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Habitat and migration of the eastern stock of red sea bream in the Inland Sea.



RE:AFASESERCEIS Y ORIENSLUVBERRICMTIHR

BEEBAMEL L THEAMESAE Y/ 12, § AL
EEEWmmiiEoRBcmEd 3L, ERARIOK
F0mUBRoPEFOBECBETELICNE, BF
HEESGSETHEMMSCABCERT SHRE, RW
h, BEM, RBEEML, HEH_Re, ¥HRHABMED,
MMM RMER O Ta LS, E AdLBERELER
~Wmmic EE L THRERHLE L, RE0RVEEK
molEdkhes~tBMLEFHEERT S, Kb oKD
ABoRmVWEBcHMeER L awL, FRUREE
BEiT5, UWAEKEOETIZ L &l ER L
Tan, BEcLbuHSERERILSVWTRT TIoH~
hEBoTHE, —HSrMAOBBEOREBTRET S
M, B¢ REFORKEMIOCERFT SIEFKIMICEY
L& Msd s, | RAREEROLVREHATRE
L, Biffic bV AHERE~ETa L0, BEER
iR Ry, TUBSBRKFENmLEOHEL
DRGSR -EREh, EFTHBRBEAEID I 2D
e (A, WM, £ik), BH, BEAELZEY
wickiBomuviEEklitEEdLEEBEE NS,

RS TlEL RSN (1~38) efokELR
LibrgliotyiERHEEEET S5, Ko E6RE
BitounTH, R~ EV BEGERAITHET
ZoEHEL, (IRBAOEINTA+ 12 uBHIERT
by,

M (4MElE) RERAEMLBLICHEICLS
CEROL M ARECEREMET 3, ERREEICHR
BREECI~olERRAIoEcRO R, HERD
ERERMI, WNEP O RSMDL SRR
ahd, GRRAKEORL - CHEEG, BEERLL
ABOBMBLEHRGE, BMEES IV EALERE
EHLTIEE#rS xS cHBME~ADika, BRL
LTERERLTVE, E4AYE, TOUBENEF
DEoOMUrXEEERGERET I —KERETHOY
o —KE BT H - 8, 19608 4 LR AR B F) iR HL
BEFCLZRMLASNREBEF LT ERONN
Pzt y, ERBECFCHBRERBELTON
ERFLCHMubA, BRoLSuKEREDBIRSES
A - EWELTVWS, L LudS, 1990FM
CHziEALAECRNRES TS ORER
EEHOELMBAEGS, SHOMEMEEENS.

2—-2 -

HEEAE
M Rkl L WA B RS (Fig. 22)
lEEWT, 191ES A o102 6 A/ BEU &8,

— AWM E LU TN ITAEEEEEE LT
Huvi, B0, £k, BiEETable 22EFRL L,

7 Kii Suido

Fig. 2.2. Sampling area (hatched area) of red sea bream.

W Tl
LU fe)

/]

Fig. 23. Schema of scale reading for age determination
of red sea bream.

ERBEEoLY, REMHESOBEIREERTRL
o RELEMES WkMIED ) v LiSHIC | BRAR
MM, MAOE-8D LAERNLHOMER
U, BALLTHVE, METRRERTIRIIEXL,
ME (R) SKEE (r) £HEL . WREFg 23,
ERTES Mo RAEARETOEREL,



REEOKEEW 369 (1000)

_m_

Table 2.2.  Number, sex, age, and fishing gear of specimens for 8 months from 1981 to 1982,

for growth and maturity analysis.
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Sex Ages Fishing Gear

] al b )

Month Male  Female Unknown 0 1 @ 3 4 5 6 a7 55 FL GN
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Mo 148 46 39 63 65 80 2 I 0 0 o 0 12 Th -
Jan 1982 26 L] 10 8 ] 10 1 | | | 4 2 9 17 E
Apr 127 3% 5 i 7 sl 9 7 Ed 4 | 0 127 - -
May 356 14 21 321 o 323 13 I 5 2 1 | 330 - 6
Jun n 14 9 o L | S : o0 - - B
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Table 2.3. Fork lengh (FL) and body weight (BW)
estimated from the growth equation of red

sea bream in eastern waters of the Inland

Sea.
Age FL{cm) BW(z)
1 14.7 75
2 231 279
3 303 6l4
4 36.5 1,051
5 41.8 1,555
[ 46.3 2,094
7 50.1 2,643
8 534 3,180
G 56.2 3,692
10 586 4,171
11 60.7 4612
12 62.5 5012
13 64.0 5372
14 653 5,693
15 66.4 5,977
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Distribution of the gonad index by sex and age during the period from May 1981 to June 1982
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Table 24. Sampling date, number (No), fork length (FL) and body weight (BW) for stomach content

examination for red sea bream in 2 age groups of Age 0 (Age () and 1 or over (Age 1+).

column Age 0: FL and BW shown by mean and
shown by range.

In
standard deviation. In column Age 1+: FL and BW

Age 0 Age 1+

Date No FL (mm}) BW(g) Date No FLi{mm) BWig) Age
Jun 19,81 30 315 £ 39 10 = 03 May27,'81 33 264.542 3923445 2-7
Jul 17 90 485 = 83 3l = 1% Jul 22-28 23 295 - 505 557-3416 2.7
Aug 28 a2 956 + 118 733+ 90 Sep 10 14 299.483 4282394 2.6
Sep 18 30 953 + 234 250 + 163 Jn22,'82 10 320-646 6494760 2.7
Sep 630,85 76 955 * 124 3+ 9] Apr 19 20 252 . 500 3762510 1-6
Oct 1-4 7 1076 * 124 330 = 137 May 26 ] 327 - 564 TO9 - 3438 1-7
Nov 14 /1296 + 129 610 + I78 Jun 10,88 159 117-405 391423 1-4
Dec 16 33 1404 + 129 L1 + 200 Mov 11 36 185-348 135 - 898 1-3
Jan 16,86 26 1248 = 156 488 + 175
Feb 13 19 1364 * 154 594 + 190
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Table 2.5. Stomach contents on Age 0 red sea bream at 3 stations; Yura, Fukura and Nushima.
Sample size, fish with stomach contents (Predators) and individuals of prey animals (Prey) were
recorded. Percentage in parentheses include the superior taxon's rate.

Yura Fukura WNushima
Items 1981 [985 - 1986 1986 1986
Juw Jul  Aug Sep Sep Ot Nov Dec Jan Feb  Jan Feb
Coelenterata 3.2
Annelida
Polychaeta 0.1 34 1.2 232 54 10.5 16.6 11.3 278 308 0.3
Echiuroidea 05 08 g
Mollusca 0.1 0.4
Arthropoda
Copepoda 9.2 i3
Aecartta omorii (B5.1)
Cirripedia 48 16 278 600 385
Amphipoda 0.3 51 24 8.9 27 683 815 167 200 7.7
Matantia 0.1 34 628 48.2 789 843 28 7.7 25
Leptochela gracilis 0.1y (0.5) (57.2) (393) (605) (158)
Anomura 0.1 1.8 1.6 07 24
Brachyura 1.2 3.2 3.6 1.1 28 56
Decapod larvae 8.6 13.7 05 0.7 92.1
Others 1.2 (% ] 9.6 89 iz 0.7 1.6 2000 17 03

Chaetognatha
Sagitta 5p. 24 47

Echinodermata 0.1 20 1.6 21 08 222

Protochordata
Chikopleura sp. 56.5

Pisces

Osteichthyes 0.1 1.1 0.4 54 1.1 53 07 7.7
Eggs and larvac 03 29 180

Sample size 30 i 42 30 76 7 38 £ & T S [ 16 28

Predators 29 89 35 21 60 5 2 8 12 5 10 12

Prey 1,771 761 250 56 185 19 145 124 18 5 13 317
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EARFBMEMME D Aeartia omorii, T H i2
Oikoplewra sp. P EHMOVx TN YoM T 5 »
sy HEEGHBETE -, HEVMOE Aicid A
omorii HEEEMO HRBEMOBRE LS, ROAF
U TR EEmm, A0z oRf26@EED 4
omorii EHMLTVAE, BHANMOBAESHERIEYT
HED4~5%, BATWHECELL, EARRER
WemfiIcKET S L ERECEHIMM T 5> 2 b ¥
oy bAAEEEL, WAETzeHEbbid v
¥3 2 ¥ Leptochela gracilis 7 E B GEEM E L TH
BLt, =%, NARUEZEChETHRER E LV
Hlro kKB~ T L T @msMAchiz{un,
N~IZAREMECSEE S AkBSEET TS 1
~AKNEL7 Vv HBOBBP I HOME
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BolBElUBREETERLBENO 0 BROW
MESLS L, ERE<Y 2 PBH T2 by 4S

CHBEL L,

TRLLE  EEcAVWAE Y1 ORBF—-FBLUHE
BRI Table 240 B0 THE, BHEMOWARR
%Table 26T L, BEOHRIBMEY» S Bl

Table 2.6.

