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Maturity and Spawning season of marbled sole Pleuronectes yokohamae,
and comparison of reproductive characters between different survey
periods in Harima Nada and Osaka Bay, the Seto Inland Sea, Japan

Minoru TANDA™!, Yukinobu NAKAMURA' and Shigeyoshi OkAMOTO!

The spawning season and maturity of the marbled sole Pleuronectes yokohamae were examined from 1986 to 2001 in
the waters from Harima Nada to Osaka Bay eastern part of the Seto Inland Sea, Japan. From the seasonal changes of
gonadosomatic index (GSI) it was considered that the spawning season was from mid-December to mid-February and
the peak period was from late-December to late-January. The age and size at maturity were determined by the GSI in
December and January. Maturity rates of 1 year old female fish of 1 year 11 months to 2 year 2 months were 82.1% in
1986-1989 and 99.5% in 1998-2001 (1986—1989 vs. 1998-2001, Fisher’s exact probability test p<<0.0001), and those
of male fish were 94.1% and 99.6%, respectively (p=0.0003). Approximately 100% of 2 year old male and female fish
were mature in both periods. The maturity rates of 1 year old females of 200219 mm TL were 72.3% in 19861989
and 96.6% in 1998-2001 (p=0.004), and those of males of 180-199 mm TL were 90.5% and 100%, respectively
(p=0.042). It was suggested that the age and size at maturity of marbled sole have decreased in recent years in this
study area. The cause of these changes may be a density-dependent mechanism because of the remarkable decrease of
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catches in Harima Nada and Osaka Bay from 1986—1989 period to 1998-2001 period.
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DEDTH Y, ST HIKAKUE & 7 5 72 1990 FFUH% P
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Figure 1. Annual catch of marbled sole landed at the 9 fisheries

cooperative associations (See Fig. 2) in Hyogo Prefecture.
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L A UZDW T id Kume et al. (2006) DWfFER b 512§ E ik
VL HDRO X ISR ERF LK FLTWA 2 Enb,
WHHRO~ I H L A28 T T 6 BRI ENZL L T
WAHREMEN D B, 22T, FTARTIE, 1986~2001 4
ZARIENE - KBRS T S N2~ 2 4 L A DA HE RS R
M5, ZOWEKIZ I B AFED EEINHIC D W CREN BRG]
T5 L LI, RO PFEI & DR AT 572, Hin T,
B A SRR (GST) 128D < VK E HHEA R L 729 £
T, WHEAKEDE 2 - 7R (1986~1989 %) &K L7
REHT (1998~20014F) BNZ, M EELEIA s K ORI
JRAEA AW S S L, EFOARFEO B % Rt %
S U g HA R oD ol & 47 5 7=,

MEEFHE

EXfALAEEE

TR L 5 HB R DS SE M RRHLA ISR & 73 % I
AL (Fig. 2), MIEREA L U7z, FEAD A T-HIWIZ 1986 4
SH2 5200141 1T, IO 720 REARIL 5035 )%
Td 5 (Table 1). FEHX N O NRIZHA 39098, A
W95 g, IRIEHT 39, Hi#T71 R, EHRR1IETHS. &
M X D E FIRLA O FWIHE R 2 5, WO ITE
VR~ KBRVBIEVE SRR THh 5. HEId s REH 10
FHE L 72A%, 19954F4 H~19984F- 5 HIEFE L T,
72, 1986412 A, 1987412 A LU 198841 HE& 11 A
FH 2B OFEE TN L 72, FEARITEHORE TR RO,
AR AR mmEA, KREIX0.1gHM, AR ERIE
0.01 g M THIE L 72, 72, 1987412 H~19884-1 H &
199941 A ~2001 41 AD K 12~1 AIZfB 6 72 AR D 5

Japan Sea

Kii Channel

Figure 2.

Locations of the study area. Solid and open circles show the fisheries cooperative associations. Specimens

were sampled from the solid circles and catch data were collected from the open circles.
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Table 1. Number of marbled sole specimens used in the study.

