
  

1996 7 2011 3

2012 10 11 150 900m

0.3

2,709 914 2011 1,720 482
2010 3,054 423 2012

604 81
2012 3,313 2011 77.0%
996 2011 121.1.%
1997 2012

5

2007 2009
0.9 105 83 188 2008

2006 2009 F 0.9 0.16 0.18
SSB 2008 2002 260

F 0.29×0.9 0.33×0.9 2014 2014
ABC F

1998 2012
1,000

2013
75%

12 2012
2014



F ,
F2006-2009 %

,

2014
ABC

,5
,

5
,

5

Blimit

5

(0.9F2006-2009)*

0.17
(0.16, 0.18)

(0.9F2006-2009)
15

(14, 16)
192-397

(140-276,
52-121)

311
(204,84) 76% 100% 167

(136,31)

(0.9C2007-2009)*

0.19
(0.12, 0.59)

(1.0F2006-2009)
16

(11, 44)
188

(105,83)
188

(105,83) 56% 91% 188
(105,83)

2014

SSB
 

(0.9 1.6F2006 2009)*

0.27
(0.26, 0.30)

(0.9 1.6F2006 2009)

22
(22, 24)

251-533
(185-370,
66-163)

385
(273,112) 47% 99% 257

(209,48)

ABC 1-3)-(3) β2=0.9
2015

1998 2012
2013 12 75%

2008 2006 2009 F 0.75 F
23

2014 (ABC)
SSB

2008 2014

1,000 2018 80% 5
2018 1,000 2018

SSB 2008 2002 2010 SSB 260
Blimit 2008 2010 SSB 97

3 Ccurrent Fcurrent
2010 2011

3
Ccurrent C2007-2009 2007 2009

Fcurrent F2006-2009 2008
2006 2009

F C2007-2009 0.9 2014
F2006-2009



SSB
10 SSB 260 F

0.9 F 2014 F2006-2009
0.9

F
2011 480

340
820

0.25
0.25
0.51

0.001
0.001
0.001

0.0%
0.0%
0.1%

2012 910
80

990

1.3
4.3
5.6

0.01
0.06
0.01

0.1%
5.3%
0.6%

2013

10
2011 2012 10 2013

2012
2011
2012

12 3

2012 2012
2013 2014 2012

(M) 1 M=0.2
1 M=0.35

(5)
CPUE

Bban
Blimit 1997 2010

2008 97
2012 1997 2010

97 58









1985 6 1992 1

1985 110 1987 225 1989
71 1993 70 100 1995 324

200 2000 104
2008 213 2010 155

2011

6. 12 3

0.0 0.05 2011
1995

1. 
(%)

92 1992 12 1993 3 72.8 15.1 87.9 82.8
93 1993 12 1994 3 109.3 0.8 110.1 99.3
94 1994 12 1995 3 2.0 125.2 1.6 128.8 97.2
95 1995 12 1996 3 19.6 3.7 324.7 5.1 353.1 92.0
96 1996 12 1997 3 31.0 0.0 43.0 209.1 0.1 283.2 73.8
97 1997 12 1998 3 3.8 0.2 72.3 225.2 0.1 301.6 74.7
98 1998 12 1999 3 1.1 0.0 19.4 172.7 0.0 193.2 89.4
99 1999 12 2000 3 8.8 0.0 9.9 130.0 0.0 148.7 87.4
00 2000 12 2001 3 1.0 0.3 2.1 104.0 0.0 107.4 96.8
01 2001 12 2002 3 0.1 0.2 4.0 109.4 6.6 120.3 90.9
02 2002 12 2003 3 0.0 1.3 5.5 141.9 0.0 148.7 95.4
03 2003 12 2004 3 0.3 0.1 7.5 180.6 90.2 278.7 64.8
04 2004 12 2005 3 0.4 0.0 4.0 121.1 6.4 131.9 91.8
05 2005 12 2006 3 0.3 0.1 4.0 94.0 23.5 121.8 77.2
06 2006 12 2007 3 0.0 0.0 3.8 136.8 9.1 149.8 91.4
07 2007 12 2008 3 0.0 0.2 2.9 159.1 3.2 165.4 96.2
08 2008 12 2009 3 0.0 0.3 15.7 212.9 15.7 244.5 87.1
09 2009 12 2010 3 0.0 0.1 5.5 187.3 26.2 219.1 85.5
10 2010 12 2011 3 0.0 0.0 1.1 154.9 3.2 159.3 97.3
11 2011 12 2012 3 0.3 0.0 0.2 0.0 0.0 0.5 0.0
12 2012 12 2013 3 0.4 0.3 0.3 4.6 0.0 5.6 82.0



