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Fig. 5. Oceanic distribution of age 0.3 maturing chum 

salmon bound for Japan as shown by tag returns. 
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Table 1. Description of scale characters examined. 

Scale 
character 
number Description 

Number of circuli in the first half of the first year band (Ca) 

2 Number of circuli in the second half of the first year band (Cb) 

3 Number of circuli in the second year band (C2) 

4 Number of circuli in the third year band (C3) 

5 Width of the first year band (l 1) 

6 Width of the second year band (L2) 

7 Width of the third year band (L3) 
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Table 2. Comparisons of scale characters between male and female. 

Sampling Sample size Fork Scale character 
location length 
code Male Female Ca Cb CZ C3 L1 L2 L3 

l 22 34 

2 30 30 

3 39 24 

4 39 41 * 
5 47 61 * 
6 26 33 * * * 
7 42 34 * * 
8 41 62 * * 
9 15 35 * * * * 

10 24 27 

11 41 33 * 
12 34 15 

13 58 16 * 
14 25 30 * 
15 26 30 

16 17 32 * 
17 21 31 * 
18 45 49 * * * * 
19 16 34 

20 18 44 * * * 
21 31 56 

22 76 51 * * 
23 7 23 

24 20 24 * 
26 12 11 * * 

·28 25 45 * * * 
30 29 43 * 

* Significant at 5% level. 
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Table 3. Commercial catch of chum salmon in Asia and North America in 1981. 

Catch in thousands Sampling 
Area of fish location 

code 

Japan 29,904 

Honshu Japan Sea side 475 1 

Honshu Pacific side 7,503 2 

Hokkaido \·lest of Erimo 3,519 

Hokkaido East of Erimo 5,759 3 

Hokkaido Japan Sea side l, 112 4 

Hokkaido Nemuro 5,762 5 

Hokkaido Okhotsk Sea side 5,774 6 

U.S.S.R. 3,997 

Amur (summer run) 554 7 

Amur (fall run) 726 8 

Okhotsk Coast 177 9 

North Coast of Okhotsk Sea 96 10 

l~est Kamchatsk 113 11 

East Kamchatsk 1,688 12, 13 

Anadyr 653 14 

U.S.A. 11 , 541 

Kotzebue 677 15 

Norton Sound 170 16, 17 

Yukon River 1,473 18 

Kuskokwim River 483 19 

Bristol Bay 442 20 

Kodiak 1,345 

Alaska Peninsula 3,051 

Cook Inlet l, 170 21 

Prince William Sound 1,880 22 

Southeast Alaska 850 23,24 

* Canada 867 25,26,27 

28,29,30 

* Catch in 1979. 
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Table 4. Sample used to construct the training sample. 

Training sample 1 Training sample 2 

Region Location code Sample size Region Location code Sample size 

Japan 4 Japan 1 4 

2 58 2 58 

3 44 3 44 

4 8 4 8 

5 44 5 44 

6 44 6 44 

Total 202 Total 202 

U.S.S.R. 7 28 North group 7 10 

8 36 8 14 

9 10 9 4 

10 6 10 2 

11 6 11 2 

12 42 12 16 

13 42 13 14 

14 34 14 12 

Total 204 15 12 

North America 15 18 16 2 

16 2 17 2 

17 2 18 26 

18 38 19 10 

19 12 20 8 

20 12 21 22 

21 30 22 34 

22 48 23 8 

23 10 24 8 

24 10 Total 206 

26 8 Canada 25 12 

28 8 26 23 

30 8 27 12 

Total 206 28 70 

29 12 

30 72 

Total 201 
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Table 5-l. 

Age 0.3 

Calculated 
decision 

Japan 

U.S.S.R. 

North America 

Total 

Table 5-2. 

Age U.3 

Calculated 
decision 

Japan 

U.S.S.R. 

Total 

Table 5-3. 

Age 0.3 

Calculated 
decision 

U.S.S.R. 