354 (1969)

oo TH®MMcbiy, AR I RALEEL A
HHEVE, YOoFRO~ Y bAFELXELT=vE
EEXEEBLLTVE, REfboRORERIZRY 2 v
STEMODVvIFYFIIEETAHYIEIIVE L
sydniensis’e BIFMICHMBE LTV SRAME(EHShE,
BOEFLAFELTINIET AcEklizi2lgo v 44
vI¥IzEdpn 0828 (BT, EEO0I4%)
ERMELTVWE, cErHEATRIMBIEIACOBSED
TUTEhE, 1982 L Bit A 4 F o 94 = Cancer
gibbosulus HE i@, BEFACREHOR
o idy A, £E28, SELZYERVRIMEEMHE
L, WBENAKRY 25z RAAMIE S0k
B, LIFHFAdFYF v P Corianthus filiformis O ¥ F
PPYVvHFHOBHE V- IRATEFCSONEE
FHE~yrAMPHUMOHELL, IRBLIHENTS
EREEPHEEMSICLE LU AEOELR 0 BBIE LR
FeRaohiihat, EhvorszREEHELL
FREEVEREBELSEEL TV A ArEELTVWEY,
HEMRANELEB 5 2 »PEBEE~> 2D
B,

Stomach contents on red sea bream of Age 1 or over. Sample size, fish with stomach

contents (Predators) and individuals of prey animals (Prey) were recorded. Percentage in

parentheses include the superior taxon s rate.

Tiems 1981 1982 1983
May Jul Sep Jan Apr May Jun Mov
‘Coclenterata 0.6
Nemertinea 0.1
Annelida
Polychacta 0.8 58 21.6 27
Echiuroidea 47 1.4
Mollusca 0.1 6.8 04
Arthropoda
Ostracoda 324
Cirmipedia 0.1
Amphipoda 14 0.1
Matantia 99.7 99.0 387 16.7 B34 688 10.8 954
Leptochela gracilis (99.6) (98.8) (36.8) (16.7) (68.8) 2.7 (58.4)
L. sydniensis (14)  (358)
Anomura 12.5 1.4 0.1
Brachyura 0.2 0.0 75.0 6.3 4.1 0l
Stomatopoda
Alima larvae 61.3
Echinodermata 0.1 6.3 27 03
Pisces 8.3 12 6.3 17.6
Sample size 33 3 14 0] 20 1 159 36
Predators 14 10 12 6 9 [ 29 2
Prey 1,017 4249 2592 36 86 16 74 787
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Fig. 3.1. Change in catch of red sea bream in
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Fig. 3.2. Regional fluctuation of catches of red
sea bream in eastern waters of the Inland Sea
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1958 to 1996.
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Fig. 33. Annual fluctuation of red sea bream
catches by fishing method in eastern waters of
the Inland Sea during the period from 1970 to
1996,
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Fig. 34. Annual composition of red sea bream
catches by subtypes of small-scale Danish seine
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during the period from 1970 to 1994,
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Fig. 3.5. Schematic distribution of major fishing
areas of red sea bream in eastern waters of the
Inland Sea.
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Fig. 3.6. Monthly change of red sea bream
catches (on average) in eastern waters of the
Inland Sea, in relation to composition (%) of
immature (dotted bar) and mature (black bar)
fish caught by fishing methods of small-scale
Danish seine (top; Kariyva, Hyogo Pref.; 1983-
1991); pole and line (center; Naruto, Tokushima
Pref.: 1989-1994); and set net (bottom; Uchinomi,
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Fig. 3.10. Survey stations monitoring the actual condition of the local red sea bream fishery.

Stations (symbols): @ , for general survey; [,
type and age
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Table 3.1. Estimation procedures (I-I) of catch at age composition. Survey areas are
Awaji-tyo (Awa), Fukura (Fuk), Kada (Kad), Kariya (Kar), Kitanada (Kit), Nandan {(Nan), Naruto
(Nar), Nushima (Nus), Saikazaki (Sai), Tokushima (Tok), Wadashima (Wad) and Yura (Yur). Column
of fishing methods: Surr, surrounding seine.

Procedures: 1, conversion by an age-length key
I, conversion based on growth curve data
Il, conversion by a size category given in fish markets

Year Small-scale Danish Seine Set Net Surr

Sai Awa Kar Yur Fuk Nan Nus  Kit Wad Tok Nam  Nus Kil  Awa Fuk
1977 n 1 I m m i m
1978 I m m il m m m
1979 il m 1 m m m m
1980 I i} m 1 il m m
1981 I m m m m m m
1982 i m m i m m m
1983 0 _m m m m m i
1984 I il m m il m m
1985 I I m m il m i m
1986 1 o | i} m m m m I | il
1987 1 i I m m m m m i m
1988 I I m m I I I I m m I n m
1989 1 I il m il I I I m m I n m
1990 I I il m I m n il
199] i} m il m m m il m
1992 I m m m m m il m
1993 I I m m il i m I i} m
1994 i m m m i m I il
Year Pole and Line Gill Met Others

Kad Awa Yur Fuk Nan Nus Nar Kad Fuk Nan  Nus  Fuk Nan  Nus
1977 il m m il I m m m il I
1978 i m m m m m i m m m
1979 I m m m m il I m m m
1980 I il m m m m m il m m
193] I m m m m m m m m m
1982 I m m m m m m m il m
1983 o m m m m m il m 1 m
1984 i m m m m m il m I il
1985 I m m m I m m m m m m
1986 I I I m m m I m m m m il m
1987 1 | m il m I m m m m m m
1988 1 I m m m I I m il m m m
1989 I ] m o m I I m m il il m m
1990 I il M ®m I I m il m m il m
1991 1 I m m m I m I m m Im m
1992 I i m m m I m m m m m m
1993 1 i m il m I I il m m m m i
1994 i m 1 m il m m I m il
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Fig. 3.11.  Size categories of red sea bream with
landing period (month) and age, from a case
study in fish markets of the southern Hyvogo
area. Brand name (symbols): dotted , kasugo
and hassaku (young); dark, kodai (vearing);
hatched, chudai (immature); crosshatch, odai
(mature)
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Age composition of red sea bream

Fig. 3.1
catches by fishing type in eastern waters of the
Inland Sea from 1977 to 1994,
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Table 3.2.  Age composition of annual catches by fishing method during the fishing season from 1977
to 1994. Annual fishing season is from May to next April. Fishing methods (FM, A - F): A, small-
scale Danish seine; B, pole and line; C, set net; D, gill net; E, surrounding seine: F, others.

Year FM Age Composition
0 1 2 3 4 5 =6 Total
1977 A .4125 . 4430 . 0846 . 0326 .0137 . 0062 L0074 1. 00
B . 3864 . 3416 . 2235 . 0356 .0092 . 0022 . 0015 1. 00
C . 5675 . 3208 . 0822 . 0151 .0104 . 0024 L0017 1. 00
1] .0737 . 6638 . 1688 . 0362 . 0411 . 0096 . 0068 1. 00
E . 0357 . 7931 L0727 . 0696 . 0207 . D048 0034 1.00
F . 7980 . 0625 . 0808 L0292 .0139 . 0102 L0054 1.00
1978 A . 5254 L3411 . 0851 L0274 .0112 . 0049 . 0050 1.00
B . 3235 . 3985 . 2247 . 0356 L0126 . 0030 L0021 1.00
c . 5429 . 35618 . 0796 . 0129 . 0092 . 0022 L0015 1.00
D . 1624 L6375 . 1223 L0274 . 059 . 0085 . 0059 .00
E L0503 . 8273 . 0553 . 0472 L0141 L0034 . 0024 1.00
F .6610 . 2035 . 0768 . 0327 .0122 . D080 . 0059 1.00
1979 A . 5640 . 2799 . 1028 . 0293 .0128 . 0051 . 0060 1.00
B . 5552 .2B18 . 1314 L0215 . 0072 L0017 L0012 1.00
C . 4960 . 3863 . 0898 . 0150 . 0091 . 0022 .0015 1. 00
D . 2262 . 6241 . 0853 . 0269 . 0268 . 0063 . 0044 1.00
E . 0409 . 8277 . 0564 . 0528 L0158 . 0037 . 0026 1. 00
F . 5207 . 2111 . 1657 . 0582 .0218 . 0141 . 0082 1. 00
1980 A . 5538 . 2918 L1077 . 0275 L0111 . 0040 . 0041 1. 00
B L1143 . 5048 . 2221 . 0455 L0166 . 0039 L0027 1. 00
C . 6427 . 2680 . 0643 . 0125 . 0090 . 0021 .0015 1. 00
D .3513 . 5259 . 0625 . 0191 . 0295 . 0069 . 0049 1. 00
E . 0500 . 8500 . 0470 . 0375 .0111 . 0026 L0019 1.00
F L6113 . 2084 L1061 . 0415 . 0151 . 0100 . 0076 1. 00
1981 A .6739 . 2206 . 0696 . 0202 . D083 . 0035 0040 1.00
B .5213 . 2987 . 1482 . 0220 L0070 L0016 L0012 1.00
c .5257 . 3833 . 0683 .0118 L0077 . 0018 L0013 1.00
] . 8830 . 3497 . 0356 . 0105 L0151 . 0036 . 0025 1.00
E .0513 . 8521 . 0455 . 0360 . 0107 . 0025 .0018 1.00
F . B340 L] . 0464 .0182 . D06GE . 0042 L0026 1.00
1982 A L6741 . 2258 . 0576 L0234 L0106 . 0040 . 0045 1.00
B . 4315 L2704 . 2382 . 0390 . 0150 . 0035 .0025 1.00
c . 3319 . 5156 L1114 L0216 .0140 . 0033 . 0023 1.00
D . 4860 . 4004 . 0494 . 0222 . 0300 L0071 . 0050 1.00
E . 0152 . 9086 L0147 . 0445 L0121 L0029 L0020 1. 00
F . 5841 . 1599 L1412 L0619 . 0248 L0018 . 0097 1.00
1983 A .8019 . 1402 . 0354 .0109 . 0066 . 0024 .0025 1.00
B . 3301 L4677 . 1493 . 0303 .0161 . 0038 L0027 1.00
H . 5661 . 3587 . 0594 L0077 . 0058 L0014 L0010 1.00
D . 4139 . 4584 . 0546 . 0244 . 0348 . 0082 . 0057 1.00
E . 0044 . 9258 . 0201 . 0363 . 0096 0022 L0016 1.00
F . 5168 . 3404 . 0769 . 0386 .0142 . D085 L0047 1.00
1984 A . 6495 . 2450 L0771 L0164 0070 . 0025 . 0026 1.00
B .1199 . 5156 . 3005 . 0446 .0139 . 0033 .0023 1.00
C L5177 . 3994 . 0648 . 0093 . 0063 . 0015 L0010 1.00
1] . 2630 . 5402 L1178 . 0241 . 0393 . 0092 . D065 1.00
E .DEB6 . 8000 . 0802 .0222 . 0064 . 0015 L0011 1.00
F L6312 . 1584 . 1278 . 0504 . 0151 . 0103 . 0068 1.00
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Table 3.2. (continued)

