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AContents

* Biology and Stock Assessment

Distribution, Growth, Estimation of Catch Number at Age, Stock
abundance indices, VPA

* Stock-Recruitment Relationships

* Proposed “Reference points”, Kobe-plot

* Harvest Control Rule and Future projection
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Fig. 4 The von Bertalanffy growth curves and fork lengths of
arabesque greenling groups for each sampling area and sex. Black
and gray lines indicate in the Sea of Okhotsk (squares=average+
SD) and the Sea of Japan (triangles=average+SD), respectively.
Solid symbols and lines indicate males and open symbols and

dashed lines indicate females
(Morita et al. 2015)
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Table 3 Maturation rates of 1-year-old female Pleurogrammus

L 4

e
v

azonus collected in the Sea of Japan off northern
Hokkaido from September Ist to October 15th
—
Year Sep 1-15 Sep. 1630 Oct 1-15 Mean %
2004 0.54 0.54 -
2005 0.98, 0.89 0.94 @
2006 0.94 0.94 2
2007 087  0.71,0.86, 054 0.75 5
2008 0.50, 0.63, 0.67 0.79, 0.85 0.69 ®
2009 0.97 073 0.85 % 0.4 - _ exp(470-2.78x 107%x)
2010 0.91 0.98, 0.99, 0.98 0.96 b= "1+ exp(4.70 — 2.78 x 10~5%)
2011 0.99 1.00 1.00
2012 0.96 0.99 0.98, 0.98 0.98 0.2 — T
2013 0.99 0.97 0.98 0 2 4 6 8 10 12 14 16
2014 0.97 0.99,0.99 0.98 Recruitment at age-0 (x10% individuals)
2015 0.97 1.00 0.99 0.99
2018 1.00 0.97. 1.00 0.98 0.99 Fig.7 Relationship between recruitment of 0-year-old
individuals and maturation rate of I-year-old
N —irratare JS— o Pleurogrammus fIZ(JHI(S of ca.Ch ylcar?class in seas off
1 mmMature /, nor?hl.lrn Hokkaido. The line indicates the fitted
) === Logistic curve* / - 08 ¢ logistic curve.
5 : =
e —
> 40 c
3}
° S
g © .
3
g 20- 2 » Maturation rate 1 year-old
i ) fish h b
0 | y change by
150 200 250 300 f H
Standard length (mm) O recrurtment
Fig.2 Example of estimation of maturation rate of 1-year-old (Sakaguchi et al 2018)

female Pleurogrammus azonus using standard length

frequency composition of sample and logistic curve.
* Modified from Takashima et al. (2016)
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CPUE Index of offshore bottom
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C

Nppy == —N_ . xexp(M)+C, xexp(%j

p-l1y — p.y+1
vay + Cpflxy

C

C M
N,, ==—>N ¢Np,y+1><exp(M)+Cp’yxexp[7j

p—l,y =
C CoytCoy

p-Ly

Fundamental part

C,,x exp(Mj
’ 2
F.,=—Inj1-

a,y

Fsy=Fary

N:Stock number a: age y: year F: fishing mortality
M: natural mortality 0.295/year p: plus groop (4+)

4+ 4+ b
Ob] = (1 — )L) X z [lOg(CPUEy) —lo g (q {Z Oﬂa,ysa,yBa,y/z O-Qa,ysa,Y} )
y a= “=

Sa,y = a,y/maX(F4+,y)

Tuning part

2 4+
+2X ) (Fay)’
a=1

A: weight of penalty (0.09)

CPUE: offshore fishery CPUE

S,y : selectivity at age

2, - ratio of Offshore fishery to total catch
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Fishing mortality (F)
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Fishing mortality is highest in 2008, then decreased since 2013
Voluntary restraints on fishing started in 2012 (continued)
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Stock biomass, spawning biomass
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AContents

* Biology and Stock Assessment

Distribution, Growth, Estimation of Catch Number at Age, Stock
abundance indices, VPA

* Stock-Recruitment Relationships
* Proposed “Reference points”, Kobe-plot

* Harvest Control Rule and Future projection
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ﬁock-Recruitment Relationship

(proposed temporarily by the Research Institute Meeting in Apr. 2019)\

@ Dataset for S-R relationship
SSB & Recruitment values (1985 - 2017)