North America 

Total 

Decision array for chum salmon of Japan vs. U.S.S.R. vs. 
North America origin. 

1981 Overa 11 accuracy 85.5% 

Correct decision 

Japan U.S.S.R. North America 

178(.881) 10(.049) 16( .078) 

12(.059) 174(.853) 19( .092) 

12(.059) 20( .098) 171(.830) 

202 204 206 

Decision array for chum salmon of Japan vs. U.S.S.R. origin. 

1981 Overall accuracy 93.9% 

Correct decision 

Ja an U.S.S.R. 

190( .941) 13(.064) 

12( .059) 191 (. 936) 

202 204 

Decision array for chum salmon of U.S.S.R. vs. North America 
origin. 

1981 

U.S.S.R. 

184( .902) 

20( .098) 

203 

Overall accuracy 

Correct decision 
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North America 

20( .097) 

186( .903) 

206 

90.3% 



Table 6-1. Mixing proportion estimates for age 0.3 maturing chum salmon by area 

in May, 1981. Data are in percentages with 90% confidence intervals. 

Sapm e 
Area size Japan U.S.S.R. North America 

E5042 18 6.3(0-25.9) 61.2(28.1-94.3) 32.5(0-65.1) 

E5540 7 0 41.2(10.2-72.1) 58.8(27.9-89.7) 

E5542 26 25.2(2.2-48.3) 39.5(12.8-66.3) 35. 2 ( 8. 1-62. 3) 

E5544 47 3.4(0-14.5) 69.1(48.6-89.6) 27.5(7.5-47.5) 

E6042 2 49.8(0-100) 50.2(0-100) 0 

E6044 21 27.3(1.3-53.3) 39.1(9.5-68.8) 33.6(3.8-63.4) 

E6046 41 8.1(0-21.7) 71.6(50.0-93.2) 20.4(0.3-40.4) 

E6048 32 0 73.4(59.6-87.1) 26.6(12.9-40.4) 

E6540 17 14.9(0-39.1) 73. 6 ( 41 . 1-100) 11.5(0-38.7) 

E6542 31 9.3(0-25.3) 81 .6(58.2-100) 9.1(0-29.0) 

E6544 45 1.3(0-11.5) 75.6(55.1-96.0) 23.1(3.3-42.9) 

E6546 67 0 73.2(63.5-82.9) 26.8(17 .1-36.5) 

E6548 46 0 87 .9(77 .8-98.0) 12.1 (2.0-22.2) 

E6550 20 5.6(0-23.4) 80.1 (51.0-100) 14. 2(0-40. 8) 

E7042 36 23.3(4.2-42.3) 51.0(27.5-74.4) 25.8(3.9-47.6) 

E7044 31 31.9(9. 7-54.1) 40. 1( 15. 7-64. 6) 28.0(4.3-51.6) 

E7046 37 55.7(34.0-77.3) 40 . 0 ( 1 7. 9-6 2. 1 ) 4.3(0-19.3) 

E7048 40 14.8(0-30.7) 74.0(52.4-95.4) 11.3(0-29.3) 

E7050 13 10.3(0-27.0) 89. 7 ( 73. 1-100) 0 

E7542 10 4.2(0-29.4) 40.6(0-84.4) 55.1(9.0-100) 

E7544 32 23.5(3.4-43.7) 58.7(33.9-83.5) 17. 7 ( 0- 39 . 2) 

E7546 50 22.6(6.6-38.6) 67.7(48.0-87.4) 9.7(0-25.3) 

E7548 37 0 100 0 

E7550 35 0 76. 7(63.8-89 .5) 23. 3( 10 .4-36 .2) 
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Table 6-1. continued 

Sample 
Area size Japan U.S .S. R. North America 

8042 29 55.8(31.3-80.3) 31.1(7.3-54.9) 13.1(0-33.4) 

8044 60 56.1(38.9-73.2) 40.7(23.1-58.2) 3.2(0-14.9) 

8046 67 53.1(36.8-69.4) 41.2(24.5-57.9) 5.7(0-17.6) 

8048 70 26.5(12.3-40.6) 66.0(49.1-82.9) 7.5{0-20.3) 

8050 25 22.1(0-44.6) 51.9(23.9-79.9) 26.0(0-52.2) 



Table ,6-2. Mixing proportion estimates for age 0.3 maturing chum salmon by area 

in June, 1981. Data are in percentages with 90% confidence intervals. 