1985

1986

1987

1988

1989

19380

1991

1992

1993

1994

MmMOoOEEE FmMECmEs MEOCEE MmO EE MOOOEE MmO O@eE MmO OmE Mmoo EE Mmoo mE Mmoo e

. 6909
. 1331
. 3688
. 1069
. 0869
. 3314

. 8159
. 0586
. 4028
. 1031
L1128
. 3941

. 7621
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Table 33.  Estimated catch at age in number of red sea bream in eastern waters of the Inland Sea
by fishing method from 1997 to 1994. Annual fishing season is from May to next April.
Fishing metods (FM, A -F): A, small-scale Danish seine; B, pole and line; C, set net: D, gill net:
E, surrounding seine; F, others.

FM Age 1977 1978 1979 1980 1981 1982 1983 1984 1983

A0 289,743 594,352 643,640 853,358 1,085,682 1,341,261 3,162,982 3,225,655 3,333 517
1 311,166 385865 319424 449639 355306 449276 552,999 1,216,760 1,183,063
2 50424 96268 117,316 165956 112,129 114,607 139,630 382907 210,365
k] 22,898 30,996 33,437 42,375 32,543 46,559 42,994 81,448 58,381
4 9,623 12,670 14,607 17,104 13,307 21,091 26,17 34914 22,484
5 4,341 5,498 5,832 6,225 5,558 7,999 9427 12,267 8,347

6+ 5,184 5,701 6,802 6,256 6,396 9,033 9,664 12,714 8,781
Total 702,379 1,131,350 1,141,058 1,540,914 1,611,011 1989826 3,943,886 4,966,665 4,824,930

B D 296,786 277,228 529,653 72,224 677461 323,384 333458 95404 112,173

1 262,376 341,500 268,833 375840 388,179 202,649 472457 410,260 501,957
2 171,666 192,560 125,354 140,340 192,595 178,517 150,819 239,106 186,253
3 27,344 30,508 20,511 28,750 28590 29,228 30,608 35488 30,508
4 7,051 10,798 6,840 10,489 9,097 11,242 16,264 11,060 8,512
5 1,659 2,554 1,622 2,464 2,131 2,631 3,839 2,602 1,997
6+ 1,167 1,774 1,126 1,731 1,507 1,851 2,697 1,830 1,399

Total 768,049 856,921 953,939 631,839 1,299,561 749,502 1,010,142 795,751 842,800

C 0 111,480 183,748 166,636 480,900 361,602 176,680 579,102 608,150 307228
1 63,018 119,069 129,781 200,531 263,653 274469 366938 469,181 467,173
2 16,147 26,941 30,169 48,112 46,980 59,30 60,764 76,122 42319
3 2,966 4,366 5,039 9,353 8117 11,498 7,836 10,890 9,497
4 2,043 3,097 30m 6,704 5,324 7,453 5,903 1,377 4,857
5 479 731 726 1,579 1,252 1,746 1,381 1,739 1,141
6+ 334 511 504 1,107 880 1,224 579 1,222 807
Total 196467 338464 335925 748,287 687,808 532,372 1,022.903 1,174,680 833,022
D 0 8,435 24,396 41,455 67,586 200,281 101,326 96,864 67,610 26,804
1 75,973 95,765 114,376 101,178 120,134 83,479 107,278 138,870 184,844
2 19,319 18,372 15,633 12,024 12,230 10,299 12,778 30,283 12,261
3 4,143 4,116 4,930 3,675 3,607 4,628 5,710 6,195 18,379
4 4,704 5,393 4,912 5,675 5,187 6,255 8,144 10,103 6,043
5 1,099 1,278 1,149 1,327 1,233 1,470 1,914 2,375 1,422
6+ T 289 210 937 866 1,034 1,343 1,666 993
Tatal 114,450 150,209 183264 192,403 343,539 208,491 234,031 257,103 250,745
E 0 3,446 10,113 7,601 8,028 5475 3,408 666 18,669 7,612
1 76,556 166,333 153,827 136,479 90,945 203,730 140,743 168,572 78,967
2 7,018 11,118 10,482 7,546 4,856 3,296 3056 16,899 7,084
3 6,718 9,490 9,813 6,021 3,842 9,978 5518 4678 13315
4 1,998 2,835 2,936 1,782 1,142 2,713 1,452 1,357 7,708
5 465 654 688 421 270 641 339 318 2,245
6+ 325 491 489 299 192 455 240 232 2,245
Total 96,527 201,063 185835 160,576 106,723 224222 152,014 210,726 120,077
F 0 73,543 41,709 15,745 11,829 22,103 9,859 18,509 21,474 11,692
1 5,783 12,841 6,383 4,033 2,332 2,710 12,191 5,389 7.148
2 7.477 4,846 5,010 2,053 1,230 2,393 2,754 4,348 13,199
3 2,702 2,063 1,760 803 482 1,049 1,382 1,715 1,792
4 1,286 770 659 292 176 420 509 514 808
5 944 502 426 194 112 31 304 350 441
6+ 500 Ky 249 147 68 165 168 98 199
Total 92,535 63,103 30,233 19,351 26,502 16,667 35,817 33,888 35,279
Total 783,733 1,131,545 1,404,730 1,493,926 2,352,604 1,955,958 4,191,580 4,036,962 3,799,027

794,873 1,121,372 992,624 1,267,699 1,220,639 1,216313 1,652,606 2,409,033 2,423,152
281,051 350,105 303,964 376,033 370,019 368414 369801 749,665 472,381
66,772 81,539 75,490 90,977 77,182 102,941 94,049 140,414 131,873
26,705 35,562 33,025 42,048 34,233 49,173 58461 65,325 50,412
8,987 11,246 10,442 12,210 10,556 14,518 17,204 19,651 15,594
G+ 8,287 9,739 9,979 10,477 9,909 13,763 15,092 17,762 14,424
Total 1,970,408 2,741,109 2,830,254 3,293,370 4,075,143 3,721,079 6,398,793 7438812 6,906,862
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Table 3.3. (continued)

FM  Age 1986 1987 1988 1989 1990 1991 1992 1993 1994
A D 3764514 4450263 4790541 4594317 1180480 2,336,493 2,496,080 2,732,709 3,952,390
1 605,810 1,104,245 927,685 1,305,380 1,006,687 1,082,707 844,712 690,980 2,004,900

2 109,350 193,871 171,283 221,293 380,958 437,597 211,087 155968 220,173

3 59,058 47884 47911 53458 62941 52,274 63,289 58,626 71,288

4 43,832 25694 30,544 24864 30,550 30,097 25243 31,710 32,805

5 17,994 8759 10,181 8,081 9938 10,692 9,146 11,799 14,510

i+ 13,380 8,759 10,780 8,703 9,202 10,692 9,146 5900 12,617
Total 4,613,941 5,830,474 5988925 6,216,007 3,680,756 3,960,553 3,658,711 3,687,192 6,308,684
B0 30,216 13,995 14,096 19972 9,361 5,026 3,213 1,260 99,720
1 269,314 317,726 311,667 236,289 277,354 134,818 96650 62,582 402,262