@ Estimate parameters
1) Stock-Recruitment Relationship

2) Optimization methods

method (L2)

— Hockey-stick (HS), Ricker (RI), Beverton-Holt (BH)

\Ieast absolute value method (L1), least square /
)
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*Least absolute value method (Thousand tons) 29




Density

BEEKR - REDDH DT (HS) 2021 ETHBEHE (%)

v

00 01 02 03 04 05 06

BEAEINI-TRED REDERHERZED ZEREEZ0~ID
EXMTSA EXbTSA — &2 HhIRELI-L
N7y b

HS L1 Standard. Resid. HS L1 Cumlative Prob. Dist. HS L1 Uniform QQ plot
E . = ° = AN “—P value — 2 H
A - 777}7315,“3\:\,:0.000 o
7 o }EH3 2\ 2= | ' Kg: 0.209 = ] . oo
7 AREERSH | — 5 2 i~
a / e
] 3
1 \ o | E w
- ’/.\\‘ > 2 E <
(%]
c >
i / \ 3 2 <«
7, TN o ©
i ’ SN o — ki o
f A =] = o)
’ A S o | o
i Z g o o0
//z OO
T o | o | &o0°
o o
\ | \ | \ M T | \ T 1 T T T T T T
-3 -2 -1 0 1 0.0 0.2 04 0.6 0.8 1.0 0.0 0.2 04 0.6 0.8 1.0
Standardized Residual Cumulative probability Quantiles of Uniform Dist.

Kolmogorov-Smirnovi®®E : S 7S ARt D—HME %2R E
Shapiro-Wi lkiRE : FREHNERDPH L —HL TWEHIZRE

aXA> b TR/MEMEER) 2AWEYDZ =9, HEiguhig
(HS) mEpYicronL)wnHhBlnZxREL-DON?

BE  JAMESEZEDNEIL. TR 0HTAVTVET 30




FREDDHD

<

dr (HSB CtARIMRIHEE) :20215E:E (8%)

v

Density

02 03 04 05 06

00 01

HS L1 Standard. Resid.

value

".

' sW
\ K9
\
\

\

I
!
!
!
]
!
4 \
s

. 0.000
1 0.209

ra

Standardized Residual

Density

15

1.0

0.5

0.0

ACHED#EICE T 555

Density

0.6

0.4

0.2

0.0

HS L1 Standard. Resid.

/

1

P value
SW: 0.000
KS: 0.142

[ T T I
-3 -2 -1 0

Standardized Deviance

Density

0.0

10 15 20 25 30

0.5

0.0

HS L1 Cumlative Prob. Dist.

T 1 \ T
0.2 04 06 0.8

Cumulative probability

HS L1 Cumlative Prob. Dist.

1.0

0.0

T T T I
0.2 04 0.6 0.8

Cumulative probability

1.0

Quatiles of Cumlative.Prob.

04 06 08 1.0

0.2

0.0

Quatiles of Cumlative.Prob.

HS L1 Uniform QQ plot

(o]
| oo®
oP
o°
] o°
oooOoo
1 I | I |
0.0 0.2 04 0.6 0.8 1.0
Quantiles of Uniform Dist.
HS L1 Uniform QQ plot
S
oo
© o®
o
o0
w
S 7 o000 ®
<t
R
o
(=]
o
2
T T T T I
0.0 0.2 0.4 0.6 08

Quantiles of Uniform Dist.

L

31




Deviance

HSDIRZENEFR S ¥ B CHHBZEr: 2021684 E (%)

HSEB A ZRBFEOMAE E¥i- L 2 ao4MEE Liung-BoxiREICH 1T BPE
TRlE ¥ BAHE D TR =

D H# % §IJ Autocorrelation (rho vs. lag) Ljung-Box test

1.0

0
o

ACF
0.6
value
|

I
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
ol

0.2
I I | | |
1
—:>|
—
I
I
T
—
I
I
I
o I
X I
I
B |
I
I
I
I
I
I
P
0.00 0.05 010 0.15 0.20

| 19‘85 | 19|95 | 20‘05 | 20|15 | (‘) ; 1|0 1|5 ; f;f E‘S EI3 1|0 1‘2 1‘4
Year Lag Lag
DEHNFENTWS @ﬁliga*ﬁﬁg@?ﬁi A& (b~I15%F)

*RRFLEFAPRW
CNEDNSTTHETREW

32




HSHFRZNDEF RS ¥ B CHHEZEr: 202158 8:HE (%)

aA b TEANKRENEEL TRZ S8EM,) 2"H AL H LT,
BAEBRIC Eaﬁ&%%)ﬁba WDIFBELTVWEEAN?