Sample 
Area size Japan U.S .S. R. North America 

E5040 46 21.8(5.1-38.5) 48.8(28.1-69.6) 29. 3 ( 9 .4-49. 3) 

E5042 25 31.3(6.6-56.0) 31.3(5.2-57.4) 37.4(9.7-65.2) 

E5542 35 23.4(3.7-43.l) 30.2(8.1-52.3) 46.4(22.0-70.7) 

E5544 50 22.0(5.9-38.0) 49.3(29.3-69.3) 28.7(9.7-47.8) 

E5546 16 0.6(0-16.7) 70 . 1 ( 35. 7 -100) 29. 3(0-63.5) 

E6048 17 21.1 (0-48.3) 42.9(9.5-76.3) 35.9(2.3-69.5) 

E6542 17 35.5(5.0-30.5) 35.8(3.6-68.0) 28.7(0-60.5) 

E6544 12 13.4(0-41.6) 65.1(25.3-100) 21.5(0-58.0) 

E6546 9 20.2(0-56.4) 61.8(15.7-100) 18.0(0-58.3) 

E6548 36 33.4(12.6-54.l) 44. l ( 21. l -6 7. l ) 22.5(1.5-43.5) 

E7544 32 30.6(8.9-52.3) 38.5(14.5-62.5) 30 . 9 ( 7 . l - 54 . 7) 

E7546 30 33.8(11.2-56.4) 55.1(29.6-80.5) 11.2(0-31. l) 

E7548 36 33.7(13.0-54.3) 51.4(28.1-74. 7) 14.9(0-34.3) 

E7550 16 16.2(0-41.7) 70.7(36.8-100) 13.1(0-41.7) 

8050 50 31.8(14.4-49.3) 47.1(27.3-66.8) 21.1(3.3-38.8) 
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Table 6-3. Mixing proportion estimates for age 0.3 maturing chum salmon by area 
in July, 1981. Data are in percentages with 90% confidence intervals. 

Sample 
Area size Japan U.S .S .R. North America 

E6042 3 0 100 0 

E6044 16 30 . 9 ( 0 . 5-61 . 3) 46.7(12.2-81.2) 22.4(0-53.7) 

E6046 27 11.0(0-29 .1) 61.4(34.3-88.4) 27.7(1.8-53.5) 

E6048 52 2.5(0-12.6) 71.4(52.0-90.8} 26.1(7.2-45.1) 

E6546 12 54.2(16 .6-91.8) 45.0(6.0-84.0) 0.8(0-24.0) 

E6548 3 68.8(23.8-100) 31.2(0-76.0) 0 

E6550 12 68.8(46.2-91.3) 31.2(8.8-53.7) 0 

E7044 3 68. 8(23. 8-100) 31.2(0-76.0) 0 

E7046 31 44 . 1 ( 20 . 8-6 7. 4) 44.9(20.3-69.5) 11.0(0-30.2) 

E7048 32 57 .3(33.8-80. 7) 23.2(1.9-44.5) 19.5(0-40.5) 

E7050 43 52.4(32.2-72.6) 36.0(15.8-56.2) 11.6(0-28.0) 

E7550 87 40.9(26.9-54.8) 53.1(37.9-68.4) 6.0(0-16.9) 

E7556 115 67.9(55~3-80.4) 19.4(8.3-30.5) 12.8(2.3-23.2) 