2 146,749 156,729 172,785 141,820 195,199 252,865 148,290 92,293 76928

3 45066 54,841 65,129 45570 47354 78482 67,395 47,775 34921

4 12427 16,213 19925 14,627 12,004 13,537 15242 21,653 16,854

5 6,033 4,608 5,531 5,813 4,130 6,320 4,272 6,703 4,150

B+ 5,775 4,722 5,710 4,641 5,231 6,619 6,698 5419 3,511

Total 515,580 568,834 594,843 468,734 550,633 497,667 341,760 237,685 638,346

c 0 370,519 212,663 462,447 248,719 124,707  B7,191 128,683 66,880 439,383
1 522,572 381,835 132,693 162,367 286,793 201,934 117,684 24,435 204,769

2 14810 31,165 27836 16531 43,735 56490 27,683 22,035 30406

3 6,991 7855 17,779 6,283 7,626 17356 21,195 12,969 9,831

4 2,944 2,938 5,580 5,525 4,708 6,972 8,064 14,047 10,533

5 1,012 1,022 1,492 4,322 1,601 2,437 2,812 5,740 3,652

B+ 1,012 1,022 1,103 1,827 1,695 2512 2,873 5,756 3,792
Total 919,859 638498 648931 445574 470,865 374,891 308,993 151,862 702,367

D 0 16,260 28,784 23973 21,281 70,815 11,506 7440 21,669 71,393
1 85,088 129,157 78,220 39,587 137,980 73,042 31,881 36,098 154,887

2 26,922 33,503 22,933 27931 35642 58909 34014 37216 16477

3 14,305 18986 10,159 11,119 7.675 10,641 18,237 13,432 4,956

4 9,037 9,234 5,679 3,004 4,631 4,656 5,409 7,443 9,333

5 2,776 2,935 1,893 1,440 1,743 1,064 1,551 2,621 3,269

B+ 3,328 3,206 1,633 2,976 1,665 6,435 3,521 1,780 3,322
Total 157,716 225805 144,480 107427 260,160 166,253 102,051 120,259 263,637

E 0 13,815 1,073 2,552 349 865 7482 13,038 370 304
1 60,675 67,025 82,938 61,735 44,550 50,529 33,158 44,605 76,642

2 16,706 10,813 22,090 10,134 18679 14224 13,013 10,629 13,941

3 16,179 13,032 9,673 8,471 4,560 8230 12,270 9,053 6,510

4 9,504 7,688 6,445 5,483 2,910 5,398 7.516 5,848 4,511

5 2,805 2,271 1,953 1,646 872 1,603 2,202 1,747 1,371

64+ 2,805 2271 1,953 1,637 872 1,603 2,211 1,754 1,382

Total 122,489 104,174 127,604 89,455 73308 89,070 83408 74,006 104,659

F 0 14,005 13,402 69 11,976 4,730 1,627 2,629 6,633 7,636
1 6,628 4,761 2,549 4,685 21,647 155 2,250 5,616 3,591

2 8,452 5,437 4,218 5,207 8,143 15249 10402 14,695 9,067

3 4,498 3,468 2,148 2,032 2,716 1,195 2,928 3,385 5,230

4 1,147 1,034 1,919 1,500 1,375 1,201 2,351 2,974 2,300

5 402 358 672 525 482 412 827 1,037 806

6+ 409 367 685 536 488 425 - 8B40 1,057 823
Total 35541 28,826 12,260 26461 39,582 20,265 22,228 35398 33453
Tetal 0 4,209,331 4,720,180 5,293,679 4,896,615 2,390,958 2,449,325 2,651,091 2,829,021 4,570,826
1 1,550,087 2,004,748 1,535,752 1,810,045 1,775,020 1,543,186 1,126,334 864,315 2,847,051

2 322,989 431,517 421,146 422916 682,356 835336 444,488 332,837 366,993

3 146,097 146,066 152,800 126,932 132,873 168,178 185,314 145239 134,737

4 78891 62,800 70,091 55094 56,177 61,861 63,825  B3675 76,336

5 31,021 19,953 21,722 21,827 18766 22,529 20,810 29,648 27,757

64+ 26,709 20,346 21,864 20,319 19,154 28,286 25,289 21,665 25447

Total 6,365,126 7,405,611 7,517,053 7,353,748 5075303 5,108,699 4,517,151 4,306,401 8,051,146
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Fig. 3.13,
catches in number by fishing type in eastern
waters of the Inland Sea during the period
from 1977 to 1994,
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Annual fluctuation of red sea bream
catches in number by age in eastern waters of

the Inland Sea during the period from 1977 to
1994.
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Fig. 3.15. Age composition of red sea bream catches
in major fishing regions of Japanese coastal

waters through the 1980's.
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Fig. 41. Catch curves for 1975-1990 year classes
of red sea bream. Dots cover Ages 1-5, except
1975 year-class fish (Ages 2-5) and 1990 year-
class ones (Ages 1-4).

Age type (symbols): @, Age 1; O, Age 2; A,
Age 3; A, Age 4; B, Age 5

1978

Fig. 42. [Estimated total mortality coefficients
for 1975-1982 and 1983-1990 year classes of red
sea bream in eastern waters of the Inland Sea.
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Table 4.1.  Total mortality (Z) and natural mortality (M) coefficients by age (3 age groups-0,1,2+) and
fishing mortality coefficient at last age of a vear class for which catch data is available (Terminal
F).

Year Class Z M Terminal F
0 1 2+
1971 0.992 0.39 0.24 0.17 0.822
1972 1.001 0.39 0.24 0.17 0.831
1973 1.011 0.39 0.24 017 0.841
1974 1.020 0.39 0.24 0.17 0.850
1975 1.030 0.39 0.24 0.17 0.860
1976 1.039 0.39 0.24 0.17 0.869
1977 1.049 0.39 0.24 017 0.879
1978 1.058 0.39 024 017 0.888
1979 1.068 0.39 0.24 0.17 0.898
1980 1.077 0.39 0.24 0.17 0.907
1981 1.087 0.39 0.24 017 0917
1982 1.096 0.39 0.24 0.17 0.926
1983 1.116 0.39 0.24 0.17 0.946
1984 1.113 0.39 0.24 0.17 0.943
1985 1.098 0.39 0.24 0.17 0.928
1986 1.084 0.39 0.24 0.17 0.914
1987 1.069 0.39 0.24 0.17 0.899
1988 1.055 0.39 0.24 0.17 0.885

Table 42,  Estimated fishing mortality coefficients ( /year) from virtual population analysis of the
eastern Inland Sea stock of red sea bream for the vears from 1977 to 1994.

Year Age Average
0 1 2 3 4 5 6+
19 2825 07789 09222 06303 06553 05335 08216 06606

1978 03885 1.0107 1.0209 07386 08054 06204 08311 07737
1979 04045 08454 0.8847 0609 07438 05659 08406 0.6992

1980 0.4291 09561 09711 0.7048 023049 06624 038501 0.7684
1981 05974 09164 08652 05137 06107 04615 0859 0.6892
1982 0.3882 08737 08229 06072 07047 05507 08691 06881
1983 0.6380 0.7980 0.7458 04914 08226 0.5537 08786 0.7040
1984 06437 12163 1.1442 06913 07353 07120 08881 08616

1985 07370 13557 08664 05970 05532 03694 08976 07680
1986 07147 09538 06545 07060 08603 07704 09071 0.7953
1987 08670 1.1524 07999 06835 07390 05289 09166 08125
1988 07951 09752 0.8344 07231 08139 0595 09261 0.8092
1989 07248 0.8588 08298 06292 06053 06255 09463 0.7457

1990 05229 07662 1.0021 06589 06155 04106 09426 0.7027
1991 06646 09391 1.0989 07047 07220 05191 09282 0.7967
1992 07733 09140 08120 07521 06177 05501 09138 0.7619
1993 03553 07520 07919 06656 09135 06359 08994 07162
1994 0.6486 0.8850 0.8850 08850 08850 (.B850 08850 08512
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Table 4.3.

