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SiUMON DISTRIBU'l'ION AND ABUNDANCE ON THE HIGH SEAS 

by Robert Frenah 

Four fishing vessels were chartered by the United States Bureau 

of eommeraial. Fisheries for salmon distribution studies on the high seas 

during 1961. • The schooner Paragon was eD6J88ed. in salmon fishing during 

May and JUne. The Jeiners Narine View and Wiildward fished from earl.y Ml.y 

to the midcll.e of August and from early ~e to early September, respect

ively. A converted Army refrigerated cargo veaael., Bertha Ann, was 

chartered for the period from August to the middle of October. 

The prim~-y obJectives of the fishing cruises were to increase 

our u1format:J ~n on the distribution and abundance of salmon on the high 

seas and to collect whole fish and blood samples for racial etud.tes. 

In the spring season (May and June) efforts were made to fish sta:tion 

pattel'lils south of the Al.etttian Islands and Ala.aka Peninsula areas " Fishing 

was carried out in the Bering Sea in J'wle to obtain information on the 

abundance of the current Bristol Bay red aal..mon l'Wl. In the summer season 

(July-September), fishing efforts were concentrated in the North Pacific 

Ocean and Gulf of Alaska between 1.75° E. and 11'-7° Wo longitude. Stat i ons 

extended south to 49° No latitude. This was our first systematic fishing 

effort in the Gulf of Alaska sinoe 1956. The statione fished by United 

States research vessels to September 4, 1961 are shown in figure 1. 

The fishing effort per vessel in 1961 was similar to that of 

1959 and ·1960 with the exception that 4 additional sli&akles of net 

(3-7/8-inch mesh) .~re added to the 36 shaaklea uaed the previous two years. 

The standard for all four vessels in 1~ was thus 4o s:baokles of net 

(2,00@ fathoms) made up of 24 sllaakles of lt...J../8-inoh mesh and J,. ~akles 
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Figure 1.--Fishing stations of United states research vessels in 1961. 
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ee.t•h of ~•·· J..ju, 3-7/8, 3-1/4, and 2-1/2-inch mesh. The 3-7/8-inch mesh nets 

wer.e uaed fo:r- the first ·time this year by our research vessels. 

Catch d.a·t;9, 

The,main feature of the 1961 fishing cruises was the reduced catches 

of the species of primary importance, the red, chum, and pink salmon. Table l 

11.sts the ca.t.ches of the four vessels by individual sets and mesh size showing 

the date of catch, location, surface water temperature, and number of shackles 

fished" Dat;es are giv-en for day of haul and position at setting. Certain inter-· 

est.ing fea;tures of' the data. may be pointed out pending critical biological 

ar:.a.1.yse& cf' the catches. 

Bed salmon catches by the research vessels in the Bering Sea and North 

Pa:.::i.fic 00'.eun we~t of 165° W. longitude were much reduced from the catches ob-

t'3 i ne'l. in 1959 and .1960. While the fishing effort ( shackles fished) averaged 

abou◄::. 90 pe:r.cen-t:. of that !"'or 1959 and 1960, catches in 196l were only 52 and. 

42 :perN:nt res:pe.:rti.vely, of those for the two :previous years. 

The ca;r_.,~h. of· immature red salmon south of the Aleutians in the summer 

2eason ~eclined. shar~ly from that obtained in 1959 and 1960. The catch per 

i3b.s.ck.1e d.e:;ltned from an average of about 5 fish to a catch of about l.5 fish 

thi.s year. We noted tha.t the catch per shackle of the l ocean-age and 2 ocean-age 

:red. salmon was qu:i.te similar this year. 'I'.hese are the two age groups which as 

2 ooean=age and 3 ocean-age red salmon will provide the bulk of the Bristol Bay 

red. salmon rane in 1962. 

•rota.:t chum catches in the Bering Sea and North Pacific Ocean in 1961 

were a.bou.-r one~third. the catches obtained in 1959 and 1960. The fishing effort 

was r01.:gh..ly equa.1 :e.11 three years. The catch per effort of small and .large fish 

(s,ii! ZTleasured by eatches in different size meshes) varied from previous years 

somewhat dlf':ferently . 'fh.e catch per effort of 2-year chums was about 45 percent 

o1' that of' 2.959 and 1.960: :for ~. 4. t:j. and 6 vear chums the catch ner ef'f'nrt. 



4 Table 1 ·.--Salmon catch by United 
MV Marine View May 5 -

Position Surf. 
Red 

Number 
Set temp. of Mesh size 
no. Date Latitude Longitude oc. shackles 5t 4-1. 3-j 3t 2½ Tota:t 2 

1 5/5 55ooo 1N. 155000 'W. 5.7 4o 7 38 1 1 0 47 
2 ~/14 53°12'N. 165052 1w 5.3 4o 0 14 0 0 0 14 
3 5/15 52026 1N. 166028 1W. 5 .4 4o 12 64 3 0 0 79 
4 5/16 51o38 1N. 166048 1W. 5 .4 4o 13 94 2 2 0 111 
5 5/21 48015 1N. 168015 'W, 5 .9 4o 5 24 1 0 0 30 I 

6 5/29 50°57'N. 166o02'W. 4.9 4o 7 17' i 2 0 27 
7 6/2 49304 1N. 177oo3 'W~ 4.9 4o 2 16 0 2 0 20 
8 6/3 48000'N. 176o54 1w: 4.5: 4o :0 6 d d 0 6 
9 6/13 54000 1 N. 175°00 1w; 5.8 4o 10 lOb 4 1 1 116 

10 6/18 53°46 1N •. 176°37,w;. 6.3 4o 6 62 5 2 2. 77 
11 6/19 53o15 'N. 178006 1W, 6.2 4o f 4 54 1 1 0 76 
12 6/20 54000 'N. 179346 1W, 5.8 4o 5 26 i 0 0 32 
13 6/21 56o00 1 N. 1800 ' 5.3 4o lb 4i 3 1 0 55 
14 6/23 57°00 'N. 180° 5.3 4o 2 26 l 1 2 32 
15 6/25 5g:>00 1N. 1800 4.5 40 6 35 2 0 1 44 
16 6/27 55°00 1N. 175°00'E. 5.6 4o 1 31 2 0 4 38 
17 6/28 54°00 1N. 175°00'E. 5.9 4o 2 27 2 3 1 35 
18 7/10 51°18 1N. 176050 1W. 8.4 4o 0 1 0 0 0 1 
19 7/11 50051 'N. 17'7°18 'W. 7.6 4o 3 13 5 1 0 22 
20 7/12 50025 'N. 177°43 'W. 8.o 4o 0 19 1 0 0 20 
21 7/13 4g:>57 'N. 178°09 1w. 7.5 40 0 3 0 0 0 3 
22 7/14 4g:>30 1N. 178°34 1w. 8.o 4o 1 8 0 1 0 10 
23 7/15 4g:>42 1N. 17g::>06 'E . 7.5 40 0 7 2 0 0 9 
24 7/24 50035 'N. 178023 'E. 7.6 40 1 49 2 3 0 55 
25 7/25 51°03 'N. 178004 1E. 8.o 4o 5 70 36 42 4 157 
26 7/26 51°31 1N. 171°46 1E. 8.8 4o 2 120 34 42 9 207 
27 7/27 5c:.ooo 'N. 175°00 1E. 8.o 4o 0 39 4 3 2 48 
28 7/29 51°35'N. 174°27 1:E. 7.8 4o 2 51 27 22 5 107 
29 7/30 51°12 'N. 173°58 'E. 8.o 4o 9 187 32 46 4 278 
30 8/4 5J.030'N. 175°45 1w. 9.2 40 1 3 0 1 0 5 
31 8/5 51°02 1N. 175°27 'W. 10.2 4o 4 43 16 8 1 72 
32 8/6 50035 1N. 175°10'W. 10.0 4o 3 30 2 10 0 45 
33 8/7 50007 'N. 174°51 1w. 9.5 4o 2 67 8 10 0 87 .. 
34 . 8/8 4g:>28 'N. . 174°35 'W. 9.5 40 1 43 8 5 0 51 
35 8/10 50008 'N. 1 7C:.O 10 'W . 9.8 4o 5 19 2 3 0 29 
36 8/11 50035 1N. 171°54 1w. 10.1 4o 4 54 8 10 1 77 
37 8/12 51°02 1N. 171°37 1w. 10.1 4o 4 49 8 23 1 85 
38 8/13 51°30 1N. 171°20 1w. 8.7 40 3 8 1 6 3 21 
39 8/16 5~02'N. 16g:>17'W. 10.7 4o 0 5 0 4 1 10 
4o 8/17 51 20 1N. 168:>30 1w. 10.8 40 2 13 7 21 1 44 

Total 16oo 154 1576 238 277 43 2288 

Set 12 - 1 net rolled 
11 33 - 2 11 11 

11 38 - 4 11 partially rolled 
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States research vessels ·{n 1961 

August 17, 1961 

Chum 
Mesh size 

5¾ 4-1- 3t 3½ 2.!. Total 
2 2 

~ 16 1 0 0 21 
0 3 0 0 0 3 
·l 7 0 0 0 8 
lf 56 0 1 0 69. 
10 41 0 0 0 51 

1 13 0 1 0 15 
5 29 6 0 0 4D 
0 32 4 0 0 36 
1 7 0 0 0 8 
2 23 1 0 0 26 
0 7 0 0 0 7 
0 1 0 0 0 1 
3 7 0 0 0 10 
2 7 0 0 J 9 
2 11 0 0 0 13 
3 13 1 0 0 17 
2 41 7 14 l 65 
0 0 0 0 0 0 
0 4 l 3 38 46 
0 12 2 1 2 17 
0 16 3 4 1 24 
0 0 l 4 6 11 
0 4 l 6 5 16 
1 33 6 18 6 64 
4 38 9 8 5 64 
1 89 14 11 20 135 
1 20 3 28 29 81 
3 15 0 4 5 27 
6 31 3 16 8 64 
1 46 10 6 1 64 
1 4D 3 4 0 48 
2 li-8 10 3 0 63 
1 115 35 3 0 154 
2 48 7 2 0 59 
1 .i6 12 1 0 50 
4 67 14 2 0 87 
6 83 19 4 0 112 
5 61 6 4 0 76 
7 59 2 3 0 71 
1 12 2 2 0 17 

5½ 

0 
0 
0 
0 
0 
0 
1 
0 
0 
1 
0 
1 
2 
7 
9 
6 
3 
0 
l 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
1 
0 
0 

9 5 1191 183 153 127 1749 35 
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Pink Total Sil- Steel-Mesh size King salmon head 
Total 

ver 
4½ 3f 3½ 2.1. catch 

2 

0 0 0 0 0 0 0 68 0 
0 0 ,0 0 0 0 0 17 0 
0 0 0 0 0 0 0 87 · 0 
2 0 ·0 0 2 0 0 182 0 
4 ·o 0 0 4 0 1 86 0 
1 0 0 0 1 0 0 43 0 

14 0 2 1 18 0 0 78 0 
12 6 0 0 18 0 0 60 0 

8 1 0 0 9 0 7 14D 0 
55 '6 0 .o 62 0 0 165 0 
16 1 0 0 17 0 0 100 0 

4 0 0 0 5 0 0 38 0 
34 4 1 0 41 0 5 111 0 
74 8 1 0 90 0 6 137 0 
93 7 0 0 109 0 2 168 0 

104 1 0 0 111 0 2 168 0 
165 19 5 0 192 0 0 292 0 

1 0 0 0 1 0 0 2 0 
20 1 0 0 22 0 0 90 0 
32 3 0 --o 35 2 0 74 0 

7 1 0 0 8 2 0 37 0 
10 0 0 0 10 1 0 32 0 

3 0 0 0 4 7 0 36 0 
1 0 0 0 1 45 1 166 2 

7 1 0 0 9 71 2 303 0 
24 2 1 1 28 225 2 597 0 

7 0 0 0 7 7 0 143 0 
7 2 0 0 9 51 4 198 0 
6 1 1 0 8 205 0 555 0 
4 0 0 0 4 7 1 81 0 
1 0 0 0 1 12 0 133 1 
0 0 0 0 1 1 1 111 2 
0 0 0 0 0 8 1 250 5 
0 0 0 0 0 2 0 118 2 
0 1 0 0 1 3 2 85 3 
1 0 0 0 1 2 0 167 1 
0 0 0 0 0 2 0 199 10 
2 1 0 0 4 7 0 108 5 
0 0 0 0 0 1 0 82 0 
0 0 0 0 0 1. 0 62 2 