E7558 9 87.4(50.6-100) 6.3(0-35.l) 6 .4(0-36 .1) 

8044 11 26.9(0-61.8) 72. 7 ( 32 . 6-100) 0.4(0-25.9) 

8046 21 21.6(0-46.l) 45.1(14.9-75.4) 33.3(3.4-63.2) 

8048 20 22.9(0-48.5) 41.4(10.8-72.1) 35.6(4.7-66.6) 

8050 76 31 .5( 17 .3-45. 7) 51.5(35.2-67 .8) 17.0(3.1-31.0} 

8056 83 76.3(62.1-90.4) 13.3(1.5-25.1) 10.4(0-21.9) 
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Table 7-1. Decision array for chum salmon of Japan vs. North group vs. 
Canada origin. 

Age 0.3 1981 Overall accuracy 90.2% 

Calculated Correct decision 
decision 

Japan North group Canada 

Japan 182( .901) 16( .078) 6{ .030) 

North group 20( .099) 178(.864) 6( .030) 

Canada 0( .000) 12( .058) 189( .940) 

Total 202 206 201 

Table 7-2. Decision array for chum salmon of Japan vs. North group origin. 

Age 0.3 1981 Overall accuracy 92.4% 

Calcilated Correct decision 
decision 

Japan North group 

Japan 186(.921) 15( .073) 

North group 16( .079) 191(.927) 

Total 202 206 
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Tab1e 8-1. Mixing proportion estimates for age 0.3 maturing chum sa1mon by area 

in May, 1981. Data are in percentages with 90% confidence intervals. 

Samp e 
Area size Japan North group Canada 

E5042 18 0 100 0 

E5540 7 0 100 0 

E5542 26 23.2(8.7-37.6) 76.8(62.3-91.4) 0 

E5544 47 0 100 0 

E6042 2 50.4(0-100) 49.6(0-100) 0 

E6044 21 19.5(4.1-34.9) 80.5(65.0-96.1) 0 

E6046 41 5.8(0-14.6) 94.2(85.3-100) 0 

E6048 32 0 100 0 

E6540 17 12.2(0-27.6) 87.8(72.3-100) 0 

E6542 31 10.4(0-21.6) 89 .6( 78. 3-100) 0 

E6544 45 0 100 0 

E6546 67 0 100 0 

E6548 46 0 100 0 

E6550 20 3.2(0-14.6) 96.8(85.3-100) 0 

E7042 36 24 .6 ( 4. 8-44 .3) 71.0( 48.5-93.5) 4.5(0-15.9) 

E7044 31 25.7(12.1-39.2) 74.4(60.7-88.0) 0 

E7046 37 42.4(28.9-55.9) 57 .6(44.0-71.2) 0 

E7048 40 15.0(4.3-25.7) 85.0(74.2-95.8) 0 

E7050 13 0.5(0-13.0) 99 . 5 ( 86 . 9 - 100) 0 

E7542 10 3.2(0-19.0) 96.8(80.9-100) 0 

E7544 32 13. 5 ( 1 . 9-25 . 1) 86 .5(74.8-98.2) 0 

E7546 50 19.7(9.5-29.9) 80.3(70.0-90.6) 0 

£7548 37 0 100 0 

£7550 35 0 100 0 
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Table 8-1.continued 

Samp e 
Area size Japan North group Canada 

8042 29 48.3(33.0-63.7) 51. 7(36.2-67. l) 0 

8044 60 46.4(35.7-57.2) 53.6(42.7-64.4) 0 

8046 67 46.0(35.8-56.2) 54.0(43.7-64.3) 0 

8048 70 21. 7(12.8-30.6) 78.3(69.3-87.2) 0 

8050 25 19.7(5.5-33.9) 80.3(66.0-94.6) 0 
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Table 8-2. Mixing proportion estimates for age 0.3 maturing chumsalmon by area 

in June, 1981. Data are in percentages with 90% confidence intervals. 