Estimated stock size and number of adults (in number, x1,000)

from virtual population analysis of the eastern Inland Sea stock of red
sea bream for the years from 1997 to 1994,

Year Age Total Mumber
[1] I 1 3 d 3 a+ of Adults

1977 3809 189 %01 134 &1 I 0 619 70
1978 4,190 1,946 587 168 69 26 12 6,998 191
1979 5031 1,926 556 178 [ 26 12 7,797 195
1980 5097 2275 540 194 82 27 12 8,336 218
1981 6,195 2,249 687 207 81 31 12 9,462 27
1982 7,247 2310 T06 244 105 37 16 10,665 280
1943 10,511 3,331 157 262 112 44 13 15,035 305
1984 10,057 3,764 1,177 303 135 42 21 15500 349
1985 8,590 3580 876 36 128 55 17 13,563 358
1986 9726 1786 125 311 147 62 32 13,789 306
1987 9561 3,226 843 318 129 52 24 14,153 365
1988 11,360 2,723 &00 320 135 52 26 15416 EFE]
1980 11,203 3476 EDG 293 131 51 24 15,984 352
1990 6970 3678 1156 297 132 &0 23 12,316 363
1991 5962 2800 1,342 158 130 50 34 10,686 402
1992 5798 2079 E60 n 149 53 30 9,347 421
1993 11,290 1,814 654 32 150 [i1.] 26 14,324 405
1994 11,325 5363 671 250 140 51 30 17,830 346

Table 4.4. Estimated stock biomass and spawning biomass (ton) from virtual

population analysis of the eastern Inland Sea stock of red sea bream for

the years from 1997 to 1994 .

Year Age Total Spawning
1] 1 2 3 4 5 b+ Biomass
L 4 127 140 1 (4] 37 = 596 1Ei3
1978 126 146 164 103 73 41 9 682 195
1979 151 144 156 110 71 41 30 703 197
1980 153 171 182 119 86 42 3l T84 219
1981 186 169 192 128 85 4% 30 838 227
1982 217 173 198 150 110 5% 41 947 284
1943 315 250 212 161 118 68 45 1,169 312
1984 302 282 330 186 142 (] 53 1,360 353
1985 258 269 245 195 135 85 43 1,230 3al
1986 292 209 203 191 155 a7 80 1,227 428
1987 287 242 236 195 136 82 6l 1,239 7
1988 341 204 124 197 142 gl 65 1,254 387
1989 336 261 226 180 138 79 (3] 1,281 368
1990 209 276 324 182 139 94 57 1,281 381
1991 179 210 76 20 136 94 B4 1,299 424
19492 174 156 241 232 157 83 73 1,118 431
1993 339 136 183 198 158 106 65 1,185 428
1994 340 402 188 154 147 79 76 1,386 379
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Table 45. Conditions for projection of annual
catch by the simulation model for resource
management.

Conditions for projection
Last age for fishing Age 10
Age at first spawning Aged

Rate of spawning st the age of first matunty 0.5

Fishing duration for Age 0 # months
Duration of projection 10 years
Matural mortality coefficient: Age 0 038
Matural mortality coefficient Age | orover  0.17

Mumber af anaual recruitment 9,360,000 {constant}

Initial population sire, body weight and fishing mortality coefficient by age

Age Populntion Size  Body Weight Fishing Mortality
{1,000 (=) Coefficient
0 3,360 5 0-1
1 3,260 130 0.794
2 1,240 420 0.794
3 470 760 0.794
4 180 1,300 0.794
5 70 1,750 0794
[ 30 2,300 0794
7 & 2,800 0.794
8 3 3,300 0,794
9 1 3,500 0.794
1] 1 4,300 0.794
Mace™ D EIA EH V.
1
SPR=—+ N.*W.dt
R
1 -explF +MJ
5——— ¢ pxp-(F + M}t—t)) - W,
F + M,

L, Ne=R sexpl{F +M)it—t)), R: DAEMN,
Nt REFOBEEEN, W,  BFOKE, . WAER
(0488), t. KM OMBEER (JRO¥EN), t..'K
BoBRMSER (158), F:REESE, M t RBOE
BRECHEMTHS, UEERNMANSE (MERFE)
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Fig. 43. Relationship between the number of
adult fish and that of recruitment of red sea
bream in eastern waters of the Inland Sea from
1977 to 1994. The numbers in the figure refer
to the year of recruitment.

Table 4.6. Estimated parameters for 14 reproduction functions and AIC values. NC
refers to no convergence. Model 4 and 6 (bold-faced) were selected. The standard
errors of parameters are in parentheses,

Models AIC Parameters
o i T
1. R=a+s 579.0 8.00x 10" - -
2, InR =lna+¢ 580.0 7.53x10" — -
3. R=oA - exp(-fA) +e 566.3 35.40 5.98x107 -
4. InR = InoA - exp(-PA) + & 563.5 28.66 4.77=107 -
’ (6.56) (6.99=107)
ad
5. R= T +& 619.1 0.56 3.4x10 -
aA
6. InR=In 1 +PA +g 563.5 28.45 4.91=107 -
(6.91) (8.67x107)
A 1
7. = = (1+pA) + € 3.97=10" 4. 7310 =2.96x10* -
8 ﬁ —l + l— + NC
B . (p A J+e
9 R=aA+se 569.7 24.93 — -
10. InR =In oA +¢ NC
Il. R=a+pA+e 4.79x10" 23.82 24.93 -
12. InR = In{e+BA) + & NC
ad
13 ke — + NC - - -
1+pA)
14, InR=1In £ 561.7 34.41 1.43=10" 0.295

+
1HBA)
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Fig. 44. Ricker's reproduction curve of the red
sea bream population in eastern waters of the
Inland Sea estimated from the data in the
figure with the upper and lower confidence
limits of 95%.
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Fig. 45. Beverton-Holt's reproduction curve of
the red sea bream population in eastern waters
of the Inland Sea estimated from the data in
the figure with the upper and lower confidence
limits of 95%.

Yield Per Recruitment

Fishing Mortality Coefficient

Fig. 46. Relationship between fishing mortality
coefficient (F) and vyield per recruitment for
three cases of age at first capture (tc). The
dot indicates the present condition of the
fishery. The broken line refers to the estimate
of F under the present fishery.
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3 4 5

Age at First Capture
Relationship between age at first

capture (tc) and vield per recruitment for three
cases of fishing mortality coefficient (F). The
dot indicates the present condition of the
fishery. The broken line refers to the estimate

of tc under the present fishery.
8

Fishing Mortality Coefficient
Fig. 48. Isopleth of catches per recruitment

{solid line) and per unit effort of fishing
(broken line) for wvarious levels of fishing
mortality coefficient (F) and age at first capture
(te). Dot indicates the present condition of the
fishery.
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Fig. 49. Graphic estimation of Fau and Fu in

the vield per recruitment (YPR) analysis.

Yield Per Recruitment
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Fig. 4.10. Yield per recruitment calculated for
the various level of fishing mortality coefficient
and initial fishing month (from Sep. to the
next March), for Age 0 population. Dot and
broken line indicate the present condition of
the fishery. Fishing mortality coefficients for
older populations were not changed.
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Fig. 4.11. Relationship between spawning
biomass and the number of recruitment from
1977 to 1994,
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Fig. 412. Annual fluctuation of the number of

recruitment per spawning biomass of red sea
breamn population in eastern waters of the
Inland Sea during the period from 1977 to 1994,

Table 4.7.
of fishing mortality coefficient.
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goRiNIERRE-ENEAR-EERAL, 1977~
BMECIMEM-cs I MARR LR T ENERR
OMEEFig 41127 L fo 19774 LB 19804 14 12 #n 1
THAMEEO G THEB L T AL, 1080EMEEL
NELEEEEERL A, 19TT~1004F o8 2 EER
BopsomAETOERSE (MEMMNE) 254 EM
RERLS-omARY (BIFRPS&EVS) £, &ER
BOZBRHR (Table 44.) cHF 5MARM (Table
13) OB HLSRY, TORBEFRg L12ERL .
RPSIIOTTES S IGM0E o 2 TEMMLMNER 2
Lt s, 197T~19MEDIBEMOR P S 0T
(2245, 95%EMEMI2218~272L EEhiz, Thb
EEMEE kg oMARNR21~2T2ET, &
BREM l kgl O BBRE~-00FRET S L, &
SELEdalbsMA (HEemfjk) £ TOEKRE
REBET 0O~ BRI ETS N,

Wiz, TEXETHNRBWERCMOLLTDSPREN
SPR (ML BWHEDSPRAZI0ELEBEDES
#) #Table 470, HBWEMN L% S P ROME = Fig.
TR ENE -

Spawning per recruitment (SPR, g/indiv.) by age (Age 3 - 15) and %SPR for various levels

Age Fishing mortality coefTicient
[} 0.l 02 03 04 05 0.6 07 078 08 09 1 2473 1186
3 138 105 T &0 46 £ 77 0 16 15 2 9 00510 00216
4 /g 24 188 129 89 61 42 29 21 20 14 9 00080  0.0026
5 497 309 192 120 74 46 29 1% 12 " 7 4 00010 0000
6 s65 38 179 101 57 32 1% 10 6 6 3 3 00001 0.0000
7 602 306 156 L] 40 21 10 5 3 3 1 | 00000  0.0000
' 611 281 130 60 % 13 6 3 1 1 1 0 00000  0.0000
9 398 249 104 43 18 B 3 1 1 1 o 0 0, 0000 00000
10 500 218 81 31 ¥ 4 2 1 0 0 0 0 00000 00000
1 532 182 62 21 7 2 1 0 (i} [ 0 0 00000 00000
12 488 151 47 14 4 1 [ 0 0 [ [ 0 0000 00000
13 441 123 4 10 3 1 0 [ 0 0 0 0 00000 00000
14 i 100 15 ' 2 0 0 0 0 [ 0 0 00000 00000
15 149 80 I8 4 1 il 0 0 0 [ 0 0 00000 0.0000
“Towml 6183 2693 1296 619 380 224 138 87 &l 5 3 5 00601 00243
CWSPR 1000 435 210 1L0 615 363 222 141 098 091 061 41 00010 0.0004
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Fig. 4.13. Relationship between fishing mortality
coefficient (F) and %SPR. Dot indicates the
present condition of the fishery.

