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Summary
The quarterly catch and weight at age of CM from 2010 to 2020 and quarterly maturity at age data from 2007 to 2020 are calculated and presented. The quarterly catch at age represents catch in Q4 and Q1 of the subsequent year is significant while catch in Q2 and Q3 is low. The catch of age 0 appears regularly in Q3 and Q4, representing the recruitment of age 0 fish to fishery appears after Q2. With the availability of Japanese catch at age data in quarterly basis and presence of age incrementation in the middle of the calendar year, it is advised to use fishing year to assess the stock of CM with rich temporal catch at age data.

Introduction
The TWG CMSA agreed that the Members will submit fishery data on a quarterly calendar which are expected to facilitate discussion to set fishing/calendar year to conduct stock assessment on chub mackerel (CM) (5th Meeting of TWG CMSA 2022). Japan provides those information based on the input data used for the Japanese domestic stock assessment on this species.

Data
Catch at age
The monthly length composition data were constructed for 2010 to 2020 using the length measurement data obtained from CM landings at major landing ports in Japan. Then using the length-weight relationship obtained annually at each prefecture and the monthly length composition data, monthly average weight per fish were calculated. Using the monthly average weight per fish and the monthly catch data obtained from each prefecture, monthly catch in number of fish were obtained. By multiplying the catch number by the length frequency data, monthly catch at length were obtained. Using the quarterly developed age-length-key, obtained by the biological measurement of fish performed by each prefecture every month, quarterly catch at age in number were calculated. For the development of age-length-key, the age of CM is incremented on July 1st since recruitment of age-0 fish begins in July. Due to the nature of recruitment and fishery, the catch at age data from Q3 to Q2 of the following year was used as the annual catch at age of the fishing year.

Weight at age
Likewise, monthly catch weight at length is estimated from monthly catch at length and length-weight relationship from each month. By combining monthly catch weight at length into quarterly basis and applying age-length-key, the quarterly catch at age in weight were obtained. Weight at age was thus calculated by dividing the catch at age in weight with catch at age in numbers. For the detailed method of preparation of catch and weight at age, see Manabe and Yukami (2020).

Maturity at age
Quarterly maturity rate by age was analyzed using the sample from the Pacific coast of Japan obtained between 2006 and 2019. Of the 17673 fishes collected, 6941 and 7985 fishes were male and females, respectively. The maturation status is analyzed using GSI criteria as described in Manabe et al. (2021).

Results and discussion
The quarterly catch annually hit a peak in Q1 or Q4 and decreased after Q4, touching bottom in Q2 or Q3 (Fig. 1, Table 1). The catch of age-0 fish appeared regularly in Q3 and Q4, representing the recruitment of age-0 fish to fishery appeared after Q2. These results support setting of a fishing year starting from July and end in June, which has been employed in the Japanese domestic stock assessment on CM.
The weight at age based on the quarterly calendar, which was provided through the catch in weight at age with the catch number at age, is shown in Table 2. The weight by year class grew across the quarter, showing different growth rates among cohorts (Fig. 2). 
Quarterly GSI by age is shown in Fig. 3 and proportion of matured individuals by age for each quarter is shown in Fig 4. Based on Yukami et al. (2019), the criterion of maturation was set as GSI > 2.5. Matured individuals were dominated for age-2 and above in Q1 and Q2, however, scarce in all ages in Q3 and Q4 (Fig. 3). Likewise, the proportion of matured individuals by age per quarter exhibited the similar pattern in Q1 and Q2, showing the increasing trend of proportion of matured individuals from age-2 and above with greater proportion in higher ages (e.g. age-4 and above). The proportion of matured individuals were scarce in Q3 and Q4; resulting completely lack of matured individuals except for 2015 and 2016 in Q4 (Fig 4). The pattern of appearance of matured individual in each quarter is due to the spawning season which lies between Q1 and Q2. Since fishes were post-spawning in Q3 and Q4, the gonads were underdeveloped, hence, considered as immature based on the GSI criterion. The present analysis of proportion of maturated individuals at age properly shown the trend of maturation based on the seasonal gonadal development. Additionally, the result is convincing in terms of the maturity at age of the current domestic stock assessment of Japan, where the maturity-at-age is determined based on the Watanabe and Yatsu (2006) and Watanabe (2010) considering the stock level.
Because of the spawning season of CM from Q1 to Q2, age increment occurs in the middle of the calendar year. Based on this biological aspect of this species, an application of the calendar year will cause a significant problem that two year-classes could be included in an identical age class in the catch at age data in a single year. The periodicity of the variation in the quarterly catch which had a peak in Q1 or Q4 annually supported the application of the fishing year employed in the Japanese domestic stock assessment. It is concluded that the application of this fishing year can meet two requirements with respect to biology and fishery.
In this document, the quarterly catch, weight, and maturity at age data from 2010 was provided upon the request. Owing to the current data availability, catch and weight at age data prior to 2010 cannot be divided in quarterly basis.
The temporal length of data, hence the quantity of the data, is a fundamental part to yield a robust stock assessment (Chen et al. 2003). The domestic stock assessment of chub mackerel in Japan uses data from 1970, resulting in accumulating more than 50 years of catch at age and corresponding biological data. The data includes variety of phenomena such as the population dynamics in high and low stock levels and recent appearance of strong year class. Considering the catch at age data from Japanese fleet outnumbers the data from the other members, it is critical to include the data into stock assessment for NPFC. Therefore, it is important to consider the application of the fishing year to the stock assessment of CM in NPFC to fully maximize the quantity of the data to yield a robust stock assessment.
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Table 1	Quarterly catch at age from 2010 to 2020.
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Table 2	Quarterly weight at age from 2010 to 2020.
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Fig. 1	Quarterly catch in number at age for 2010 to 2020. Y-axes are based on number and proportion in upper and lower panels. 
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Fig. 2	Trajectories of weight at age by year class (cohort) from 2009 to 2020.
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Fig 3.	GSI by age by quarter. The horizontal orange line represents the criteria of maturation (GSI = 2.5). Q1 to Q4 represent quarters 1 to 4 and 1 and 2 on the leftmost boxes represent male and female, respectively.
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Fig 4.	Proportion of matured individuals by age. Q1 to Q4 represent quarters 1 to 4 and 1 and 2 on the leftmost boxes represent male and female, respectively.
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Year Quarter Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6+ Total

