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Introduction 

In this document, we show the procedure to estimate catch numbers at age in the Pacific 

stock of Japanese anchovy Engraulis japonicus. This stock distributes along the Pacific 

coastal waters of the Japanese archipelago and north of the Kuroshio Extension, that is 

Kuroshio-Oyashio transition zone, and this stock is mainly caught by set nets, boat 

seines, and small-sized purse seines in the 18 prefectures (Fig. 1). To obtain data for 

estimating catch numbers at age, researchers in each prefectural institute investigate 

monthly landings and scaled length compositions of the fish landed at the major landing 

ports. The surveys of scaled length composition of the fish are basically conducted once 

to three times a month during the fishing season, although the fishing season and the 

frequency vary from prefecture to prefecture.. 

Annual catches of the Pacific-stock Japanese anchovy by Japanese fisheries in 

recent years were usually equivalent to that of the Tsushima Warm Current (TWC) stock 

which is distributed in the Sea of Japan and the East China Sea. For example, the mean 

catch of the Pacific stock from 2017 to 2021 was about 45 thousand tons, whereas that 

of TWC stock was 47 thousand tons. 

 

Data and methods 

We divided the 18 prefectures into four areas based on geographic and local fishery 

characteristics (Fig. 1). Data of monthly landing weights and body length compositions 
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of landing fish are obtained from a survey by prefecture. The landing data is collected 

by month, prefecture, location, and gear type. The length data is collected on the 

monthly basis from each prefecture by measuring fish length to compose a length 

frequency with a bin width of 0.5 cm. These length composition data are combined by 

area (Fig. 2) and converted to the catch numbers at age by using age-length key (Fig. 3).  

Firstly, a monthly catch-weighted length composition in an area (𝐴𝑖,𝑡
𝑎 ) is 

calculated from the length composition B and catch data C of each prefecture as 

follows,  

 

𝐴𝑖,𝑡
𝑎 = ∑ (𝐵𝑖,𝑡

𝑎,𝑠
𝑆 × 𝐶𝑡

𝑎,𝑠)  [1] 

 

, where  𝐵𝑖,𝑡
𝑎,𝑠

 is a relative frequency of fish at length-bin (i), month (t), prefecture (s), 

and area (a). 𝐶𝑡
𝑎,𝑠

 is the catch weight at month, prefecture and area. Then, we 

incorporate information on body weight at each length-bin (BWi) to calculate weight of 

fish for each length composition D as follows, 

 

𝐷𝑖,𝑡
𝑎 = 𝐴𝑖,𝑡

𝑎 ×  𝐵𝑊𝑖  [2] 

 

, where 𝐵𝑊 is obtained from a power regression model of scaled length: BW (g) = 

0.010 × SL3.00 (cm). Coefficients of the power regression model were estimated from the 

length-weight relationship (pooling all areas) for each year and were averaged over 10 

years from 1998 to 2007. The mean ± S.D. of exponent and multiplier are 3.002 ± 0.194 

and 0.010 ± 0.0037, respectively. These coefficients were confirmed to see if these are 

still applicable today; for example, in 2021, the exponent was 3.002 and the multiplier 

was 0.0089. Then, a relative frequency of length composition based on the weight is 

calculated again as follows,  
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𝐸𝑖,𝑡
𝑎 =

𝐷𝑖,𝑡
𝑎

∑ 𝐷𝑖,𝑡
𝑎𝑚𝑎𝑥

𝑖=1

  [3] 

 

Using the above composition data, the catch numbers at length, month, and each area 

(𝑁𝑖,𝑡
𝑎 ) (Fig. 2) are calculated as follows, 

 

𝑁𝑖,𝑡
𝑎 =

𝐸𝑖,𝑡
𝑎  × ∑ 𝐶𝑡

𝑎,𝑠
𝑠

𝐵𝑊𝑖
  [4] 

 

When a monthly length composition data is missing from a certain prefecture, the 

relative frequency of length composition of data-available prefectures are combined 

within the area and applied to the catch where length data is missing. 