SPREBITCES( FHEERO BB LTFHR:ZATL
ZNNSPREHETEZF (Fawm) 2802 BEOR
HEH (078) o%SPREM I BEETFaNL,
HAaERsmARKoS b SBMOhEY » 2 -Bo
MEEAE, HHEHR (S) tWAEH (R) cEH
YT,

R =28885 + expl-5.80% 1078 )
B, BEEHBORSCE Y 3 BWOH 5122088
+ (196x6.24) (BHEMEM) T, chEl LA
EEMEREMRESAUWVWEINEHMMS PR (SP
R.) 1£1/28.88=0.035, 95% {& #E M i20.060~0.024, <
hicHiEd 3F (F,) 12287~3.19- EE 2 i (Table
47), REORBERDT) BF . clh<3&Lhun]
4, BEEICE > THMUAN (M#) cRLTL
HLWEEI LA,

HEDHEFARAO b L TREBEN 2L ¢ 8a
OERMNOBMES L UEMALF » v EHBEL,
Table 48R L. BT OBBOEMEE s
B, EHEAFrrr ARBOAE(RESKOBKES
i, 1REEoMEERERROEELLIRADHE
BEMEOLTIE, IBRROBRRMELERSF ¥ v+
RO, BRSECERSF ¥ > v 3118
MiItHmL ., 25k, IRBOCOREEEMN (ORENET
@l Lo BEREJcERST I L, BRLEOE
B 7 v e B0 4 BT s LEESAL,

Table 4.8. Stock size (in number), reproductive value (g/indiv., RV) and spawning potential (ton, SP)
by age (Age 0 - 15) for 3 cases of fishing mortality coefficient.

Stock F(0)y=0.588, F(1+)=0.784* Fioy=0, F{1+=0.784 F{0)=0, F(1+)=0.4

Age Size RY 5P % RV SP ¥ RV 5P Y

0 9363000 6l 57114 2253 109 1,020.57 3409 513 480322 4596
1 3,218,000 162 521.32 2056 162 521.32 17.47 758 243924 2334
2 889,000 450 40005 - 1578 450 40005 13.40 1,438 127838  12.23
3 31,000 1,168 36325 1433 1,168  363.25 12.17 2,543 T90.87 7.57
4 135000 2236 30186 1191 2236 301.86 111 3953 53366 5.11
5 54000 3078 16621 6.56 3078 16621 5.57 5132 27713 2.65
& 21,000 3,953 83.01 327 3953 83.01 2.78 6,325 132.83 1.27
7 15,000 4826 7239 2.86 4826 7139 2.43 7,482 112.23 1.07
8 5900 5667 3344 1.32 5667 3344 112 8,556 50.48 0.48
9 2,300 6456 1485 0.59 6,456 1485 0.50 9,507 21.87 0.21
10 880 7,174 6.31 0.25 7,174 6.31 0.21 10,282 9.05 0.09
1 130 7,797 101 0.04 7,797 1.01 0.03 10,306 1.40 0.0
12 50 B.268 0.41 0.02 8,268 0.41 0.01 10,952 0.55 0.m
13 19 8452 0.16 0.01 8,452 0.16 0.01 10,503 0.20 0.00
14 T 7995 0.06 0.00 7,995 0.06 0.00 9,073 0.06 0.00
15 3 5977 0.02 0.00 5,977 0.02 0.00 5977 0.02 0.00

Total 2,535.49  100.00 298491 100.00 10,451.18  100.00

* Present fishing condition
F(0). Fishing mortality coefficient for Age 0 fish
F(1+): Fishing mortality coefficient for fish of Age 1 or over

%: Ratio of SP of the age to the total SP



BRE:HFASERSRICETE7Y A ORTEDS L UBIERR BT IHER

E R

W07~ 194E D IBEMORFMESS U » H —F &~
HeprekanrBoBEEESMBERES ALY, BHEE
Moizsbnth{, BehtBEREXOFEHE RE
WERE L o f, chEBohAHARD T 2 HI1TH
BrofRoRVEBCRS AL,
ERmEs A EESAECLIL S, HIBRETT
aDEBMEMRREY » H—-BIMK, =¥
RIM2% - HER/hE b - o, BEEDRERT SOF
BEREIEATATYE, 1TTHEKE(, ST 5
WHHEFRRLTVWA S EMbd s, BEEMREREFE
THEH, iz » 7 -HoBEEMELARE T O,
mARO FREEMD C— 7 PR RH507 o6 M iz
&0 (Fig. 44.), BAHEER (BLTMSYLWI)
EFRTHABRBMELNL L oNFREDEVURIZS
Foliuz, BEoHARMOTRNELBELAT
WELZEMG, Yy -—BoMEEMELHNEBELITH
HEEoEMBREMEIMS YO kit EXBLT LN
WEWAE, Fhad—by - ROHEEMEREL
BidR & hd, A RO FER#E 8 A R01005 R
BFrrzAEHkMicELTESY, HEOCRAR
HEEHEEO KRR E<ThuhEfcH I LA
B,

—7, 1980k LIpEORIFIEMz & 3HFM
Erahzt, HRENW~OFE, E0EHEO0 -~

NG A=FD

# b b

— 85—
T, MARERLOOTEdiR+B_RL, EELEL
BEgERRABELT VLS (Fig. 43, Fig
OB ERM RSB EEMEORER, TFEOHM
RV EFAEEEEROMBANENCRE TS
LETHLTVWEDTHA b, IFMREHESER TR
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Table 49. Comparison of growth and maturity between 1920's-1930's and 1980's.
Body size in December: FL, fork length; BW, body weight.
Maturity: -, immature in all samples; +, mature in some samples; ++ mature in
all samples. (after Kajivama, 1973, and Shimamoto, 1990)

Age 1920 - 1930's 1980's
TL{em) BWig) Maturity FL{cm) BWig) Maturity

0 12.7 38 b= 13.1 32 -

1 33 199 = 21.6 30 -
.2 303 445 = 99 590 =

3 354 758 - i54 D64 +

4 418 1,136 + 41.0 1,475 =+

5 46.7 1,541 + 456 2,006 +

& 53.9 2,381 e 497 2,585 -
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Fig. 4.14.  Predicted catches by the simulation
model for two fishery management strategies.
Condition of strategies: B, fishing Age 0 fish is
prohibited; C, in addition to strategy B,
fishing mortality coefficient for fish Age 1 or
over is decreased at 0.4,

Predicted stock sizes and catches 5 and 10 vears after using the

simulation model for the two fishery management strategies B and C. Condition
of strategies: B, fishing Age 0 fish is prohibited; C, in addition to strategy B,
fishing mortality coefficient for fish Age 1 or over decreased at 0.4.

Predicted At Present Strategy B Strategy C

Value 5 years after 10 years after 5 years after 10 years after
Stock in number 14,620 19,600 19,710 23,130 24,030
(x1,000) (100%) (134%) (135%) (158%) (164%)
Catch in number 6,580 5210 5,260 4,180 4,460
(x1,000) (100%) (79%) (80%) (64%) (68)
Catch in weight 1,035 1,658 1,772 1,990 2,661
(ton) (100%) (160%) (171%) (192%) (257%)
Catch in value 3,117 5,408 5,944 7.471 10,691
{million yen) (100%) (174%) (191%) (125%) (133%)
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Fig. 5.3. Release sites (open circle) and fish markets
(closed circle) for the survey of released red sea
bream in commercial landings. The survey was
carried out from 1985 to 1990,

Table 5.1. The number of hatchery-reared red sea bream with tags in eastern
waters of the Inland Sea. The size at release is in parentheses (total length, in
mm).

Release Site 1985 1986 1987 1988 1989 " Total
“Kada 83,632 127,573 145,093 111,026 153,034 620,358
(55-110)  (83-100) (68-119) (76-112)  (85-105)
Yura 61,063 125,389 127,941 = -+ 314,393
(104) (86) (93)
Mushima 54,359 419400 219,570 632000 207,872 1,533,201
(108-109) (B1-135) (106-110) (94-112) (112-132)
MNaruto 51,370 67,858 178,118 177,000 214,000 G6B8. 346
(82-100)  (62-96) (64-119) (101) (71)
Ieshima 28,000 = -~ - —_— 28,000
(108)
Harima Mada 60,221 41,744 19,945 = - 121,910
(106-115) (89-116) (106-119)
Others - = Sl 5,928 14,456 20,384
(84) (73-159)
Total 338,645 Ta1,964 690,667 925,954 589,362 3326592
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Table 52. Result of the fish market survey in eastern waters of the Inland Sea. Ratio (R, %) of
marked fish in the landings (MF) to survey samples (SS) by age (Ages 0 - §) and by area for the
releases over 5 vears (R1985-R1989). Survey areas: A, Kii Suido; B, Osaka Bay; C, Harima Nada; D,
Bisan Seto.
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Table 53. Result of the major fish markets survey in north Kii Suide. Ratio (R, %) of marked fish
in the landings (MF) to survey samples (S5) by region and by age (Ages 0 - 5) for the releases for
the vears from 1985 to 1989.