Time series of deviance to SR Autocorrelation (rho vs. lag) Ljung-Box test

. o g
d o
N 0
© PR
. o
3 3 e o
c T L ] 2 o
R & N D= [
o < o D>_ o
o 2 1 | ||| | . 2
v I [ | 1 o 3
i ~ .
to) . R g | L ee*®
a N T T T T T T T T S] T T T
1985 1995 2005 2015 0 5 10 15 2 4 6 8 10 12 14

Year Lag Lag

IFEDS T TRAELRRIZACHBNHEERALEZAHIFRY
I FDSTTHEETREY WEHEYHSER)

EIP=S

CIFENSTIEAERTCIERWES, BeHABERERELLWETILEER

- FREDEIFRIISB IR A MERN MG, TOHEBEEIFRTFRAICRBIE S
CrrlLTWwgd (N ogg—=RYyYH>7F1) 20

- BCAHENEERETH SIS ICIIEBRALEFE T ECABCETEICH 1T B4FKFRIT

MANTOCRICACHBEZ2EETA32AEI LV EINTWS (BEEDR




Ly

4 BB (20204274 : 1985-20194 )

S-R relationship Optimization method n“m
“ Least absolute value method No 0.022 51,051 0.620

2000

EHR D 2019F MBS T
REIN-BEEBREIN

1995

0 100 200 300

HA=E(FHY)

34




BEERFEOZE (77— FRAFSY D) 2021 F3E (%)

MA=(BAE)

v

1500 2000 2500

1000

Non-Parametric Bootstrap for Residuals

VS
) 4

3000 o
fa sk

The data (1985-2019) of SA2021
with HS proposed the Rese
Institute Meeting in 2019

arch

[ I [ [
0 50000 100000 150000

HAa=(FH)

200000 250000

35




ﬁi/&ﬂﬁﬁm%@&ﬁ (7= bR BFSYD) 20215E8E (%)

a in Non-Parametric Bootstrap b in Non-Parametric Bootstrap
8 _ 8
=] E —— Estimate o ] —— Estimate
Median | Median
— Cl(0.8) g — CI(0.8)
o =] |
9 -
® — |
8 |
o0
g | 1
g © oy
c c I
2 s 8
g g |
o § _ [ |
]
< |
o |
& 7 g |
™~
I{_r L j '
o - < — a e N
T P : | ~
0.010 0.015 0.020 0.025 0.030 0.035 50000 100000 150000
a b

sd in Non-Parametric Bootstrap

- e’ HEIT— RISV TI2BIT3
2] HSEB A ZERBRD/NS A —IHEE

¢ i~ - HEEE
% PR{E
H4GEH : 80%{ZFEX R4

400

200
|




BEERBBROZE (DY v I2FA4 7270774 ILEE)

o
v

jackknife SR functions a in jackknife

o b in jackknife
L
o o
o --- Estimated SR function 8 4 ©
3 - A jackkine SR function [S]
(8] o
- S _ooooo o oo
e & 2 [\
S g_ka/oan.f/'O*/"""’ ”u’-m" *% —¢* — sososes
N o ey e oo o
o 2
(= — o
wn <
O = o
o o -
g = &
= 0 | «
g | © 5
] 8 o -
o T T T T T T T T T T T T T T T T
o 1985 1995 2005 2015 1985 1995 2005 2015
T T T
0 50000 100000 150000 200000 250000 &d in jackknife
o |
Profile Likelihood -
© |
o
- essee®tI0oRececeRasese L0 L o 0 Sge
\/ \/
o
i <
o
© 8§
<7 o~
i o |
W o
S T T T T T T T T
< 1985 1995 2005 2015
T T T T
50000 100000 150000 200000

Y M BEEBGRREEEHTLI20TLLIN?