2.

 

1995 0.44 0.56
1996 0.52 0.48
1997 0.52 0.48
1998 0.42 0.58
1999 0.39 0.61
2000 0.41 0.59
2001 0.51 0.49
2002 0.54 0.46
2003 0.42 0.58
2004 0.33 0.67
2005 0.44 0.56
2006 0.52 0.48
2007 0.46 0.54
2008 0.55 0.45
2009 0.65 0.35
2010 0.57 0.43

2012 4.6
1996 1998 1996 1998 19

72 1995
1996 20 30 2001 1

2003
90

279 6 1
2004

132 2005 122
2006 150 2007 165 2008

245 2006 2008
2009 2008 219 2010 155

160 2009 20% 2006 3
17 28% 2010

2011 3 11
2011

1 2012
1

3.6

2
0.4 0.6 0.6 0.4

2

20 50%
2 5

(3)

8
7 2010 12

2011 2012
2009





150 900m 101 1 4
50 100m

1996 2002

1997 2003 4 100m 8
32 2004 4

200 500m 50m 48
2003

2012
101 60%
1 1

0.3 2004

4
(1)

Q 0.664 1+exp 4.276+0.079*CW (1) 
 

Q CW (mm)
80mm

2012 2013
2014 2014 2

F 2012

(2)
2010 2011 3 11

2009

12 3
CPUE kg 8

(P) 9
CPUE

(Ai) Ai=1



Ci i Xi i

1

CPUE

1

80%

 
 
 
 
 
 
 
 
 
 

CPUE 1996 1998 59 68kg 2002
30 40kg 8

1997 350 2002 196
2006

9

CP
U

E
kg

8. 
CPUE kg

 











2002
2009 2,600 3,600

2010
2012 600

4
13
1997

560 1,600
2002

2008 4 14
1997 50% 2000

8.5% 2001 2010 11 31% 4 14
20% 2011

2012
0

F 15

F 1997 2000 0.05 1999 0.16
2003 2004 2007

2008 F
0.79 1997 2009

F 0.20
F 0.3 2010

F 0.2 17.5% 2011

2012

14.
 

%

F F

F F

15. F



F 0.01

(5)
1996 1997

1997
1997

1997 2011
1,560 2007 1997 2010 560

2012
16

CPUE
2011 3

16 2007
2007 2008

2008 2012 5

(6)

7 42 56mm 2
17 2012

17
6 8 42 56mm 2

16.

1996 1998 2000 2002 2004 2006 2008 2010 2012
0

1,000

2,000



9
10

80mm 1974
1 56 74mm 56 76mm

17

(7)Blimit

2008 1997
2010 97 5 Blimit

9 Blimit
9 10 SSB<Blimit

2 SSB<Blimit

 (8)