719 66 11 2 833 662 '37 5569 33 



6 Table 1, --( Continued) 

MV Paragon May 20 -

-
Position Surf. Number Red 

Set Date temp. of Mesh size I 

noo oc. shackles 5¼ 4.1. 31 3½ 2½ 
I'o-tal 

Latitude Longitude 2 

1 5/20 46oOO'N. 166000 1E. 3.1 4o 0 5 0 0 0 5 
2 5/29 53021 1N. l70°53 'E. 4.o 4o lO l3 0 0 0 23 
3 5/30 52o25 1N. i70014 1E. 4.4 40 23 79 lO 5 0 117 
4 6/l 5l030'N. l69°3l 'E. 4.1 4o 0 0 0 0 0 0 
5 6/2 50°35'N. 168057 1E. 4.1 4o 4 15 0 0 0 l9 
6 6/9 52°30'N. 176oOO'W. 5.3 4o l 14 1 0 0 16 
7 6/10 53oo2 1N. 175oOO'W. 5.3 4o 6 14 0 1 1 22 
8 6/12 53°25'N. 170oOO'W. 6.o 4o 3 55 4 3 0 65 
9 6/13 54°16 1N. 170oOO'W. 7.1 4o 4 25 0 1 0 30 

10 6/14 55o09'N. 170000 'W. 8.3 4o 12 212 l7 ll 2 254 
11 6/16 56011 1N. 17ocoo 1w. 6.8 40 8 56 3 1 1 69 
12 6/17 57048 1N. 169058 1W. 5.2 4o 14 115 9 0 1 139 
13 6/18 59o14 1N. 169058 1W. 3.7 4o 5 8 1 2 0 16 
14 6/19 58020 1N. 170COO'W. 4.7 4o 6 41 2 1 0 50 
15 6/21 56014 1N. 169058 'W. 6.9 4o 4 24 l 2 1 32 
16 6/22 55o05'N. 17oco3 'W. 7.0 4o 9 131 5 1 0 146 
17 6/23 54°27 1N. 170COO'W. 7.6 4o 2 36 2 2 0 42 
18 6/24 53o56 1N. 170C01 1W. 7.2 4o 2 36 12 2 0 52 
19 6/25 53o26 1N. 169057,w. 7.1 39 14 41 11 2 3 71 
20 6/27 55oOO'N. 165 C02'W. 7.5 39 0 1 0 0 0 1 
21 6/28 55°23'N. 164<:58 1W. 7.0 39 1 2 0 0 0 3 
22 6/29 55°59'N. 165 CDO'W. 7.2 39 16 134 3 1 0 154 
23 6/30 54o59'N. 165 CD6 1W. 6.9 39 6 27 3 0 0 36 

Total 915 150 D..084 84 35 9 1362 . . · 

Set 1-40 nets rolled 
" 23 - nets partially rolled 
" 19-23 one less of the 3-7/8 shackles 
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June 30, 1961 

:... Chum .Pink Sil- Total 
Mesh size Mesh size ver King salmon 

5½ V, 3¾ 3½ 2½ Total 5¼ 4½ 3i 3½ 2½ Total catch ,.. 
0 2 0 0 0 2 0 0 0 0 0 0 0 0 7 
5 18 0 0 0 23 0 0 0 0 0 0 0 , 0 46 
1 11 0 0 0 12 0 0 0 0 0 0 0 0 129 
0 0 0 0 ,0 0 0 0 0 0 0 0 0 0 0 
0 6 0 0 0 6 0 0 0 0 0 0 0 0 25 
0 1 0 0 0 1 0 0 0 o: O'. 0, 0 1 18 
0 0 0 0 0 0 0 0 0 0. o: 0 0 0 22 
0 8 0 0 0 8 0 0 o· d 0: 0 0 1 74 
4 

. 
0 0: 0 0 0 46 11 0 0 a 15 0 0 1 

18 41 0 1 0 6o 0 4 0 d d 4 0 4 322 

3 15 1 I 0 0 19 0 1 1 Ci 0 2 0 0 90 
1 11 0 0 0 12 0 1 0 0 o: l i 0 0 152 
8 18 0 

i 
0 0 26 0 5 1 0 Ci 6 0 0 48 

' 
0 7 0 0 0 7 0 2 0 0 0 2 0 0 59 
0 5 0 0 0 5 0 0 0 0 0 0 0 0 37 
5 36 1 0 0 42 0 10 0 1 0 11 0 4. 203 
4 21 0 0 0 25 1 17 1 0 0 19 0 0 86 

1 10 2 0 0 13 4 6 0 0 0 10 0 0 75 
7 · 52 6 1 0 66 1 .15 1 0 0 17 0 0 154 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 

0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 
2 12 0 0 0 14 0 1 0 0 0 1 0 0 169 
1 7 0 0 0 8 0 2 1 0 0 3 0 0 47 

6o ' 292 10 2 0 364 6 64 5 1 0 76 0 11 1813 



8 . Table 1.--(Continued) 

MV Windward June 5 -

- :h'.ed· -
Position Surf, Number 

Set Date temp. of Mesh size 
, no.-. Latitude Longitude Oc_ shackles 5½ 4-l- 3l 3¼ 2½ Total 

1 6/5 51° 471N. 160°30 1w. 6 .. 3 4o 9 20 0 0 0 ~9 
2 6/8 53°4o'N. 16o0 24'W. 7-.2 4o 163 758 18 17 14 970 
3 6/10 54°20 1N. 161°00 1w. 7.0 4o 0 0 0 0 0 0-· 
4 6/14 54°52'N. 158°00'W. 8.5 4o 0 5 1 0 0 6-
5 6/15 55°03 'N. - 156°00 'W. 10.0 4o 10 73 0 0 0 83 
6 6/16 54°58 'N. 155°06 1W. 10.3 4o ·3 24 0 0 0 27 
7 6/17 54°05 'N. 155°00'W. 9.8_ 4o 0 16 0 0 0 16-: 
8 6/18 53°25 'N. 155°00'W. 10.0 4o 1 13 0 0 0 14 
9 6/19 52°43 'N. 154°53 'W. 9.5 4o 3 18 0 0 0 21· 

10 6/20 51°45 'N. 155°07 1W ~ 8.7· 4o 3 82 22 10· 6 123 
11 6/21 50°47 1N. 155°0T'W. 8.9 40 1 18 12 1 3 35. 
12 6/22 50°17 1N. 156°30'W. 8.7 4o 1 9 3 0 0 13 
13 6/25 51°22 'N. 158°45 1W. 9.1 4o 3 l2 0 1 0 16 
14 6/27 51°46 1N. 16o0 05•w. 8.7 4o 0 11 1 1 2 15. 
15 6/28 52°20 'N. 16o0 06'W. 10.2 4o 2 18 1 4 5 30 
16 6/29 53°11 'N. 16o0 12 1w. 9.8 40 0 13 0 0 2 15 
17 7/9 54°00 'N. 162°30 1w. 9.8 4o 12 27 8 0 0 47 
18 7/10 53°30 'N. 162°30 1w. 10.8 4o 3 17 3 8 4 35 
19 7/11 53°00 'N. 162°30 1W. 11.3 4o 2 25 10 11 9 57 
20 7/12 52°30 'N. 162°38 1W. 11.5 4o 5 44 18 17 4 88 
21 7/13 5;:?00 'N. 162°20'W. 10.5 4o 3 46 19 19 3 90 
22 7/14 51°30 'N. 162°30 1w. 10 .5 4o 0 31 6 4 0 41 
23 7/17 5i0 09 1N. 162°07 1W. 10.4 4o 2 83 24 15 1 125 
24 7/25 50°30'N. 160°00 1W. 10.8 4o 0 42 14 5 0 61 
25 7/26 51°15 'N. 16o0 00'W. 11.3 4o 4 49 8 5 0 66 
26 7/27 52°03 'N. 159°44 1w. 11.3 4o 1 13 3 5 0 22 
27 8/7 55°00 'N. 157°30 'W. 12.1 12 0 1 0 0 0 1 
28 8/12 56°00 'N. 155°00'W. 10.1 4o 0 0 0 0 0 0 
29 8/17 55°30'N. 155°00'W. 13.4 33 0 3 0 1 0 4 
30 8/21 54°30 'N. 155°o4 1W. 12.8 29 1 10 3 3 0 17 
31 8/22 53°30 'N. 155°00 1W. 12.8 29 0 13 1 0 0 14 
32 8/23 52°30'N. 155°00 1W. 12.2 29 0 3 0 0 0 3 
33 9/2 57°00 'N. 150oOO'W. 13.3 37 0 8 0 0 0 8 
34 9/3 58 05 'N. 150°00 1W. 12.2 37 0 1 0 0 0 1 

Total 1286 232 b.506 175 127 53 2093 

Set 7 - 8 nets rolled 
II 14 - 2 II II 

II 27 - 28 II II 

11 28 _ 4o II 11 

II 29 - 3 I! II 

II 34 - 20 II II 

" 17 - nets in water 64 hours due to rough seas. 
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September 3, 1961 

Chum Pink 
Sil- Total Steel 

Mesh size Mesh size ver King salmon head 
1 4½ 3-l 3½ 2½ Total ~ 4½ 31 * ~ Total catch -~ . 4 2 

' ' lj: 8 0 0 0 .12 0 3 0 0 0 3 0 0 , 44 0 .. 
41 188 2 1 0 232 Q 6 0 0 0 6 0 0 1208 0 

0 3 0 0 0 · 3 0 0 0 0 0 0 0 0 3 0 

1 1 0 0 0 2 0 0 0 0 0 0 0 0 8 0 

5 29 1 0 0 35 l 2 0 0 0 3 0 0 121 0 

5 i§ 1 0 0. 45 0 5 0 0 0 5 0 0 77 0 

4 0 o. 0. 72 1 11 0 0 0 12 0 0 100 0 

14 52 1 0 ct 67 ]. 22, 1 0 0 24 0 0 105 0 

12 51 2 · o. 0 65 t 35 0 0 0 36 0 0 1~2 0 

8 ~ 3: 0 d 75 0 97 10 ~ 0 109 0 0 307 4 

1 13 2 0 d 16 . 3 35 8 0 0 46 1 1 99 1 

2 30 5 0 0. 37 2 54 5 1 0 62 0 0 li2' 3 
2 21 0 0 0 23 0 17 1 0 0 18 0 0 57 1 

7 ·1z7 2 5 0 141 1 83 3 0 0 87 1 0 244 0 

0 39 2 0 0 41 15 127 6 0 0 148 3 0 222 0 

0 32 0 0 0 32 0 16 0 0 0 16 1 0 64 0 

27 70 13 0 0 110 0 6 0 0 0 6 3 0 166 0 

10 51 2 0 0 63 1 12 3 0 0 16 2 1 117 0 

28 168 18 9 3 226 10 63 5 2 0 80· 2 0 365 3 

14 130 8 6 0 158 6 76 1 0 0 83 5 1 335 0 

3 83 4 2 1 93 ~ 32 3 0 0 37 1 1 222 0 

0 19 13 1 0 33 1 12 0 0 0 13 1 0 88 l 

1 4o 2 1 0 44 + 8 0 0 0 9 1 1 180 2 

3 52 7 12 1 75 . 1 1 0 ci 0 2 5 3 146 3 

3 22 5 1 0 31 0 14 0 0 0 14 3 1 115 8 

4 14 3 2 0 23 3 28 2 l 0 34 4 0 83 4 
0 2 0 0 0 2 0 2 0 0 0 2 0 0 5 0 

0 0 0 0 0 0 Q 0 0 0 0 0 0 0 0 0 

13 14 1 0 0 28 2 6 0 q 0 8 2 0 42 3 

0 24 4 1 0 29 0 1 0 0 0 1 0 0 47 8 

0 20 3 2 0 25 0 1 0 0 0 l 0 0 40 13 

9 111 9 2 0 131 2 0 0 0 0 2 0 0 136 4 

3 62 7 7 1 8o 1 0 0 0 0 1 4 0 93 1 

0 9 0 0 0 9 0 0 0 0 0 0 0 0 10 .• 2 

224 1656 120 52 6 2058 55 775 48 6 0 884 39 9 5083 61· 



10 Table 1.--(Continued) 

MV Bertha Ann August 12 -

Position Surf. Number Red 
Set 
no. Date temp. of Mesh size 

Latitude Longitude oc. shackles 5½ V- 3½ 3½ 2.1. Total 
2 2 

1 ·s112 58uOO'N. 1io0 00 1W. 11.2 40 0 0 0 0 0 0 
2 81/13 59°06 1N. 1 9°52 1w. 12.6 38 0 4 2 0 0 6 
3 8/17 56°59 1N. 150°07 1w. 13.6 38 0 3 1 0 1 5 
4 8/18 55°58'N. 150°01 'W. 13.6 38 0 3 3 1 0 7 
5 8/20 54°56 1N. 150°00 1w. 12.4 38 0 3 1 1 0 5 
6 8/21 52°59'N. 150°02 1w. 12.8 38 5 15 4 0 0 24 
7· 8/22 52°00 1N. 150°00 1w. 12.9 38 3 34 9 0 0 46 
8 . 8/23 51°01 1N. 149°56 1w. 12.8 38 0 12 4 0 0 16 
9· 8/24 50°00 1N. 150°02•w. 12.9 35 0 0 0 0 0 0 