1 175.104 16.817 14.121 2.322 0.821 0.172 0.023 209.381

2 81.467 5.847 3.587 2.105 0.910 0.334 0.025 94.276

3 35.100 24.836 1.640 13.151 1.411 1.965 0.348 78.452

4 12.697 105.817 43.144 20.478 6.748 3.220 0.169 192.272

1 32.155 27.743 5.968 1.661 0.456 0.045 0.035 68.063

2 0.293 5.648 3.598 2.235 0.675 0.500 0.005 12.954

3 7.566 4.120 8.184 1.762 0.898 0.107 0.035 22.671

4 6.089 26.849 30.408 6.078 1.595 0.241 0.000 71.259

1 12.288 36.253 26.218 3.239 0.952 0.197 0.077 79.225

2 2.054 20.812 22.320 10.249 3.229 1.636 0.023 60.322

3 13.310 3.457 8.790 17.824 14.192 1.308 0.031 58.912

4 8.082 28.080 42.703 28.882 3.760 1.583 0.126 113.216

1 6.469 14.623 28.273 14.801 1.977 1.073 0.404 67.619

2 34.964 5.817 10.649 5.022 1.043 0.071 0.031 57.596

3 15.281 13.899 13.641 20.383 6.705 0.521 0.333 70.763

4 72.006 52.001 31.572 32.932 5.397 0.020 0.018 193.946

1 57.184 153.411 18.334 9.982 8.610 1.736 0.460 249.716

2 145.607 25.153 8.749 4.994 3.502 1.552 1.029 190.585

3 21.480 110.551 19.630 6.988 0.756 5.476 0.014 164.894

4 28.257 196.547 87.050 37.724 2.624 9.123 0.000 361.324

1 23.601 337.791 32.766 10.633 7.676 1.790 0.587 414.844

2 18.017 87.681 3.375 4.026 3.549 0.767 0.048 117.463

3 1.774 3.926 107.736 7.726 0.331 0.004 0.102 121.599

4 10.912 54.294 748.548 70.903 13.614 8.548 1.802 908.621

1 1.122 50.793 440.588 23.772 4.761 2.923 6.562 530.521

2 15.601 34.772 74.424 5.187 3.085 1.793 1.145 136.007

3 40.723 37.611 3.938 10.894 0.506 0.176 0.193 94.040

4 42.240 67.887 133.615 811.522 11.881 6.558 6.322 1080.025

1 5.929 29.299 75.485 271.044 9.466 5.275 1.476 397.975

2 11.214 6.404 22.425 52.778 10.285 3.134 2.142 108.383

3 51.441 8.992 24.269 19.056 22.880 2.249 0.768 129.655

4 13.457 56.598 146.527 229.828 509.167 42.545 6.686 1004.807

1 9.067 69.175 73.578 133.217 119.457 5.381 2.001 411.877

2 22.703 10.950 14.443 28.828 32.229 9.142 5.121 123.415

3 203.620 36.975 55.150 7.473 21.847 14.532 3.232 342.829

4 48.987 14.011 112.713 252.255 210.992 204.407 39.893 883.259

1 19.663 21.446 57.686 72.592 72.393 42.589 4.185 290.554

2 23.911 9.747 28.407 33.176 39.771 37.585 10.861 183.458

3 24.629 23.749 16.643 10.908 2.256 2.842 2.710 83.737

4 27.488 126.614 101.576 113.361 75.105 71.757 218.681 734.582

1 17.599 103.808 51.176 50.466 35.570 30.340 31.661 320.620