Vear Age Fada Saikaraki Yura Mushamna s Tokushima
38 MF R 5 MF R 35 MF R 55 MF R 58 MF R 58 MF R
TR [1] [] [] (13 40 1 T 155 ¥ 08 [] [1] [] [
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5 0 1 s00 1 0 Boo 1 o 000 | 0 000 7 0 000 o o
Totsl 3,081 1 008 140 5 035 5997 151 182 1040 13 043 811 1037 12 1 152
1585 [] a8 1 208 1,768 6 0M TEES 111 157 e 12 090 0 L] 16385 2133 |42
1 1,530 & 039 1,458 1 o1 1,153 ¥ 0T 3952 62 143 1,062 4 038 1373 M 188
2 1,873 1 008 £ 1 L6 126 0 000 T 7 0% 1,521 1 08 97 1 011
3 440 [T 1% [T 195 o0 000 75 [ 507 0 000 a8 0 000
4 W [T 7 0 000 1 0 0o H 0 00 2 T 13 0 000
Tol 3,530 8 00 3,357 9 017 6561 110 140 64670 91 1M 1522 6 0 Ig686 159 139
1587 o HT 13 45 6ES0 9 14 3T N7 LIS 310 ¥ 1M o o 717 AWM 9l
I 1,538 4 026 1,218 9 o LI 17 153 1LME 4 1% 515 1o 333 1% 08l
2 1,569 1 006 “ 0 000 401 0 B T 14 1E8 636 FR R 123 3 1M
3 154 0 000 1% o 000 E 1 13 3 3938 200 [E i+l 0 0o
Total 3648 1B 049 2181 W7 LM 5308 135 1M 4414 97 21D 1,351 4 0¥ 9,185 545 615
1988 0 148 & 405 5500 14 023 1,929 & 03 61 17 1 126 [T BT I = L W
1 1371 o 000 8D 3 0M 149 I8 O8O0 [T I E I K e 1 050 100 11 0%
2 M5 0 000 ' 0 000 157 11 251 0 000 414 1 am 34 1 oM
Tolal 2464 6 024 6518 17T 02 §582 M 064 45 & 1M 1,0X8 5 048 1347%  3BE 1R
1989 ['] 142 14 985 450 M 068 1,32 B 0M LIE 16 100 [ ] 3468 T 191
1 530 1 08 €55 0 0o 108 1 008 684 41 59 1% FEET Bl4 5 06l
Total 67 15 11 4335 M 055 5,6 § 017 1919 57 197 139 2 1M 4202 280 654
Geund Totad 0 625 M 544 IEISE 146 DBO 15023 3% 1AT 96N 19 LID 26 o 00 ¥TETL LT AT
I 585 11 009 4535 15 030 04X S0 086 E1M |82 1M 1,114 § 04 aE00 65 103
1 5,708 3008 411 1 o034 BEY I 023 1TM M4 OB 1495 10 040 1,476 9 06l
3 1,441 o 000 57 0 000 305 1 03 201 4 18 1,289 1 008 100 0 00
4 147 0 000 12 0 000 L 0 00 54 0 D00 130 0 000 13 0 D00
5 0 (T ] 1 o 000 I [T 1 0 0oo 7 [T o [
Totd 14795 49 036 23RIZ 162 068 794 451 Q48 20819 39 1.9 6261 B 031 45760 1AM 1M




ENAEFE
— g4 —
Bont-HEBREL L cRAic LD BMENERT
e RN EREE L 2,
BEENHERE
B RN = -
EWE < HHERE

EEL, AERE-HBHEEY EEEN EHE-=
BREKEN - WHEN, AOERE-AHERENE
HoERNMENLL, AERMEWIETEOALE
PR GERE AL, FHERBCo VLTI
ERIFRCHIVEBOMEIMT IETEBE L,
S0965& Lz, "ids, EMRIOIALCEELIAZTE
1ESE LTMHLE,

35%(1999)

s R
FHBEEECOBREHMBNERBEBREIICESL
T Table 5242 /R L Az, 1985~ 1090 @ 6 SERM i g i 2 18
THUTROD ¥4 2@~ R, 387TTRE O HERRMN
PHESN, (FMOFHEMBRILIN TS - £,
MRBERAoFHEBER, 1.03% (19855 MMEE)
~148% (1980 MiEt) oMM s b, MKBIC L3
HFELZIAChUL - f, ERBITII0EAENLIY,
1 BEA08TY, 2MH0.87%, 3 EAH0LTH, 48
BB ERMELICEVWIETHSoBPLT
Vi, HEBICASE, MpRMETEL EF R

Table 5.4, Effectiveness of stock enhancement estimated by year and by age (Ages 0 - 5) on the restocking
operation for the years from 1985 to 1989, NR, number of fish released (x 1,000); NL, number of released fish

in the landings (* 1,000); R, ratio of NL to NR (%)
(1,000 Yen).

RW, recovery in weight (kg); EM, recovery in money

Year  Age NR NL R AW RM
1985 0 1,045 W76 0273 10,067 7047
1 288 0.028 3,749 6,562

2 40 0.004 1,688 5,064

3 0.0 0,000 0 0

H 0.0 0,000 0 0

5 10 0.001 1,696 8,141

Total 3218 0.308 17.201 26,815

1986 0 1413 946 0.067 3313 2319
1 395 0.028 5129 3975

2 2.0 0.001 828 2ARS

3 02 00001 127 519

s 0.0 0.000 0 0

Total 136.2 0.096 9,396 14,298

1987 0 1345 126.6 0.094 4430 3,101
| ilg 0024 4. 146 7256

2 49 0,004 2,042 6125

3 21 0.002 1,569 6,434

Total 1654 0.123 12187 22916

1988 0 152 108.1 0.071 3,783 2648
1 216 0.014 2303 4905

2 45 0.003 1.901 5703

Total 1342 0.088 8487 13,256

1989 0 L 1593 0.140 5,576 1,903
1 342 0030 4449 T.78%

Total _ 193.5 0.169 10,025 11,689

Grand Toml 0 6465 763 0146 27169 19.015
1 156.0 0.029 20,276 35,483

2 154 0.003 6459 19377

3 22 0.0004 1696 6953

4 0.0 0,000 0 0

5 10 0.0002 1,696 8,141

Toul 9508 0.147 57296 88972

o 0 1253 1553 5434 3,804
1 312 1085 7097

2 18 1,615 4844

3 0.7 565 2318

4 oo 1] 0

5 10 1,696 8,141

Total 1920 13.365 26,203
Efectivencs per 2 millon 1485 10337 20,266
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Table 5.5,

A comparison of ratio of marked fish in the landing to survery samples

calculated from restocking surveys for the years from 1985 to 1980,
NR, estimated number of recruits (x 1,000); SM, number of juveniles released with
tag (% 1,000); RM, ratio of marked fish in the landings.

Year NR SM RM(%) Rate®
Expected”  Observed
1985 8,590 339 3.95 236 0.60
1986 9,726 782 8.04 1.20 0.15
1987 9,561 691 723 1.33 0.18
1988 11,360 926 8.15 1.20 0.15
1989 11,203 589 526 1.62 0.31
Average 10,088 665 6.60 1.31 0.20
a) 100=5M " NR
b) Observed . Expected
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Predicted catches 10 vears after using the simulation model for the

two fishery management strategies B and C with fish releasing for three levels
of recruitment efficiency of released fish (K). TC, total catch in weight
(ton); RC, catch in weight derived from released fish (ton); %. ratio of RC to
TC. Condition of strategies: B, fishing age 0 fish is prohibited; C, in addition to
strategy B, fishing mortality coefficient for fish of Age 1 or over is decreased

at 0.4.
K Present Condition Strategy B Strategy C
TC RC % TC RC %o TC RC Yo
0.2* 1,066 29 2.7 1,817 49 27 2,730 75 27
0.5 L,LIoe 73 6.6 1,885 122 6.5 2,829 182 6.4
0.8 1,144 114 2.9 1,953 176 100 2,932 294 10.0

* Present level
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Summary

Study on Population Dynamics and Stock Enhancement
of the Red Sea Bream, Pagrus major, in Eastern Waters
of the Inland Sea of Japan

Nobuo SHIMAMOTO

The red sea bream, Pagrus major, is one of the most important fishery resources, that is widely
distributed along the continental shelf from the South China Sea to the Korean Peninsula, and the
coasts of Taiwan and Japan except the Ryukyu Islands. In the eastern waters of the Inland Sea of
Japan, annual catches of red sea bream have fluctuated considerably due to damage to the habitat
and modernization of fishing boats after World War II. In recent years, ar-t.ificiai seeds of red sea
bream of over a million individuals each year are released as a main species for stock enhancement
in the eastern waters of the Inland Sea. In this study I wish to clarily the biological characteristics,
properties of the fishery, fluctuations of the population and effectiveness of the stock enhancement
program for red sea bream in the eastern waters of the Inland Sea, and consider the necessary stock
management strategies and measures of stock enhancement for the conservation and sustainable use
of this commercially important population.