No. of specimens

Year
Total Trawl Gillnet 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

Hol6lE (HiEDWIM263E, %HEDOHRM3S3E) 20
TR O AR I K 2 B HIE 217 - 72, FindE X
1986 4F- 12 A ~19894- 1 A & 19984F- 12 A ~2001 41 A D %
R~1HIZB N2 1305)8 (HiEOME 7158, &0
M590F8) DWW THT» 72, Flmid Hafse (KHEIZ A,
1992) EHEARDEFER 2 6 HE L7z, Flindre oFLHE H I3
FHIE LTI HIHE LS, 1A HIZFEIHR S TH 5
ZEn5, WRELABT B -0ICER 1VEH ORI T £
TR0, 2FHOR T E TR IRMERR L, $72,
FEUNHH DAL R I 12 HIF O THRK L /2,
SIERRATER (GSI) & ETEIRDERE
GSHFKAUZ K D3k 7=,

GSI="EHfiflf & (g)x 107K (g)

RIS & BN OB X TR D 4B & U 7.

BUE1 R INHBLIN S S RREES D B .

B2 R, ISR G~ A T 5.

A3 DL IRENISERIN A A S NS . 7213,

SRS K 0 SEHIN AR T 5 .
E 4RI, IIBIERESASITVEERL, ED
WL,

A LIRS & T, BUg 2 13U E BRI & AR R Bl
12, B 3 AR ~ eI B 43I SR Y
THEELONS,

FEEOBE 13 KD 4 PEEIZ X 55 L 7.

BE T LR RRINI LS TS A k<, fith 7z &

Uiy,

Table 2. Relation between the degree of maturity and gonado-
somatic index (GSI) of marbled sole in the spawning season,
December (1987, 1999, 2000) and January (1988, 1999,
2000, 2001). The degree of maturity was judged from the ex-
ternal appearance of the ovary and testis: 1 immature, 2 ma-
turing, 3 ripe, 4 spent. GSI=GWX100/BW (BW: body
weight, GW: gonad 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 0.57-7.0
Male
Month Maturity Number GSI (Range)
December 1 5 0.07-0.13
2 23 7.3-22.9
3 140 3.2-239
January 1 3 0.10-0.18
3 97 1.2-17.8
4 29 0.13-1.9
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EL.

BRABNE & BRAHIE R LE

A B KO RRMEAEI A 12 AL 1 HOEARD GSI A

LR 7z, L KA X 53T 5 GSIDFEUER AL, FEARD

— T I NE U 7z AR R 0 YR R R & GST & DB %R

(Table 2), B L UGSIDH i 53 R®D 72, 12 HIZFH T Bl

OEFUEEIL, PUE 1L U 2D GSID L v V2V
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1.6& L7z, HEIZDWT & 0 1B & ZUZ 2 8F 0D oy B 13 IR
ThH5HZE, BXOWE IO RAKMN D GSID 5345 2
5GSI=Z0.7& U7z, 1 I, MEREE & 38 1 & 40 GSI
DV Y DIZEERI R D 5728, 12HD XS LI
WAIZR S hav, 2 2 ¢, EEFDH O H mHE 2 ke
OFLUEMT & U7z (M © 0.71, HE© 0.16) . e e IS
DOTEARE LOBRIZCBWNGELT 5.

KiEEF

FHAE AR (1986~20014F) DKL, FRESHEC IR A
FEhiE LT B 3imEsRga s (YEiE A, 2005) OF— 2 %H
Wiz, F72, ZEKEEOEINHOERIZH 725> T, 2
NZ DWW EEBIAR T — % (2002~2004 1)
RO (HARWEHT — 4+ 2 4 — | http://www.jode.go.jp/
data/coastal/obs./data_index.html) . #HI £S5 ACH S AL
HIAN (eid) , i (EARR), B R (EHRE), 53
(FHER), A (THE) Thb.

TEE BRI RO REMETCHlE S hTh b
N, vAHF VA BNERNBEORTH S Z &, £z, Afd
DFEIHINAZETH D Z 05, FEIRIZI 1T 5 PEIN %
e U KEERED RICHWS Z e HREE E L Hh
5.