10: 8/25: 50°00 1N. 147°00 1W. 13.3 35 0 0 0 0 0 0 
11: 8/26 51°00 1N. 147°00 'W. 13.2 35 0 0 0 0 0 0 
12 8/27 52000'N. 147°00 1W. 13.3 35 1 3 0 0 0 4 
13: 8/29 53°00'N. 147°00 1w. 13.3 35 0 5 1 0 0 6 
14:: 8/30 54°00 1N. 147°00 1w. 12.8 35 0 10 1 0 0 11 
15 · 8/31 55°00'N. 147°00 1w. 13.4 35 1 14 3 0 0 18 
16 9/1 56°00 1N. 147°00 1w. 13.3 35 0 10 0 0 0 10 
17 9/2 57°00'N. 147°00 1w. 13.2 35 0 1 0 0 0 1 
18 9/3 58°00 1N. 147°00 1w. 13.6 35 1 (J 1 1 0 3 
19 9/4 59°00 'N. 147°00 'W. 13.8 35 0 0 0 0 0 0 

Total 691 11 117 30 3 1 162 

Marine View 16oo 154 1576 238 277 43 2288 --
Paragon 915 150 1084 84 35 9 1362 

Total 2515 304 2660 322 312 52 3650 

Windward 1286 232 1506 175 127 53 2093 

Bertha Ann 691 11 117 30 3 1 162 -
Total 1977 243 1623 205 130 54 2255 

Grand total 4492 547 4283 527 442 106 5905 

Sets 7 and 8 - nine nets rolled up 
" 9, 10, and 11 - one net rolled up 
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September 4, 1961 

( Chum Pink Total Sil- Steel-
Mesh size Mesh size King salmon head ver 

5½ 4½ 3l 3½ 21. Total 
5½ 41. 3-t 3¼ 2½ Total catch 

2 2 

1 2 0 0 2 5 4 7 0 0 0 11 0 0 16 0 
0 4 0 1 17 22 10 7 1 0 0 18 0 0 46 0 
3 43 30 16 0 92 1 1 0 0 0 2 1 1 101 5 

11 143 60 33 0 247 0 2 0 0 0 2 4 0 260 5 
7 80 9 0 0 9? 0 i 0 0 0 1 0 0 102 0 

· 2 5 2 0 0 9 0 6 0 O· 0 0 0 0 33 0 
2 9 11 '"( 0 29 0 0 0 o, 0 0 0 0 75 3 
0 7 0 0 0 7 0 6 0 O·· 0 0 0 0 23 0 
0 0 0 0 0 0 0 0 0 O· 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 o: 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
0 13 15 5 0 33 0 6 0 0 0 0 1 0 38 0 
0 16 6 1 0 23 0 0 0 0 0 0 0 0 29 2 
9 15 1 3 0 28 0 0 0 0 0 0 0 0 39 2 
7 131 92 33 2 265 0 0 0 0 0 0 0 0 283 3 
3 26 14 0 0 43 0 0 0 0 0 0 2 0 55 1 
0 16 3 0 0 19 0 0 0 0 0 0 0 0 20 0 
2 12 4 0 0 18 0 3 1 0 0 4 3 0 28 0 
0 6 0 1 0 7 0 0 0 0 0 0 2 0 9 l 

47 528 247 100 21 943 15 21 2 0 0 38 13 1 1157 22 

95 1191 183 153 127 1749 35 719 66 11 2 833 662 37 5569 33 

60 292 10 2 0 364 6 64 5 ·1 0 76 0 11 1813 0 

155 1483 193 155 127 2113 41 783 71 12 2 909 662 48 7382 33 

224 1656 120 52 6 2058 55 775 48 6 0 884 39 9 5083 61 

47 528 247 100 21 943 15 21 2 0 0 38 13 1 1157 22 

271 2184 367 152 27 3001 70 796 50 6 0 922 52 10 6240 83 

426 3667 560 307 154 5114 111 1579 121 18 2 1831 714 58 13622 116 
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was about 34 peraent of the 2 previous years. 

Pink salmon aatches showed a marked decline in the Aleutian 

Islands area this year from what we would expeot from an odd numbered 

year. Normall.y odd numbered year catches greatly surpass catahes of 

even numbered years. The catch in 1961 was comparable to that in 1960 

and far below 1959 catches. 

Among the species of less importance in the Aleutian area, 

silver and king salmon and steelhead trout., the aatoh of silver salmon 

showed a marked increase. The 662 silvers caught were far more than 

have been taken in any other year. Sixty-four percent of the silver 

catch in 1961 was taken in two sets south of the Aleutian Islands area 

during the summer season. These two sets were at 51°31• N. latitude, 

and 177°46' E. longitude on July 26 and at 51°1.2• N. latitude and 

173°58• E. longitude on July 30. )11.ny of the male silvers showed secondary 

sexual characteristics. 

The king salmon catch of 4-8 fish compared to the 54 taken in 

1960 and was about half the total caught in 1959. 

Steelhead catches in the Aleutian Islands area were much reduced 

from those of the two previous seasons. The total of 33 steelhead was 

a little over half the number oaught in 1959 and in 1960. 

Catch data of the research vessels fishing in the Gulf of 

Alaska are shown in the catch tables of the Windward and Bertha Ann. 

Of the red salmon catch of 2,093 fish in the western Gulf made by the 

Windward, 970 reds or 46 percent of the total were made on one set on 

June 8 at 53°40' N. latitude and 160°24• w. longitude. In size and age 

composition these red salmon were similar to the 1961 red salmon adult 

run in Rristol 'Rav. 
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Chum salmon predominated in the aatahes during the summer 

season in the central and western Gulf of Alaska. 

The array of the salmon oatohes by mesh sizes in table l 

illustrates the appearance of the immature sallllon {captured in the small. 

mesh nets) during the summer season at stations south of the Aleutian 

Islands and in the Gulf of .Alaska. Of the total catch by mesh size, 

most fish, of course, were taken by the 4-1/2-inoh mesh because of the 

greater number of nets fished -- 24 per string of gear compared to four 

each of the other sizes. Ral'lking the catches of the five mesh sizes by 

season (red, chum, and pink salmon oombi11-ed) according to the number of 

fi£1h caught per shackle, · we have the following array: 4-1/2,jl 5--:1/4, 

3-7/8, 3-1/4, and 2-1/2 inoh·mesh in the spring season, and 3-7/8, 

4-1/2, 3-1/4, 5-1/4, and 2-1/2 inch mesh in the summer. We have arbi= 

tra.rily designated May and June as the spring season and July-September 

as the summer season. 

Distribution and relative abundance 

A measure of the distribution and relative abundance of the 

1961 high seas salmon catches according to gill net catches is illustrated 

in figures 2 to 11. As age determinations by scale readings have not 

been completed, we have estimated the abundance of juvenile (1 ocean=age 

red salmon and 2-year chum salmon) and older aged fish from the numbers 

of fish taken in the different mesh sizes. Generally, the larger meshes, 

5-1/4, 4-1/2, and 3-7/8 inch take the 2, 3, and 4 oeean=age red, the 3, 

4, 5, and 6 year chum and the mature pink salmon. Similarly, the smaller 

meshes, 3-1/4 and 2-1/2 inch, generally take the 1 ooean=age red and the 

2-year chum salmono catoh-per-effort data in the figures are indicated 
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as -- small open circles indicate no catch, small solid circles indicate 

a catoh of fewer than 5 fish per 100 fathoms of net, intermediat e solid 

circles indicate a catch of from 5 to 10 fish per 100 fathoms, and large 

solid circles a catch of more than 10 per 100 fathoins. 

Figures 2 to 7 show the catches of the older age groups for the 

spring and summer seasons. Figure 2 shows 

the larger red salmon caught in the spring 

'::!·;•;<•i:-,~·1\l~1;!~}J~.::;:.;l r.:·._:_: ~1 Jt)::.\.•::. 
the\,bro~d.f:d.fstr':Lbu.tion of 

·=:~/?.-TI:t)t~;; /i ~.\?:~s-}t'.~- ·.>~ 
season· of 196~. Relatively 

. . . 

few large catches were made on the stations fished this year. Figure 3 

reflects the rather poor catches of immature 2 ocean-age red salmon south 

of the Aleutians during the summer season. As previeusly noted, these 

catches were sharply reduced in abundance from the catches of 1959 and 

1960. Concentrations of high abundance -vrere no't observed in the central 

and western Gulf of Alaska this season. 

Chum salmon, as noted for the red salmon, were taken at nearly 

every station fished during the spring season, figure 4. Large concen

trations of the older chum salmon were not noted in the station pattern 

fished in 1961. In the summer season, figure 5, the older fish appeared 

to be in greater concentrations in parts of the GU1f' of Alaska than in 

the central Aleutians. 

Figures 6 and 7 illustrate the reduced abundance of pink salmon 

from what we normally expect from high seas areas in odd numbered years. 

This year there was only one catch of greater than 10 fish per 100 

fathoms of net. 

In figures 8 to 10 we have portrayed the distribution and. 

abundance of small salmon (juveniles) caught in the 3-1/4 and 2-l/2-inch 

mesh nets. These are the 1 ocean-age red salmon and the 2-year chum salmon. 
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Very minor catches of Juvenile red salJnon were noted in the 

central. A1eutians area during the spring season, figure 80 The abundanoe 

symbols (small solid circles) represent the capture of enly 9 juvenile 

red salmon in the Berj.ng Sea and 66 fish in the western Gu1:f" of Alaska. 

Figure 9 illustrates the catch of juvenile red ~on (l-ooean age) 

in the central A1eutian Islands area and the Gulf of Alaska during the 

summer season. The abundance of the 1 ocean-age red salmon in the 

Aleutian area, as noted previously, was sharply reduoed from that of 1959 

and 1960. 

Juvenile (2-year) chum salmon were taken in only one set in 

the spring season, figure 10, at 54° No latitude and 175° E. longitude 

on J\llle 28. During the summer season, figure 11, juvenile ahum se.1.mon 

appeared to be in greater abundance, as measured by gill net catches, 

in the Aleutif!:I} Islands area than in the Gulf of Ala.ska. 

salmon migration 

A report on the direction of movement of high seas salmon 

stocks for 1959 and 1960, as determined from gill net eatohes, is being 

prepared for publication. 
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PROGRESS REPORT ON OCEANOGRAPHY 

by Felix Favorite and B. A. Morse· 

Physical, chemical and biological observations, similar to 

those obtained in previous years, were made aboard the chartered vessels 

Paragon, Marine View and Windward at fishing locations (f~g. 12). 

Observations were not made aboard the vessel Bertha Ann because 

no appropriation was made for additional oceanographic work aboard 

vessels chartered with emergency funds. However, funds were made available 

to conduct plankton investigations aboard the USC&GS vessel Pioneer during 

a cruise from Honolulu to the Aleutian Islands. 1.rhis will permit com

parison of the abundance of food organisms in salmon waters with those 

southward o~ the region in which salmon are caught, and to investigate 

the nature and abundance of organisms in the Intermediate Water (Favorite 

and Hebard, 1960). The latter wa.ter mass, identified by the salinity 

minimum ( <: 34.0 °/oo) at depth between Pacific Central Water and Deep 

Water, is believed to originate in the Okhotsk Sea and may influence 

the distribution and movements of the salmons. Although the -water mass 

exists at depth, it is continuous across the North Pacific Ocean southward 

of latitude 40° N. In situ temperatures from 4° - 8° c., and dissolved 

oxygen values of .2 to .4 mg. at./1. provide an acceptable environment. 

Physical oceanography 

The oceanographic data collected during 1939 to 1941 in Bristol 

Bay (Favorite, et al, 1961) have been analyzed and a description of the 

conditions and features has been completed and will be included in the 
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Joint Report on oceanography being prepared for ·t;he Cozmni ttee on Biology 

and Research. The general counter-clockwise circulation in the Bay is 

generally recognized, but there appears to be an active upwelling zone 

at the entrance of the Bay between Cape P-=-1 r P and Port Moller. This is 

refiected in data collected during swmner, 1940, by high surface salinity 

vaJ.ues (31.8 and 31.9 °/oo) shown in figure 13, and the feature is found 

for all years in which adequate data are available in this area. 