 

Next, a catch number at age (y) (𝑁𝑡,𝑦
𝑎 ) is calculated using an age-length key as follows, 

 

𝑁𝑡,𝑦
𝑎 = 𝑁𝑖,𝑡

𝑎 × 𝐴𝐿𝐾𝑖,𝑡  [5] 

 

, where 𝐴𝐿𝐾𝑖,𝑡 is an age-length key in each length-bin, and month (Fig. 3). A monthly 

single age-length-key using cohort slicing method is used for each area in this stock. 

The ages of Japanese anchovies were treated as age-0, age-1, age-2, and age-3. The 

monthly ALKs of this stock were created from age determination data (n = 26,220) 

conducted in four prefectures—Hokkaido in Area North-East, Ibaraki in Area East, 

Chiba on the border between Area East and Area Middle, and Kochi in Area West—

between 2000 and 2017. 

 

Since the estimated catch at age in eq [5] is based on the landing data from major 

landing ports, there is a possibility that regional catch data is different from the total 

catch of an area in the statistics published by the Fisheries Agency of Japan. In such 
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case, the catch numbers at age for each area is stretched using the official catch 

statistics. Sum of the catch numbers of all areas is used as the catch numbers at age of 

the Pacific stock (Fig. 4). 

 

 

 

Fig. 1. Distribution of the Pacific stock of Japanese anchovy. The four areas enclosed by 

solid blue lines represent fishing ground divisions for estimating catch numbers at age. 
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Fig. 2. An example of monthly catch numbers at length of each area. This is shown for 

2021. 

  

Month

Area Middle Area North-East
SL cm Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec SL cm Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

4 0 0 0 0 0 0 0 0 1,828.6 76,347.5 112,472.3 144,852.6 4 0 0 0 0 0 0 0 0 0 0 0 0

4.5 0 0 0 0 0 0 0 0 914.3 98,526.9 153,905.4 148,821.2 4.5 0 0 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 123,845.6 134,101.6 111,119.8 5 0 0 0 0 0 0 0 14.1 0 0 0 0

5.5 0 0 0 0 9.7 0 3,198.7 0 0 65,070.4 70,814.0 75,402.7 5.5 0 0 0 0 0 0 0 0 156.2 27.0 0 0

6 0 0 0 0 0 0 9,924.0 0 1,828.6 37,150.5 55,360.9 63,497.0 6 0 0 0 0 0 0 0 28.1 399.1 3,912.3 0.1 0

6.5 2,624.9 358.6 83.6 0 431.4 0 18,100.9 0 12,353.2 21,453.8 43,208.4 49,607.1 6.5 0 7.9 0 0 0 0 0 42.2 780.8 6,305.7 13.2 9.5

7 13,120.6 0 83.6 0 450.8 0 47,953.6 34,883.1 12,236.4 17,441.9 59,711.6 43,654.2 7 0 15.8 0 0 0 0 0 14.1 1,708.7 7,667.0 39.6 85.4

7.5 28,873.0 1,899.0 670.7 0 130.5 0 119,830.3 189,158.2 66,454.3 35,405.4 103,945.3 61,512.8 7.5 0 43.6 0 0 0 0 0 56.2 4,571.6 7,096.6 197.7 284.7

8 39,367.2 3,280.6 796.1 0 610.3 274.2 194,389.6 230,201.9 172,322.3 113,090.2 164,832.6 89,292.7 8 0 55.5 0 0 0 0 22.3 393.6 3,093.7 13,036.8 486.6 265.8

8.5 23,646.6 3,333.5 505.4 0 4,707.2 2,467.9 118,413.8 73,302.7 84,303.3 85,113.4 86,017.1 47,622.8 8.5 164.7 99.1 0 0 0 0.4 178.3 2,459.8 2,850.8 22,392.4 865.5 360.7

9 18,409.2 2,669.1 465.5 0 9,642.8 6,032.6 55,713.9 23,094.8 12,353.2 49,129.2 36,782.2 29,764.2 9 402.6 83.2 0 0 0 10.9 980.8 4,399.6 1,282.4 11,340.2 2,645.7 585.5