B% : 5885 —9%EmMUABEEBRGEBRLLTVS, BEIOEEIEL —
388tk Y. A4 RSAVIR-TELERMEOBE L, TEAEFEDBER |3/




AContents

* Biology and Stock Assessment

Distribution, Growth, Estimation of Catch Number at Age, Stock
abundance indices, VPA

* Stock-Recruitment Relationships
* Proposed “Reference points”, Kobe-plot

* Harvest Control Rule and Future projection
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AContents

* Biology and Stock Assessment

Distribution, Growth, Estimation of Catch Number at Age, Stock
abundance indices, VPA

* Stock-Recruitment Relationships
* Proposed “Reference points”, Kobe-plot

* Harvest Control Rule and Future projection
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L 4

Probability of spawning biomass in 2031 .
being above the reference points (%)

300 )
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200 - 1  100% 39% 55
0.9 100% " 55% 51
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0.5 100% 98% 32
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TR GREMN)

Probability (%) of future SSB exceeding the SBtarget

Probability

B 2020| 2021| 2022| 2023| 2024| 2025| 2026| 2027| 2028| 2029| 20304 2031|j2041| 2051
1] o ol 1] 12 24 32 39] 38 39 40f] 39| 40 40
0.9 0 0 1 18 35 46 53 53 54 56 55 55 55
08 o o 2] 23] 48] 60] 65 68 70| 69 70] 7o[| 72| 70
07l o o 3 3if 63 75| 80| 82| 83| 83 83| 84]] 85 84
06/ 0o o 4 86 90| 92| 93| 94] 93] 93]] 94 94
05/ o o e [s5ll 8] 93 96| 98 98 98] 98] 98[| 99| 99
04 o o 8 [eA 91| 98 99/ 100] 100] 100 100} 100[| 100] 100
03 o o 10/ [73 96 100] 100/ 100] 100] 100 100} 100[| 100 100
02 o[ o] 13[[8A 99| 100] 100 100] 100] 100] 100} 100[| 100 100
01 o[ o] 17[ [ odl 100 100] 100/ 100] 100] 100 100} 100[| 100 100
of o o 23 100] 100] 100| 100/ 100| 100| 100§ 100[| 100] 100
Fcurrf 0o o 2 20/ 32| 42 46| 49| s50] 50/ 51 s51f) 52| 51
Probability (%) of future SSB exceeding the SBlimit

B 2020| 2021| 2022| 2023| 2024 2025| 2026| 2027| 2028 2029| 2030| 2031| 2041| 2051
1 0| 100 95 97 99| 100f 100{ 100| 100{ 100| 100| 100{ 100| 100
0.9 0| 100 98 99| 100{ 100{ 100| 100| 100{ 100{ 100{ 100{ 100{ 100
0.8 0| 100 99 99| 100{ 100f 100| 100f 100 100{ 100( 100| 100f 100
0.7 0| 100/ 100/ 100{ 100( 100( 100( 100( 100/ 100/ 100/ 100 100| 100
0.6 0| 100f{ 100/ 100{ 100( 100( 100( 100( 100/ 100/ 100/ 100 100| 100
0.5 0| 100/ 100/ 100{ 100( 100{ 100( 100( 100/ 100/ 100/ 100 100| 100
0.4 0| 100f 100/ 100{ 100({ 100( 100( 100( 100/ 100/ 100/ 100 100| 100
0.3 0| 100/ 100f 100f 100 100{ 100( 100f 100{ 100, 100{ 100| 100/ 100
0.2 0| 100f{ 100/ 100{ 100( 100( 100( 100( 100/ 100/ 100/ 100 100| 100
0.1 0| 100f 100{ 100{ 100( 100( 100( 100( 100/ 100/ 100/ 100| 100| 100
0 0| 100/ 100f 100/ 100f; 100 100f 100| 100f 100, 100f 100[ 100| 100
Fcurr 0| 100 90 98 99( 100| 100f 100( 100 100( 100| 100{ 100| 100
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L 4