B R
iﬁﬁw%gzﬁtiﬁﬁ%ﬁﬁ«ﬁn
Table 2 (ZPIHREHERIC & 2 EHRR O #UE X 5 & GSID B R %
AUz, MW TIE, 12 ICIREE 1 OffKRD GSTIid 1
DFThan, NELEEPFBEEINTHWEEELZLNDH
JE2 DR/ MEIZ2.8TH D, K1 & DT GSHZZEN D
bz, THIZA-STEHAE 1OGSIZELIT RS i
Molzh, BE20GSHZ 157 B R U, USRI
BT 5 GSIDEHErE X SIS E -7z, 1HIZAS
EREUI E AL N READMAR L S MBIL, Zho6D
IR 3/ N L, GSIAEUE 1 L H 5 L DAY
s5hi-.
HiZk\WTd, 21T 23E 10OEKDGSLIZ 1L
TThHBH, FFE20DGSHET3~229TH D, GSID Sy
fErmEE & D LHIETH > 72, FUE 312 GSIOKWMIEK A
Rondnn, ThIRE EE > T\ Ths. 11
IZAD &R E A 23U 4Otk EEBLL . Zhoorh
ZIIGSINE I L EEDZ DN AL N, 72, #UE2
DfERIEHR S Wi -7z,
GSIDEZEL & EIE
Fig. 312 GSIDZEHIZEAL Z /AR L7z, 1 moflEEE» 58k
WD T — ZIXKIR U s b o 7=, & 2SS K UED 1986~

19954 (Fig. 3, Hh&) &AKAKHED 1998~20014 (Fig. 3,

H@) O TEYGSIOFHZLICHE LBV HED 5N
B o Tz728, LUK CLRMERER -1 7 GSIDZEAL & 7R
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Figure 3. Seasonal changes of gonadosomatic index (GSI) in
marbled sole. Vertical lines represent standard deviations.
GSI=GW X 100/BW (BW: body weight , GW: gonad weight

in g).
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THaHH, 12 Ani-FIc@ b LpaeiciEid (PGSt
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(F¥IGSI 15~20) &/ L7, Z LT, 12 AhaEs 614K
TULHO1IH M 1~3 & k572, [ GSIOK M
BHER D ERERTH 572, 2D &S5 IZHERED GSTDZE
ZALISHEMSSTRL$ 2 2, BRI D2 L&A B &, GSIA
FRUII D 2RHEIEHEDIZ S BENDY, ZDHROEIND
EAWEEHMTH D, Bl E T 2 RO 77 2850
fHRED bz, 72, ¥— 2 %O TIZHEDIE S 2358
RN TH-7.
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DN E 2 ORite (198749 H~19884E5 H) 1281 5 154
Pl LR O GSIDOHERS % Fig. 418 L7z, HEIZHWT
F, 12 HICIEAE 4 2R TR OMERIZR s h s - 7=
2, 1A 12HDOHAETIE S0 12 2 It o ik T
Hotz. F721H27HIZ3SEH 24 A [RINE & HIE S,
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Figure 4. Secasonal changes of gonadosomatic index (GSI) in
marbled sole from September 1987 to May 1988. GSI=
GWX100/BW (BW: body weight, GW: gonad weight in g).

1987 4EPEUNHHIC DWW TR 12 Hh D PEINIZ R C % 7
2o 7zH%, 1988412 H 21 HIZIZ GSIAY 30 28 A AR A,
7z, 2000412 H 18 H O F 4TI PEIN % O i A 23 HERE X
NTED, FIT&D 12 PRI 22 H 5 Z & 12H
ENTH5.

BR#AE &

Table 3 IZAFMpAIEEI A AR L7z, 1986~1989 412851 %
07 FLD B EAE A 1T ME 3.6%, HE 50%, 178 UM S2.1% &
HE941% TH - 72, F7=, 2O Z MR L & 133
100% TdH - 7. —J7, 1998~2001 412> Cid, MiEMEE
L URAIZ B O TRAEIAIZIZIT100%I2E L Tz, il
BIENC B % 1RO BEEIA % Wik $ 2 &, AU
1382.1% & 99.5%, HEIZ94.1% &£ 99.6% Tdh 7=, TD &
I, 1EBOBEIA TR F D S 23 MlERE & & o
M 2338 ® 5 N7z (Fisher’s exact probability test, M :
p<0.0001, H#E : p=0.0003). ERX7FHEAEAIZDONT
i, ORAUIEEARB A D RN Z & 25K RO R EA ol
HEL100%TH>72Zn6, IIKADOKRERL
(Table 4). Z23%200~219mmIZ 3513 5 M 1% D B EA
13 1986~19894F- 738 72.3%, 1998~20014-%296.6% CTdH 1 ,
%8 O HB O J5 2 E @ A FE 8 6 7z (Fisher’s exact
probability test, p=0.004). %7z, A& 180~199mm i}
5 HE KB ORAB AT ZNZFN90.5% & 100%Tdh D,
[AlC < B AAD T A3 E e 23588 5 M7z (Fisher’s exact
probability test, p=0.042).

z =

B FH E R

A HERR D IR RE D HE SRS O BIERIZ K 2 DA HEFE T
BB, MREYH OERIZZZL O HHBLETHD , %
BOEADPZ 30 X 20, 22T, AR TITEFE QLY
HIEIZE 5 T35 Z LT S GSIOfE & v 72k 2l e
DFAEE IR L 72,

AEHERR O IR SRS R & GST & OB (Table 2) 225, 12

Table 3. Comparison of maturity rate by age in marbled sole between 1986—-1989 and 1998-2001.

