6 AUBRIE LT, 20X D PR R E D
WXL, SO O PRRFFE DRI L O
ETEGFTOBE & BT 5 L HEE SN D,
Hp e s AEREE (HLDER) OBE %
B B B S M S 12 B U B~ 2 o LA e oD HYBR A )

WX, R U/KTRHAC & 2 BAMIRD IS & R & ¢
TR oCniz, T7b b, HMBEIETIZ3 A T
IZA R 15mm Aitg OB BIEZ S, mEEILS H
Wikb @< ieofztk, AZBE-TIRTL, 9 AIZIE#E
gBanelileol, ZhITH L, STERESEETIX S
AET~val LA HAIZIZEACBEINT, 6 ALL
%, HUIRYEDS & I3 RIS A &8 o Ty I
M7z, WO SABEER LSS D X 512725 6 H
THRO~ 3T LA HfaDOEREIX 60~70mm Th-o7z,
ZDZ LD, &R 60~70mm ZE~ 2T LA HEfl
W72 D RIS T & B B ) & SRR Ak T
Biocidinntszoniz,

DX R ERCHE D ARG O LT LB
BUZXFFXRLru & AICHLN LR ERER &0
WREAT OB 7 AXX R EICHALNDIET ~F
B & T~ HOBMREI TN D (FEE 1998), LnL,
ZNHIEFERHFAN LA A LN DBLTHY
Wi COFHEROMESIRITE S, AT (1998)
VIO U ST T R 2 AT HE RO JEC AR AR TE D Y 21T\,
WORRE G~ D T OEERGFHTE L, BN
ZREDY; LI A TV D, AMITIST 2 AR BRI K
EEE~BITROAEEGT TH Y, £ b LITAEREY
IRAT— VNI B,

LTI, BUMEYE ) & mER SR~ 0 4 855
Fr DAL Z 5 BRI SV TG 2,

KR, My, VARSI (T OV T HL MR
& REREIR & O VTN E L, w3l LA HEaR
RS EEZDERICIT bR EEbid, JKE
(2O TR HLAEAD B 0 ORI AR D R R AR B (3R
o TN, EEOHPHIT~ 20 LA MRS
RYIEREOR TR (5 4 28) OfEANICHY, =
AZOWTh v al LA HEROBEIZER &35 212
KWy, JEED COD [FRFE H IR0 BT b~ Tl
WK< (E4#1991), & 512, Line B O AEMRAIIC
IRVMEM AN A HALTZ 28, WHLR IR 2 a B 2
O BRI T,
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YA AP E (Table 4-3) & FH 2R OHER (Fig. 4-5)
Nh, vad LA HROABOTEEERAYL, 3 A
WHAT R, 4 A/NVERESR, 5~6 ANZERL
ANEIHESE, 7 AUMBIEZ B E THRE LR S
%, ZOABIOEEEAEY & Fig. 4-10 DJEAAEY & Ot
IRBR AR S, 3 AOTEHBTHL A T VM
FEAAS TIHIBL LTV, 2k, EFHIED
LS EIATVEHEOY A ZAR/NE N h R4
MEROHTEEZTINVABEZEBLTLESTRE
EZHND, L2 > T3 AICOWTIEMRETE A,
4 Ao~ 3k VA o E 7R R E 3NV F R &
HEE SN D0, HEROSA LTS, BAEEw D
ANVRFRBHRIE, RIS IV TR RS, I
L HBIL, 5, 6 HIZoWT HIEAED DI
No~vad LA RRAOSMERATE R, £z, 7
AU IZZ B2 T M EE S TR ATE L 72
BH, “HREBEITHEMBERO T3 %<, bR
DA LT O E R Lic, —7F, ZHEENME)N
LB L2 e sUERLR I ClRE S hio~ =
HVAFBDOENG, “HEBEOKEN L Rish
oo TOZEMG, 7T HEHICE 2 T LA (&R
80mm fRE) OBEIINKREL RV, SEESE A
EHFTE LA b b, RV CEANEE 2175 2 &
BHIED L7 b LIS,

PRI HEAI O LR ARPREER EEZ LN TV D
(LF 1994), EAEFOMREH L LTHERShATWDS
DI E Y 28 (Nakaya et al. 2004, Seikai et al.
1993) TH DM, HARADKRN Jem FREN B ITHIE
MNERMREFICRD LB THS (LT 199%4),
(A (1983) (d~a LA Rl (PR 22mm B
L 35mm) DHGRBHEREZITV, TAF R, 7Y
A, AN, THETFAY, sad AL 5HA
EHERLTWD, KRED T A UBIETITARBEIC O
THRH IO R E S 2708k Lz, mfERESgT
F¥a2vtr (&2F 10~20cm), 743 (£E 10~
20cm), 7A A (&K 10~25cm), AL (£F 10

~15cm) EOFED TR LN S HEIENE <, B E
WTIIAR Xy RE (&8 5~20cm), > a X2 (10~
15cm), NEREEORH CTARRT 5 AN LD T2,
INHEDIBETAT AT T AOHEHE L LTHH
HITWD (BCHEIE> 1987 5 1 NIEA21993), ZD X
O RN D T, FEZM bRV~ LA
FUTxH T DR E LR ERR G O S E ol b
femsng, —J, RTEAEEY COWKBIZTIE, £
ZiHfiT sy al v A HRITBDND & FICEE
AR LTV DMEE ORI RN 2ITE 2R Lz, =
DD, KE LIz~ a3l LA AT aaER g%
Sl (R "o ERT =2 —E LTRIAL
TnbEBEZBND,