17.
42 56mm 56 74mm 56 76mm

5.
1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012

SSB 5825597 162 426 225 127 261 211 274 222 264 299 73 276 265





6 2010 56 76mm
2011 2,692 2010 2011 56

76mm 2012 1,501 2011
42 56mm M=0.35 2013 1,304

2007 2008 2012 42
56mm M=0.35 2014 364

7 18
2011

(9)
(YPR) (SPR) F

19

F
100% 50%

0% YPR

80mm

10 11

100% YPR F F=1

50% 0% YPR F(Fmax) F
50% YPR F(Fmax) 0.25 0.20 0%

Fmax 0.16 0.15 19
100% F YPR Fmax

F 2008 2006 2009
F 0.18 0.20 50% Fmax 0%

Fmax
50% Fmax 0% Fmax





2014 364
2007 2008 1 7

2014 2012

(2) 2014 ABC

ABC

ABC 1-3)-(3) 2014
2014 12 2015 3 ABC

2 0.9 0.7

0.8 F2006-2009 2015
10 2002 SSB F

1.6F2006-2009 2

2012
2015 1998 2012

SSB 20 2008 2002
2008 2002 2010 260

2013 2011 3 11

2010
75% 12

20. Blimit

Blimit



Fcurrent 3 2010 2011
3 11 2012

2007 2009 2008
F2007 F2009 0.2 F2008 0.8 2008

CPUE

2006 2009
2008 F2006-2009

2012 2013 2014 2015 2016 2017 2018
0.9F2006-2009:0.16

0.16, 0.18
1.3 119 136 156 179 193 203
4.3 32 31 57 71 81 88

0.8 0.9F2006-2009:0.15
0.14, 0.16

1.3 119 122 141 163 177 187
4.3 32 28 51 65 74 81

0.9C2007-2009
(Cave 3-yr)

1.3 119 105 105 105 105 105
4.3 32 83 83 83 83 83

0.8 0.9C2007-2009 1.3 119 84 84 84 84 84
4.3 32 67 67 67 67 67

SSB 0.9 1.6F2006-2009:0.27
0.26, 0.30

1.3 119 209 227 250 262 270
4.3 32 48 83 101 112 118 

SSB 0.8 0.9 1.6F2006-2009
0.21 0.23, 0.26

1.3 119 171 192 216 229 239
4.3 32 39 70 86 97 104

2012 2013 2014 2015 2016 2017 2018
0.9F2006-2009:0.16

0.16, 0.18
914 991 959 1,104 1,266 1,367 1,437 

81 232 194 352 443 505 547
0.8 0.9F2006-2009:0.15

0.14, 0.16
914 991 959 1,116 1,291 1,401 1,480 

81 233 195 356 450 516 562
0.9C2007-2009
(Cave 3-yr)

914 991 959 1,131 1,338 1,493 1,621 
81 233 195 310 388 451 502

0.8 0.9C2007-2009 914 991 959 1,150 1,373 1,541 1,679 
81 233 195 324 412 484 542

SSB 0.9 1.6F2006-2009:0.27
0.26, 0.30

914 991 959 1,039 1,145 1,201 1,236 
81 233 195 339 412 457 484

SSB 0.8 0.9 1.6F2006-2009:0.21
0.23, 0.26

914 991 959 1,073 1,206 1,284 1,335 
81 233 195 346 428 481 516

 2013 F2006-2009 0.75

0.9F2006-2009 F=0.16 F=0.18 2018
203 88 2018 1,437 2012

1.6 547 2012 7
0.9C2007-2009 2018 1,621



2012 1.8 2018 502 2012 6.2
SSB (0.9 1.6F2006-2009 0.26 0.30)

2018 270 118 2018
1,236 2012 1.4 484 2012 6

1996 2012 SSB 20 2002
2008 260

2012 Blimit 2014 2015
SSB

0.9F2006-2009 0.9 1.6F2006-2009 2014 SSB
2016 SSB 8

8.
SSB

SSB
2012 2013 2014 2015 2016 2017 2018

0.9F2006-2009:0.16
0.16, 0.18 58 146 128 219 280 323 351 

0.8 0.9F2006-2009:0.15
0.14, 0.16 58 146 131 225 291 337 369 

0.9C2007-2009
(Cave 3-yr) 58 146 86 164 227 278 319 

0.8 0.9C2007-2009 58 146 99 188 259 317 364 

SSB 0.9 1.6F2006-2009:0.27
0.26, 0.30 58 146 115 188 232 259 276 

SSB 0.8 0.9 1.6F2006-2009:0.21
0.23, 0.26 58 146 125 210 267 304 329 

 (3)