The Joint Report on Oceanography will summarize c~nditions, 

features and processes revealed through analyses of data collected by 

members of INPFC and other agencies. During the past year we have invest

igated the possibility of predicting oceanographic conditions in salmon 

waters. Volume transport data from Oto 1200 meters· computed from 

hydrographic observations ma.de during summer 1958 were interpolated to 

obtain values across the boundaries of 5° squares of latitude and longitude 

over the North Pacific Ocean northward of latitude 35° N. These values 

were compared with geostrophic mass transports computed from wind stress 

measurements computed for July and August by Fofonoff (1960) which were 

treated in the same manner. For convenience, transport in the westward 

flowing Alaska Boundary Current was contained south of the Aleutian Islands 

until longitude 175° E. The general agreement in zonal and meridional 

components of transport (figs. 14, 15) is encouraging, but improvements 

in both methods of computation are necessary before they can be effectively 

compared or the latter considered a reliable method of predicting con

ditions. First, a valid reference level for the volume transports must 

be ascertained by means of direct current measurements; and second, 

several theoretical considerations in the mass transport data require 
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further study" One important consi.deration is the fact that the geo

strophic mass transport for each mon.th is computed from wind stress 

derived from average sea level pressures that occurred during that month, 

and the induced inertia of the ocean is not carried over to the next month. 

It should be pqinted out that the data were not derived specifically 

for the above predictive purpose. ~evertheless, they are a significant 

contribution to our knowledge of the possible effects of wind stress on 

the circulation, and could permit presentations o~ oceanic transport 

across the Pacific Ocean impossible to obtain by research vessels. Since 

the transport data do not reveal the extent of individual water mass~s 

discussed in previous Annual Reports, it may be necessary to devise a 

system of moored buoys to obtain this information. 

Considerable progress has been :made on the Joint Report on 

Oceanography and a special report on this work will be submitted to the 

Committee on Biology and Research. It is anticipated that the manuscript 

will be completed by March, 1962. 

Instrumentation 

As we add to our knowledge of oceanographic conditions and 

possible relationships to the salmons, it becomes increasingly more desir

able to detennine the in situ conditions from aboard the vessel so that 

particular environments may be sought out, or changes in environmental 

conditions between sets are recognized. Since our experiments in 1958 

to ascertain surface salinities by means of e conductivity device, we have 

tried to f'ind an inexpensive, compact, reliable device that would permit 

analysis of water samples aboard the chartered vessels which usually do 

not have laboratory space. The new IMC salinometer presently used for 
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analyses in the laboratory is capable of shipboard operation, but the 

unit is too expensive,to permit placing one aboard each chartered fishing 

vessel. We are presently evaluating a differential refractometer and 

will also test an inductive salinometer, both of which appear to fulfill 

our requirements at this time. The differential refractometer provides 

precision and accuracy comparable with conductivity salinometers presently 

in use. The unit is compact and requires only an AC outlet. The sample 

and'reference cells have small volumes and little maintenance is required 

for the instrument. The inductive salinometer also is portable and has 

accuracy of approximately 0.003 parts per thousand. A temperature-con

trolled bath is not required for the samples. No metal electrodes in 

contact with the sample are necessary for a unit using the inductive 

coupling principle. 

Biological oceanography 

The plankton samples collected during the 1960 field season 

have been analysed, and the results of these analyses along with those 

of previous years have been placed on IBM cards to permit qualitative 

and quantitative comparisons between individual years, and to investigate 

relationships between the plankton captured by net, and the contents of 

red salmon stomachs. 

In 1960 and again in 1961, studies on the vertical distribution 

of plankton have been made at three locations within ~he Subarctic Region. 

Results show that maximum concentrations of plankton occur be-tween 30 to 

50 meters depth at night and at depths of 150 meters or greater during 

the day. This places considerable doubt on the generally accepted theory 

that salmons come to the surface in the evening or morning to feed. 



Night light studies have sho~m that squid are abundant at the surface 

in this Region, but we do not know whether or not they are attracted 

to the surface by the light. Comparisons of the plankton and the stomach 

content of salmon caught at these locations, and investigations i!lto 

relationships between the plankters and the thermocline are l,eine; 

carried out. 
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rum SALMON s~s 

by Raymond E. Anas 

Racial separation of red :·salmon stocks from Asian and North 

.AJg~ican streams is based on the assumption that the results have not been 

biased by sources of variation. Study of red.salmon scales during the 

past year has been directed toward analysis of the following possible 

sources of variation: (1) Aging freshwater and ocean zones; (2) Selection 

of a scale axis and angle; (3) Importance of the body zone where a scale 

sample is taken; and (4) Effect on racial separation of differences between 

sexes, brood years, sampling dates, freshwater ages and ocean ages. 

Presence or absence of plus growth and correlations between scale characters 

and fish length also are under studyo A report of the studies will not 

be presented at this time because most are incomplete. 

The following scale characters are being studied: 

1. Number of circu.li in first freshwater zone. 

2. Scale length of first freshwater zone. 

3. Number of circuli in second freshwater zone. 

4. Saale length of second freshwater zone. 

5. Number of circuli in total freshwater zone. 

6. Scale length of total freshwater zone. 

7. Number of circuli in first ocean zone. 

8. Scale length of first ocean zone. 

9. Number of circuli in total freshwater zone divided by number of circuli 

in first ocean zone. 



10. Saale length of total freshwater zone divided by soale length of 

first ocean zone. 

ll.. Number of circuli in total freshwater zone divided by combined number 

of circuli in first and seoond ocean zones. 

12. Scale length of total freshwater zone divided by scale length of 

combined first and second ocean zones. 

13. Number of circu.li in total freshwater zone divided by combined 

circu1i in freshwater and first ocean zones. 

14. Scale length of total freshwater zone divided by combined scale 

length of freshwater and first ocean zones. 

15. Number of circu1i in total freshwater zone divided by circu1i in 

freshwater plus first and second ocean zones. 

16. Scale length of total freshwater zone divided by scale length of 

freshwater plus first and second ocean zones. 



.. 

37 

PINK SALMON SCALE AND MORPHOLOGICAL STUDIES 

by Roger Pearson 

Morphological and scale characters obtained from salmon collected 

in 1957 were used for a preliminary study to examine their utility in 

separating Asian from North American stocks of pink salmon. Results were 

reported in, "Use of a discriminant function in the morphological separation 

of Asian and North American races of pink salmon, Oncorhynchus gorbuscha 

(Walbaum)", by Amos, .Anas and Pearson, 1960. It was found that North 

American stocks south of Kodiak Island and Cook Inlet were distinguishable 

from the major Asian stocks. The characters used could not separate pink 

salmon of the Alaska Peninsula, Aleutian Islands, and northwestern Alaska 

from Kamchatkan stocks. 

Research has been directed toward two goals. The first was 

a study to discover scale characters capable of separating Asian from 

North American stocks in the areas north and west of Kodiak Island and 

Cook Inlet. The second was to classify fish of unknown origin (fish taken 

on the high seas in 1959) to their natal continent by comparison of their 

scale and morphological characters. 

The following 13 scale characters have been examined in the 

inshore samples collected in 1959: 

A. Number of circuli from the focus to the outermost edge of 

the annulus. 

B, Number of circuli in the first and second half of the distance 

from the outermost edge of the center ring to the annulus. 



c. Number of circuli in the first third, second third9 and 

last third of the distance from the outennost edge of the 

center ring to the annulus. 

D. Number of circuli in the first sixth, second sixth, fourth 

sixth, fifth sixth, and last sixth of the distance from the 

outermost edge of the center ring to the annulus. 

E. Length of narrowest band of three successive circuli inter

spaces included between circuli 1-10 (either circuli 1 to 4, 

4 to 7, or 7 to 10). 

The extent of variation in the characters within population (i.e., do 

distributions of these characters vary with sex or length of fish?) and 

the extent of variation in reading the scale characters are being determined. 

Preliminary studies with the 1.959 salmon collections indicate 

that a combination of morphological characters and new scale characters 

will give better separation of' North American from Asian stocks in the 

areas north and west of Kodiak Island and Cook Inlet than were obtained 

from the 1957 salmon collections. 

Reference 

Amos, Murray, H., Raymond E. Anas, and Roger E. Pearson 

1960. Use of a discrj.minant function in the morphological separation 

of Asian and North American races of pink salmon, Oncorhynchus 

gorbuscha (Walbau.m). Bureau of Commercial Fisheries, Biol.ogical 

Laboratory, Seattle, Washington, October 12, 1960. 55 p. 

processed" (INPFC Doc. 4i2). 
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PROGRESS REPORT ON SALMON SEROLOGY 

by George J. Ridgway and Fred M. Utter 

Among the methods being applied to the problem of determining 

the amount of intermingling of Asian and American stooks of salmon in high 

seas areas are various serological or immunochemical methods. These methods 

are used to detect characteristic antigenic differences which may occur 

in different frequencies in genetically isolated popuJ.ations. 

The research which we have conducted includes research on cellular 

antigens, serum antigens and studies on the use of antigenic and histological 

changes ae indicators of the onset of sexual maturation. 

Research on cellular antigens 

our studies on the antigens of red blood cells of red, chum, 

and pink sal:rnon were continued and expanded in the 1961 season. More 

intensive sampling in the Bristol Bay area and the use of a much larger 

number of reagents allowed us to make several important demonstrations 

of antigenic variations between areas., Samples were also taken and tested 

aboard the chartered vessel MV Bertha Ann, allowing us to demonstrate 

the feasibility of conducting many of our tests and procedures on the 

high seas when a vessel wlth sufficient room is available. In addition to 

Western Alaska areas, the Fraser, Skagit and Columbia River fisheries were 

sampled and tested extensively. 

The sources of the agglutinins used in these studies were 

heterimmune sera, normal sera, isoimmune sera and phytoagglutinins from 

plant extracts. Among the immune antisera tested, eight goat anti-salmon 

tissue, four carp anti-salmon red blood cell sera, seventeen chicken 
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anti-red cell sera, four carp anti-red cell sera, and five rainbow trout 

isoimmune sera demonstrated at least some degree of intra- or inter-specific 

differentiation. Ten rabbit anti-salmon tissue sera and a number of other 

sera of diverse origin did not detect differences. 

The phytoagglutinins used included over thirty-five extracts, 

many of which reacted strongly. Extensive testing under controlled conditions 

tended to place in doubt interpretations of observable differences using 

several of the extracts - principally extracts of baby lima bean - as the 

results were often not repeatable and appeared to vary with age of cell 

samples. Several extracts appear to show antigenic variation of a consistent 

nature, including Wistaria floribunda bark, red kidney bean, and Cytisus 

scoparius bark. Cytisus appears the most promising at present and has been 

tested against cells from various areas with good demonstration of varia

bility between populations of red salmon (see table 2). 

Normal sera from many species of land animals and fishes have 

been extensively tested. one hundred ten different land animal sera were 

provided and tested by Dr. c. Stormont. These include sera from a wide 

variety of species obtained at the San Diego zoo and numerous sera from 

domestic animals. In addition twenty-five normal horse sera, sixteen 

normal rabbit sera, English sole sera, crayf'ish sera, and others have been 

extensively tested. In general, these tend to demonstrate strong inter

specific antigenic differentiation, but intraspecies differences to a lesser 

extent. 

Isoimmune antisera testing has been limited to sera from rainbow_ 

trout. Five have shown clear intraspecific differentiation in red salmon 

and marked differences between popu1.ations even within Bristol Bay (table 3). 
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Table 2.--The relative numbers of red salmon from several areas 
giving different reaations with Cytisus scoparius bark 
extract 

River 
Aggl.utination score Total number Mean 

0 0.5-2 2-5+ tested score 

Bran.ah River 2 34 11 47 1..86 

Kenai River 8 12 0 20 0.675 

Karluk River \ 0 14 11 25 2.60 

Fraser River 24 7 1 32 o.453 . 
Col:umbia River 5 3 2 10 1.05 
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Table 3.--The relative numbers of red salmon from six Bristol Bay 
streams reacting with two rainbow trout isoimmune sera 

Serum Area Number Number Percent 
tested reacting reacting 

96 Kviohak 72 42 58.3 
Branoh River e5 8 31.2 
Wood River 10 a 20.0 
Egegik 16 4 25.0 
Ugashik 12 3 25.0 
Naknek 12 5 , 41.7 

x2 = 12.82 * 
lOL Kviohak 72 46 63.9 

Branch River 25 17 68.o 
Wood River 10 5 50.0 
Egegik 16 8 5Ci>.0 
Ugashik 12 12 100.0 
Na.knek 12 11 91.7 

x2 = 13.07 * 

* Significant at the 95 percent level. 
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Several have also demonstrated intraspecifio antigenic variability in 

pink and chum salmon. We consider this the most important ad:vanoe ma.de 

so far in our work, since isoimmune sera are known to detect far greater 

numb~r~ and finer antigenio differences than other sources of blood typing _ 

reagents. In addition, these sera show the mest striking and consistent 

differences of any of the reagents we have so far tested. Some of the 

properties of these sera &n.d the methods used in their preparation were 

described in a paper presented to the New York Academy of Sciences at 

a symposium on "Blood Groups in Infra-human Species". 

The application of these sera directly to the Protocol problem 

will undoubtedly require testing blood from freshly eaught salmon in 

Asian areas and in areas of suspected intermingling of Asian and American 

stocks. (This is due to the fact that salmon blood cells are not preserved 

intact for any appreciable time by techniques presently available.) 