Pk, ~ah A HANEE 60~70mm 55 L LT
ARG ET A& MRS LI > © SE BRI~ B K
ZOWTHE L72As, KB L IREBREE R L OMEEY
(R MR) OEPLITEENREHE RWESZ L
IEHIRZ2Dr o7z, LinL, SERHEMIZOW TR G
TP OER ThH Y AEEHREE 2 IE L < KB L TV D
PREEIE 22V, Tz, BREICHEVRAT O 72 @b O PRER A
WIRIND Z L int, M OFTEHFLIH 2 O AR BT %
HETHIZEEINRVELVES A LS, HEOm
I, mAERES O R HRE L2 5 2N <
Bgani, FEERb ROV~ AR, MR
JEA R & W RAERIEAGIR X 0 b R E O/ S WV EH
B ZEIT O E U CRIRT 2 REtkiTd 5 &5
Zbhd, —HT, RERBESEIRICOMAT o~ a L
A HEFA DGR TEN ) 2T, SAET R S Y = V5 —
DEENEFF > T D Z L iFEW W E Bbils,
WRITEEL T2 EBIRT 2B RO —> & L THEE
Thbd, EROFETHY LR RR LD, R
FBOFTEIC X » T AR O Sh A oL B FnRIRICE
Wh .z 7Bl E UTIE, Werneretal. (1983) I2X57
N—=F VDT HGRFIZONT DT —)b RERN
HD, TNIZLDEMEETHDLA AT F A% AN
A E AN WBA TN A XD T V—F LD
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THGRRHICKRE VBB AU, 2F0, HEEN
AE LT8G, BERHRIE 2 BRI L C O B 1T R
ERET DT, TARGE L THEREZHHALZOTH

Z OFERITMAIE IOV TR S X T4

GRIROIENT, WEEL BT 5720 03 H 55N
DD LERBELTND,

UL EoRE 2B E 2 C, BN RIR & SRR
BT D~ a v A RO L EREHT OEIR|
DONT, UFD XS IcHERmT 5

K 10m (ITIZAEE L2 HEAUT, RE O 70k
BABET DD (DA T VR EANBIORE D5 b
BIH0hbENRYY), 20L&, BEICHMDE R
&R BRI 8 D356, B ) A7 OB
Bk A AERGTE UCRIRT 5 LR s D, Bl
B C AR 60~70mm [ F o T MRS TR ER B A
IR 5729 (Fig. 4-6), X 0 AfE7ef0 (A1)
RO THEIEG T A B THENAEL, @HFIEI L Ny
0% < LB EE I E OKTE 10m LA ~BE)
THEEBEZOND, BB CTHLN L2075
EHFH~OBMEDOZE(LIT (Table 4-3), Z D X 5 Aotk
OB EBE LZBS0 b Ly, £, E~D
BEIREIZI3 v MRS S bEeE ) (Fig. 4-12)
b g0 TND, —J, WEE~OBEIL, T2
O i MR A T 2N E TV D L ) IR fA
DFEENREL (KEIED 1987), £z R
DYPAZXPRRENEEBEZILNDZ LD, BWHERY
R EHH D LRI,

DX R E~OBERHINC, T < RTER IS
B HUT, EEMESEICBEET, HOHBREDOHM,
RIERESIR 2 TGS AT & L CRIAT 2 2 &8 &E %
HEo, HHDO—2L LT, A XD/hEWHERIZE
ST, RAEBIBESSIIA Y 27 BEmA, EICHE-
THIAICHEY A7 DMETF L, WIEREES O = v

—HREEZFIHTE AL OILRDZENEBEZLND,
BZ L, KBS TEE 60~70mm 2k L=
KOEHGIEET DB, fEESRIE D RO &%

, FNEBRY R T DIRWVIGET & RS OFER
E{ToTWVHDTHHS I,
PA B3 SRR IR RIS B D~ 3 T v A HEfa
DA E BN ONWTOHERTH 223, MILROFRE
D7 v EHBEL T a LA HADOSFHAE L
1T FED (1974) 12X D&, 4~6 HiTiE, ~=
HVUAHRIET < EREOFTIEIRRO LT, BT~
DI D AZ53 A L TR Y, 7 HITIERSHN T ~E
BEEOJEDIC A L, E5< & DORITHITIATITH)
ZaR LT, T LT9,10 AIIIREE DO~ a b LA s
X7 < EHEOFIZEA TN, Z0LHIL, T~
% & RAPAIE OB WNEH 20, v a2 LA HADy
A E BENCE L CAR & Md TR L 72 A3 e if
HebHEonTng

4—2 TAHLAHADEWEENLEEER

BB F RIS L CER L T H e, 4R
LT OEBE R AEFTE > Tl TEEAREFET
bDH, AN LA DERGHTEEREDRERIZONTK
FEM 2R RE AT, v LA D
EREE L EEORE & OMICEZEREGRRH D Z
EEHOMILTWD, L, ZoOBRITEYSMT:
D BT OFRIRA L O TR S D HEAEWR
BEOBRE LTENZELTEY, vadLaA404R
55 T IR 0> 55 — F8 00 72 Bh B 1 BIDREAE 4 0 4341 12
LWVWIEBEZERLTWD, —J, /K (1956) (I~=
A (EE16.1~22.1em) &AWL A (FKRE 147
~25.7cm) OEEEPEDOEBREZITV, F—KIENIC
BT~ abA B/ ALY A oEE % ifte
ek, FREZOMEMITZA A LALD BIRNT L EH
LT LTz, ZOEBRERIZBEICYHEREZS T THAE
BEIT ORI TON D ATREMEZ RE L TV 5, /IR
(1956) MBEBRIZHA Wz~ 3B LA 1XKE 16em LLE
ThHY, HEAINZBET D FEEOERITZR,
vaABLA LT AFEEERERIRATHY, EIH

& (1974, 1975) 1%
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BRI E D ZOHADOBIENRETITOIL TV D
HOR D FERENZ 7= - TIE, BURHET O EE RIFIXEE
ThrEEZLND, L)L, TbAOHAEIC
BT DWHYRE PR EIRPUZ LI T D A i 2y (R
M 1988),
RBOFEBRIT~ 27 LA MO RES) & B HL
TR 280 A, BT AHERE O S & TH
LT HZ EEAMIATo T, 8B, BT AHAD
BRI OWTIET TICRE SN TN S DT (KH
1988) ZDF —4 & iz,