9.5 2,659.5 1,540.3 514.8 307.1 4,237.1 3,016.3 12,995.4 3,536.5 457.2 21,192.9 22,554.3 47,622.8 9.5 622.2 63.4 0 0 0 14.1 3,076.2 6,817.2 970.1 10,010.3 4,351.0 879.7

10 26.3 3,439.3 653.3 614.3 1,473.2 1,412.9 1,380.6 0 0 3,343.2 9,351.8 45,638.5 10 896.7 15.8 0 0 0 8.6 3,154.2 2,403.6 520.5 10,307.9 5,219.3 726.8

10.5 16.6 1,540.3 248.5 1,228.5 227.2 1,138.7 470.3 0 0 0 550.1 5,952.8 10.5 1,427.4 4.0 0 0 0 14.7 3,533.1 1,335.3 104.1 6,785.7 6,574.7 1,353.2

11 2,627.7 981.7 218.0 1,535.6 236.9 351.8 516.5 0 0 0 0 0 11 823.6 4.0 0 0 0 41.3 1,125.7 239.0 0 3,246.1 4,744.1 1,142.2

11.5 6.9 317.4 123.7 1,228.5 135.4 703.6 51.2 0 0 0 0 0 11.5 841.9 0 0 0 0 53.8 457.0 14.1 0 420.8 4,343.0 1,578.8

12 1.4 476.1 102.0 614.3 96.7 0 0 0 0 0 0 0 12 147.1 4.0 0 0 0 68.1 356.7 56.2 0 238.1 2,040.1 909.2

12.5 0 581.8 56.8 153.6 62.8 351.8 51.2 0 0 0 0 0 12.5 110.5 0 0 0 0 22.4 167.2 0 0 238.1 981.5 624.5

13 0 370.3 20.7 0 14.5 0 0 0 0 0 0 0 13 57.3 0 0 0 0 36.6 44.6 0 0 1.5 157.0 450.5

13.5 0 211.6 13.2 0 4.8 0 0 0 0 0 0 0 13.5 2.4 0 0 0 0 7.3 0 0 0 1.5 143.9 460.0

14 0 52.9 15.0 0 0 0 0 0 0 0 0 0 14 1.2 0 0 0 0 0 0 0 0 0 0 13.7

14.5 0 0 3.8 0 0 0 0 0 0 0 0 0 14.5 1.2 0 0 0 0 0 0 0 0 0 0 13.7

15 0 0 3.8 0 0 0 0 0 0 0 0 0 15 0.3 0 0 0 0 0 0 0 0 0 0 0

15.5 0 0 0 0 0 0 0 0 0 0 0 0 15.5 0.3 0 0 0 0 0 0 0 0 0 0 0

16 0 0 0 0 0 0 0 0 0 0 0 0 16 0.1 0 0 0 0 0 0 0 0 0 0 0

16.5 0 0 0 0 0 0 0 0 0 0 0 0 16.5 0.1 0 0 0 0 0 0 0 0 0 0 0

17 0 0 0 0 0 0 0 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0

17.5 0 0 0 0 0 0 0 0 0 0 0 0 17.5 0 0 0 0 0 0 0 0 0 0 0 0

Area West Area East
SL cm Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec SL cm Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

4 0 0 0 0 142.9 0 0 1,140.3 0 2,955.3 0 0 4 0 0 0 0 0 0 0 0 8,066.7 0 0 0

4.5 0 919.0 0 2,438.6 571.5 0 0 27,367.6 1,187.7 45,263.1 23,186.1 0 4.5 0 0 0 0 0 0 0 0 14,666.7 3,693.8 0 0

5 1,270.2 1,838.0 0 3,135.4 1,428.8 0 8,494.3 40,014.9 3,962.4 60,256.9 53,279.4 485.5 5 0 0 0 0 0 0 0 0 8,066.7 21,155.2 1,249.8 0