N vy, Q > ey o
I$3 8 GREfmAN) : SSB and Catch
SSB (103ton) SBtarget:l12F k>, SBlimit:34F k>
B | 2020] 2021] 2022[ 2023 2024] 2025] 2026 2027] 2028] 2029] 203d[ 2031) 2041 2051
1] 21| 47| 52| 76| 93| 101 | 105| 108 ] 110| 110 | 111 110 | 111 110
09| 21| 47| 55| 84| 105| 116 121 | 124 | 126 | 126 | 127| 125 | 127 | 126
0.8 21| 47| 59| 92| 120 134 | 139 | 143 | 144 | 145 | 145| 144 | 145 | 144
07| 21| 47| 63| 102| 136| 153 | 161 | 165| 166 | 167 | 168| 166 | 168 | 166
06| 21| 47| 67| 113| 154| 176| 186 | 191 | 193 | 194 | 195| 194 | 195 | 194
05 21| 47| 71| 125| 174| 203 | 215 | 223 | 226 | 228 | 229l 228 | 230 | 228
04 21| 47| 76| 138| 197 | 234 | 251 | 262 | 268 | 270 | 273\ 271 | 274 | 272
03] 21| 47| 81| 153| 224 | 271 | 296 | 311| 320 | 325 | 329| 328 | 332 | 330
02| 21| 47| 86| 170| 254 | 314 | 350 | 373 | 388 | 397 | 404l 404 | 412 | 410
0.1 21| 47| 92| 188| 290| 367 | 418 | 454 | 478 | 494 | 507| 511 | 528 | 527
ol 21| 47| 98| 209 331 | 431 | 503 | 558 | 599 | 628 | 653|| 666 | 713 | 715
Fcurrf 21| 47| 53| 86| 103 | 114 | 118 122 123 ] 123 | 124{ 122) 124 | 123
Catch (103ton)
B | 202d] 2021} 2022] 2023[ 2024] 2025[ 2026] 2027[ 2028 2029] 2030] 2031[ 2041 2051
1 39)| 55| 84| 96| 108| 113 | 116 | 118 | 118 | 119 118 | 119 119 119
09 39| 51| 81| 95| 107| 113| 116 118 | 118 ] 119| 117 | 118 | 118 119
08 39| 46! 76| 92| 105| 112| 115 117 | 117 | 118 116 | 117 | 117 | 118
07 39l 42| 71| 88| 102| 109| 113 | 115| 115| 116 | 115 115| 116 | 116
06/ 39| 37! 65| 83| 97| 105] 100 111 | 112 113| 112 ] 112 | 113 | 113
05 39| 321 57| 75| 90| 99| 104| 106| 107 | 108 | 107 | 108 | 108 | 108
04 39| 261 49| 66| 81| 91| 96| 98| 100| 101 | 100 101 | 101 101
03] 39| 201 39| 54| e8| 78| 83| 87| 88| 90| 90| 90| 91| o1
02| 39| 14l 28| 40| 52| 60| 66| 69| 71| 72| 73| 73| 74| 74
o1 39| 71 15| 22| 29| 35| 39| 42| 44| 45| 46| 46| 47| 48
o 39 ol ol ol ol o ol ol ol o o ol o o
Fcur | 390 55) 76| 96| 108] 114] 118] 120 121 121 119 120 121 121
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Probability (%) of future SSB exceeding the SBtarget