The relative availability of fresh blood from salmon caught by North 

.American shore based fisheries alloliBus to apply these sera now to 

problems important to the understanding and management of these fisheries. 

Research on serum antigens 

The demonstration.of characteristics designated antigens I and Ir 
which were present in 95 to 98 percent of red salmon blood samples tested 

from .American areas and absent from 85 to 90 percent of red salmon blood 

samples tested from Asian areas has been reported previously. Further 

practical expansion of these results has met with difficulties of two 

sorts. The first involves the difficulty in producing sufficent antisera 

of the same specificity to test large numbers of sampleso The second 



difficulty involves the resolution of apparent discrepancies between the 

results obtained with this method and those obtained with other methods of 

determining the continental origin of red salmon taken in the high seas .• 

In our report ot last year we stated: "We feel it is essential 

to make a more thorough study of the nature of the difference being 

detected, and the effect of .such variables as may be introduced by sampling 

and preservation methods, before further application of this method is 

possibleo !twill also be essential to perfect methods for the consistent 

production of large quantities of potent an<l specific antisera." In our 

attempts to solve the problems of antiserum production we have immunized 

50 rabbits and collected and tested serum from 250 bleedings. Of these 

sera 122 show definite individual differences. We are conducting extensive 

tests by several methods to compare the specificities of these sera with 

those detecting previously studied differences. One of the methods being 

used for these comparisons is immunoelectrophoresis. A separate manuscript 

describing some of our results with immunoelectrophoresis will be submitted. 

our most significant finding so far is that the interaction of the hemo

globin in hemolysed blood under certain conditions can interfere with the 

tests for important serum components. This is especially true of three 

serum characters discovered after antigens I and II. These have been 

designated H, H' and c. We have been arid are studying this problem 

intensively by a. varll.ety of methods·. For two years now personnel of 

the serology investigations have accompanied charter vessels to collect 

separated serum samples and study the :feasibility of conducting some of 

our tests on boa.rd these vessels. All of our work indicates that facilities 

must be available on our research vessels to operate centri:t'uges, separate 



the serum from fresh unhemoiysed blood, and conduct agglutination tests 

directly on board before we will be able to accurately apply the reagents 

we have available to the study of high seas populations. 

Certain plant ext~acts have been found to precipitate soluble 

components of various fish sera in a manner analogous to immune sera • 

.Among these, four have demonstzated individual variation in various 

salmonid species. The specificities of these reagents when compared by 

double diffusion have been found to _be independent of one another as well 

as independent of the specificities of immune reagents tested. Although 

extensive tests with these ~eagents have not been made, further study 

on properly preserved samples may show that the serum components detected 

by these plant extracts are useful racial markers. 

Research on maturation in s~lmon 

We have previously reported the discovery of an antigenic 

fraction which apparently occurs in the serum of only maturing or mature 

female salmon. In the past year we have tested the heart blood from 

2,955 chum salmon being processed by the morphology laboratory. Of these 

fish 619 were taken ·by the -u. s. chartered research vessel MV Pioneer 

in 1959 and and 686 taken by the same vessel in 1960; 1,510 were taken 

by the u. s. chartered research vessel MV Paragon in 1960 and 138 were 

taken by Japanese vessels in 1959. Of these 1,608 were females and 815 

gave positive tests for th~ female maturity (Sm) antigen. 

Table 4 shows the correlation between gonad weight and the 

possession of Sm antigen by female chum salmon. If the possession of the 

Sm antigen is a good indicator of maturation one can be quite certain that 
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'l'able 4.--The correlation of gonad weight with presence of 
Sm antigen in the sera of remale chum salmon 

n,.. ........ weight Total fe:mal.es Number Percent 
grams tested positive positive 

< 8 165 8 4.9 

8-9 121 22 18.9 

10 ... ;n 71 18 25.4 

12-13 90 34 37.8 

14-15 21 7 33.3 

16....J..7 14 8 57.1 

18-19 14 10 71.l 

> 20 253 250 98.8 
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a female chum salmon with gonads weighing 20 or more grams is maturing. 

For those with gonads weighing less than 20 grams there is considerable 

uncertainty which possibly can be resolved by tests for the Sm antigen. 

In order to have additional criteria for maturity in salmon, 

we collected and fixed gonad samples aboard the MV Paragon in 1960 for 

histological studies. These studies were conducted by Dr. E. M. Wood 

and a manuscript describing the results is being submitted. They mat 
be summarized as :follows: Maturing salmon gonads pass through a series 

of structurally well defined stages. Active spermatogenisis and the 

onset of sexual maturati~n appears to begin when the first spermatogonia 

are formed. Active oogenesis apparently starts with the formation of 

secondary oocytes and the appearance of the two layered zona radiata. 

Summary 

l. Research on serology has been continued along three main lines in 

studies on red blood cell antigens, serum antigens and on maturity. 

2. In the studies on red blood cell antigens a great many additional 

reagents have been studied. These include heterimmune sera produced 

in rabbits, chickens, goats and carp; normal sera of many domestic 

and wild mammals and fish; isoimmune sera produced in rainbow trout; 

and phytoagglutinins from plant extracts. 

3. Clear cut qualitative intraspecific variations in the blood cell 

antigens of red, pink SJ!).d chum salmon were demonstrated with five 

rainbow trout isoimmune sera. Significant differences among Bristol 

Bay populations of red salmon were demonstrated with two <bf these sera. 
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4. In $.tudies of serum antigens 50 rabbits were iDmnmized and serum from 

250 bleedings collected and studied. Of these 122 gave evidence of 

individual dif'feren·ces in red salmon. Evidence was obtained, whiob 

indicated that the presence of aemoglobin im lysed blood preparation 

influences the tests for some variable serum components. 

5. The method of imnnmoelectraphoresis was adapted to tlle study of' serum 

antigens of' salmon. 

6. Certain plant extracts were found to specif'ically precipitate with 

salmon sera. Some detect interspecifio and intra.specific differences. 

7. In order to assist in determining the maturity of salm0n collected 

on the high seas, the heart bloods of 2,955 chum salm~n have been 

tested for the presence of an antigen which occurs in the blood of 

olfly maturing females. 

8. A study of the histology of salmon gonads bas been made to assist 

in establishing criteria for maturity. 



MORPHOLOGICAL CLASSIFICATION OF 196o RED SALMON 

by B. J. Landrum and T. Dark 

Since 1955, the morphological differences between the principal races 

of red salmon were examined using multivariate analytical techniques. On 

the basis of the results from tagging, parasite studies and distance function 

analysis of morphological characters, it was concluded that the red salmon 

in the waters north and south of the Aleutian Islands were either of western 

Alaskan or southwest Kamcbatkan origin. Consequently, discriminant function 

analysis was utilized to estimate the proportions of western Alaskan and 

southwest Kamchatkan morphotypes in high seas samples collected in 1956 

and 1957 (Fukuhara, et al., 1959). Results of similar classificatory 

procedure using the 1958 and 1959 samples were presented in Fukuhara, 1960. 

This report presents the results of classifying the high seas samples 

taken in the North Pacific Ocean and Bering Sea in 1960. 

Classification of 1960 Samples 

The red salmon runs to Bristol Bay were extremely large, the total 

estimated to be about 35 million fish. It is reasonable to assume that 

prior to their arrival in the Bay, these same fi~h dominated the maturing 

red salmon populations in large areas of the North Pacific ocean and 

Bering Sea. Particularly in the eastern Bering Sea (east of 180° longitude) 

in 1960, it is reasonable that during the period of sampling, Bristol Bay 

stocks almost, if not to~lly1 dominated. Tb.is condition provides a unique 

circumstance to evaluate the efficiency with which the discriminant function 

classifies western Alaskan salmon taken on the high seas. Under these 
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circumstances, if the discriminant function as applied is efficient, the 

fish in all samples of matures taken in the eastern Bering Sea should 

classify almost entirely as Bristol Bay morphotype. Deviations from this 

probably can be best interpreted as a result of the random sampling 

variation.which occurs in sampling Bristol Bay stocks at sea. 

Sampling Areas 

In 1960 inshore sampling was limited to six principal streams in 

Bristol Bay, As in past years, samples were obtained from the Wood, 

Kvichak, Naknek, Egegik and Ugashik Rivers. In addition, a sample was 

obtained from the Branch River which flows into Kvichak Bay, No samples 

were available from the Kamchatkan mainland (as in 1959) or from the 

Okhotsk Sea (as in years prior to 1959). 

High seas sampling was comparatively good in the eastern Bering Sea 

but rather poor in the western Bering Sea. Sampling in the Aleutian 

region of the North Pacific Ocean was fair north of 50° N, latitude. 

Very few samples, however, were obtained south of this latitude or in 

the southwest Aleutian region. 

Results of Classification Analysis 

In the absence of samples from the Kamchatka Peninsula or the 

Okhotsk Sea, it was necessary to select samples from an alternative area 

southeast of the Kamchatka Peninsula and. west of 165° E. longitude to 

represent the Ka.mchatkan population. Of the available samples only those 

containing greater than 100 specimens were selected. 
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These samples were collected on June 3, June 18 and July 6 at 52°37'N. 

latitude, 164°18 1E. longitude, 53°13'N.latitude, 164°44 1E. longitude and 

49°22 1N. latitude, 162°43 1E. longitude respectively. Using gonad weight 

criteria. ( Ishida and Miyaguchi, 1958), these samples were observed to be 

98, 92 and 94 percent mature :f'ish. Considering that these :fish were on 

their spawning migration, it is a reasonable assumption that they were 

samples of Kamchatkan red salmon, :f'or the area and time of capture make 

it very improbable that they were Bristol Bay salmon. All evidence from 

past research has indicated that the area in which these samples were 

taken contained predominantly mature Kamchatkan red salmon (Proceedings 

of the Seventh Annual Meeting, International North Pacific Fisheries 

Commission 1960). 

Assuming that the bulk of the red salmon in the high seas areas 

samples was either o:f' Bristol Bay or Kamchatkan origin, the discriminant 

function, constructed on the basis of the 1956 collection (INPFC Doc. 397), 

was applied to the 196o collection. Using the average errors of misclassif

~cation of the 196o Bristol Bay inshore samples and the Kamchatkan reference 

samples, the corrected percentages of the two types present in the high seas 

samples was calculated. The average error of misclassification o:f' Bristol 

Bay salmon was weighted according to the relative abundance of red salmon 

in principal Bristol Bay streams as estimated from escapements. 

The average error of misclassification, weighted according to the 

relativa abundance o:f' the Bristol Bay red salmon population, was 21. 7569 

percent (table 5). This error o:f' misclassification falls between a 

relatively small error (17.8 percent) in 1956-1957 and larger errors in 1958 

..: 
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Table 5. --Average error o:f classification weighte·d according to the 
relative abundance of the contributing stocks of western 
Alaskan red salmon in 1960 

Escapeme.nt Relative Observed 
in milli.ons abundance percent of 
in l96o misclassification 

Egegik River 1.798 .0824 29.1 

Ugashik River 2.304 .1056 20.7 

Kvichak River 14.630 .6706 16.6 

Wood River 1.016 .0466 28.2 

Naknek River .828 .0380 38.3 

Branch River 1.24o .0568 57.6 

Total 21.816 1.0000 

Avenage e:r.rors in classification 

for the western Alaskan population (Pa) e 2i.75691, 

for the Kamchatkan. population (Pb) == 22.5 + 21.8 + 34.9 
3 

(Pb)"' 26.4ooo% 

Weighted 
value 

2.3978 

2.1859 

11.1320 

1,3141 

1.4554 

3.2717 

21.7569 
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(22.6 percent) and 1959 (23.6 percent). The Branch River which ·was not 

~ used in previous analyses contributed 5.68 percent of the Bristol Bay 

escapement. The sipgle sample obtained from this river ba.d a rather 

large percentage of misclassified specimens which increased the average 

error of misc'iassification. 

The average error of misclassification of the Kamch.atka.n samples 

was 26.'4o percent. Previously the Kamch.atka.n error of misclassification 

was about 23.7 percent for the Okhotsk Sea samples in 1956-1957, 29._1 

percent in 1958 and 36.6 pe_rcent in 1959 for a sample from the Ozernaya 

River. 

High seas sample locations and summarized r~sults of classificatory 

analysis are presented in table 6. 

Bering Sea 

May and June 

The point estimates of the proportion of the alternative red salmon 

stocks in all samples taken east of 175°54 1E. longitude indicated an 

overwhelming domtnance of Bristol Bay morphotype (Fig. 16). With the 

exception of samples 25 and 63, all were estimated to. contain greater 

than 85 percent Bristol Bay morphotype. Thirteen of the 1.5 samples east 

of 178°171w. longitude contained greater than 90 percent, with 9 of the 

13-- ~ont_e.ining lOO ·percent Bristol Bay morphotype. Samples 25 and 63 were 

estimated to be 79 and 76 percent Bristol Bay morphotype respectively. 