MHEE L UVHE

EBRA CFHRER2Imm O~ 37 LA HEf A 1988 4R 3
H 3 BT IR o ¥ —2 b AF LERMLS
ETHE LIz, HEIZIE T brOKRY I—FRRA hK
WX 82em) AW, fHXT AT IT
CERARERNE B 2 72, B T AT ARG RE
UH—InG 1988 4E 7 A 6 HIZ AT LEBRBA4A E T
B L, BB ARTE A 52 72, OfERIEIL~ =
oA LREEETH D,

ERE RGO EERE A JIS Bk o 7 v
A%ERANT 6 DORTRICZXS L7z (Table. 4-4),
0.125mm LL F ORI E®H S 0.063mm LLF ORI D
HEIL 3% ThoTe, T b DOWITK TG LIk,
130CT 2 MBS, 0125mm A FE 0125~
0.25mm 130 LR o o i, FiLIsh oK
KO P TH -T2, £, WThORIZD

8 (EAR 138cm, I#

Table 4-4 Grain size divisions
of sand.

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

Gty —wgeEms UKER) 5540 5 (2008)

WTHRWEZRN- Tz, PRFERE L T2l LA HE
fBEANT0.125~025mm O H{ > IEWEFHOW L, [F
U BB »o e CIEREEIRRBREZ T o728 25,
BERETRD BNRNo72Z L5 (Table4-5), K
B OATDFENT K5 B RA~ DAL &l
L7,
BWE BORIEZHETLIZIAILVITERDDT
D, ETIEWEOKRRELELE T ~T, FBRIL 1988 4 4
A 17~25 RIAT> 72, EBUTITR A 025~0.5mm
DY % 1 ~2em OEIZHENE 10 Uy v ofRl~
FTAT 4y ary7F— (EE36cm, IF23cm, ES
13em) ZH Wiz, 1 B OERBRICS>E2E 35mm
(S.D.=43mm, n=73) D~ aH LA HR10E% 1 b
KEENSFEBRa T F—I12B L, EBROEHRGRZ
BER L 72, B RITA IR OER TS L CnNE
STWBHEIGE 10%HALTHRIZ L Y HE L7, Fig
4-11 ([ZWWRORERE A R~ T, REFDO~ LA
HERIT BRI L ISR LTz, FEBRBELA 30
O3B DIETERIT 53% TH - 7273, FERTRGHE & ok~
WIRT L, 2 Kif1% 47%, 4 BiRH1% 39%, 8 Mifi#

T 14% & o7, ZOXHIE, BWENEFSH LIIX

JITE

20 -

Buried area (%)

++*

2 4 6 8

Time (hours)

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.
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b A (JKH 1988) THIZE I & 5 e REs i
biginoteicsd, T ORBR TR EVEL
HERF L T 2 EBRBHAA | BERHIZ OB R A5 5 =
el

YA XBNOWWHERE RS-, FHE2E 35mm
(S.D.=4.3mm, n=73) , 58.7mm  (S.D.=4.2mm, n=24)
F L1 80.6mm (S.D=5.6mm, n=21) 3 DDA X7
N—T THEREIT o T, FBRFEHILAER 35mm 2% 1988
4 ] 17~25 H, 4F 58.7mm 1X[F 9 H 10~14 H,
4R 80.6mm (L[F 9 A 21~27 H ThH 5, EBREME X
WEWEOHEZARDO LB THh 5, EBRITHRAD
P A XERRLTEED | DOMAEDEITH L 5~8 [F]
1ol 1 BIOEBRIZOX 3~10 BOHME A,
BRI 12351 F 2 AR SR 1f D FREZ 13 150~ 15001, 52
BoKIRO 2 ha— W3 TbhkenoTz, AWiziEko
BT EREICRRD 11.0~25.0CTh o7z,
BIRME 2 EEOFEREITo7Z, 1 DiI~vadLAe
E I AZNENDOEEEREZHOENIT D200
FEB, b O 1 DIEWEAIRES Y, EERRICBIT S
FMZEZH OGN THEDFERTH D, b DFER
\IZE R CTHWZO LR U E2 A L,

~AF LA LT RADOEEERMEFERTIE, BibR
DEBRLFEL 10 Uy MVDTFFTRAT 4y 7 a7
— A FERENICE S, EENR 1~2em &7225 X 512025
~0.5mm O % = 2T F—DEmA Ol -,
F72, B OERSITITENLSNDOBRAPEOW &5
X, 0.25~0.5mm O L OBRIRED LI Z 1T o7, 72
B, TR IEME L 72 928k Tl 0.25~0.5mm DI kF
LTlIbEmWIEBREE R LT, 6 BO~val LA HM
(b 7 AHEMOBEIL4)R) 2FERa T F—0kf
DR 3 RT D AN, EBRBLEN D 2 KfRICED
LANZALE L TWDNEFHLZ, ZOERITENE
NORLFEEOMAB REIZH L, 10~21 [lfT-7, &
B = 7 — 0K O REEL 200~1500x Th o7z,
HDEBEETELIET VT2, ERfFICas
T —OE A 180°[EfE S ¥ e, v b LA HA CF

¥4 F 35.0mm, S.D.=4.3mm, n=73) DFEBERIL 1988 4F
4 A 16~21 HIZ T o7, KRIT 11.1~11.9CT, RE
arvhka—LI Loz, BT AMM CEH2E
55.7mm, S.D.=4.5mm, n=34) OEBFRIL 198848 A 15
~20 A T~ 7,

