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N Distribution
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Jack mackerel mainly distributes on the
continental shelf region. The main
fishing grounds are East China Sea
and coastal areas off western Kyushu
and Sea of Japan.

The spawning grounds are southern
East China Sea area and coastal areas
off Kyushu and Sea of Japan.
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ORIGINAL ARTICLE

Spatiotemporal variability in the occurrence of juvenile
Japanese jack mackerel Trachurus japonicus along coastal areas
of the Kuroshio Current
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* 1) Some research surveys and analyses have been conducted. Currently, Jack mackerel in the Pacific
could be consisted of East China Sea (main spawning grounds) and Pacific (local spawning grounds).
Also, in the Sea of Japan could be consisted of two spawning grounds.

« 1) Distribution of this species in the East China Sea and Sea of Japan is continuous and could be
migrated among these areas. However, juvenile and adult fish cannot move from Pacific to East China
Sea due to Kuroshio current, but its unclear.

« 2) The magnitude of recruitment from East China Sea to Pacific is unclear. Some works have been

conducted.
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Coastal area: East China Sea and westem part of Sea of Japan
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Please see the document “Estimating procedure of
catch number at age of jack mackerel (Trachurus

) in the Sea of Japan and East China Sea”

japonicus

Estimation of CAA

Growth, Age-Length Key
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Nearshore area: Kyushu-
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» 20) This figures overlapped ALKs and measured size frequencies in 2019. The ALK at two areas are
slightly different. The side bars represents size distributions of jack mackerel in each area in 2019.




«#% . Maturation

Fish Sci (2014) 80:61-68
DOI 10.1007/512562-013-0687-5

ORIGINAL ARTICLE

Age and maturation of jack mackerel Trachurus japonicus
in the East China Sea
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Fig. 6 Monthly changes in the frequency of occurrence of various
maturity stages of ovaries of jack mackerel. D Developing stage, Im
immature stage, M mature stage, R resting stage, Spa spawning stage,
Spe spent stage
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FRA samples small pelagic fish species every year, and analyzes maturation
characteristics based on histological methods of small pelagic fish.
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Catch and Catch-at-age
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Jack mackerel is exploited mainly by Japanese and Korean fisheries in the East
China Sea and Sea of Japan. Age 0 and 1 fish are mainly caught.
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N Procedures of tuned VPA

N

a+l,y+1

C
F™ = 1+ —~— exp(—M
) ﬂ{ T: xp (—M)

a+1

F

3+,y

= afF,

).

Fundamental part

=N, ,exp(—F, —M)

F+M_1-exp(-F,)
F o l-exp(-F,—M)

a

N:Stock number, a: age, y: year, F: fishing mortality

M: natural mortality 0.5/year, o : coefficient (0.3)

Tuning part

| B [ln Iy — (bk In Niy + In qk)]z | 1
—ink= ZZ 20,2 AW
Ky k IOy,

I = qNy,"*

N:Stock number, [l:abundance index
y: year
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Abundance indices: Age 0
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Abundance indices: Age 1,2 and 3+
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Age 3+, large-mid purse seine
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There are six abundance indices for age 0, three for
age 1, and one index for age 2 and 3+.
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Retrospective analysis
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«®%<  Fishing mortality at age
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Fishing mortality in the 1980s was relatively higher than those of the other year
periods, and the fishing mortality has gradually decreased.
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- Number-at-age and selectivity

L 4
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Age 0 and 1 fish were dominant, the total stock number of Jack mackerel was at
a low level in the late 1970s and gradually increased until the mid-1990s. After
the 1990s, the total stock number was almost stable with some fluctuations.
Fishing mortality at each age (selectivity) was the highest at age 1.
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«#5.Stock-Recruitment Relationship
. Evaluation

O

» Data set
1) SSB & Recruitment values (1973 — 2017)

These values in 2018 were removed because the most recent values
have large uncertainties.