Sample 
Area size Japan North group Canada 

E5040 46 19.6(9.0-30.2) 80.4(69. 7-91.1) 0 

E5042 25 33.9(18.0-49.8) 66 . l ( 50 . 1 -82. 2) 0 

E5542 35 28.5(15.4-41.5) 71.5(58.4-84.7) 0 

E5544 50 17.4(7.4-27.3) 82.6(72.6-92.6) 0 

E5546 16 0 100 0 

E6048 17 19.2(2. l-36.2) 80.8(63.7-98.0) 0 

E6542 17 33.0(13.9-52.2) 6 7 . 0 ( 4 7 . 7 -86 . 3) 0 

E6544 12 20.0(0.3-41.5) 79. 1(58.3-99.9) 0 

E6546 9 17.6(0-40.5) 82.4(59.3-100) 0 

E6548 36 30.7(17.6-43.8) 69.3(56.1-82.5) 0 

E7544 32 32.0(18.0-45.9) 68.1(54.0-82.1) 0 

E7546 30 30.7(16.4-45.0) 69. 3 ( 54. 9-83. 7) 0 

E7548 36 30.7(17.6-43.8) 69.3(56.1-82.5) 0 

E7550 16 13.5(0-29.7) 86. 5 ( 70. 1-100) 0 

8050 50 33.9(22.5-45.2) 66.1(54.7-77.6) 0 
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Table 8-3. Mixing proportion estimates for age 0.3 maturing chum salmon by area 

in July, 1981. Data are in percentages with 90% confidence intervals. 

Sample 
Area size Japan North group Canada 

E6042 3 0 100 0 

E6044 16 20.9(3.0-38.8) 79 . 1 ( 61 . 1 -9 7. 2) 0 

E6046 27 13.3(0.7-25.8) 86.7(74.1-99.4) 0 

E6048 52 5.0(0-12.8) 95.0(87.1-100) 0 

E6546 12 40. 5 ( 17. 1-64. 0) 59.5(35.8-83.1) 0 

E6548 3 70.0(25.3-100) 30.0(0-75.0) 0 

E6550 12 50.4(26.6-74.1) 49.6(25.7-73.6) 0 

E7044 3 30.7(0-75.4) 69.3(24.2-100) 0 

E7046 31 40.9(26.2-55.6) 59.1(44.3-73.9) 0 

E7048 32 61.4(47.0-75.8) 38.6(24.0-53.1) 0 

E7050 43 46.3(33.6-58.9) 53.7(41.0-66.5) 0 

E7550 87 38.9(30.0-47. 7) 61.1 (52.2-70.1) 0 

E7556 115 58.2(45.6-70.9) 40.6(27.1-54.0) 1.2(0-5.6) 

E7558 9 85.7(50. 1-100) 2.6(0-32.1) 11. 7(0-35. 7) 

8044 11 23.6(1.4-45.7) 76.4(54.1-98.7) 0 

8046 21 19.5(4.1-34.9) 80.5(65.0-96.1) 0 

8048 20 26.8(9.8-43.8) 73.2(56.1-90.3) 0 

8050 76 33.3(24.0-42.6) 66.7(57.3-76.0) 0 

8056 83 68.2(53.8-82.5) 31 . 2 ( 16 . 1-46 . 3) 0.6(0-4.8) 

-24-



Not to be cited by INPFC 
Document number 

TRANSLATION 

INPFC 
Doc. 2675 
Rev. l 

AN ANALYSIS OF SCALE PATTERNS OF JAPANESE HATCHERY REARED 

CHUM SAIMON IN THE NORTH PACIFIC 

Yukimasa Ishida, Sotoo Ito, and Kenji Takagi 

Fisheries Agency of Japan 

1983 September 

THIS PAPER MAY BE CITED IN THE FOLLOWXNG MANNER: 
Ishida, Yukimasa, Sotoo Ito, and Kenji Takagi. 
1983. An analysis of scale patterns of Japanese 
hatchery reared chum salmon in the North Pacific. 
(Document submitted to the International North 
Pacific Fisheries Commission.) 8 p. Fisheries 
Agency of Japan, Tokyo, Japan 100. 