FERZE D FEBRIZIZR & 60cm, & 40cm, EE 20cm
DT FZAT 4 vy ary7Tr—Kilizfn-, Zo=av
T =K D431 0.25~0.5mm D%, &Y O
3T 1~2mm OB EZE Nz, RPIIOER (CaseA) T
35 6RO~ a T LA HfaL v T AMaE, ROER
(CaseB) T34 10 ROMEMZ[R U =227 F—KMED
AN A fa R & b AT D RIRE I AdL Tz, FEBRBALA
2 WS L<IE 3 BRI, 2 v T koL AIC
TNENNLE L T DDA LT, B FER
1E21 [, ROERIT 16 BTz, ERICH W -~ =
A VA LA R 70.7mm  (S.D.=3.6mm, n=25),
b 7 A UL R 2R 74.3mm (S.D.=5.3mm, n=22) T,
AR D HERIC BRI 72 & 5 W IR 22T ENE R S
ighioiz, BRI 1988 458 F 31 H~9 A 10 HIZAT

277,

EBHE

BRY R L JRE ORL TR OBMR % Fig. 4-12 (RT3
WRIT, WTROY A XOHAITE VTS 0125~
0.25mm & 0.25~0.5mm O X453 O Thy b iVl % 7R
L7z, && 350mm & 58.7mm O HEMAIZ DWW TIX
0.125mm LA N D X573 TOWRRITMED -T2, Kb KRE
WA 80.6mm D HEFUIIRIF X ) 1~2mm DRYITK L
TH 40%LL LW REZ R L, £72, 0.125mm LT
DWNKT DR E -T2, O XD IZIEWRES
IFEHER DY A XK E < 72 DIZHEVHLRIM, AR &
HERT DML O,

IR

RaALA JREORTRIZH T 2 BINEEROHE
HAE LT Table 4-5 103, 2HE GUAHE 1:1)
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DOFER, 0.25~0.5mm D X5y L, 0.125mm 2T, 1~2mm
BED 2~2.83mm DX5y & DRAAHE TEEER
PEIZSERRER 1% KETHEEPRD bivic, £72, 025
~0.5mm & 0.5~ Imm DFAA & TILfERRR 5%k 1

THEENRD B, —F, 025~0.5mm & 0.125

80 |-
TL 35.0mm
L + +
40 * ‘
0 1 1 1 1 e e
2 wl
© TL 58.7mm
5 40 + + ¢
3 t
g 0 ] 1 1 1 ? e
or + + + + TL 80.6mm
40 +

] ] ] ] | |
0
0125 025 0.5 1.0 20

| | [ T |
0.125 025 05 1.0 2.0 2.83
Grain size (mm)
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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~0.25mm DOMLELE TITAEEEITRD LN o
7=,
ES A BIMEEROMEREL E L DT Table 4-6 [TR

T, P HREDFEE, 025~0.5mm &, 0.125mm LA, 1
~2mm 3 L N 2~2.83mm & DFAAAEHHIZEBNT 1%
KETHBEENRD LT,
0.125~0.25mm £ LT 0.5~1mm & DIz
O LN oT,

EEERICETHEME ERERAL E L O T Table
4-7 17T, FREN 6 ROMAER O TIT 7o —
Z A&, RLL 10 RoOMEENNT T2 —2 B
LY, valvA e T XNINERR RO E A
72, L L, ~a bbb ADOERI D /NS VR
~0.5mm) OWEGFLEmMNREL LN, T—A A LT
— A B OfER %A T Mantel-Haenszel test #17-
el A, WROEERIWEIZITAEENRD bz

(P=0.021),

—7J7, 0.25~0.5mm &,
TEEZEIZ

(0.25

E =B
2K 35mm & 58.7mm A XD~ 2K LA HEfl
Imm AT ORLT-OWIZIERS ATRE &l Sz, E7z,
0.125mm LA R ORI X5y 2 BR< &, bRt & g o

R EROMIITAORBRIRD bz, oA
LT ACBWTHIROONTWS (KKH 1988), &b

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 X2

test. Expected ratio is 50:50.

Combination of grain sizes Total number

Number located in

Statistical

(mm) examined  (.25~0.5mm Other size significance (p)
0.25~0.5 vs. ~0.125 125 80 (64)*' 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
0.25~0.5vs. 1.00~2.00 74 67 (91) 709) 0.01
0.25~0.5vs. 2.00~2.83 59 51 (86) 8 (14) 0.01
0.25~0.5vs. 0.25~0.5 * 122 59 (48) 63 (52) ns
(whitish)  (brownish)

*1 Figures in parentheses show percentage.

*2 Result in a preliminary experiment (different sand color).
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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 XZ test.

Expected ratio is 50:50.

Combination of grain sizes Total number ~ Number located in Statistical
(mm) examined (. 25~(.5mm Other size Significance (p)
025~05vs. _ ~0125 79 56 (7)* 23 (29) 0.01
0.25~0.5vs. 0.125~0.250 79 39 (49) 40 (51) ns
0.25~05vs. 0.500~1.00 82 47(57)  35(43) ns
0.25~0.5vs. 1.00~2.00 81 57 (70) 24 (30) 0.01
0.25~0.5vs. 2.00~2.83 82 69 (84) 13 (16) 0.01

* Figures in parentheses show percentage.

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).