5.5 16,512.4 22,055.5 0 3,882.5 1,354.6 3,614.3 76,448.4 15,193.2 13,878.9 63,571.1 56,504.9 4,369.9 5.5 0 0 191.0 0 0 263.7 0 0 5,133.3 17,965.1 17,914.3 0

6 43,186.2 21,136.5 3,205.6 10,597.6 3,486.6 4,698.6 157,144.0 15,368.1 40,843.2 53,309.6 22,647.6 7,283.2 6 0 0 191.0 0 0 527.5 3,574.8 0 7,333.3 14,439.3 52,076.3 465.0

6.5 48,266.9 31,245.2 6,411.2 7,492.3 5,692.9 5,941.2 131,790.3 16,232.1 30,319.8 58,929.2 33,247.6 8,739.8 6.5 228.0 0 764.1 0 0 0 10,009.5 0 11,733.4 7,387.5 34,995.3 3,022.7

7 13,972.0 14,703.6 6,411.2 16,458.8 6,190.2 13,407.3 44,083.3 7,065.1 16,425.2 33,328.9 67,701.7 8,254.3 7 684.1 0 1,528.2 0 0 263.7 12,869.4 0 10,266.7 2,182.7 10,831.9 7,440.5

7.5 3,810.5 0 7,212.6 19,630.1 9,179.6 18,467.3 14,908.7 3,972.0 19,817.3 39,272.0 36,561.2 4,855.5 7.5 1,596.3 0 4,202.5 348.7 564.3 1,318.6 19,304.1 26.5 4,400.0 0 4,999.3 8,021.8

8 0 0 11,219.6 16,131.3 18,708.1 13,204.2 11,841.8 3,028.8 18,043.6 24,899.2 24,075.5 4,369.9 8 2,280.4 567.2 3,056.4 3,022.3 3,305.2 3,692.2 15,729.2 238.4 733.3 0 2,083.1 5,812.9

8.5 0 0 8,014.0 10,054.3 28,950.9 18,819.5 14,569.9 995.1 19,044.7 21,902.3 4,630.1 485.5 8.5 3,876.7 2,269.0 5,921.7 10,229.2 10,721.7 13,450.0 7,149.7 423.8 733.3 0 0 2,557.7

9 0 0 3,205.6 4,478.9 43,817.9 26,582.7 13,079.1 550.6 12,893.5 28,798.6 50.8 0 9 3,192.6 5,672.5 9,169.1 8,136.8 12,011.5 18,197.0 1,429.9 662.2 1,466.7 167.9 833.2 1,046.3

9.5 0 0 4,808.4 1,345.6 13,089.3 26,391.1 7,818.9 1,632.2 3,967.6 4,106.7 101.5 0 9.5 1,824.3 8,508.7 11,461.4 7,090.7 3,547.0 11,340.2 715.0 662.2 0 167.9 0 1,278.8

10 0 0 801.4 697.5 783.1 30,106.6 5,499.0 3,768.4 0 1,726.4 101.5 0 10 684.1 9,076.0 11,843.4 5,230.8 1,209.2 3,164.7 715.0 529.7 0 0 0 2,092.7

10.5 0 0 801.4 0 640.2 20,195.2 2,582.9 6,384.2 0 1,031.3 203.1 0 10.5 1,824.3 9,643.2 6,303.8 1,162.4 564.3 527.5 0 105.9 0 0 0 5,115.4

11 0 0 801.4 0 0 13,701.4 1,298.3 7,066.4 0 2,086.3 1,066.0 0 11 3,420.6 10,210.4 1,910.2 465.0 161.2 263.7 0 0 0 0 0 5,812.9

11.5 0 0 0 0 0 6,475.8 2,889.1 4,953.6 0 2,715.9 2,995.0 0 11.5 2,280.4 6,807.0 573.1 232.5 80.6 0 0 0 0 0 0 2,906.5

12 0 0 0 1.4 0 4,272.1 4,731.4 2,356.1 0 3,206.7 3,858.0 0 12 684.1 1,701.7 191.0 0 0 0 0 0 0 0 0 930.1