» Estimate parameters

1) Stock-Recruitment Relationship
a) Hockey-stick (HS), b) Ricker (RI), c) Beverton-Holt (BH)

2) Optimization methods
a) least absolute value method (L1), b) least square method (L2)
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«#a . Stock-Recruitment Relationship
. Evaluation

)

L 4

deltaAIC(AI

Autocorrelation

S-Rrel. PUTEN"  hars.a  pars.b  pars.sd  pars.rho AICc C_AR

AIC_noAR).1

HS L1 0.027093 168005.9 0.4613 0.271831 65.32322 -1.5931 Twostep
HS L2 0.027191 177/808.6 0.482606 0 68.71992NA No
HS L2 0.027191 177808.6 0.462586 0.24513 68.71992 -0.89589 Two step

RI L1 0.034523 1.77E-06 0.475469 0.264324 69.58343 -1.35648 Two step
B L ooy 22 omsms 0 @IS w
BH L1 0.035437 2.25E-06 0.477311 0.265162 69.87547 -1.37059 Two step
RI L2 0.032705 1.66E-06 0.495151 0 71.02958NA No

RI L2 0.032705 1.66E-06 0.474914 0.25716 71.02958 -1.17937 Two step
BH L2 0.0329 2.00E-06 0.495904 0 71.16623NA No

BH L2 0.0329 2.00E-06 0.476363 0.255109 71.16623 -1.12237 Twostep
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«#,Stock-Recruitment Relationship
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We selected HS (hockey-stick) relationships due to low AICc values. Based on

this SR relationship, the SBtarget was calculated.
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Kobe plot

Target Reference

Point (SBmsy)

\ 4

Blimit Btarget

20
>15 3 i‘
g /) y 2005 Fmsy
u VL % -
™ E R g : 2018
05 | |
1 | |
1 l I
I | I-
0.0 L . I . | .
0.00 0.25 0.50 0.75 1.00 125

SB/SBmsy

26




«#% . Contents

* Biology and Stock assessment

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

» Stock-Recruitment Relationships
* Reference points, Kobe-plot

» Harvest Control Rule, Future projection

27




}

Harvest Control Rule
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Future Projection: Graphs
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Probability (%) of future SSB exceeding the target reference point

Future Projection: Probability

B [2019]2020[2021[2022]2023]2024]2025]2026]2027[2028]2029[2030[2031]2041]2051
1.0 [100] 94 [ 83 [ 67 [ 59 [ 53 [ 49 |46 |48 [ 47 [ 48 [ 47 [ 45| 48| 47
09 [100] 94 [ 83 | 74 | 71 [ 69 [ 67 [ 67 [ 67 | 66 | 67 | 68 | 68 | 68 | 68
0.8 [100] 94 [ 83 | 82 [ 81 [ 84 [ 84 [ 83 [ 84 |83 [ 85 [ 8 [ 8 [87 ]85
07 [100] 94 [ 83 |8 | 8 [ 93 [ 95959594 [95]95][95]96] 96
0.6 [100] 94 [ 83 [ 91 [ 95 [ 98 [ 99 [ 99 [ 99 [ 99 [ 99 | 98 [ 99 [ 99 [ 99
05100 94 | 83 | 94 | 98 | 99 | 100 [ 100 [ 100 | 100 | 100 | 100 | 100 | 100 | 100
04 [100] 94 | 83 | 97 [ 100 | 100 | 100 [ 100 [ 100 | 100 | 100 | 100 | 100 | 100 | 100
31100 94 | 83 | 98 [ 100 [ 100 ] 100 | 100 | 100 | 100 | 100 [ 100 [ 100 | 100 | 100
0.2 [100] 94 [ 83 | 99 | 100 | 100 | 100 [ 100 [ 100 | 100 | 100 | 100 | 100 | 100 | 100
0.1 [ 100 94 | 83 [ 100 | 100 | 100 | 100 [ 100 [ 100 | 100 | 100 | 100 | 100 | 100 | 100
0.0 [100] 94 | 83 [ 100|100 | 100 | 100 [ 100 [ 100 | 100 | 100 | 100 | 100 | 100 | 100
Probability (%) of future SSB exceeding the limit reference point
B 2019| 2020f 2021 2022| 2023] 2024| 2025| 2026| 2027 2028| 2029| 2030( 2031| 2041] 2051
1.0 100| 100f 100/ 100| 100| 100{ 100{ 100f 100 100| 100{ 100; 100f 100| 100
0.9 100| 100{ 100/ 100| 100| 100{ 100{ 100f 100| 100| 100{ 100; 100f 100 100
0.8 100| 100{ 100/ 100, 100{ 100{ 100{ 100f 100/ 100| 100{ 100; 100f 100 100
0.7 100| 100{ 100/ 100| 100| 100{ 100{ 100f 100| 100| 100{ 100; 100f 100 100
0.6 100| 100{ 100/ 100| 100| 100{ 100{ 100f 100| 100| 100{ 100; 100f 100 100
0.5 100| 100{ 100f 100 100| 100{ 100{ 100f 100 100| 100{ 100; 100f 100 100
0.4 100| 100{ 100/ 100| 100| 100{ 100{ 100f 100| 100| 100{ 100; 100f 100 100
0.3 100f 100{ 100{ 100f 100{ 100, 100{ 100| 100{ 100{ 100f 100{ 100f 100f 100
0.2 100| 100{ 100/ 100| 100| 100{ 100{ 100f 100 100| 100{ 100; 100f 100 100
0.1 100| 100{ 100f 100| 100{ 100{ 100{ 100f 100| 100| 100{ 100; 100f 100 100
0.0 100 100| 100, 100| 100{ 100{ 100{ 100f 100 100| 100{ 100; 100f 100 100
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«#, . Future Projection: SSB and Catch