With the exception of sample 63, the upper 90 percent confidence 

limits for the point estimates included 100 percent. The upper. 90 

percent confidence limit for sample 63 was 90 percent. Due to its 



Table 6.--Results of discriminant function analysi~. 1960 high seas red salmon samples 

Percent classified Corrected 
Position of sample Western Kamchatkan percent 90 percent Percen Sample Sampling Sample Alaskan type Western confidence 

number da+,e Latitude Longitude size type Alaskan type · intewa:1· Y· mature 

1 7/14 49o59'N. 160050 'E. 42 4o.48 59.52 27.2 3-51 90 
2 7/6 49022 1N. 162043 1E. 109 34.86 65.14 16.3 2-31 94 
3 6/3 52o37'N. 164018 1E. 119 21.85 78.15 0 0-13 98 
4 6/18 53o13'N. 164o44 1E, 111 22.52 77.48 0 0-13 92 
5 7/11 50046 1N. 166048 1E. 117 31.62 68.38 10.1 0-24 88 
6 5/28 46032 1N. 16'7047 'E. 233 37 ,TT 62.23 21.9 12-32 96 
7 6/6 48000 1N. 168o00 'E. 55 32.73 67.27 12.2 0-32 -
8 6/10 54°06 1N. 169043 1E. 48 47.92 52.08 41.5 19-64 -
9 5/30 52°00 1N. 170oO0'E. 36 44.44 55 ,56 34.8 8-61 100 

10 5/28 5ooo7 1N. 170o04 1E. 57 47.37 52.63 4o.4 19-61 93 
11 7/8 49000 1 N. 17oo06 1E. 47 29.79 70.21 6.5 0-28 19 
12 5/30 52042'N. 171o37 1E. 117 40.17 59.83 26.6 12-41 97 
13 7/16 52°22 1N. 172o50 1E. 118 58.47 41.53 61.9 48-76 4 
14 7/19 51020 1N. 173ooo 1E. 54 50.00 50.00 45.5 24-67 7 
15 7/17 52°00 1N, 173oO0'E. 78 56.41 .43.59 57.9 ~-0-76 5 
16 7/18 51o39 1N. 173oo2 1E. 120 53.33 46.67 51.9 37-66 6 
17 6/28 59°41 1N. 173°42 1E. 115 30.43 69.57 7.8 0-21 93 
18 6/29 5oo59•N. 174°55 'E. 76 40.79 59.21 27.8 10-46 19 
19 6/30 50°01 1N. 175oo3 1E 98 · 38.78 61.22 23.9 8-40 14 
20 6/8 53°37 1N, 175°54 1E. 38 71.05 28.95 86.1 63-100 89 
21 8/1 50020 1N. 178000 1E. 117 64.96 35.04 74.4 6o-88 2 
22 7/28 51°00 1N. 178°00'E. 160 71.25 28.75 86.5 75-98 2 
23 7/27 51°20 'N. 178°00 1E. 123 70.73 29.27 85.5 72-98 12 
24 7/29 50°39'N. 178°02 1E. 116 58.62 41.38 62.1 48-77 5 
25 6/23 54°57'N. 179o23 'E. 4o 67 .50 32.50 79.3 56-100 100 
26 6/5 50°02 1N. 179°59'E. 49 57.14 42.86 59.3 37-82 92 
27 6/6 51°00 1N. 179°59'E. 115 69.57 30.43 83.3 70-97 100 
28 7/3. 50°02 1N. 178°36 1W. 45 57.78 42.22 60.5 37-84 6 
29 6/7 51°04 'N. 178°30 1w. 118 82.20 17.80 100.0 88-100 92 
30 6/15 53o17 1N. 178°17 1w. 119 84.03 15.97 100.0 88-100 100 
31 6/19 54°03 'N. 177oo5 'W. 168 82.14 17.86 100.0 90-100 98 
32 6/20 55°01 1 N. 176°58 1W. 121 85.95 14.05 100.0 88-100 100 
33 6/18 53°00 1N. 176°58 1W. 111 88.29 11.71 100.0 88-100 98 
34 7/4 51°20 1N 176°45 1w. 83 62.65 37.35 69.9 53-87 27 
35 8/14 51°28 1N. 176°30 'W ., 170 67.06 32.94 78.4 67-90 10 
36 8/17 51°00 1N. 176°30 1w •. 145 64.83 35.17 74.1 62-87 3 
37 8/18 50°4o 'N. 176°3o•w. 151 62.91 37.09 70.4 58-83 2 
38 8/20 50°20 'N. 176°30 1w. 134 67.16 32.84 78.6 66-92 1 . . 
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Table 6 . --Results of discriminant function analysis 1960 high seas red salmon samples 

(cont'd) 
l Percent classified Corrected 
' Position of sample 90 percent 

Sample Sampling Sample Western Krunchatkan 
percent 

~onfidency Pere 
number date size Alaskan 

type 
Western matu 

Latitude Lornd tude tvue Alaskan type interval 

39 6/15 5f 00 1N. 176°10 'W. 115 81:74 18.26 100.0 88-100 100 
4o 6/28 5g) 28 1 N. 176°07 1w. 121 74,38 25.62 92.5 80-100 96 
41 6/16 54°01 'N. 175°38 1w. 113 84.96 15 .04 100.0 88-100 100 
42 6/18 5E§>o1 1N. 175°00 1W. 61 70.49 29.51 85.0 66-100 97 
43 5/29 45= OO'N. 175°00 1W. 56 66,07 33.93 76.5 56-97 2 
44 6/19 5fol'N. 174°59•w. 43 83.72 16.28 100.0 80-100 73 
45 6/20 5(§> 42 1N. 173°27'W. 120 75.83 24.17 95.3 83-100 100 
46 7/11 5i° 29'N. 173°o4 1W. 130 60.00 4o.oo 64.8 51-78 32 
47 7/12 5i°o9 1N. 173°01 'W. 100 64.oo 36.00 72.5 57-88 36 
48 7/15 5cf 29'N. 173°00 1W. 31 54.84 45.16 54.9 26-83 14 
49 7/7 5:f 44 'N. 173°00 1W. 48 64.58 35.42 73.6 52-96 ·71 
50 7/13 50° 50'N. 172°59'W. 68 54.41 45.59 54.o 35-73 22 
51 6/28 5cf 07'N. 171°43 1w. 83 55.42 44.58 56.0 39-73 12 
52 6/21 5(§> 21 'N. 171°41 1W. 117 76.92 23.08 97.4 85-100 99 
53 5/24 50° 06 1N. 171°40 1W. 85 72.94 27.06 89.8 74-100 93 
54 5/23 51° 04 'N. 170°49 1w. 114 78.07 21.93 99.7 87-100 100 
55 6/27 51°18 1N. 170°37'W. 69 68.12 31.88 80.5 63-98 56 
56 7/19 51° 13 'N. 170°02 1W. 116 58.62 41.38 62.2 48-77 8 
57 7/18 50° 54 1N 170°02 1W. 167 56.29 43.71 57.7 45-70 18 
58 6/23 5{'00 1N. 170°01 'W. 93 76.34 23.66 96.3 82-100 100 
59 7/20 51°32 1N. 170°01 1W. 112 67.86 32.14 80.0 66-94 40 
60 7/23 5? 15'N. l 70°00'W. 66 68.18 31.82 80.6 62-99 49 
61 7/17 50° 29'N. 170°00'W. 59 57.63 42.37 60.2 40-81 18 
62 6/22 5'.f 58 1N. 169°59 1w. 120 85.00 15.00 100.0 88-100 100 
63 6/24 54° OO'N. 169°59 1w. 120 65.83 34.17 76.0 62-90 100 
64 6/25 5f20 1N. 169°59 1w. 117 78.63 21.37 100.0 88-100 100 
65 7/21 51°51 1N. 169°59 1w. 211 64.45 35.55 73.4 63-84 15 
66 6/26 5? 15 'N. 169°57 1w. 64 62.50 37.50 69.6 50-89 88 
67 7/25 5f05'N. 166°05 'W. 33 42.42 57.58 30.9 4-58 76 

_1/ Lower limit truncated at O and upper truncated at 100 percent. 
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occurrence among samples for which point estimates were near 100 percent, 

the :failure of the upper confidence limit of' sample 63 to include 100 

percent is interpreted to be attributable to random variation in sampling 

Bristol Bay stocks at sea. This does not preclude the possibility, however, 

of the actual presence of a small percentage of Kamchatkan red salmon or 

the presence of fish from areas other than the Kamchatkan and Bristol Bay 

alternatives. 

West of 175°E. longitude only two samples were obtained. Eight percent 

of sample 17 which was taken on June 28 at 59°4l'N latitude, l72-42 1E. 

longitude was classified as western Alaskan morphotype. Sample 8 was 

estimated to contain 42 percent Bristol Bay morphotype. 

July and August 

Only one sample (49) was obtained from the Bering Sea in July 

(Fig. 17). This was taken on July 7 at 53°44 1N latitude, 173° w. longitude 

and was predominantly mature fish ( 7l percent)_ • Bristol Bay morphotype were 

estimated to compose 74 percent of this sample. No samples were obtained 

from the Bering Sea in August. 

North Pacific Ocean 

May and June 

Eighteen samples (Fig. 16) were taken in the North Pacific Ocean during 

May and June, one containing 88 percent and ll containing greater than 90 

percent maturing salmon. Samples l8, l9, 43, 5l and 55 contained a comparatively 

high percentage of immatures. Data on maturity was not available for sample 7 , 
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Bristol Bay morphotype dom:-i.nated the 9 samples taken ea.st of 

179°59 1 .E:, longitude. Six of these 9 samples!' predominated by mature 

-S:l 
salmon3 were estimated to con ta.in from* to 100 percent Bristol 138,y 

morphotype, the lowest percentage occurring in sample 51, 

West of 175°03 1 E. longitude, Kamcha·tkan morphotype were indi.cated 

to dominate all 9 samples. Kamchatkan morphotype totally dominated 

samples 3 an9- 4., and the remaining 7 samples contained from 60 to 88 

percent Kamchatkan morphotype. Samples 18 and 19 which contained a 

large proportion of iIIID1ature salmon were estimated as 28 and 24 :percent 

Bristol Bay morphotype respectively. 

July 

Twenty-four samples were taken in July, all of which were taken 

north of' 49° North latitude (fig. l 7). All. aa.mpl.es were composed pre

domi.nantl.y of immature sa.L-non with the exception of sam:ple 67 at the 

eastern extreme and samples ly 2 and 5 at. the western extrem.i:t:y of 

sampling. 

The latter 3 samples were c.lassifie•i as 27:; 1.7 and. 1-0 pereent Bristol 

Bay morphotype. From time and area of capture, under the taC'it assumption 

of "homi.ng", the :mature portion of these sa.mp.le;'i mu.st b.av-e been Kamchatkan 

salmon. As indi.cated previouely_, ss.m:p.le 2 was in.clu,ied .in. t~he estim~tion 

o:f the average error of miscla.ssi.f:ic1:1:tion for Kam.o.hai;;kaj' but samp.l.es l 

and 5 were not. Sa.mpl.e l wa.s small. and sample 5 wag taken ea5t of 

165° E. longitude. The poes:ibil:i.ty exi.sts that the val:u.es obt-..ained. were 

the result of sampl:i.ng variation)) but this cannot be ad.equ.ately e·.ra,luated 

for lack. of repetitive sampling 1n t.his region. 
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Judging from time ,o:£ samp;J..i_ng, . sample 67 probably fails to satisfy. 

our basic assumption t~t on,1.'.Y: ~¢ha:tkan and Bristol Bay salmon occur 

in the regions una,e:i;- st'q:~,; '.W:~ ~'.to.:r portion o-£ the runs had entered 

the streams of Bristol ·B.i3,y/ a.tid;, ~c¥tka before this sample was taken • 
• • .•..• ,. ,, -..··•• • • ·•·• ,r. I 

Therefore, this sample rs· considered to contain red salmon from North 

American areas other than Bristol Bay which have been shown • by past 

analyses to misclassify in considsrable proportion as Kamchatkan red 

salmon (Fukuhara, et aL J> 1959) o 

In all but two of the samples dominated by :immatures, Bristol. Bay 

morphotype is found in the majority. This dominance tends to be more 

pronounced in the samples obtained closest to the Aleutian Islands ·. 

As in previous years, in most samples, marked dominance of either 

continental stock that ;ls apparent in samples of matures is not seen 

in samples of immatures. This situation may arise as a conseq,uence 

of improper weighting of the function when applied to immatures o 

Intermingl.ing of Kamchatkan and Bristol Bay immatures may. occur, or 

Bristol Bay stocks may be intermingl.ed with red salmon from other 

North .American races. 