12.5 0 0 0 4.2 0 1,163.5 3,154.3 723.9 0 1,723.2 3,553.4 0 12.5 228.0 567.2 0 0 0 0 0 0 0 0 0 0

13 0 0 0 5.6 0 0 2,365.7 160.9 0 579.4 964.5 0 13 0 567.2 0 0 0 0 0 0 0 0 0 0

13.5 0 0 0 2.1 0 0 394.3 0 0 82.8 101.5 0 13.5 0 1,134.5 0 0 0 0 0 0 0 0 0 0

14 0 0 0 2.1 0 0 0 0 0 0 0 0 14 0 0 0 0 0 0 0 0 0 0 0 0

14.5 0 0 0 0.7 0 0 0 0 0 0 0 0 14.5 0 0 0 0 0 0 0 0 0 0 0 0

15 0 0 0 0 0 0 394.3 0 0 0 0 0 15 0 0 0 0 0 0 0 0 0 0 0 0

15.5 0 0 0 0 0 0 0 0 0 0 0 0 15.5 0 0 0 0 0 0 7,203.8 0 0 0 0 0

16 0 0 0 0 0 0 0 0 0 0 0 0 16 0 0 0 0 0 0 0 0 0 0 0 0

16.5 0 0 0 0 0 0 0 0 0 0 0 0 16.5 0 0 0 0 0 0 0 0 0 0 0 0

17 0 0 0 0 0 0 0 0 0 0 0 0 17 0 0 0 0 0 0 0 0 0 0 0 0

17.5 0 0 0 0 0 0 0 0 0 0 0 0 17.5 0 0 0 0 0 0 0 0 0 0 0 0
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Fig. 3 Age-Length Key by month. Blue cells indicate 0% probability of presence, red 

cells indicate 100%, and a white to red gradient indicate values within 0% and 100%.  

  

Month
Age 0 Age 1
SL cm Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec SL cm Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

4 0 0 1 1 1 1 1 1 1 1 1 1 4 1 1 0 0 0 0 0 0 0 0 0 0

4.5 0 0 1 1 1 1 1 1 1 1 1 1 4.5 1 1 0 0 0 0 0 0 0 0 0 0

5 0 0 0 1 1 1 1 1 1 1 1 1 5 1 1 1 0 0 0 0 0 0 0 0 0

5.5 0 0 0 0 1 1 1 1 1 1 1 1 5.5 1 1 1 1 0 0 0 0 0 0 0 0

6 0 0 0 0 1 0.5 1 1 1 1 1 1 6 1 1 1 1 0 0.5 0 0 0 0 0 0

6.5 0 0 0 0 1 0.75 1 1 0.988 1 1 1 6.5 1 1 1 1 0 0.25 0 0 0.012 0 0 0

7 0 0 0 0 0 0.4 1 1 1 1 1 1 7 1 1 1 1 1 0.6 0 0 0 0 0 0

7.5 0 0 0 0 0 0.909 0.875 1 0.943 1 1 1 7.5 1 1 1 1 1 0.091 0.125 0 0.057 0 0 0

8 0 0 0 0 0 0.545 1 0.846 0.971 1 1 1 8 1 1 1 1 1 0.455 0 0.154 0.029 0 0 0

8.5 0 0 0 0 0.172 0.647 0.714 0.703 0.897 0.988 0.995 1 8.5 1 0.914 1 1 0.828 0.353 0.286 0.297 0.103 0.012 0.005 0

9 0 0 0 0 0.037 0.269 0.55 0.549 0.831 0.954 0.966 0.977 9 1 0.924 0.963 0.979 0.963 0.731 0.45 0.451 0.169 0.046 0.034 0.023

9.5 0 0 0 0 0 0.15 0.302 0.353 0.831 0.828 0.86 0.979 9.5 0.986 0.98 0.966 0.995 0.99 0.85 0.698 0.637 0.169 0.172 0.14 0.021