1986-1989 1998-2001

Age Female Male Female Male

N % N % N % N %
0 28 3.6 14 50 2 50 3 100
1 224 82.1 202 94.1 198 99.5 262 99.6
2 155 98.7 50 100 44 100 40 100
3 10 100 5 100 16 100 12 100
4 12 100 5 100 5 100 4 100
5= 7 100 3 100 2 100 2 100
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Table 4. Comparison of maturity rate by total length class in 1-year-old marbled sole between 1986-1989 and

1998-2001.
1986-1989 1998-2001

Total

length Female Male Female Male

(mm)

N % N % N % N %

140-159 — — 2 50.0 — — — —
160-179 1 0 17 82.4 — — 7 100
180-199 20 35.0 63 90.5 7 100 42 100
200-219 65 72.3 70 98.6 29 96.6 72 100
220-239 55 89.1 39 97.4 46 100 81 98.8
240-259 57 96.5 11 100 68 100 48 100

260= 26 100 — — 48 100 11 100

No data: —

HEEfSIZ 360 B D FE 1 BRI RPN O & & FH L Y%
YN IZ B U 2 O, B8 2 T IR BN & 2R 17 0
BAEAL, YXPEIHIC R T 2 HF L s S5, L
Mo, WA 5 GSHEIE, PUE 1 O R AE 0.79
ERE 2RO R/AMIE2.8 DT, 2D, AWITFENCITEYE |
OB KIS VE & fES & h 5. X610, WIS %
fToTWAWERS FD -2 EEEHNTZOMNED
GSID H3 A & Mt L7265, 0.95~2.16 % 582 E— F D%y
HENRD SN Z L5, ZOFPHPICHITREE 5 5
e seHEi o/, IEMHELREIZHEETE L0,
0.95~2.16 DT dh I HH & 1 5 KAEIAIZE D S L
ZENS, TROOWRIETH 5 GSIZ1.6iF 12 HIZH
2 oD K] o FeHEfiE & U C R 2 &l X 7
HEZ DO TR O FEEM DTN 5 22 TR,
RACBT2Z 12D GSIO L v D IZHIIRIC
SHELTH D, BUE IO IR KAE 0.13 & 2% 2 BF O fne/ M
T3OMICHRE 2 T AMiER DD L ELEND. &5
12, AEIHOGSIV1 2B TWEWI L, /-, ik
[RIREIZ 12 H O ABIE A % F TR 1 BED I KT D 43
A at U726 0.16~1.15 % 5512 GSUE I 43 St ) 3
BHoNZ s, ZOHBOPHEIETSH % GSIZ0.7 13
12AICB T B HEOBEHE DR & L TR Y EEZ D
nr-.

1HIZA B LI T d % 3% 4 DR £ <
B, 25 OHIZIE GSINEYE 1 O IR NE % FIal 5 {E
ERARENBEESI2kS, ZDD, 1 AlIZoW TRl
&b 12 HOFUEE X Z vy, 22T, Table2D 1 HIZE
T BE 1 L EE 40 GSID E P (M © 0.57~0.84,
ME 2 0.13~0.18) O rffElfE (M 071, HE 1 0.16) & HkHE
lELTHHATESZNE I D EMGT L 72, Table 212801 T
EEFEPIC B BB, M 7R, B3R TH > 72,