August 

Only five sampl.es were utilized from the August collection, all 

of which were obtained in the central Aleutian region with :f'our of 

these taken in a rather narrow latitudinal band along 176°30 1w. longitude 

( see Fig. · 18) o The point estimates of Bristol Bay morphotype in these 

samples ranged from 70 to 79 percent. 
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summary and Conclusions of Classification Analysis 

l. The 1960 high seas samples were classified as being of Kamchatkan 

or Bristol Bay origin using the discriminant function constructed on the 

basis of the 1956 collections but with the average error of misclassification 

of Bristol Bay salmon weighted by the relative abundance of the component 

stocks based on the 1960 escapement estimates. 

2. In the light of a very large run of red salmon to Bristol Bay, 

it was expected that large areas in the ocean, particularly the Bering Sea 

east of 180° longitude, would be almost completely dominated by mature 

Bristol Bay red salmon. In agreement with this expectation, all samples 

taken east of 180° showed an overwhelming dominance of Bristol Bay morphotype 

(average point estimate greater than 90 percent) with the upper 90 percent 

confidence limit averaging about 104 percent and the lower limit averaging 

about 79 percent. 

3. In the North Pacific Ocean in May and June (fig. 15) mature 

Bristol Bay red salmon dominated east of 179°59 1 E. by percentages ranging 

from 59 to 100 percent. West of 172° East longitude Ka.mchatkan red salmon 

dominated by percentages ranging from 60 to 100 percent in samples of 

predominantly mature salmon. 

4. The general trends in the longitudinal distribution of Kamchatkan 

and Bristol Bay stocks in both the Bering Sea and North Pacific Ocean is 

similar for the years 1956 through 1960. To illustrate this the average 

percentages of western Alaska morphotype in samples taken in the high seas 

in May and June of 1956 through 1960 are plotted in Figure 19 in 5 degree 

longitudinal intervals. 
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;. Bristol Bay morphotype dominated all samples of immatures to 

172°50'E. longitude in July and August. As in past years, the degree 

to which Bristol Bay red salmon dominate is not a.s pronounced in 

immature samples as in samples dominated by matures. This may be 

attributable to the fact that when sampling takes place, the matures 

could be more segregated during migration. A further possible explan

ation may be that given_ in item 6. 

6. It was assumed in this {and previous classification analyses) 

that only Bristol Bay and Kamchatkan red salmon occur in the Bering Sea 

and North Pacific Ocean west of the Alaskan Peninsula. This assumption 

has been tenably justified for maturing salmon but not for i.mm.atures. 

Although there has been little evidence to negate the hypothesis for 

immatures, there is a distinct possibilit-y that red salmon from North 

American areas other than Bristol Bay may occur in the area. Past 

analyses have shown that using this particular discriminant :t'unction, 

these would be misclassified as Ka.mcbatkan salmon. Alternative analyses 

must be used to provide information on the origin of these immature 

stocks prior to interpreting results of :unmature classification using 

discriminant f'unction analysis. 

7. Deficiencies in sampling are evident in the scarcity of samples 

from the western Bering Sea and in May an\'.!. June from the North Pacific 

Ocean, limiting present knowledge of the distribution in the high seas 

of Ka.mcbatkan and. western Al.ask.an stocks of red salmon. Although samples 

containing a predominance of matures ta.ken after certain times can be 

reas9nably used as -the Ka.mchatka.n reference morphotypes, the desirability 

of having stream samples is obvious. 
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CHUM SALMON MORPHOLOGICAL STUDIES 

by John J . La.Lanne 

As part of the fishery research program designed to fulfill the 

objectives of the Protocol of the International Convention for the High 

Seas Fisheries of the North Pacific Ocean (Herrington, 1952), the utility 

of meristic characters as racial indices to differentiate North American 

and Asian chum salmon stocks on the high seas has been examined. The 

characters under study have not provided the separation needed between North 

American chums originating from central Alaska and the Arctic areas and 

Asian chums represented by Okhotsk Sea samples (LaLanne, 1959). 

Chum salmon scale characters such as circuli counts and scale 

lengths have generally shown promise as racial indices. A preliminary 

examination of available data indicated that scale characters combined with 

meristic characters would possibly provide the separation needed. A review 

of the literature on chum salmon scale studies revealed that evidence 

supporting the validity of the use of chum salmon scale characteristics as 

raci.al indices and also for age determinations is somewhat lacking. There has 

been a tendency to cite the validity of the use of scales for these purposes 

for other fishes as justification for their use in racial and age studies 

of chum salmon. However, it has become increasingly clear that each species 

usually presents unig_ue fundamental research problems involving the use of 

scales in fishery research. Therefore, a critical examination of the methods 

and assumptions reg_u.ired in the interpretation of chum salmon scales for 

racial characteristics and age determinations was undertaken . 

The purpose of this report is to present the progress to date in 

evaluating some of these methods and assumptions. 
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First year annw:us 

Figure 20.--Diagram showing base line and line of count £or a 
"canted right" scale. 
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Factors Af'fecting Circu.li Counts and Scale Lengths 

Variation in scale shape 

It was found that there is a general pattern in the shape of the 

scales distributed over the body of a chum salmon. With the exception of 

a few randomly distributed intermediate type scales, the following pattern 

was determined for chum salmon scales: 

Scale shapeY 
Side of 

.Body area shortest base 

Above lateral line, left side Canted right Right 

Below lateral line, left side Canted left Left 

Above lateral line, right side Canted left Left 

Below lateral line, right side Canted right Right 

The majority of the chum salmon scales samples for study are 

taken from above the lateral line on the left side of the fish and are 

canted right. However, some samples contain significant numbers of canted 

left scales from other locations on the body of the fish. Since scale 

length and to some extent circuli counts change with scale shape, a method 

of counting circuli and measuring scale lengths designed to account for 

differences in scale shape was developed and is discussed in a later section 

of this report. Such a technique would tend to lessen the differences in 

circu.li counts and scale lengths attributable to differences in shape between 

scales on a fish. This would increase the allowable scale sampling area on 

the fish's body. 

Y See figure 20. 



Angle of count and measurement 

It has been established for red salmon scales that the circuli 

counts and scale measurements differ significantly depending on the direction 

or angle of the line of count or measurement on the anterior portion of the 

scale. ( Clutter and Whi te-sel, 1956.) 

In an attempt to obtain consistency of results, chum salmon scale 

counts and measurements have usually been made along or within certain limits 

on either side of the longest axis of the scale. The longest a.xis is 

generally established as the longest radius from the center of the focus 

to the periphery of the anterior portion of the scale or the edge of a 

particular annulus. 

A comparison was made between the longest axis method of 

establishing the angle of count and other methods. A base line on the 

scale from which an angle can be projected was found to provide a more 

consistent line of count than the longest axis method ( table 7 ) . The base 

line is defined as a line from the center of .the focus to a point along the 

shortest base of the scale where the first annulus enters the transition 

zone between the anterior and posterior portions of the scale (fig. 20 ) . 

The use of the shortest base accounts for scale shape. The shortest base 

is on the right for canted right scales and on the left for canted left 

scales. 

The shortest base is determined by measurement. The base line 

is established on the right side of the scale for the few scales having 

bases of equal length. 



io 

Table 7 . --Comparison of differences ·in repeat angles established 
by base line method and longest axis met~od in degrees 

' 

Min. . Max•~· Mean 
Method ?f diff. diff. SD diff. 

'Base line 22 o.o 8.5 1.95 1.4 

Longest axis 22 o.o 37.5 9.50 5.0 
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Variation with change in angle of count 

Having determined a consistent method of establishing the angJ,e 

of count, , the variation of scale characters with change in angle of count 

was examined. Preferred A~scales (fig. 21) taken from both the left sid,e 

( canted right scales) and right side ( canted left scales) of the fish we;re 

used. These scales were taken from a position two rows above the lateral line 

on a diagonal row proceeding ventro-posteriorly from the posterior insertion 

of the dorsal fin. The majority of chum salmon scales collected to date are 

from these two positions. 

TotaJ. circuli counts and scale length measurements of the first 

ocean zone were made at 15 degree intervals. The mean number of circuli and 

the mean total length of the first ocean zone clearly differ with change in 

the position of' the line of count for both scale shapes (figs. 22 and 23). 

It is evident that circuli counts and scale length measurements must be made 

along a particular line of count for consistency of results. A radial line 

at an angle of 75 degrees from the base line for both canted right and c~ted 

left scales was chosen for the following reasons: 

1. For the areas and scale shapes sampled, these radial lines 

are at a position on the scale where the highest average 

number of circuli are formed over the greatest average 

length. 

2. Irregular, broken, and discontinuous circuli are not as 

frequent in the proximity of these radial lines as on other 

areas of the scale. 
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Figure 21.--scale sampling code used by agencies of the 
INPFC. A* is the preferred scale. 

A - pre:f'erred area if preferred scale is missing. 
B - second choice if scales in area "A" are missing. 
C - a1.1. other scales. 

Scales may be taken from either side of the fish, 
but left side is preferred. 

(from INPFC, Doc. 168, 195'8, p. 73). 
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Regenerated scales 

It has been generally assumed that regenerated scales of chum 

salmon can be readily detected. However, it has been shown for certain 

species of fish that the characteristics of regeneration tend to disappear 

with time. Regenerated scales of gold fish could not be distinguished in 

general appearance from normal scales after 180 days (Suzuki, 1952). 

Also, circuli counts of the regenerated scales were significantly lower than 

those of normal scales adjacent to the regenerated scales. In contradiction, 

Wunder (1949) found regenerated scales of gold fish still differed in general 

appearance from normal scales after 4 years. Kobayasi and Kawai (196o) 

found regenerated scales of the mud leach resembled normal scales after 

172 days. Regenerated carp scales examined by Saito (1958) resembled 

norm.al scales after 3 weeks with no scar apparently recognizable. 

If regenerated scales of chum salmon tend to resume normal 

appearance with time and the number of circuli are affected, then population 

parameters established using circuli counts as racial indices would vary with 

the proportion of undetected regenerated scales in the samples. Also, the 

growth of scales adjacent to areas of regeneration can be retarded. Blair 

(1942) examined scales adjacent to a large regenerated area on an Atlantic 

salmon. He found that the growth had been retarded and a check had formed. 

Very possibly scales adjacent to a regenerated area would have less than 

normal number of circuli. 
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This aspect of regeneration deserves further study. In addition 

to the above problem there is also the possibility that even if the "scar" 

of regeneration is Il$.intained on the scale there is some question whether an 

occurrence of regeneration in the fry stage can be identified on the scale 

in later years. The "scar" left by regeneration at the fry stage would be 

a very small percentage of the total scale surface of say, a 4-year ·old chum 

and rather difficult to detect. 

Milne (1915), writing of the effect of "imperfect centers" on age 

determinations made from scales of Atlantic salmon, states that his work on 

salmon scales "have led me into making -a very close study of the central, 

or fresh-water, areas of many salmon scales, and brought me to the conclusion 

that the immense difference which a very small imperfection in the centre may 

make to the reading of the scale has not been sufficiently recognized." 

He gives examples of how imperfect centers if overlooked can result in one 

or more years of parr life being eliminated from the age of Atlantic salmon 

due to lost circuli and annuli. After ·presenting his theory on the p~e~omenon 

of scale regeneration Milne concludes regarding loss of scales early in the 

fishes' life, "If a parr scale is lost at the end of the first year, I am 

by no means clear ·that the small area left might not in very many cases be 

filled up so completely (with circuli) as to leave no indication that the 

scale under ·examination was a replaced one. 11 Milne also mentions that parr 

scales are quite frequently lost and it is not uncommon to remove twenty or 

more scales ;from a fish and find not 0ne has a center "anything like perfect. " 
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Gilman (1917) examined scales of hatchery raised king salmon from 

the time of scale formation until 189 days after closing of the yolk sac. 

Until 144 days after closing of the yolk sac, the nuclear area or focus 

varied but little in size between fish or between scales on the same fish. 

However, in samples ta.ken 144 to 189 days.after closing of the yolk ·sac, scales 

frequently occurred having irregular central areas. She states, "The circuli 

on these scales varied in number depending partly upon the size of the 

nuclear ·area, those with small centers having more circuli than those with 

large ones. The· central areas are very irregular in shape, no longer smoothly 

round or oval but having an uneven edge and a surface much crossed by uneven 

lines. The areas are sometimes greatly elongated and many are enlarged at 

one end." 

The size and shape of the center or focus of chum salmon scales 

varies considerably. This occurs not only on scales from different fish 

but also on scales closely approximated on the same fish. It is suspected 

that possibly some scales having what has been considered a large "norm.al" 

appearing focus may actually be scales with regenerated centers. The very 

small scales on fingerling chum salmon 4-6 centimeters in length generally 

have formed approximately from 1-4 circuli (Sano and Kobayashi, 1952; 

Mihara, 1958). If regeneration that occurred at the fingerling stage cannot 

in many cases be recognized on scales of older fish , this could possibly 

be a serious source of error in racial studies using circuli counts as 

indices. An examination of scales of fingerling chum salmon should help 

towards determining whether the scales heretofore classified as having large 

central platelets or foci are normal or whether they actually are scales with 

regenerated centers. 
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Scales taken from fingerling chums preserved in 10 percent formalin 

were examined but could not be cleaned properly and were not satisfactory 

for study. Until satisfactory specimens are available no conclusions 

regarding this problem can be made. 