10 0 0 0 0.006 0 0.128 0.096 0.188 0.736 0.763 0.612 0.888 10 0.938 0.917 0.903 0.943 0.983 0.872 0.892 0.813 0.264 0.237 0.367 0.113

10.5 0 0 0 0 0 0.023 0.092 0.104 0.831 0.391 0.439 0.75 10.5 0.899 0.769 0.806 0.94 0.947 0.953 0.876 0.896 0.162 0.609 0.551 0.243

11 0 0 0 0 0 0 0.025 0.026 0.31 0.346 0.253 0.43 11 0.838 0.608 0.614 0.904 0.902 0.955 0.939 0.948 0.662 0.526 0.696 0.548

11.5 0 0 0 0 0 0 0.04 0.046 0.286 0.315 0.178 0.348 11.5 0.659 0.473 0.494 0.84 0.853 0.916 0.88 0.901 0.672 0.562 0.753 0.578

12 0 0 0 0 0 0 0.047 0.099 0.182 0.194 0.16 0.312 12 0.438 0.419 0.566 0.752 0.769 0.858 0.843 0.791 0.698 0.663 0.66 0.636

12.5 0 0 0 0 0 0 0.065 0.182 0.089 0.033 0.11 0.267 12.5 0.345 0.332 0.452 0.678 0.716 0.79 0.658 0.545 0.674 0.762 0.5 0.648

13 0 0 0 0 0 0 0.014 0.214 0.057 0.004 0.05 0.271 13 0.191 0.23 0.402 0.523 0.631 0.611 0.397 0.643 0.453 0.689 0.525 0.608

13.5 0 0 0 0 0 0 0 0 0.016 0 0.015 0.2 13.5 0.124 0.079 0.415 0.444 0.453 0.435 0.235 0.833 0.252 0.464 0.369 0.646

14 0 0 0 0 0 0 0 0 0 0 0 0.02 14 0 0.111 0.267 0.364 0.222 0.143 0.063 0.5 0.044 0.438 0.25 0.857

14.5 0 0 0 0 0 0 0 0 0 0 0 0 14.5 0 0 0.133 0 0.222 0.182 0 0 0 0.25 0.143 0.167

15 0 0 0 0 0 0 0 0 0 0 0 0 15 0 0 0 0 0.222 0 0 0 0 0 0.143 0

15.5 0 0 0 0 0 0 0 0 0 0 0 0 15.5 0 0 0 0 0.222 0 0 0 0 0 0.143 0

16 0 0 0 0 0 0 0 0 0 0 0 0 16 0 0 0 0 0.222 0 0 0 0 0 0.143 0

16.5 0 0 0 0 0 0 0 0 0 0 0 0 16.5 0 0 0 0 0.222 0 0 0 0 0 0.143 0

17 0 0 0 0 0 0 0 0 0 0 0 0 17 0 0 0 0 0.222 0 0 0 0 0 0.143 0

17.5 0 0 0 0 0 0 0 0 0 0 0 0 17.5 0 0 0 0 0.222 0 0 0 0 0 0.143 0

Age 2 Age 3
SL cm Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec SL cm Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