2 3.890 15.346 17.635 25.747 29.635 14.847 9.493 116.592

3 111.969 14.056 31.187 7.168 5.889 2.191 4.061 176.523

4 176.740 64.402 259.586 119.309 105.460 76.446 101.844 903.786
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Year Quarter Age 0 Age 1 Age 2 Age 3 Age 4 Age 5 Age 6+

1 91.8 315.7 369.5 581.4 694.4 771.4 889.3

2 129.4 362.7 534.9 638.3 724.4 852.6 1038.1

3 71.2 329.3 503.2 610.2 781.0 806.2 956.8

4 171.9 353.1 480.4 593.9 713.8 778.9 909.9

1 165.0 346.4 517.4 645.1 803.7 859.6 918.2

2 301.8 416.7 554.5 659.3 717.6 855.6 912.0

3 41.4 367.2 505.6 622.7 717.4 784.2 901.3

4 128.0 368.2 466.4 584.1 666.3 769.3 1017.8

1 278.6 378.2 476.5 632.5 659.0 808.7 895.6

2 267.3 455.7 526.2 624.8 728.1 865.3 946.7

3 31.2 317.7 329.2 467.8 606.2 802.8 858.4

4 129.5 342.5 469.3 575.9 631.9 680.3 755.2

1 182.9 418.2 511.7 574.3 703.9 780.4 883.2

2 203.9 441.1 559.3 625.5 755.9 920.5 1148.9

3 100.5 266.5 511.7 649.2 679.2 800.9 1081.6

4 107.1 294.4 460.9 590.7 670.7 1011.6 1111.5

1 109.5 314.7 499.5 578.1 639.8 757.1 837.4

2 139.2 365.0 506.8 633.3 680.2 738.5 857.9

3 26.3 182.8 343.7 459.0 477.6 597.6 980.7

4 135.7 205.4 404.7 562.6 668.4 645.8 -

1 146.5 185.2 450.0 640.0 701.2 744.1 771.8

2 155.3 193.6 450.0 656.1 736.6 856.1 945.9

3 70.8 245.6 275.2 482.6 554.3 754.0 650.5

4 95.0 203.5 240.8 453.2 636.3 594.8 650.2

1 106.4 196.4 236.0 513.7 634.4 656.1 784.8

2 108.9 218.3 262.8 524.3 689.4 780.8 775.9

3 48.8 170.0 394.3 321.4 745.7 912.0 1141.7

4 91.1 216.2 245.8 303.0 548.0 596.3 665.1

1 114.1 181.6 253.5 299.1 551.0 645.2 717.1

2 142.0 265.9 304.8 355.9 511.0 654.1 737.3

3 37.4 169.2 307.4 343.1 394.8 506.9 657.6

4 96.0 227.5 297.2 323.4 344.1 527.6 761.7

1 129.5 210.6 284.5 327.6 350.1 583.8 768.1

2 115.3 260.3 391.5 422.1 457.2 586.1 770.0

3 49.2 154.8 195.0 274.4 307.7 388.3 592.6

4 92.4 153.5 237.6 334.1 398.3 407.2 699.5

1 99.7 313.4 329.0 381.4 402.6 430.8 669.6

2 148.6 239.0 339.2 407.2 442.8 454.6 573.3

3 67.5 179.8 192.2 304.3 447.4 548.9 561.5

4 108.2 173.1 302.3 356.8 414.0 445.7 460.0

1 127.7 164.3 262.8 357.6 407.3 434.1 482.5

2 172.3 181.3 331.2 417.8 481.5 501.1 533.0

3 66.6 180.1 187.6 317.3 428.0 493.6 677.9

4 77.2 129.4 235.9 286.3 361.9 477.4 554.6
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