Introduction 

The increases in juvenile chum salmon artificially hatched, reared, 

and released in Japan are remarkable. The number of chum released has 

doubled, from an average of 710 million fish per year in the period 

between 1970 and 1974 to an average of 1.5 billion fish during 1977 to 

1981. Chum salmon returning to the coasts and rivers in Japan are 

also increasing from an average of 8.5 million fish per year in the 

years 1970 to 1974 to more than double at an average of 21 million 

fish in the years 1977 to 1981 (Fig. 1). 

The offshore life of chum has been described by Shepard et al. (1968), 

Neave et al. (1976) and migration of chum originating in Hokkaido, 

Japan described by Yonemori (1975). Tanaka et al. (1969) made a 

detailed report on offshore distribution of chum populations using 

scale pattern analysis. These reports are, however, mainly based on 

data and materials obtained before 1970. Recent offshore distribution 

of chums originating in Japan, the numbers released and numbers 

returning which have increased remarkably, have not yet been examined. 

This report is written for the special panel topic "Contribution of 

Japanese hatchery-reared chum to the high seas fisheries" of the 

Sub-Committee on Salmon and will examine the occurrence of chum 

originating in Japan, focusing on 0.3 year old fish which are 

predominant in runs and catch using the scale pattern analysis. 

Materials and methods 

The standard scale samples used in this report originated from chums 

which had returned to coasts or rivers in Japan, the u.s.s.R., the 

United States, and Canada. Sampling locations of scales and 

associated data are shown in Fig. 2. 
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Scale samples and associated data for Japanese origin chum were 

obtained from the Hokkaido Salmon Hatchery, Fisheries Agency of Japan, 

and the Miyako Branch of the Iwate Prefecture Fish Resource 

Propagation Center. Scale samples and associated data collected in 

the u.s.s.R., the United States, and Canada were obtained through 

international fisheries organizations of Japan-u.s.s.R. and 

Japan-u.s.-canada. 

Offshore scale samples of unknown origin were collected from chums 

caught by ordinary salmon driftnets ("A" net) of the. Japanese research 

vessels Hokushin ~, Iwaki ~, Kumamoto ~, and Hoyo ~ in 

1981. 

Scales collected were placed on gummed cards, and impressions of the 

scale pattern obtained by pressure printing on a heated 
1 

cellulose-acetate sheet. The impressions were measured after 100 

times magnification with a large type precision projector (Tokyo 

Optonics Inc. DP-60). The longest axis of a scale was used for 

measurement and the distance from the focus of a scale to the outer 

edge of each circulus and to the outer edge of each year band were 

measured along that axis and recorded on graph paper with l mm 

interval lines. 

Scale characters measured and analyzed are shown in Table 1. 

Cook's method (Cook 1980) was used to examine these data and to 

determine the origin of unknown chum. The mixing proportion and 90% 

confidence interval were calculated based on the manner of 

Pella et al. (1979). 

l Chum scale samples of Tsugaruishi River origin (Iwate, Japan) were 

mounted between glass slides. 

2675--3 



Before constructing the training sample in Cook's method, sexual 

differences in average fork length and scale characteristics by 

sampling location were examined (Table 2).
2 

Fairly significant 

differences were observed in fork length and the C3 scale 

characteristic (11 and 7 out of 27 locations, respectively). 

In other scale characteristics, 4 or less locations showed 

significant differences. To eliminate the influence of differences 

by sex, a number of scales were taken for both males and females for 

each sampling location
3

, and the training samples were constructed. 