2015 1998 2012
1,000 2018 SSB

260 Blimit 97

1,000 2018 80% 5
2018

SSB 260 Blimit 2008 SSB
97 1,000 2018

2012 2018
90% 10% 21



0.9F2006-2009 SSB 76% Blimit SSB
100%

0.9C2007-2009 SSB Blimit 91% SSB
56%

0.9 1.6F2006-2009 SSB 260 47%
Blimit 90

2015 10% 2016 21
F

0.8

F
F2006 2009 %

,

2014
ABC

,5
,

5

,
5

Blimit

5

(0.9F2006 2009)*

0.17
(0.16, 0.18)

(0.9F2006-2009)
15

(14, 16)
192-397

(140-276,
52-121)

311
(204,84) 76% 100% 167

(136,31)

(0.8 0.9F2006 2009)*

0.13
(0.13, 0.14)

(0.8 0.9F2006-2009)
13

(13, 14)
164-327
(132-260,
47-109)

267
(190,77) 82% 100% 150

(122,28)

(0.9C2007 2009)*

0.19
(0.12, 0.59)

(1.0F2006-2009)
16

(11, 44)
188

(105,83)
188

(105,83) 56% 91% 188
(105,83)

(0.8 0.9C2007 2009)*

0.15
(0.10, 0.44)

(0.8 1.0F2006-2009)
13

(9, 34)
151

(84,67)
151

(84,67) 70% 97% 151
(84,67)

2014

SSB

(0.9 1.6F2006 2009)*

0.27
(0.26, 0.30)

(0.9 1.6F2006 2009)

22
(22, 24)

251-533
(185-370,
66-163)

385
(273,112) 47% 99% 257

(209,48)
SSB

(0.8 0.9 1.6F2006 2009)*

0.21
(0.20, 0.23)
(0.8 0.9

1.6F2006-2009)

18
(18,20)

221-474
(161-332,
60-142)

338
(240,98) 66% 100% 206

(171,39)

ABC 1-3)-(3)
2015

1998 2012
2013 12 75%

2008 2006 2009 F 0.75 F
23

2014 (ABC)
SSB

2008 2014





(4)ABC

2012 2010 2012 2,529
1,193 F 0.12 0.28 ABClimit

279 279
2012 2012 2011 2012
1,537 755 60%

F 0.12 0.28 ABClimit 166 176

2012 2013 2012 2012
1,946 2012 141

F 0.12 0.28 ABClimit 215 34

2013 2011 2013 2,386
1,031 ABClimit 220 220

2013 2013 2012 2013
1,948 373 ABClimit 177 79

2012 2012

2012 2012 2012 2013

F
ABClimit ABCtarget

2012
1.5Fcurrent 0.12 2,529 279 195
1.5Fcurrent 0.28 1,193 279 203

2012 2012
1.5Fcurrent 0.12 1,537 166 119
1.5Fcurrent 0.28 755 176 128

2012 2013
1.5Fcurrent 0.12 1,946 215 154 1.3
1.5Fcurrent 0.28 141 34 25 4.3

2013
1.3Fcurrent 0.10 2,386 220 156
1.3Fcurrent 0.25 1,031 220 160

2013 2013
1.3Fcurrent 0.10 1,948 177 126
1.3Fcurrent 0.25 373 79 57

2012 TAC
2013 TAC

0.3



12 10 3 31

2 5
ABC TAC

100mm

80mm

(1965) (1964) 22,219-234
(1998) 1997 .

1,47-67
(1999) 1998 .