Case A
Grain size (mm) Total
0.25~0.5 1.0~2.0 number
Marbled sole 88 38 126
Flounder 77 49 126
Total number 165 87 252
Case B
Grain size (mm) Total
0.25~0.5 1.0~2.0 number
Marbled sole 117 43 160
Flounder 101 59 160
Total number 218 102 320

REWAE 80.6mm O, 1~2mm O T LG
HHEThoTe, 2O b, BWEENIIE &I
WK 2 &l sz, —77, 0.125mm L F ORIk
T 542E 35.0mm YA XL 2K 58.7mm VA4 XOHEM
DOERPZRIE, 0.125~0.25mm DFEIL LY L5 NI
Molo, ZTAUTOWTIE, BRI 23 BR09 IS L
WZ<\WDh, HDWIIMOBERIZ LD DT 5T
20, —J7, AR 80.6mm YA X O TIIMARL T
R THEMEOR FILBO N oz, &K
80.6mm YA IOV TILJEEBRIIED ERRITIT > T
WIRWA, HBTIHRAD K5I, v 3 LA TR
BOEWEEZGOEMNH L2 L6, REICE-

TIEERL A3 2 @IREOMRITA N 2 & HEH S
%, KGR 10m LD LB S CTAIG Lz~ a LA i
13, &K 60~70mm IZKET D ERaICr MEER
DWEBIZ A Z LT TN EB 2 b0 (FIIER
(&2 1975 ; U - IR 1989)
~a LA MR THE LN 0.125mm LT OWRIFIC
KT DWW ROBKIL, X ) A OARE & B
LTWBD0b I,

YA A LT ADOHERTIEL DRI L
TH OB AR LTz, EHRRE 35mm O~ 20
LA HEMAIT 0.125~05mm OWE, F-FPBHEE
55.7mm Dt 7 AL 0.125~1mm O % - TeE 237
DO, ZILHOFRRNS, HEAMIZHEWTHRE
(1974) IR~ T= MG A B LT RERIRZ T T2
<, EEORLTH A XAOBINNEAF LTBIRMER H D 2
LIFHONTH D, o, vahvA e T AOHM
ZECBET 2 FERNS, v ah LA DFRL0M R
FOIEE & LM DGR bz, RN TO~ =
T ABLOE 7 AHMO LB ORELMT:OH
FIIDROR, AEIED (1977) 1%, & T A AT
ChRb <L, M
ERBAIRD (¢ =0.09mm) TIEAHTH D LW LT\ 5,
F7o, RRE T alh LA RO EEMEETEL
7oA (2003) (FAEFAS HIBL L 72 HLS o> Sk AR
0.10~0.57mm, ¥ 7= 0.063mm A DIE5r D (5 5 E &
1 1.3~332%E A LT\ 5, RO FEER L IXEED

2 80.6mm YA XD

> (¢ =0.17mm) (¢ =1.0mm)
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RFRRIZEWTSH 523, AH (1977) OWEICRBNT
MR TOE I AHADHBNFTTHLHZ &, £z
A1l (2003) OFAE TR DZ (33.2%) HIHETH
~vaAT VAN LZ S HE L TWD Z b, Wiffiz
ey 5 L, KABRICE W Th~ad LA ffaDS
DIEE DKL MAIZETI AT 5 MR H 5 &
I,

vaAH LA BRI 7 A HEA DR RIGE & 0
RORR% Fig. 4-13 1”7, MFRIZ R 545 EORIR
X, ZAOHEAN L VIBWICE LSl b &
R LTWND, 22K - BF (1980) 1%, AKMEOEIH
BN, &7 AHRAN Y v 4 A Acanthopagrus
schlegeli 7D E 2T B BB DN Z & 2
HLTWD, ZOZ &%, BWATHRN, M) A7 %
INEL T HEDICEREBMICEECHL L EEKL
TWd, vaH A BLOE 7 AMAITRHEY 27 %
INEL T DD, BRI LG (RERE) %3
WT2LEEBZHND,

25 35.0mm & 58.7mm O~ 2 LA HEADOERDR
1%, 0.125~0.5mm THRbEWELZRL, T X K&
WRLTRETYH, EMRR TR THEBWRITETL

60T
SE e ©
> (@)
[} 40-
2 e
3 - O o
s
s 20k
® (n=10, r=0.90, A0.01)
o
0 1 1 1 1 1 1 1 ]
0 20 40 60 80

Buried area (%)

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).

JeRder UKPEMR) 25 40 & (2008)

Too REWRLFRUCOWCIIIBRE S & B L= B8
EHEEIN DD, MR AR DOV T b RO I H
WL D20F 6w, bR & RN 2B E
BoHdDZ b, vakbAOAERLEITRIRE L5
LTV 720121, Z O Zk + &Ik 2 8w
O TFOHMRESZI ST DHERD D,
SEIOERIZIATHER 2 Ao, LieioT, KK
DHEAN N LR CATEIZ T2 LWESTDHZ LT T
vy, LL, NLHEEIZIWTH b 72 ERE SR
WERLIZZ LITEETHY, REBHAOERBEE X
LHETRERE S NMIRD EEZEZOND, F72, AL
R ORRIC D= TE, HADOEWIEN 258 L
W IE 7R B SR OS2 R A TR T 2 Z & DS LE
Th b,

B5E BRLAEORRE

v H LA TENEE LU A RGO BT
JEQE I Lo TS T\ 5, ERICE
WTH/MUERDNEE, HIE, 3EHR, NUEERESE TR
I, BERICEDD T oA MIMYEONE D R
HREVY (1988 £FITHI 62%), ~ M LA [TEHEERIM
G TH D PEMGE LT “Fothoh LA b
LTELEOOLN TR IAEERKREZIEST L LN
T&ERWV, 22T, B 1EITE, SR O
HRETH L/NUECEMIREOEIMm & U L1 Al
WROWRIZOW TR D, KICH 2 fiCl, &
W R E ICERAFE SN TV D MR R O g G kL &
FEHICHRET L, 1980 SRR D~ 2 LA D L i
WOERERLZIIONIT D, EHIT, /MNUERE MR
W20, T S T2 Y A R L e WU TR
IND LN REEEEOMERH D (% 1997 ;5 B
E 1993), 55 3 i CIIFEEREE, KRBICBIT 50 LA
MM DORIERIE L, T OYMHR ORISR (FK
W) DEMFAFEEZRONTT D,
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5—1 NEEUEHEBXLHLEREENER

NUAFREWRET D ERBETHL/PHEDEHE
OIfERIE 1995 FEEZEHRA L LT LTETY
Do Flo, AL Ax2EF0L0 VA EBERES 1995
FEUZBD LTS, 20X RAEEOELE
1952~2003 £ 52 R OWIEFTFERHI LS E B 5
MZTBE EBIT, EFECBTA~ad LA ORI E
RICHOWTHELET S,