L

B 2020] 2021] 2022] 2023] 2024] 2025] 2026] 2027] 2028[ 2029] 2030] 2031] 2041] 2051
11 o o o o o o o 1 4 10 56
09 o o of o o 1 1 4 14 20 73
08/ o o o o 1] 3 3 12 25 31 80
071 o ol of 1 4 8 9 26 41 84
06/ o o o 3 12 18 20 50] 54 88
05/ o o o 8 22 31] 35 551 64| 66 91
04 o of o 14 33 47l s3] 70| 77] 78 94
03] o of of 20 46l 62 72| 83 89 89 98
02l o of o 26 60 86| 92| 95| 96 100
01l o/ o o 36 741 89 95 97/ 98 99 100
oo o o 1] s5iff 8% 96| 98] 100] 100/ 100 100
Fcurren 0 0 0 0 0 1 1 4 11 16 69
Probability (%) of future SSB exceeding the SBlimit
B 2020] 2021 2022 2023] 2024] 2025] 2026] 2027| 2028] 2029] 2030] 2031] 2041] 2051
1] o[ 100] 71] e6] 71] e8] 69 76| 82 82 82| 83 93] 95
09/ of 100 80 74/ 80| 78 80 84 8| 8 8 90 96 97
08 o 100 88 81 87 87 88 90 93] 93] 94 95 98 99
07, ol 100] 92 85 92| 94| 94 95| 96 97, 97, 97 99| 99
06/ o0 1000 97 91] 95| 971 971 98] 98] 99 99| 99| 100] 100
05/ o] 100] 99 95/ 97| 98 99 99| 99| 100/ 100/ 100 100] 100
04 o] 100] 100] 98] 99| 99| 100] 100] 100] 100/ 100/ 100 100] 100
03] o] 100] 100 100] 99| 100] 100] 100] 100] 100/ 100/ 100 100] 100
0.2l o] 100 100] 100] 100] 100/ 100] 100] 100] 100/ 100/ 100] 100] 100
0.1/ o] 100 100] 100] 100] 100/ 100] 100] 100] 100/ 100/ 100] 100] 100
0/ o] 100 100] 100] 100[ 100] 100| 100| 100] 100] 100/ 100] 100] 100
Fecurref 0] 100 58 68 66/ 66 65 72 770 771 771 78] 92| 95
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SSB (103ton)

Y cm—

B 2020] 2021] 2022] 2023] 2024] 2025] 2026] 2027] 2028] 2029] 2030] 2034] 2041] 2051
1] 21| 47] 39| 42| 45| 45| 45| 55| 62] 65| 68| 70l 102] 111
09| 21| 47| 42| 46| 51| 52| 53] 64| 73| 76| 79| 81| 116] 127
08 21| 47| 45| 51| 58] 60 62 75| 86| 90| 92| 95| 134 | 146
0.7] 21| 47| 47| 56| 66| 70| 73| 88| 101| 106| 108 111 155 168
06| 21| 47| 50| 63| 75| 82| 86| 103] 118] 125] 127 130]] 181 | 196
05 21] 47| 54| 70] 86| 96] 101] 121 139] 147 | 150 153]] 213 | 231
04 21| 47| 57| 78] 99| 113]| 120] 142| 163 | 174 | 178 182|| 253 | 275
03| 21| 47| 61| 86| 113 132| 143 | 168 193 | 207 | 213 | 219][ 306 | 333
02| 21| 47| 64| 96| 130] 155] 170 201 | 231 ] 249 259 268|| 378 | 413
0.1] 21| 47| 69| 108 | 150 | 183 | 205 | 243 | 280 | 305 | 321 | 334]| 481 | 528
0] 21| 47| 73| 120] 173 | 217 248 | 297 | 346 | 381 | 406 | 428|| 639

Fcurren 21| 47| 37] 45| 45| 46| 46| 57| 63| 68| 71| 73| 112 123

Catch (103ton)

B 2020(1 2021} 2022| 2023| 2024| 2025| 2026| 2027| 2028| 2029| 2030| 2031| 2041| 2051
1 47| 43 45 47 55 61 68 70 74| 82| 109 | 117
0.9 45| 43| 47| 49| 58| 64| 70| 73| 76| 84| 110| 118
0.8 43| 43| 47| 50| 60| 66| 72| 74| 77| 85| 110| 117
0.7 41 43| 47| 51 60| 67| 72| 74| 77| 85| 109 | 116
0.6 38| 41| 46| 50| 59| 66| 71| 73| 76| 83| 106 113
0.5 34| 38| 44| 48| 57| 63| 68| 70| 73| 79| 102 | 109
0.4 20| 34| 40| 44| 52| 58| 63| 65| 68| 73| 95| 102
0.3 23 29| 34| 39| 45 50| 55 58| 60| 65| 85| 91
0.2 17| 21| 26| 30| 35| 39| 44| 46| 48] 52| 69| 75
0.1 9 12 15 18| 21 24| 26| 28| 30| 32| 44| 47
0 o] o] o] ol o] o] of o o of o] o

Fcurren 42| 44| 45| 47| 54| 60| 65| 69| 72| 79| 110| 119

4
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BARE (Fh)

250

200 +

150
SB msy 112

e ——— —————— ——— —

100

50 4

1 1 1
2000 2020 2040

BER (THY)