The local red sea bream fishery utilizes a unique population that lives in waters covering Kii
Suido, Osaka Bay, Harima Nada and Bisan Seto. This population is called "the east Inland Sea
stock”. Growth of red sea bream in this stock follows the following equation:

L{t)=72.90(1-exp(-0.1563(t+0.4412))),
where L is the fork length in cm, and t is the age in years. Some specimens of red sea bream
mature at Age 3, and all specimens are mature by Age 4. The spawning season is in the months
from April to June, and the high season is in May. Spawning grounds are formed in a wide range
of waters covering channels around Awaji Island, leshima Islands and an archipelago in Bisan Seto

ete.
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Juveniles grow to reach 30 mm in total length by June, and form shoals over sand bottom
areas of less than 10 m depth around each spawning ground. The distribution of young fish of 90
mm in fork length expands offshore after September, and later are found in offshore waters as a
whole, With the decline of temperature in November, the shoals begin to move to overwinter usually
towards Kii Suido. Major overwintering areas are rather deep rocky shores washed by well flowing
currents in coastal waters in channel areas of Awaji Island, Nushima Island and outside of Yuasa
Bay etc. Immature fish increase their distributional range with the rising temperature in spring,
but their movement may be limited anvhow to a rather narrow extent. On the other hand, as soon
as the temperature rises up to 14C in springtime, adults begin to move over a broader distribution
in preparation for spawning.

Regarding feeding conditions, juveniles feed selectively on particular zooplankton swarming on
the bottom during the months of June and July. Post-juveniles show lesser food selectivity after
August, and still feed heavily on crustaceans such as Lepfochela shrimps throughout their life around
the Kitan Channel. The population is euryphagous with a diet mainly composed of crustaceans, and
this seems to suggest that the population is in rich nutritive environment where they are able to
select particular favorite prey animals except during the overwintering period.

Red sea bream from the local population are in high demand and expensive. Many types of
fishery are carried out throughout the year, and use to a high degree all the size range of fish in
the fishing grounds. Types of fishery include: pole and line, small-scale Danish seine, set net, sea
bream surrounding seine, gill net and longline. Annual catches reached a level of 1,500 tons around
1920, and at that time included mostly large-sized fish. After World War II catches have declined
every year, and dropped to 234 tons in 1971. Such a declining trend stopped with catches increasing
after 1972, and reached more than 1,000 tons in 1983, The recent trend is stagnant at a level of
1,000 tons.

The increase in catch since 1972 may have occurred due to a recovery of developing potentiality
of the fish population and the increase of fishing power on younger year classes with deregulation
of the small-scale Danish seine fishery as a turning point. In particular, the spread of the small
otter trawl fishery with a high speed function and large mobility led to a rapid increase of fishing
power on the population, as it catches Age 0 fish in large quantities as soon as the young fish
expand their range to offshore waters after September.

Annual catch by number of red sea bream individuals taken by the small-scale Danish seine
fishery in the late 1970's was about one million, comparable to the pole and line fishery. The
small-scale Danish seine fishery increased its power rapidly during the 1980's, and captured annually
about 6 million individuals, that is equivalent to about 80% of total catch in number at that time.
Concerning catch by age, a conspicuous increase was observed in the catch number of Age 0 fish,
and the annual catch in number was less than one million in 1977, but reached up to 4-5 million in

the late 1980's.
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Virtual population analysis is applicable for stock assessment on the local population for the
years from 1977 to 1994, According to this analysis, average fishing mortality coefficients ranged
between 0.66 and 0.86 through all ages. It is noted here that the coefficients for Age 0 fish
fluctuated considerably; it sharply increased each year from 0.28 in 1977 to 0.87 in 1987. This trend
decreased thereafter. Recruits increased rapidly in number from 3.8 million in 1977 to more than 10
million in 1983, and remained at a high level of 10 million thereafter. Depending on such an
increase of recruits, adults increased gradually from 170 thousand in 1977 to 400 thousand after the
early 1990's. It may be assumed as the first cause of such a rapid increase in recruits from the late
1970's that the reproductive success of the population, in which the density of reproductive size
specimens had been reduced due to damage to the environment, increased with the stability of
environment. As a second cause, it might be assumed that the decrease in fishing effort due to the
rapid development for the nori culture fishery at the time, promoted the recovery of the population.

The spawner-recruit relationship for the 18 year period provides data for the Ricker and
Beverton-Holt reproduction formulae. The results of these analyses may not be overly reliable, but
suggest that the present quantity in number of adults has not yet reached the level of MSY.
Concerning the stock size, it was apparently higher in the 1920-30's than in the 1980's. In this
connection, fish in the 1980's were observed to be heavier in body weight at the same age, and 1 year
earlier in age at first maturity than those in the 1920-30's. Furthermore, it is noted here that the
scale of spawning migration has recently been recognized as rather large and expanded. All such
biological information indicates that the local population remains still within the environmental
capacity, which may allow further development of the population.

Yield per recruitment (YPR) analysis shows that the present condition of the fishing mortality
coefficient (0.78/year) is excessive, and the age at first capture (Age 0.4) is much too young. This
analysis also indicates that a maximum of 1.85 times increase in the YPR may be expected by the
conservation management for Age 0 fish, even when the coefficient s kept at the present condition
for fish of more than Age 1. Spawning per recruitment (SPR) analysis reveals that the present level
of fishing mortality coefficient does not necessarily reach the threshold for reproduction. However
%SPR at the present condition is at a low level of about 1%, if the fishing mortality coefficient
declines by the level of 0.4, ¥SPR may rise beyond 5%, and this increasing trend should accelerate
thereafter. After all, at the present condition, the stock structure without a sufficient number of
old-aged fish should not be reasonable from the viewpoint of exploitation, while recruitment is
maintained still at a high level. It is added here that the mass capture of Age 0 fish which have
the highest spawning potential in particular is not reasonable from the viewpoint of stock
management. According to these estimations, a basic problem for stock management should be

regulation of fishing mortality coefficient for Age 0 fish in order to raise the average age of catch,
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and should reflect a higher recruitment on a reasonable production of fishery. In addition, it may
be necessary to develop and stabilize the reproductive potentiality by increase of adult fish. For this
purpose, I propose the following stock management starategies based on biological reference
points; i) For the short term aspect, the age at first capture should be raised from the present Age
0.4 to Age 1. ii) For the mid-long term aspect, the fishing mortality coefficient should be lowered
from the present 0.78 to 0.4.

A project of artificial seeds release of red sea bream started in 1973 in the eastern waters of the
Inland Sea. More than a million individuals of artificial seeds have been released every year since
1983. This long-term project has provided the technical development of stock enhancement, and has
promoted consciousness of necessity for resource conservation among fishermen. Stock enhancement
has brought scientific and industrial aspects on previous types of fishery, and has had a decisive
impact on the way in which the fishery has to open for their development.

Actually, the release project has technically advanced to a higher level the primary stage of seed
production, but remains yet on a systemically immature level in the succeeding stages that begin
with intermediate breeding. Therefore, the higher technology of seed production has not necessarily
caused any expected increase in harvest. Using data from stocks released at Ages 0-5 during the
years from 1985 to 1989, the direct effectiveness at landings is estimated at about 10 tons and 20
million Yen per one million individuals of fish released. Assuming that the cost per seed until the
stage of release is 30-50 Yen, this output corresponds to a recovery of only approximately half
against the costs necessary until the stage of release. The deficit balance resulted from the
following, that is, the efficiency of recruitment of released fish is low at about 20%, and more than
80% of recoveries is of low-valued fish of Age 0 under the actual fishing condition. Current release
and recapture systems are not effective to realize any profit over costs, as long as the apparently
low efficiency of recruitment and dominant recapture of low-valued Age 0 fish are together continued
for the future.

Finally, a reformed system of the release project is needed for the future. For such a change,
it should be realized that seeds that are expected to have a high efficiency of recruitment are
released on a large scale in their optimal environment. As the exploitation system for the resource
depending on fish released, it is desirable that they are managed to the standby-reserved fish as
potential adults as much as possible after release. Furthermore, it may be necessary to centralize
the finance and technology to support the release project in the reformed system. For a stock
enhancement to fulfill its function effectively for fishery resources, it will be important that the two
measures are carried out with cooperation, that is, a measure for raising efficiency of recruitment of

released fish and an integrated management of natural and released fish resources.



