Sardinops melanostictus

Tsushima Warm Current stock
Japanese sardine
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« Catch amount of this species has large fluctuations.

* The maximum catch size of Tsushima Current stock was
1606 thousand tons in 1988, and the catch was drastically
decreasing by 2001.

* The catch size has been increasing since 2010s.
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Regime-shift

Distribution
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Widely distributed
Main spawning ground: ECS

Main distribution area is coastal
Main spawning ground: SoJ

Growth
Well growth Less growth
First maturation age
Age 1 Age 2
Recruitment
Not well Well

* Regime-shift is large, abrupt changes in ecosystem with climate change.

* The stock and catch size of Japanese sardine have large fluctuation, and
blOlO?IC&ﬂ characteristics and distribution of this species could be affected by
the stock fluctuation due to the regime-shift.

SoJ: Sea of Japan, ECS: East China Sea
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Improvement in recruitment of Japanese sardine with delays of
the spring phytoplankton bloom in the Sea of Japan
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Wind Strength

Weak
-

Bloom timing of primary production

Well Not Well

« Kodama et al. (2018) suggested that the match/mismatch hypothesis on survival
of early life of Japanese sardine with climate change.

» We are evaluating this hypothesis.
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« Japanese sardine distributes widely in the Sea of Japan, East China
Sea and Yellow Sea.

« The distribution area is wide/narrow when the stock size is large/small.
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Long-term stock assessment and growth changes of the

Japanese sardine (Sardinops melanostictus) in the Sea of Japan

and East China Sea from 1953 to 2006
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» Age determination has been conducted using a scale (Ohshimo et al. 2009).

 Mean body length at age 2-5 in the 1980s was smaller than that in the other
years.




Estimation of catch number at age

Fish. Oceanogr. 18:5, 346-358, 2009

Long-term stock assessment and growth changes of the
Japanese sardine (Sardinops melanostictus) in the Sea of Japan

and East China Sea from 1953 to 2006
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« Catch number at age was calculated by ALK, monthly catch and monthly size

distribution in each East China Sea and Sea of Japan.
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« The ALK has been changed annually using the results of age determina




Maturation
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 Histological evaluation on reproduction has been conducted every year,

and the maturation proportions of this species are affected by their stock

size.

* The relationships between maturation proportion and age are set into
four scenarios.
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Abundance indices
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* Three indices are used for tuning VPA.
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Stock assessment (tuning VPA)
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« See document “FRA-SA2020-BRP01-2e-1"




LEd—J—hS50ER

« VPAOTRIAFEDATY T1 TOFEENBESEFETESE UTWLEITH,
HEBR7TOXREZRDE, FIBIFNECK D TKELEBHLTHED, &
DEDHETRTY T2TIREL TVRBIRENAZ L ZHo T L/ij
EJE‘E’I‘E(J@ DFEBATULON,. FIC2014F(CDVWTIFHEERT
F1—Z0OFRAXANTEFHICRESNTULWEIN, TV IT1TOR
SEEDFEE LB\ TH2014FDERMA,/ FEAIC &> TED B AN
HODFEBATULL DN,

& I

[o]
« OJEEEFEBELFE A

 RRU. BIRESBESFTAS K BRSRVENIRELENTH D,
COREEREZ EHICETOEENHZNE LNET A

« DHRFEEDOEIFEFM CIF2019F(FEIR(FV\DHEEZ LMoz &0
SREEBVNTNET, TDsH, 2018FEDREIREK(C(F2014F DR
- TMRATEENLE DS IEETETEE A

« BHBEFEEDO&EIRHIM C(F2014FDF(LBEESFOEHH CT(FRLIEDI
HREEHDFEA.



Contents

* Biology and Stock assessment

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

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

» Harvest Control Rule, Future projection

18




108 indiv.)

h

Recruitment

10000 A
150000 1

7500 -
100000 1

5000 1

50000 i
25001 .y

0 100 200

SSB (thousand tons) SSB (thousand tons)

* We evaluated the SSB-R relationships of Japanese sardine,

1) one relationship or 2) two relationships.

» Based on AIC, two relationships were selected, and one is
normal regime (red lines) and the other is high-recruitment
regime (blue lines).
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SB2019 was smaller than Sbmsy (Btarget), and
F2019 was smaller than Fmsy.
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Projection
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A