MHE L UVHE

INRIEDNE MO R LIRS &R b NS v
A BERFIE R OB OMRFHIIL 1952~2003 4D L I
BEMOKPEREHER G R BUR SR M R iR
£, 2002 & 2003 GITITBERBUR T REEL © E
S —ide, ULT, BAMGEE L) 20, Lot
AVAFEOFIZIZ Y Y ) VEEELEETh 0D
O, AUAFHRERL > TV al LA OfEEm %
HeTET 2 DIXREETH 5 (2003 FLARIL Y >/ > 2 4H
DEEFHEALE LTSI L), £2°C, ~abdL A8
MMOWEREZIET 5720, Fig. 2-1 IR L7 12 #iX
OWEMFRLE DB~ 27 LA OWERFHER (1988
~2003 4F) ZINEE L7z,

® R
IRV EHREESOHRE 1950 £ 5 1980 F1XR
WD ETHE, /PMUEREMD S B3y FHE L TN 5
BEIZ Ko TA BT AnRSRICRBEI N TERY, [
BT 5 FERME L o TV (RH 1979), Z
DIz 1960 FERITITNREO E iR O 5 L
EARNTANRED TN, ZD%, 1970 FRITAD &
MO EMRENREBICREL, 4V FTTFEITHOE
MRETHRIEIND X ) IThkoTz, ZHUTHEY, N
JEONERIZ X DA AT TOWRBERIT, 1980 H£RDOHD
WC—FRHEI L2 b 0D, PgiFE A LRESh R
572 (Fig. 5-1), 1950 4EEMM 5 1970 SR OWD £ TO

Management units
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Fig. 5-1 Annual changes in catch of compact trawl in the Seto
Inland Sea of Hyogo prefectural region.
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B E TIEEFHGAIHIIN L 72, 1990 4R Pt % 5
2RO TRAZHA L B,

NEUEHORESHEDHRE Fig. 52 (/MK
VEEoHEEE, BLO “EI/MUEOEEZ A
PEMER R OHEB AR, RIETIEA A0
s B A PR O R OV E IR O HERE AR LTz,
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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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AT AOWHICE b o7 hy (1REA Ay FHgL
RpE5) 2R LERH DN, BEEOLE ) @EHREHN
—HOBBLSIMIE ST RNTZH TE o
oo LU, #EtT—2 3% 5 1957~1963 Ha %
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LA 2t o, 1970 AR 00 HE L —IREIE N L 72 23
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1979 4ED Hifa H MR REITD 220D, F— & 2 Hed
LEENHONL RN TOEDEE L LT,
PEEVEHOEMAEENEL-YDRES
(CPUE) m#Fe /NHUEOEMD CPUE DMRFHIHT-
ST, AT TERWIZERSY H-, Fig 5-3
1B 1 EHDBIN I RERDTZ O/
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Fig. 5-3 Annual changes in catch per unit effort of compact trawl.
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Table 5-1A  Age-Length Key of marbled sole in Harima Nada, Osaka Bay and northern Kii Channel.

January and February

Age No. of
Total length (mm) 0 T 2 3 4 5 6 7 g 9 specimen
T00- 0 T 0 0 0 0 0 0 0 0 .
120- 0 0923077 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 1
340- 0 0 0 0.117647 0.176471 0.294118 0.176471 0.117647 0.117647 0 17
March and April
Age No. of
Total length (mm) 0 T 2 3 4 5 6 7 8 9 specimen
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 051087 048913 0 0 0 0 0 0 0 9
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 7
240- 0 0 0.670886 0.303797 0.025316 0 0 0 0 0 79
260- 0 0 0439024 0463415 0.04878 0.04878 0 0 0 0 41
280- 0 0 0307692 0.538462 0.096154 0.057692 0 0 0 0 26
300- 0 0 0.1875 05 01875 00625  0.0625 0 0 0 16
320- 0 0 0 025 0.25 0333333 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
Age No. of
Total length (mm) 0 T 2 3 4 5 6 7 8 9 specimen
100- 0 T 0 0 0 0 0 0 0 0 5
120- 0 1 0 0 0 0 0 0 0 0 3
140- 0 | 0 0 0 0 0 0 0 0 14
160- 0 0986111 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 0425532 0.553191 0.021277 0 0 0 0 0 0 47
240- 0 0259259 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 0.5 025 0125 0125 0 0 0 0 4
300- 0 0 0.1875 05 01875 00625  0.0625 0 0 0 16
320- 0 0 0 025 0.25 0333333 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
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Table 5-1B  Age-Length Key of marbled sole in Harima Nada, Osaka Bay and northern Kii Channel.
July and Augst
Age No. of
Total length (mm) 0 1 2 3 4 5 6 7 8 9 specimen
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
Age No. of
Total length (mm) 0 ] 2 3 4 5 6 7 8 9 specimen
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
Age No. of
Total length (mm) 0 1 2 3 4 5 6 7 8 9 specimen
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
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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.