Training samples were constructed by the following two procedures: 

Training Sample 1: Area was divided into three, i.e., Japan, 

u.s.S.R., and North America (Canada and the United States). Assuming 

that the catch in numbers at coasts and/or in rivers in each area 

shown in Table 3 was in proportion to population number, Training 

Sample 1 was constructed by proportional allotment (Table 4). Catch 

in numbers in areas where no sampling was conducted was excluded from 

the calculation. Those were areas west of Cape Erimo in Japan and 

Kodiak and Alaska Peninsula in the United States. 

Training Sample 2: A cluster analysis was made on 7 scale 

characteristics of samples collected in which taxonomic distance was 

used as a scale for similarity (Fig. 3). Using the results, chums 

2 
Some samples caught in Canada (location code 25, 27, 29) were 

excluded because sex was not shown. 

3
Ninety-nine males, 66 females, and 36 unknowns were taken for 

Canadian chum in Training Sample 2 because of existence of 

sex-unknown scales and other reasons. 
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were divided into 3 groups: North group (U.S. and U.S.S.R.), Japan, 

and Canada, then the Training Sample 2 was constructed by proportion 

allottment in the same manner as for Training Sample 1 (Table 4). 

A value of 1.0 was used arbitrarily as a smoothing parameter CT(lower 

case sigma) according to Cook (1980). We also examined overall 

accuracy for the three groups using 0 (lower case sigma) values from 

0.5 to 1.5 but there were little differences (+1%). 

Results 

Classification with Training Sample 1: 

The decision array for 3-class is shown in Table 5-1. Overall 

accuracy was 85.5%. Eighty-eight per cent of Japanese origin chum 

were correctly classified. Overall accuracies for 2-class, i.e., 

Japan-u.s.s.R., North America-u.s.s.R. were 93.9% and 90.3% 

respectively (Tables 5-2 and 5-3). 

Results of classification of offshore samples with Training Sample 1 

are shown in Tables 6-1 to 6-3 by month and by 2°x5° area. In May, 

chums classified as Japanese origin appeared in 23 out of 29 areas, 

and there were four areas where Japanese origin chum comprised 50% or 

more: E7046, 8042, 8044, and 8046. Chums originating in the 

u.s.s.R. occurred in all areas and those which originated in North 

America appeared in 26 areas. Average mixing proportions in these 29 

areas were 19% for Japanese origin, 61.6% for u.s.s.R. origin, 19.4% 

for North American origin (Table 6-1). 

In June, the three groups appeared in all 15 areas surveyed. Average 

mixing proportions were 24% for Japanese origin, 49.5% for u.s.s.R. 

origin and 25.9% for North American origin (Table 6-2). 

In July, chums classified to be of Japanese origin occurred in 18 out 

of 19 areas surveyed, and areas where Japanese chums accounted for 

2675--5 



50% or more were E6046, E6548, E6550, E7044, E7048, E7050, E7556, 

E7558 and E8056, a total of 9. Chums of the u.s.s.R. occurred in all 

the areas and North American chum occurred in 15 areas. Average 

mixing proportions were 43.9% for Japanese chums, 43.4% for chums of 

the u.s.s.R. and 12.7% for North American chums (Table 6-3). 

Classification with Training Sample 2: 

The decision array for 3-class is shown in Table 7-1. Overall 

accuracy was 90.2%. Classification accuracy for Japanese chums was 

90.1% and overall accuracy for 2-class, (Japan-North group) was, 

92.4% (Table 7-2). 

Results of classification of offshore samples with Training Sample 2 

are shown in Tables 8-1 to 8-3 by month and by 2°x5° area. In May, 

although chums classified as of Japanese origin appeared in 20 out of 

29 areas, the area where Japanese chums comprised 50% or more was 

E6042 only, where the sample size was only 2. On the other hand, the 

North group appeared in all areas and Canadian chums appeared in area 

E7042 with a low mixing proportion of 4.5%. Average mixing 

proportions were 15.6% for Japanese origin, 84.3% for the North 

group, and 0.3% for Canadian origin (Table 8-1). 