4 0 0 0 0 0 0 0 0 0 0 0 0 4 0 0 0 0 0 0 0 0 0 0 0 0

4.5 0 0 0 0 0 0 0 0 0 0 0 0 4.5 0 0 0 0 0 0 0 0 0 0 0 0

5 0 0 0 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 0 0 0 0

5.5 0 0 0 0 0 0 0 0 0 0 0 0 5.5 0 0 0 0 0 0 0 0 0 0 0 0

6 0 0 0 0 0 0 0 0 0 0 0 0 6 0 0 0 0 0 0 0 0 0 0 0 0

6.5 0 0 0 0 0 0 0 0 0 0 0 0 6.5 0 0 0 0 0 0 0 0 0 0 0 0

7 0 0 0 0 0 0 0 0 0 0 0 0 7 0 0 0 0 0 0 0 0 0 0 0 0

7.5 0 0 0 0 0 0 0 0 0 0 0 0 7.5 0 0 0 0 0 0 0 0 0 0 0 0

8 0 0 0 0 0 0 0 0 0 0 0 0 8 0 0 0 0 0 0 0 0 0 0 0 0

8.5 0 0.086 0 0 0 0 0 0 0 0 0 0 8.5 0 0 0 0 0 0 0 0 0 0 0 0

9 0 0.076 0.037 0.016 0 0 0 0 0 0 0 0 9 0 0 0 0.005 0 0 0 0 0 0 0 0

9.5 0.014 0.02 0.034 0.005 0.01 0 0 0.01 0 0 0 0 9.5 0 0 0 0 0 0 0 0 0 0 0 0

10 0.063 0.083 0.097 0.051 0.017 0 0.012 0 0 0 0.02 0 10 0 0 0 0 0 0 0 0 0 0 0 0

10.5 0.101 0.231 0.194 0.06 0.053 0.023 0.033 0 0.008 0 0.009 0.007 10.5 0 0 0 0 0 0 0 0 0 0 0 0

11 0.162 0.392 0.374 0.091 0.094 0.045 0.036 0.026 0.028 0.128 0.051 0.022 11 0 0 0.012 0.005 0.004 0 0 0 0 0 0 0

11.5 0.338 0.522 0.5 0.16 0.137 0.081 0.072 0.053 0.042 0.123 0.068 0.074 11.5 0.003 0.005 0.006 0 0.01 0.003 0.008 0 0 0 0 0

12 0.548 0.569 0.434 0.246 0.227 0.142 0.108 0.11 0.12 0.143 0.181 0.051 12 0.014 0.011 0 0.003 0.005 0 0.003 0 0 0 0 0

12.5 0.624 0.6 0.532 0.31 0.282 0.21 0.277 0.273 0.234 0.205 0.39 0.083 12.5 0.031 0.068 0.016 0.012 0.002 0 0 0 0.003 0 0 0.002

13 0.71 0.68 0.489 0.426 0.333 0.38 0.589 0.143 0.464 0.299 0.426 0.121 13 0.099 0.09 0.109 0.051 0.036 0.009 0 0 0.026 0.008 0 0

13.5 0.667 0.571 0.463 0.5 0.512 0.517 0.765 0.167 0.693 0.515 0.615 0.149 13.5 0.21 0.349 0.122 0.056 0.035 0.048 0 0 0.039 0.021 0 0.006

14 0.719 0.333 0.667 0.455 0.444 0.69 0.813 0.5 0.889 0.563 0.75 0.122 14 0.281 0.556 0.067 0.182 0.333 0.167 0.125 0 0.067 0 0 0

14.5 0.286 0.667 0.833 1 0.444 0.636 1 1 0.6 0.75 0.857 0.833 14.5 0.714 0.333 0.033 0 0.333 0.182 0 0 0.4 0 0 0

15 0.5 0.667 1 1 0.444 1 1 1 0.6 1 0.857 1 15 0.5 0.333 0 0 0.333 0 0 0 0.4 0 0 0

15.5 0.5 0.667 1 1 0.444 1 1 1 0.6 1 0.857 1 15.5 0.5 0.333 0 0 0.333 0 0 0 0.4 0 0 0

16 0.5 0.667 1 1 0.444 1 1 1 0.6 1 0.857 1 16 0.5 0.333 0 0 0.333 0 0 0 0.4 0 0 0

16.5 0.5 0.667 1 1 0.444 1 1 1 0.6 1 0.857 1 16.5 0.5 0.333 0 0 0.333 0 0 0 0.4 0 0 0

17 0.5 0.667 1 1 0.444 1 1 1 0.6 1 0.857 1 17 0.5 0.333 0 0 0.333 0 0 0 0.4 0 0 0

17.5 0.5 0.667 1 1 0.444 1 1 1 0.6 1 0.857 1 17.5 0.5 0.333 0 0 0.333 0 0 0 0.4 0 0 0
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Fig. 4 Annual catch numbers at age. 
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