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Summary
  Length-weight data of chub mackerels caught by China and eastern/western Japan are compared and parameters of length-weight relationship are estimated. The relationship among regions exhibits similar trajectories. Weight at age of chub mackerels is compared from the data by China, eastern/western Japan, and Russia with adjusted age on China and Russia. The weight at age for stock assessment is calculated using the submitted data and arithmetic mean of China, eastern Japan, and Russia is recommended.

Length weight relationship
  Length-weight relationship can be used to convert catch at age in number to catch at age in weight, which further calculates weight at age. The relationship is expressed as a logarithmic function of log(Weight) = log(a)+b*log(Length). Table 1 shows number of individuals that length and weight were measured. Among the Chinese measurement data, nine samples are considered as error and removed as outliers due to its deviant weight at length from the majority of the samples. In Japan, the data is obtained by taking a subsample from the catch at the major landing ports in prefectures from Hokkaido to Kagoshima on monthly basis. 
Figure 1 shows the quarterly length-weight relationship for each region and figure 2 shows the comparison among regions. Each region exhibits similar scattered plot throughout the quarters with limited amount of data from China in Q1 and Western Japan in Q3 and Q4. When the scattered plots are compared by region for each quarter and year, plots from all regions present overlapping each other, consequently indicating there was not large difference in individual length and weight among regions.
Logarithmic function is applied to the relationship between length and weight and estimated parameters are listed in Table 2 with trajectories depicted in figure 3. When the data samples are low or ranged in narrower size range (e.g., Chinese Q1, 3, 4 in 2018, Q1 in 2020 and 2021), the estimated parameters depict different trajectories from two Japanese curves, however, the overall length-weight relationships are the same. The similarity of length-weight relationship concludes both China and Japan had conducted proper measurement and can be used to convert length into weight. Additionally, with few exceptions, the result suggests Japanese and Chinese length-weight relationships can complement each other if sufficient data is unavailable.


(a) Chinese length-weight
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Figure 1. Length-weight relationship for each quarter for different regions (a) China, (b) Eastern Japan, (c) Western Japan.


(b) Eastern Japanese length-weight
[image: 図形

自動的に生成された説明]
(c) Western Japanese length-weight
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Figure 1. (cont.)
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Figure 2. Length-weight relationship for each quarter with different regions.
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Figure 3. Length-Weight relationship based on estimated parameters.

Table 1. Sample size for the individual measurement data from three regions.
[image: ]


Table 2. Estimated parameters for length weight relationship from each quarter.
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Weight at age
  Weight at age plays an important role in calculating biomass and spawning stock biomass. Weight at age is calculated from each member: China, Japan, and Russia. Japan calculates weight at age for Eastern and Western region similar on quarterly basis. The detailed methodology is described in Manabe et al. (2020). Similar to the catch at age, age in Q1 and Q2 are subtracted by 1 for China and Russia. Since age-7 only appears in Q3 and Q4, align with catch at age, in which age-7 is aggregated into age-6 to form age-6+, the arithmetic mean of weight of age-6 and age-7 is taken to replace weight at age of 6+ in Q3 and Q4.
Figure 4 shows the trend of weight at age from China, Eastern and Western Japan, and Russia. Since weight at age is affected by the seasonal growth, theoretical weight at age increases as quarter in a year proceeds. Weight at age from eastern and Western Japan depict the increasing trend clearly in younger ages (age 0 to 3) while Age-4+ fluctuates dramatically despite the temporal shift in Japan and Russia mainly due to the size composition of the catch. Meanwhile Chinese weight at age remains steadily for age-0 to age-4.
 Figure 5 shows the comparison of weight by age for four regions. Weights at age from all four regions show increasing trend within a fishing year in age-0 to age-3 with similar level of weight for age-0 to age-5 except for the weights from Western Japan. Since the catch from Western Japan consists of the local population and catch from Eastern Japan, China, and Russia consists of the migrating population, the weight at age for Western Japan is estimated to be different from the others. For age 6+, Russian data show significantly heavier weight.

Recommendation for weight at age
  Weight at age for each region can be used to calculate the tonnage of the catch, however, a single weight at age is required to convert stock number into stock biomass. Figure 5 shows that weight at age of three regions (China, Eastern Japan, and Russia) are closely to each other. Therefore, it is possible to take an average of weight at age from regions to estimate the representative weight at age. Arithmetic mean of weight at age from all four regions and three regions, which excludes Western Japan, are shown in Figures 6 and 7 in quarterly-scale and annual scale, respectively. Both averaging patterns exhibit similar trajectories however, inclusion of Western Japan increase the weight at age, since the catch of the local population is less likely to be affected by the density-dependent migrating population. Since the stock assessment of chub mackerel in the northwest Pacific Ocean is a stock that distributes over a wide range of EEZ and conventional areas, the focus is weighted in a migrating population. Therefore, the usage of averaged annual weight at age without weight at age of Western Japan is recommended as a weight at age in converting stock number to biomass (Table 3, Figure 7, dotted).
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Figure 4. Quarterly weight at age from China, Eastern and Western Japan, and Russia. The vertical dotted line represents the beginning of a fishing year (July 1st). Chinese and Russian ages are adjusted to set the date of age incrementation as July 1st.
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Figure 5. Quarterly weight at age from four regions for age-0 to age-7+. The vertical dotted line represents the beginning of a fishing year (July 1st). Chinese and Russian ages are adjusted to set the date of age incrementation as July 1st.
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Figure 5. (continued)
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Figure 6. Averaged weight at age by quarter. Solid line represents an average of all four regions and dotted line represents an average that excludes Western Japan. Chinese and Russian ages are adjusted to set the date of age incrementation as July 1st.
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Figure 7. Averaged weight at age by year. Solid line represents an average of all four regions and dotted line represents an average that excludes Western Japan. Chinese and Russian ages are adjusted to set the date of age incrementation as July 1st.