19,77-91
(1956)

4,293-305
(1990)

23,13-23
(1997a)
17,69-78

(1997b) 1996



17,79-96
(2000)

63,109-118
(1968) II. 

34,138-142
(1995)

. pp.89
(1974) 26,64pp

(2007)

73 487-494
(1991) . 22,59-71

(1992) .
58,181-186

(2004)
70,297-303





(Q)
0.3 2004

2014 ABC 2012 10 2012 2013

2012 4.5 2012 2008
2006 2009 0.75 F

12 3 4 4
2 1

Nt+1=Nt exp(-M)-Ct exp(-5M/6)

Ct=Nt exp(-M/6) (1-exp(-F))

12 1 Nt 1 Nt+1
Ct M F

1 0.35
1 0.20

Ft=-ln(1-Ct exp(M/6)/Nt)

2 3

0.3

9 10 20mm 1
1 1995

56 74mm 74 86mm
86 98mm 86 98mm
98 108mm

120mm





2013 2013 9
2012 10 56 74mm 2013 9 74

86mm 80mm 2013
(A) 74 86mm 80mm

2012 10 74 80mm 2011 10 56 74mm 2011
2013 9

80mm (B) 56 74mm A 74
80mm B 2013

2012 10 56 76mm 2013 9
72.4mm

2014 2012 42 56mm 2013 56 74mm
2014 2013

56 74mm 56 76mm 2013 74 80mm M=0.35
2014

CW(mm) BW(g)
2000

CW(mm) BW(g)

BW=7.943 10-4 CW2.819

BW=4.954 10-4 CW2.946

BW=9.616 10-4 CW2.755

BW=3.556 10-3 CW2.462

(2000) 63
109-118

(1995)
. pp.89

(2004)
70,297-303.





(Somerton 
et al., 1999, Munro and Somerton, 2001, Weinberg et al., 2004)
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Q 0.664 1+exp - -4.276+0.079*CW (1)
 

6 (1) 2 0.3
51.5mm 6

(1) QCW 0.3 Q03
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1 10 56 74mm ABC
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N N+1 N N+1
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QCW 42 56mm 9 56 74mm 10

2004 8 2006 6 9 10
N N+1 QCW

ABC ABC
2 42 56mm 9 M=0.35

Q03
SSB F 0.3

2011 4 8
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

QCW Q03

Q03 60 70%

  4.  

 5.  



4 QCW Q03 50%
50 % 5

2 42 56mm QCW 1
56 74mm QCW 6

Q03 0.1 0.4
F QCW 0.2 0.8 2
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10 11
2 ABC

1997 2012 N
N-1 N-2

N

2004 2006 2008 2011 2005
ABC 2

2009 2010 2008
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0.3

1
2

1
2

16,000

12,000

8,000
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8,000
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0
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1998 2012 1998 2002 2003 2012
ABC

1998 2002

1,000 2018 80% 5
2018

1998 2002 3 5
SSB 0 Blimit 0.9F2006-2009 86%

SSB (0.9 1.6F2006-2009) 66%
0.9C2007-2009 12%
 

9 2014 1998 2002
2013 2018

F
( ,

(F2006-2009
)

%
( )

2014
ABC

( , )5
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5

( , ) (5 )

Blimit

(5 )

(0.9F2006-2009)

0.17
(0.16, 0.18)

(0.9F2006-2009)
15

(14, 16)
192-397
(79-130,
22-53)

141
(104,37) 0% 86% 167

(136,31)

(0.9C2007-2009)

0.19
(0.12, 0.59)

(1.0 F2006-2009)
16

(11, 44)
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(105,83)
188

(105,83) 0% 12% 188
(105,83)

SSB

(0.9
1.6F2006 2009)

0.27
(0.26, 0.30)

(0.9
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22
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(99-172, 
27-70)
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(134,48) 0% 66% 257

(209,48)

2015
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