’ SSB (10%ton)

B |2019]20202021]2022]2023]2024 20252026 2027|2028 |2029] 2030|2031 ] 2041 | 2051
10 [ 311 | 311|321 ] 294 | 279 | 268 | 262 | 260 | 259 | 258 | 257 | 256 | 256 | 261 | 263
09 | 311 [ 311 321 ] 311305 | 299 [ 295 [ 204 [ 203 [ 293 [ 202 | 201 [ 201 | 296 [ 208
0.8 | 311|311 ] 321 [ 320335335334 ]334 ]334]334]334]333]332] 338 340
0.7 | 311|311 [ 321 [ 349 | 369 | 377 | 380 | 382 | 383 | 383 | 383 | 382 | 382 | 389 [ 300
0.6 | 311|311 | 321|371 | 409 | 428 | 435 | 440 | 442 | 443 | 444 | 443 | 443 | 451 | 452
05 | 311|311 [ 321|395 | 455 | 487 [ 502 | 510 [ 515 [ 517 | 518 | 518 [ 517 | 527 [ 528
04 | 311|311 321|421 500558583595 603|607 | 609 | 610 | 609 | 621 | 621
03 | 311|311 |321 450|571 | 643 [ 680 | 700 | 712 | 719 | 722 | 723 | 723 | 737 | 737
02 | 311311 321|482 | 643 | 743 [ 798 [ 827 | 845 | 856 | 862 | 864 | 864 | 831 [ 881
0.1 | 311|311 321516727 | 864 | 941 | 983 [1.010/1.0261.035]1.039]1.041|1.061|1.061

0 |311 311321 554 826 [1,009]1.115]1.1741.2131.237]1.250]1.257)1.261 1.287]1.286
Catch (103ton)

B [2019]2020]2021]2022]2023[2024]2025]2026]2027]2028 [ 202920302031 2041] 2051
10 141 [ 152179 169 | 166 [ 161 | 160 | 160 [ 160 | 159 [ 159 | 158 [ 158 | 161 | 164
09 | 141|152 | 167 | 163 | 162 | 159 | 157 | 158 | 158 [ 157 [ 158 | 157 | 157 | 160 | 162
08 | 141|152 | 153 | 156 | 157 | 155 | 154 | 155 | 155 | 154 | 154 | 154 | 154 | 157 [ 159
07 | 141 | 152 | 139 | 147 | 150 | 149 | 149 | 150 | 150 | 149 | 150 | 149 | 149 | 152 | 154
06 | 141 | 152 | 123 | 136 | 141 | 141 | 141 | 143 | 143 | 142 | 143 | 142 | 142 | 145 | 147
05 | 141|152 | 107 [ 123 | 120 | 131 [ 131 | 133 | 133 [ 133 | 133 | 133 | 133 | 135 | 137
04 | 141|152 89 | 107|114 | 117 | 118 | 119 | 120 [ 120 | 120 | 120 | 120 | 122 | 124
03| 141|152 | 69 | 87 | 95 | 98 [ 100|101 | 102 [ 102 ] 102 | 102 | 102 | 104 | 105
02 141152 48 | 63 | 71 | 74 | 75| 77 | 78 | 78 | 78 | 78 | 78 | 79 | 80
01 | 141 [ 152 25 [ 35 |40 | 42 | 43 | 44 | 44 | 45 | 45 | 45 | 45 | 46 | 46
0 |141]152] 0 | 0] oo o]olo]o]lo|lo]|o]ol]o

L
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