200

150 +

100 4

50 4

Probability of spawning biomass in 2031 .
being above the reference points (%)

105FE# (20314F) [10F# (2031F) [2021F0
p  |CEREANRAE |CRAENERE pREmx
BEAEME () % BEEE () # | (Fh
LME3 IR )
1 83% 15% 38
0.9 90% 25% 35
0.8 95% 35% 32
0.7 97% 45% 29
0.6 99% [ 57% ) 26
0.5 100% 68% 22
0.4 100% 9% 18
0.3 100% 90% 14
0.2 100% 97% 10
0.1 100% 99% 5
0 100% L 100% ) 0
Fcur 8% 22% 41
== SBmsy
- BIEREH 5 10F1Z (12
----- SBlimit B0.6LAT TSBtarget %
HCR 50% UK EDHERTEZ 5
(0.8Fmsy)

Fcurrent
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- Calculation for catch at age (CAA) of Arabesque greenling

250

200

150

(thousand tons)

100

Catch

50

L 2

B Catch in the coastal area (all areas)

_ N Coast of Okhotsk Sea

O Offshore bottom trawl in the Okhotsk Sea
Coast of Sea of Japan

O Offshore bottom trawl in the Sea of Japan
N
ALK Otolith
\
B W
N [ AN N
\ ISR N 2
b RANINES - Coastal Catch
N it s S E
< S0 (R | Offshore Catch
N = (| ArEFERHNE S
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Calculation for catch in number at age (CAA) of Arabesque
greenling (Central, Wakkanai and Abashiri Fisheries Research Institute)

@Sampling (2Measurement of samples @
for each* - * body length(mm), fork length(mm),

> sea area body weight(g), sex, etc.

» fishing season * Age assessment

» fishery type, gear observing the cross section &=

» box type and of otolith .

size (large, small, mix) (Takashima et al. 2013)

(3Estimate the age composition by each box type and size
for each fishery gear and fishery type (Offshore, coastal)

(Takashima 2016)
(4Estimate the Catch in number at age for each fishery type and area

(Takashima 2016)




Calculation for Catch in number at age (CAA) of Arabesque
greenling (Central, Wakkanai and Abashiri Fisheries Research Institute)

(3Estimate the age composition by each box type and size

(@Estimate the Catch in number at age for each fishery type and area

0 k,y t m,y
Ca,k,y Z L l ktma,y
t “k,ty

Wktmy

a: age, y:year, t:term, i: length class

k: each area and fishery type

m: container type (size type)

ni: measurement number of length class (i)

L ok : Total catch in the first or second half season (term) for each K(area), Y(year)
L ., Total catch in each area and fishery type for each K (area), t (term),y(year)
W : weight of catch

W : average weight of samples

(Takashima 2016)




For example (Offshore trawl fishery for first season in2021)

SA Fishery Total
ID area Jan Feb Mar April I\/Iay_June July Aug Sep Oct Nov Dec Catch

Offshore
:Central 19 Shima | b5 0 |613 82 1,1842 769 0 0 0 0 (2,653
18 Ohuyu [ 149 218 | 99 255| 95 120 0 0 0 0 935
Shakot
17 an 0 0 0 20 0 0 0 0 0 0 20
16 Yoichi [ 16 5 | 26 195|719 41 0 |o | o[ o [1001
Mid Fishery ' ) Catch Average 5,430
ID M/D  Ship Area SAID area FA no. |Catch(t)| for M weight kg 0 1 2 3 4+
Japan
1 4/29 4 Sea 16 Yoichi 316 1,681 195 36% 0.247 0 0.356 0.614 0.03 4E-04
Japan

2 6/2 4 Sea 19 Shima 344 \ 2,928 ) 769 ©64% 0.304 0 0.254 0.605 O.li 0.01

* Weight of Sample (each box type) / Catch (each box type) : ratio pIe for each box type
- Number of Sample (each age) for each box type/ratio of samle—>Number at age—>Ratio of age
- Average weight of sample (each box type) and Number at age—>Average weight (weighted by sample)

Calculation of Catch at Age
{ Each allocated catch(t)| / Average weight (sample) —>Total Number of Fish for ID
* Total Number of Fish (each ID) X Ratio of age—>Catch Number at age