Compact trawl fishery

Month Small otter trawl Small beam trawl Dredge net Danish seine
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 64 233 1494
Jun. 677 16.3 11061 583 13.2 7669 61 133 812 61 24.1 1469
Jul. 683 18.5 12644 616 15.9 9822 85 14.8 1268 68 242 1648
Aug. 705 17.0 12004 593 15.7 9330 90 14.8 1321 56 21.4 1197
Sep. 648 15.9 10284 497 122 6048 86 16.7 1440 45 20.2 911
Oct. 593 16.4 9746 342 152 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
Month Gill net fishery Long line fishery Small set net fishery
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 1.1 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

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

Compact trawl fishery

Month Small otter trawl Small beam trawl Dredge net Danish seine Total
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
Month Gill net fishery Long line fishery Small set net fishery Other fisheries Total
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




KH :~ali LA DERRL mE 73

ANE 1R 6~8 A &l &5 EEICIRIESS ) B
2O L, /N 3 FRIXATORMBES @A K E )
ol FERONYE R 1 £z 0 O il HEIT/NE 1
AR B %< 240 HICHEL TV, ZHU/NE | D
WG EIEL, [RBEMICHRY AR ShFICHRT
EDTHEEZOND, WOEMOF M AT
200 H, /PME 2 fIEHK 150 H, /NE 3 FETIdA) 170 A
Th o7z, RIFEOFEM LA ST 160 AT, 6, 7H
L ETHEMICE I ENE D)o T, OSR]I
WHBIIA 190 BT, 5 AL LT RF~HEIC
BNEN Lo e, /NEUEE MO R H & H T
200 HT, fMZ@BL THRESITVDA, KEME
<725 1~3 A OEHEIMO H 2~ TH 20,

WIRERER O RIH I (a2 d
LA, AL ZTVA, T A) OiflEREE7T, 1988
O~ an LAY 623 b Tholz, Wikl
INHEDE D R b % < 2RO 62%% LT, fit\ T
FHEDS 22%, JERRDS 10%, DNEUEEMED 4% Th o7
NEERO S5 5, /NE 1 HOEE
IR, ZHTEEERD D L b, JRED
RPElZ LB 0B bND, vadvA, AL ET
LA, b T AORMENEMERILEL, NEDEHE
MENZEI 1 0.74: 0.14 THDHDIZKEL, HlMETHE L

BEE  Table 5-3

(Fig. 5-7),

Other fisheries
2%

Small set net
fishery
4% Small otter trawl

Long line fishery 14%

10%

Gill net fishery
22%

&
Danish seine
<1%

Dredge net
26%

Fig. 5-7 Percent catch of marbled sole by fishing method in 1988.
Total catch was 623 tons.
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Fig. 5-8 Seasonal changes in the catch of marbled sole per boat-day.
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Table 5-4 Catches (kg) per boat-day of marbled sole, frog flounder and Japanese flounder.

Marbled sole

Month Compact trawl fishery Gill net LongIme  Small set net
Small otter trawl _Small beam trawl _ Dredge net _ Danish seine fishery fishery fishery
Jan. 1.39 4.59 6.21 0 72 0.99 3.21
Feb. 1.81 5.38 4.16 0.34 322 4.47 1.57
Mar. 2.11 3.75 231 0 2.19 6.51 1.41
Apr. 1.5 293 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 1.25 345 0.14 3.44 1.65 13
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 1.66 235 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
Compact trawl fishery Gill net Longline  Small set net
Month - -
Small otter trawl _Small beam trawl __ Dredge net _ Danish seine fishery fishery fishery
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 3.19 241 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. 0.5 247 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
Compact trawl fishery Gill net Long line  Small set net
Month - -
Small otter trawl _Small beam trawl __ Dredge net __ Danish seine fishery fishery fishery
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

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

Total length 1988 1989 1990 Total
(mm) 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 4 206 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 1125 19 22 5 16 33 36 35 25 884
190-200 13 8§ 34 53 55 70 4] 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 8 8 104 38 22 25 54 51 34 65 12 28 58 32 23 16 1011
220-230 1322 56 45 53 44 18 25 55 72 73 32 10 1349 50 42 o6l 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 1329 22 13 4 443
260-270 8 21 26 31 20 12 7 7 12 9 8 3 6 320 19 7 12 8 8 22 9 712 297
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 3 299
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 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 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
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Table 5-6 Total length compositions of
marbled sole caught by gill net.
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Table 5-7 Total length compositions of
marbled sole caught by long line.

Total length 1988 1989

Total length 1989

(mm) Dec. Apr. May Jun. Total (mm) Feb. Mar. Apr. Jul Total
<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 6l
150-160 0 1 0 0 1 150-160 25 28 28 0 8l
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 19 343
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
100%
B3=Zage
80% B2 age
& 1 age
g 60% 00 age
8
&‘3 40%
20%
0%
ONDJFMAMUJUJASO NDJ FMAMUJIJAS
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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
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Table 5-8 Age composition of
marbled sole caught by compact
trawl in 1988-1990.

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

Total 2594678
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Fig 5-10 Age composition of marbled sole in
1988-1989.
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Table 5-9 Status of marbled sole stock caught by compact trawl in Harima Nada and Osaka Bay in the late 1980s.

A Total stock Available stock Catch Adult (female) Number of
£e Number Weight Number Weight Number Weight Number  Weight spawning
(year) (x10°) ® (x10°) ® (x10%) ® (x10°) ® (x10*)

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 3341 18.18 3341 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 6.25 342 121.2

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 23
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

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

Ace Total stock Adult (female) Number of
g Number Weight Number Weight spawning

(year) (x10%) (®) (x10%) Q) (x10%
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
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Table 5-11 Outline of the experimental hauls using a compact trawl.

Year Date Fishing method Hour

No. of haul 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
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Fig. 5-11 Size distribution of marbled sole discarded from the compact

trawl in Harima nada and Osaka Bay.
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Fig. 5-12 Size distribution of frog flounder discarded from the compact
trawl in Harima nada and Osaka Bay.
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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.
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Fig. 5-14 Monthly variation in the estimated number of frog flounder
discarded from the compact trawl fishery in the Seto Inland Sea of Hy ogo
prefectural region.