Projection; probability

Probability (%) of future SSB exceedlng the target reference point

B 2019 2020 2021 2022 2023 24 2025 2026 2027 2028 2029 2030 2031 2041 2051
1.000 0 0 0 1 5 10 17 22 27 31 35 37 38 43 42
0.900 0 0 0 1 6 13 21 28 35 40 44 46 48 2 52
0880 0 0 0 1 6 14 22 29 36 42 45 48 50 54 54
0.800 0 0 0 2 7 16 26 35 44 49 53 55 58 2, 2
0.700 0 0 0 2 9 20 2 43 52 59 63 66 68 T2 T2
0.600 0 0 0 2 10 24 39 2 62 69 73 76 T8 80 81
0.500 0 0 0 2 12 29 46 61 71 78 82 85 86 88 g9
0.400 0 0 0 3 14 34 54 70 79 86 29 92 93 94 94
0300 0 0 0 3 17 40 & 78 86 91 95 96 97 o7 97
0.200 0 0 0 3 19 46 70 84 92 96 o8 g8 99 99 99
0.100 0 0 0 3 22 53 77 a0 96 98 99 100 100 100 100
0.000 0 0 0 4 26 60 83 94 98 99 100 100 100 100 100
IH4RF 0 0 0 1 3 6 10 12 15 16 17 19 2 2 2

Probability (%) of future SSB exceeding the limit reference point

B 2019 2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2041 2051
1.000 0 0 18 51 69 i 83 87 a0 92 93 a5 96 o7 98
0.900 0 0 18 55 73 81 87 91 93 95 96 a7 98 99 99
0.880 0 0 18 56 74 82 88 91 94 96 a7 a8 98 99 99
0.800 0 0 18 59 78 85 a0 94 96 97 o8 99 99 100 100
0.700 0 0 18 62 82 29 93 96 98 98 99 99 100 100 100
0.600 0 0 18 66 86 92 96 98 99 99 100 100 100 100 100
0.500 0 0 18 70 89 a5 a7 99 99 100 100 100 100 100 100
0400 0 0 18 74 92 96 99 99 100 100 100 100 100 100 100
0.300 0 0 18 77 94 98 99 100 100 100 100 100 100 100 100
0.200 0 0 18 81 96 a9 100 100 100 100 100 100 100 100 100
0.100 0 0 18 84 98 100 100 100 100 100 100 100 100 100 100
0.000 0 0 18 87 99 100 100 100 100 100 100 100 100 100 100
IH4KF 0 0 18 42 54 60 64 68 70 T2 74 75 77 83 86

L 4
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Projection; SSB and Catch

L 4

SSB (103ton)

B 2019 2020 2021| 2022) 2023 2024 2025| 2026| 2027 2028 202%| 2030] 2031 2041| 2051
1.000 1594 240 286 335 399 458 515 560 601 631 654 669 684 22 718
0.900 194 240 286 342 416 487 555 610 659 694 719 737 752 788 783
0.880 194 240 286 344 419 493 563 620 671 707 733 751 766 801 796
0.800 154 240 286 350 434 517 599 664 721 761 790 808 824 857 851
0.700 154 240 286 357 453 551 647 724 7859 834 866 885 901 8930 924
0.600 194 240 286 365 473 586 699 788 863 913 048 968 984| 1.010| 1.004
0.500 194 240 286 373 495 625 755 359 943 000| 1037 1058 1075 1.100] 1093
0.400 154 240 286 382 517 667 gle 036] 1031| 1094| 1135 1158 1.176| 1202] 1195
0.300 154 240 286 350 541 711 882] 1019] 1.127) 1198 1244 1271 1291 1320| 1314
0.200 1594 240 286 389 566 759 G54] 1.110] 1.233) 1313[ 1367| 1398] 1422) 14559 1453
0.100 194 240 286 408 593 811) 1.031( 1.210] 1350 1443 1.506] 1545] 1.574| 1624| 1619
0.000 194 240 286 417 621 866| 1.115[ 1319 1480 1589 1666 1715 1752
IRARF 154 240 286 314 353 386 417 441 464 482 496 506 516 559 566

Catch (103%ton)

B 2019) 2020[ 2021| 2022 2023| 2024| 2025 2026| 2027| 2028| 2029) 2030{ 2031| 2041, 2051
1.000 14 08 38| 107 128 146 163 177| 188 197 204| 209| 213| 223| 223
0.900 14 08 80 101 122 141 160 175 187 196| 203| 208 212] 221| 220
0.880 14 08 79 99 121 140 159 174 186 196) 203] 208 212] 220 219
0.800 14 08 72 94 115 135 155 171 183 193 199] 204] 208 215 214
0.700 14 08 64 35 107 127 147 164 177 186 192 197 200 205 205
0.600 14 o8 56 76 o7 118 138 154 167 176 182 186 189 193 192
0.500 14 08 47 66 86 105 125 141 153 161 167 171 173 177 176
0.400 14 08 38 55 73 o1 109 123 135 143 148 151 153 156 156
0.300 14| 98] 29| 43| s8] 73| 89| 102 112| 118] 123] 126] 127| 130/ 130
0.200 14 08 20 30 41 53 64 75 32 88 01 o3 05 o7 o7
0.100 14 98 10| 16| 22| 28| 35| 41| 46| 49| 51| 52| 53 55| 55
0000] 14 o8 0 0 0 0 0 0 0 0 0 0 0 0 0
IHAF 14 08 110 124 136 147 158 166 174 179 184] 188 1921  206| 209

28
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