Table 3. Averaged weight at age for two types: “noWest” that excludes data from western Japan and “All” includes all four regions into averaging.
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image6.emf
Year Quarter China Eastern Japan Western Japan

2016 2 104- -

2016 3 261- -

2016 4 61- -

2017 1 43- -

2017 2 104- -

2017 3 728- -

2017 4 101- -

2018 1 30 4945 695

2018 2 211 3622 873

2018 3 22 804 560

2018 4 61 1822 364

2019 1 52 4044 669

2019 2 734 2121 784

2019 3 137 1546 1338

2019 4 98 1733 1331

2020 1 112 3725 2979

2020 2 503 1191 3878

2020 3 436 1096 654

2020 4 293 6628 596

2021 1 155 5016 1775

2021 2 331 3733 1664

2021 3 324 1700 985

2021 4 115 3996 667

2022 1 - 6818 643

2022 2 511 4458 646

2022 3 590 2489 382

2022 4 365 4232 292

2023 1 - 1391 205

2023 2 265- -

2023 3 197- -


image7.emf
a b a b a b a b

2016 China - - 3.302E-06 3.204 6.608E-07 3.505 1.554E-06 3.345

2017 China 4.617E-06 3.143 3.302E-06 3.204 8.010E-07 3.484 4.550E-08 3.989

2018 China 7.722E-05 2.628 5.652E-06 3.106 1.672E-03 2.137 7.270E-05 2.711

Eastern 8.568E-08 3.852 1.197E-06 3.389 8.930E-07 3.456 1.173E-06 3.406

Western 2.682E-06 3.259 2.912E-06 3.245 2.875E-06 3.260 3.438E-06 3.232

2019 China 3.430E-06 3.196 2.630E-06 3.236 3.169E-06 3.221 3.900E-08 4.018

Eastern 8.558E-07 3.452 1.820E-06 3.303 3.176E-06 3.225 1.423E-06 3.368

Western 5.269E-06 3.143 4.257E-06 3.185 5.574E-06 3.144 4.097E-06 3.186

2020 China 2.708E-05 2.812 5.590E-06 3.102 4.619E-07 3.589 1.198E-06 3.401

Eastern 7.363E-08 3.878 1.441E-06 3.341 1.415E-06 3.368 1.621E-06 3.335

Western 7.641E-06 3.086 2.212E-06 3.305 8.510E-07 3.485 3.198E-06 3.234

2021 China 4.516E-05 2.725 4.549E-04 2.326 1.144E-06 3.441 1.144E-04 2.606

Eastern 3.016E-07 3.634 1.824E-06 3.306 5.009E-06 3.136 2.643E-06 3.247

Western 2.850E-06 3.258 2.900E-06 3.251 1.877E-06 3.338 8.431E-06 3.076

2022 Eastern 2.220E-07 3.684 1.484E-06 3.342 3.465E-06 3.193 4.070E-06 3.170

Western 5.427E-06 3.148 2.564E-06 3.285 2.598E-06 3.279 1.285E-05 2.989

China - - 8.635E-07 3.452 6.515E-06 3.097 8.762E-06 3.063

2023 Eastern 1.328E-06 3.372 - - - - - -

Western 1.741E-06 3.351 - - - - - -

China - - 2.752E-06 3.262 2.204E-06 3.287 - -

Q1 Q2 Q3 Q4

Year Region
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image13.emf
Type Year Age-0 Age-1 Age-2 Age-3 Age-4 Age-5 Age-6

noWest 2014 104.7 266.8 440.9 554.6 614.3 682.4 880.2

2015 111.9 203.3 346.1 566.5 669.4 725.8 745.1

2016 70.2 181.8 272.3 382.6 564.5 631.5 1016.5

2017 64.9 174.7 276.3 341.4 450.5 554.5 958.3

2018 66.9 154.7 238.8 323.3 411.7 485.2 925.4

2019 65.3 166.6 245.2 323.7 405.7 471.1 850.0

2020 73.2 141.6 231.8 327.1 429.5 494.2 832.7

2021 80.7 161.0 236.4 319.0 417.5 485.3 836.3

2022 71.7 134.4 213.8 323.1 433.0 568.2 808.7

2023 115.6 194.3 272.9 368.9 474.5 547.3 655.5

All 2014 138.0 324.4 475.3 606.1 662.6 729.1 894.1

2015 134.5 287.4 421.6 574.0 660.3 762.2 864.0

2016 106.3 252.6 331.8 454.8 607.9 685.2 1026.1

2017 98.6 230.6 320.1 370.7 481.0 604.7 976.4

2018 97.2 199.4 283.6 355.6 427.4 518.1 879.8

2019 85.1 200.1 276.4 353.4 426.1 483.1 765.8

2020 94.8 189.9 281.3 372.1 467.0 529.3 842.0

2021 87.7 207.2 290.6 387.4 484.2 585.1 873.3

2022 109.2 184.9 275.6 385.8 485.9 598.8 826.2

2023 153.3 237.6 332.9 423.8 552.9 585.8 767.9
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