Table 2 13 MfEHE L & & HORAAKRDOEI G A KB L T &
BEAONDB0, T EEHICH 2 WKLo hE
IZRDBUE I LBUE4ICK LI L, IRREIADZEAL & A&
2. ZTORE MEIE 94.4% 2 94.7% 12, HEIX 97.7% A
973%IZEAL L 724, EWNEDLT A TH 72, 612, K
BUE O NIRBIEHE R A B 5 198841 AIZ DWW T 200D ik
(A5t D ARG & GSIDHFFHIZ &K 5 X5, GSID i
EDOAIZK BX5) & TREEIA DI #1772, M
(n=85) TIXMI HEIZ L 2213 MA 7. 72, lff (n=56) T
(PR 45 SR 21 96.4% , GSIOD H [ & Fl W 72 35 A1
029% Tho72. TOXIZ, HTIEZDVOERIAD S
nrznd, 127 &AB b BRI AR ORIl Tk 2 0251
EHITNEL 572 (94.1% & 92.4%). 7=, &HRIZD
WA CHRHE TS 5 7280, AT ORIz 2 %
WHIINIWEEZIONSEZ L5, | HOREHE Rt
& U THOW 21l GSI=0.71 %6 & UNHE GSI=0.16 13 %2 & Hllkr
Iz,

23 H L AZ PRI 1 RO B A D 72 0 AR il
D PIRRER S R 2% d AU FLEI A & SR8 5 T &3 Y
KHTHB. LrL, KRTERIRBIED B OEAT
B o 72728 GSI & FEHEIZ B BLEIA & KD 72, GSTIZ L DK
HHE, BEORERR LT — 212\ AR ERESD
B2 AZEN TH S, £, GSHIIZPIIREISR
IZHNTHEZIZE B ERPADIZSVEVWIFEASH 5
LEZIoENS.

EEIDEA

TRIEME - KPRBICI T B~ H L A OFEUNIIHIZ, Mo GSI
DE{HIZA I K OETIROBIERER2 5, 12 Hpa)~2 A
hEIT, ZOEEBE 2 A M~ A Mg Nz, <
a5 LA R TRAVEINE— ISR X s s, e L
TH2E, ZOXS5121 7 AL LOEINHE 2> &5 2
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Region Spawning Season Literature
Nov. Dec. Jan. Feb. Mar. Apr. May

X X X T T T I S T T - X

Kikonai Bay (Hokkaido pref.) o o o [ o — i1 Ishino and Mihara (1995)
———————————————————————— Bl e e it Al alienl i Bl Sl ol ol (ol Bl Sl et i Bl Bl el el

Mutsu Bay (Aomori pref.) ! © I (. [ [ I 1 Takahashi et al. (1983)
________________________ TR T [ |

Japan Sea (Aomori pref.) | } } : : | Lo : - :C; ' | Aomori pref. (1973)

Yamada Bay (Iwate pref.) l : } —— Lo Vo - || lwate pref. (1973)

North of Ojika Peninsula (Mivagi pref.)| | | | | | ~r——Or——= | | | | | | Saeki and Kikuchi (2000)
________________________ +rT-rft—=-T-rr--tft-r-r-|-4-Tr-r--a-"t{t-r-r------ - - "= - - ===

South of Ojika Peninsula (Miyagi pref.)! | | e [ [ [ I 1 Saeki and Kikuchi (2000)

e i T e e B B I e e R I el S e . e i
i i i I | I | | I I | | H

_Sendai Bay (Mivagi pref.) Lo | L L S i [ | 1 | Matanaka and Iwahashi (1953)

Sendai Bay (Miyagi pref.) | } ‘ b - - - || Miyagi pref. (1975)

Tokyo Bay (Kanagawa pref.) 1 : : : :C: : : : : : : : : Nakagome (1980)

e I A A B i [ A A A A A A A R [ B .

Osaka Bay (Osaka pref.) o —P— [ [ o i1+ Tsujino et al. (1997)
———————————————————————— B e e e Bl S e i Tl ol el e B il e e B B e

Harima Nada and Osaka Bay (Hyogo pref.)! ! l—t - > (. (. I Present study
________________________ JH R N | [ A S F — (R I | A -

Bisan Seto (Okayama pref.) L HH——: Lo b Lo || Matsumura et al. (1973)

Suo Nada (Fukuoka pref.) Do | Lo Vo L || Fuji and Tako (1972)

Beppu Bay (Ooita pref.) 1 : : : ‘P'é" : : : : : : : : Oita pref.et al. (1985)

Figure 5. Spawning seasons of marbled sole in different regions of Japan. The ranges of arrow indicate the spawning

seasons and open circles the middle of the season.
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Figure 6. Secasonal changes of the surface water temperature
(average for 2002-2004) in different regions. Arrows show
the center of the spawning season of marbled sole (See Fig.
35).
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