In June, Japanese chums appeared in 14 out of a total of 15 areas 

surveyed. The North group appeared in all areas and no Canadian chum 

appeared. Average mixing proportions were 24.0% for Japanese origin 

and 75.9% for the North group (Table 8-2). 

In July, chums classified as of Japanese origin appeared in 18 out of 

19 areas surveyed and areas where chums of Japanese origin comprised 

50% or more were E6548, E6550, E7048, E7556, E7558, and E8056, a 

total of 6 areas. The North group appeared in all areas and Canadian 

chums appeared in E7556, E7558, and E8056, a total of 3 areas. 

Average mixing proportions were 38.6% for Japanese origin, 60.7% for 

the North group, and 0.7% for Canadian origin. 
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Discussion 

If characteristics used in a scale pattern analysis are similar among 

populations, classification accuracies will be low even between 

completely different populations. In the examination of similarity 

among sampling locations using 7 characteristics, scale patterns for 

U.S. and U.S.S.R. origin chums were shown to have higher similarity 

compared to those of Japanese and Canadian origin (Fig. 3). The 

lower classification accuracy between chums of u.s.s.R. and North 

American (mainly U.S.) origin was probably due to this reason (Table 

5-3). While the overall accuracies in 3-class analysis (Japan, 

u.s.s.R., North America) of Training Sample 1 was 85.5%, that in 

3-class (Japan, North group, and Canada) of Training Sample 2 was 

90.2%, a 4.5 point improvement in accuracy. Classification accuracy 

for Japanese chum was also improved by 2.0 points from 88.1% to 90.1%. 

The results of classification of offshore samples with Training 

Sample 1 showed that chums of North American origin were widely 

distributed further west, which greatly contradicts the results of 

tag recoveries (Neave et al, 1976). As for the results with the 

Training Sample 2, few Canadian chums occurred in these areas, which 

is considered to be a reasonable result because stock size of this 

group is considered to be relatively small judging from the size of 

catch, and its area of distribution is limited to the eastern north 

Pacific according to the results of tag recoveries (Neave et al, 

1976). Therefore, the results with Training Sample 2 are considered 

to be more reasonable than those with Training Sample 1. 

The results of classification of offshore samples with Training 

Sample 2 (Fig. 4) and release location of 0.3 year old chums tagged 

at that age in the offshore areas and returned to Japan within the 

same year (Fig. 5) were compared. The southern and western limits in 

May of Japanese chum distribution previously known by tag recoveries 

were E6542 for both, while the results of the scale pattern analysis 

showed E6540 as the southern limit and E5542 as the western limit. 

2675--7 



In June, the southern limit was E7042, and the western limit was 

E6046 in tag recoveries, while E5040 was both the southern and 

western limits in the scale pattern analysis. In July, the southern 

and western limits was E6048 in tag recoveries and in the scale 

pattern analysis was E6044. Thus, the area of distribution of 

Japanese origin chum shown in the results of scale pattern analysis 

was larger than confirmed by tag recoveries, 2 to 4° further south 

and 10° further west. 

Possibilities considered to have caused these differences are: 

(1) Tag-recoveries are not yet sufficient to draw the whole area of 

distribution of chum originating in Japan 

(2) Chums of other origin were misclassified as of Japanese origin 

in the scale pattern analysis 

(3) The area of distribution of recent chums originating in Japan 

has been enlarged 

Results of scale pattern analyses vary somewhat by manner of Training 

Sample construction. 

More studies are necessary to determine the distribution of chum 

originating in Japan in the North Pacific including more intensified 

effort on tagging and genetic study, etc. 

REFERENCES, TABLES l TO 8, AND FIGS. 1 TO 5 ARE IN ENGLISH 

IN THE JAPANESE DOCUMENT 
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