A 27 LA TIEAIKRD 88%H% KBRIE LRI O 7k 15 i
LU CTHEET A/NE2 FEIT LA RETH - 72,

BRRAOERE LUK ROMEZ Table 5-12 1771
T 2 LA DEFRIT 3 HIT 83.3%E Uil & 7R
L7zhs, ZNDAOREEIKTIE 0~11.1%TH H, #
FREDZ W 6-8 DLEAFEIT 0~6.8% LK NMETH

Ste —H, AAEZHLAEEarLAITHND EH
WAEFEREZRL, FRICRERBDLV5,6,7 HDE
HRIZZNZN 77.0%, 44.3%, 60.0%TH > 7=o Table
5-13 I3 oA ERE KR, (REANZEML 726
DTH b, A4 ZH LA DK 109CIZHET BIKEH
AFFRIT, 2K 30-50mm T 52.9%, [H 50-70mm T 66.7%,
[ 70-90mm Tld 100%% /KL 7=o F7z, 25 70-90mm
DKM AAFRIT, 7Kl 10.9°C T 100%, 16.3°C T 52.6%,
202°C T 220%ITHAD Ltz vaHLAITONTH
R D3 B R I N B0, 2T AEFEDIK
CHITIAR Ve TS DFERP S, JKift7s 5 T
ROKE SITHBEREOEFYE LT 5 HERE
RTHhHBrLEEZOND,

z =

BFEINDYIT LA YOOI S HET, 2
1% 40~50mm 2> HIEFE 57, HFEHS A XD THREEIR
6 LRI —EL T WEDOTIRY A X3
ExERTHEDO—>& L TR GO H FEREDS
EZONB REMORER T TR E MO H
Gl 1I5HiTH O BANEE (21 #ik, DURELT) &
20mm TH 5. Fiz, PNE2FEOMFRE &I 12 HTH
D HAWRET 23mm TH 5o HEh (1989) 13/
K& MDA LA BT B H IR 2B 6 22
LTV, ZiZkb &, RE (I :mm) EHAN

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

. Mean water Number of ~ Number of  Survival rate Mean total le.n gth
Species Date temperature . . of fish examined
o fish examined survived fish (%)
(°c) (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 85 443 119

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 71 104
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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.

. Total length Water temperature (°C)
Species (mm) 10.9 16.3 205 26.1
Marbled sole  30-50 0(2)
50-70 0(10) 03) 0(19)
70-90 0(1) 3.5(115) 0 (98)
90-110 5.4 (295) 031
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)

Z(m:mm) EDM 1/ miTHT 5EHERKD>
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L mOEN 21 THDIENRENTWS, THITHE
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DAL THNUTAMT B 0laEMEAH 5, LA L Fig
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RARIMIEOEMERL, A4 2741 DX
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s, EXEO EMESITMA LRz THWS Z L
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HTWL BT NS, DLEDORE#OHE F £ O
P - KEGBIZ B 2 KIPEDRH D 6, IRHERATIC
DT Bea N LA HEfIE, 2K 60~70mm IZHET



JEH : =2 LA OEREL 83

5 ENERI A&V DR & HEMEITIMAT 5 EHEE S
N5,

23 LA DREMIT 6~8 AN %o oo THITF
Bt (FRIEA 1986) THONTLWAHRIREETT
By, WINIETIE AR & b b, R
EALER KA Table 5-2 O/NREO XD &t
HTRUT 1 H 1 £570 ORFEREERD S L
100 JEL7soTeo F/z, PNUERO & MO H %K
180 HET 5 &, 1 &£H 7 OFERIMEERERLIT
18000 B &L 725, FHUID (1986) A FEREETRD
FoNRERO ZEDFER 1 £ b OHEER TR
4300~42000 B TH D, FEFH L CIEAINT & 5 7208
DRDHOENTIN D, KT TIIEERE KD 512
Foo TREBMEREERERL TH D, Fonifiiic
IR0 OHEEE S B EZZoNdD, F1EdH
2 OHEEMDOA — 2 — 13 REBG#EE K& ITEDR
otz BHERIEIZD X578, N6 RL S,
PN AR TIAERIC S K2 o~ a L1 Hifans
HEINTHD LHEREIN S,

MR OB Z HNE U 7 A 23R & o0
DHFETEMEN TS, AFRFEELRHOY
1 X LUK EDWBEEZT 5120, RO
KEL, 2a A LA TlE 0-83.3% (A ) & 0-86.1%(H
(7>, 2004 ), A1 2 H LA Tl 19.6-77.0% (A ),
BT A TIid 43-88% (“PJII - HH11997) & 27-81% (&
Wl - B 1999) R EDRENDH D, TNHDH B,

2aNLAIE3AZRL EEFERKIIZINZEN0~11.1%

0~27%Td v, flufaflid b~NTEW, —F, HEILK
A AUE L f- R E 2 0 A fE RIS
(#ZD%) TlF 0-94% (Main and Sangster 1990) &
Z DR TIE
52-86% ( Sangster e al. 1996.), vendace (> @< Z)TlX

DT, haddock

48-89% (Sangster et al. 1996.), whiting ( %
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5-14 1Z/R U 7= {2 R M & Table 5-12 OREFE 7R D
OO AR EHET 5 &, va T L 113 5.7%,
AL BAHLANL 585%ET-T0 TOEIITTAHL
A TIIFERRDODFIIICNAS, A1 27 LA HBR
W L EE AL Do
BEREICE O T I — B8 A - F R g G
FTNTHET S ETNE, SEE SN BRI
BRONFE AT N TE S, L L, KD
WEHICK AR & T, @FICREINHTDH
S THEDEFERILTL D 0% TIIRWEEZ OGN
o HE (1996) 13 2D &5 RIGEITIIFHGRDO R
DI KFHMIZ /25 T E AL Tnde Lieh - T
RO % ERE RS 5 720121, FlgR L 72
HGELD - EBEDEFEDEITHOVTHH S
MIZL THL BHEDDH 5,

AWIETIE, v LA GHEROKRESE L TOR
ARIEES OIS EH 6T 5 & & bIT, ZOEKIC
DWTimUio 7, EINGEZREL, ZDRRER

D% W H5PIT U 7z 20N 6B SIS KR
10m RN ZN X D EROERITEZREN S Z &% 0,
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