In lieu of this examination, the circuli counts made in the first 

one-eighth of the length from the center of the focus to the outer edge of 

the first ocean annulus will be recorded and analyzed in a manner so that 

their possible exclusion at a later date will not affect· the analyses of 

other counts. The first one-eighth was arbitrarily chosen as that region 

at the center of the scale where the occurrence of regeneration would be 

most difficult to detect and because "large foci" were included in this 

region. 

Variation of Circuli Counts with Body Position 

Since all scales usually do not form on the body of fish at the 

same time, there is usually a difference in circuli counts with change in 

sampling location on the body. 

For salmonoids, Esdaile (1912), Atlantic salmon; Clutter and 

Whitesel (1956), sockeye salmon; and Hokkaido Regional Fisheries Research 

Station (n.d.), sockeye salmon, clearly show variation in circuli counts 

with body position. 

Scales sampled from various body locations on a single chum 

salmon specimen caught in the Kuskokwim River on July 2, 1958 were examined 

in a preliminary attempt to determine the. variation in first year circuli 

counts with change in body position of scales. 
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We were especially interested in the variation within the A and B 

sampling area (fig. 21) on both the left and right side of the fish. The 

majority of chum salmon scales used in INPFC studies are sampled from these 

areas. 

Zones of four scales in a vertical row by ten scales in a horizontal 

row containing approximately 40 scales were randomly sampled. Ten scales 

were sampled from each zone included in the A and B area and five were 

sampled from all other zones. 

When collecting these data a reading technique, which has been 

discontinued, resulted in larger than normal reader error. Differences in 

mean first year circuli counts of 0.5 circuli between any two zones could 

be due to reader error. The differences in most cases exceed reader error 

and the data are satisfactory for the purpose intended. 

There is considerable variation in mean first year circuli counts 

with body position (figs. 24 and 25). There is an indication that scales 

from the A and B area both right and left side may be acceptable for racial 

studies. Scales outside this area have been given the general classification 

of C scales under INPFC scale sampling procedures (fig. 21). Most of the 

C scales are lower in mean first year circuli count than A and B area 

scales. Since a C scale is not recorded as being sampled from a particular 

location withi~ the C area, all C scales almost certainly will have to be 

rejected as being significantly different from preferred scales if first 

year in ocean circuli counts are used as racial indices. 
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Figure 24.--Mean number of circuli in first ocean zone of chum scales sampled from 
different body zones. te:ft side. Heavy line encloses A and B area. 
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- ·-,. p-rgure 25.--Mean~nunioer of circuli, in first _ ocea.tr : zone of chum scales sampled from 
different body zones. Right side. Heavy line encloses A and B area. 
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This presents a serious problem, for many high seas samples contain 

significant numbers of C scales and their rejection or inclusion in a sample 

would possibly introduce a bias. 

There are some rather large differences between the within-zone 

variances (figs. 26 and 27). In some zones the scales sampled were very 

similar in first year circuli count but in others there were considerable 

differences within the zones. Usually only one scale is sampled from a fish 

under present INPFC scale sampling procedures. If the preferred scale is 

missing (see fig. 21) then a scale which is to represent the preferred scale 

is sampled from some other zone assumed to contain scales similar to the 

preferred scale. However, if the variation within zones is large, then 

scales quite dissimilar to the preferred $Cale can be sampled. There is 

some indication that the preferred scale tends to have a relatively high 

first year circuli count. The preferred scales sampled from the left and 

right side of the specimen had first year circuli counts of 29 and 28 

respectively. 

Perhaps sampling several scales and using the scale having the 

highest count may be necessary to eliminate some of the effect of change 

in circuli counts with change in the body position of the scale. Additional 

study of the body position problem using different techniques and more 

specimens from several areas is planned. 

Variation due to plastic impression method of duplicating scales 

Plastic impressions of the original scale are generally used in 

most scale studies. There can be variation in the quality of these 

impressions. 



Figure 26.--Within-body zone variances of the number of circu.11 in first ocean zone 
of chum scales sampled from different body zones, 1eft side. Heavy 
lin~ encloses A and B area. co 

uJ 



Figure 27.--Within-body zone·varianoes of the number of cirouli in first ocean 
zone of chum scales sampled from different body zones, right side. 
Heavy line encloses A and B area. 
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.l 
The possibility that circuli counts and scale lengths are 

affected by variation in the quality of the plastic impressions is being 

studied. -l 

Age Determination from Chum Salmon Scales 

Assumptions 

The soundness of the method of using chum salmon scales for age 

estimation depends on the validity of the following basic assumptions: 

1. Recognizable markings occur on the scale annually. 

2 , The annulus is formed during a particular period of time 

common to the species or the time of annulus formation is 

known for the individual specimens. 

3. The position on the fish from which the scale is sampled 

has no effect on age determination. 

4. Regenerated scales can be differentiated from normal scales. 

5. Errors in age determinations made from scales showing signs 

of absorption at the scale margin are negligible. 

Annulus and age of fish 

The assumption that there are recognizable age marks or annuli 

present on the scales of chum salmon has been subjected to only limited 

critical examination. Indirect evidence, such as the predominance and 

persistence of a particular brood year or the interval between large spawning 

runs corresponding to the age at maturity for most of the individuals of the 

brood year as determined by scales, can be cited. Also, general agreement 

between scale age readings, otolith age readings, and ages estimated from 

length frequencies tends to support the validity of the method. 
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A considerable volume of literature on the validity of the scale 

method for determining ages of various fishes is available but only limited 

study has been made of the validity of the method as applied to Pacific salmon. 

Scales from marked fish of known age or arti~icially reared specimens have 

been examined by Gilbert, 1913 (silvers); Fraser, 1918 (reds); Rich, 1920 

(kings); Fraser, 1921 (silvers and kings); Snyder, 1921-1924 (kings); and 

Clutter and Whitesel, 1956 (reds). Generally these investigators found the 

age derived from the scales agreed with the known age. However, the presence 

of rather well defined accessory rings or false annuli was mentioned by most 

of the investigators. The authors admit the presence of these false annuli 

can cause some confusion and may be mistaken for the annuli. Also, it would 

seem in many cases the interpretation of the scales was greatly influenced 

by the known life history of the specimens. 

Birman (1958) mentions that 27 percent of the chums sampled in the 

Komandorsky Island region in 1955 and 1956 had a very prominent false annulus 

in the first ocean zone. Birman does not clarify his reason for calling this 

mark a false annulus. Our scale readers have also encountered such a mark 

on scales sampled from chums caught near Kamchatka. This "false annulus" 

has all the characteristics of a true annulus. The main basis scale readers 

have for classifying the annulus as false is that chum salmon scales they 

have examined show, on the average, considerably more scale growth in the 

first ocean zone than would be shown if the false annulus were considered 

a true annulus. However, whether there are groups of chums having such poor 

scale growth during the first year in the ocean is not known. Scales obtained 

from chum salmon of unknown origin or from populations for which scale growth 

information is lacking could be difficult to interpret correctly. 



It has been suggested for·other ·fishes that the annuli mey ·not 

occur consistently. The ·finding •of Pacific herring too large for their ·age 

as estilnated from, ., scalee sugges~d to Thompson (1917) that possibly ·one ·or 

·more annuli failed to ,form.. Yasuda (1958) found that experimental fish . 

(carp) grew without any formation ·of a year ·ring. Havey ( 1959) observed that 

5 out of 57 (9 percent) hatchery raised Atlantic salmon failed to form a first 

annulus. Nall and Menzies (1932) state that depending ·on the locality, .sea 

trout (Salmo trutta) occasionally occur with scales which bear "a series ·of 

widely and evenly spaced ridges extending aver an area which so far ·as .can 

be judged from ·measurements, represents growth •in the sea during two or ·more 

seasons. In other words, there is no winter band at ·all, or ·one out -of ·two 

mey be missing." Yasuda (1959), carp; Bennett, Thompson and Parr (194o), 

blue gill and bass; present data showing two or ·more annuli mey be formed in 

one season. 

From the few l)receding examples it would seem that the validity ·of 
I I 

the assumptioz!ii 1·that there are recognizable ·age marks ·present"'-on -chum ·salmon 

scales is subject to question . . Abs~lute ·proof of the validity of ·the · 

assumption can be ·obtained from scales of authentic ·marked f'ish of ·known age. 
~ ' 

In a preliminary attempt to test the assumption,96 scales from known age chum 

salmon were examined by two ,experienced chum salmon scale readers • The 

scales were generously provided by the Washington State Department of 

:Fisheries ·and the ·Fisheries ·Research Board of Canada. 

f'rom recovered adults that were fin marked as ·wild fry. 

t. 

.:::, "' 

All scales were sampled 

he 
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For ·samples 1 and 5 (table 8 ) recoveries were few; also the use 

of single fin markings casts some doubt on the authenticity of the recoveries 

in sample 5. However, samples 2-4 are of such size that it is reasonaple to 

assume that the majority of ·the recoveries of those years were -authentic 

marked chum .salmon. 

Most of the scales had signs of absorption at the ·margin. Therefore, 

this source ·of error in scale age reading 'WaS inherent in the test ( see section 

on absorption). In ·mqst cases the known age of the chum salmon and the age 

as determined by the readers from the scales was the same. Reader 1 rejected 

8 of the 96 scales because of regeneration scars. Of the 88 scales ·read by 

reader 1, only one was aged incorrectly. Reader ·2 rejected 15 scales ·because 

of regenerating and excessive absorption. Reader ·2 incorrectly aged three of 

the 81 scales he deemed acceptable for ·age determinations. 

For both readers the incorrect ages were one year ·more than the 

correct age (4 1 s aged as 5's). Reader 2 ·included a false annulus •in his 

incorrect age determination of one scale • . Both Reader 1 and Reader ·2 
I 

incorrectly included the narrow band of circuli frequently --present at the 

scale margin of late season chums in the three remaining ·incorrect age 

determinations (see section on absorption). 

Scales from other ·areas and years may be more or less difficult 

to interpret and other scales of marked chum salmon should be ·examined. 

Nevertheless, this tes:t gives .strong support to the assumption that there are 

recognizable ·age marks (annuli) on chum salmon scales. 



Table 8 .--Data on scale samples used in test of assumption that annuli a.re year marks 

Number Number ·Sample Year Year 
Sample Source Area released recovered size released ·recovered· · Age 

1 Fisheries Research Nile ? ? . 2 1947 19~9 3 
Board of Canada Creek 

2 'Fisheries Research Nile ? ? 25 1946 1949 4 
Board of Canada Creek 

3 Wash. Dept. of Minter 
Fisheries Creek (ll8 17 1950 1952 3 

( 
43,750 ( 

4 Wash. Dept. of Minter ( 70 49 1950 1953 4 
Fisheries Creek 

5 Wash. Dept. of Minter 42,700 6 3 1955 1957 3 
·Fisheries Creek 

' 
' 

-Mark 

Lef't or ·right 
ventral and 
adipose 

Both ventrals 

Dorsal 

Dorsal 

Dorsal 

()'.) 
\0 
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Time of annulus formation 

When estimating the age of fishes from scales usually some knowledge 

of the time of' annulus f'ormation is -reg_uired. The reader · in many cases must 

decide whether the growth beyond the last annulus is of the current or -previous 

season. In other words, he must decide whether ·an annulus that should be included 

in the age estimation had not yet f'ormed at the scale margin or -whether -the 

annulus had al.ready been formed and the marginal growth was new growth of' 

the season. Precise knowledge of the time of annulus formation obviously 

would aid greatly in making this decision. 

Time of annulus ·formation has ·been investigated for ·many species 

of fishes. The time of' annulus formation was f'ound to extend over a rather 

brief periodr-March f'or the haddock of·Scottish waters (Thompson, 1926); 

longer periods, mid-April to late-September for bass (Bennett, Thompson and 

Parr, 194 >); and for Lake Michigan lake trout, mid-March to mid-August 

(Cable, 1956). Fraser (1917) examined the scales of spring salmon taken from 

the Strait of Georgia area in British Columbia . . He found that all except 

one fish taken from January 6 to March 17 had evidence of retarded growth 

at the edge of the scales. From April 22 to November 27 with few exceptions 

all had new growth. From March 17 to April 22 and November 27 to January 5 

some showed retarded growth at the scale margin, others did not. He concluded 

that the "check takes place during the winter season." Rich (1920) found that 

the growth is negligible during the period from November to March but resumes 

in April and May for Columbia and Sacramento River ·chinook salmon. 
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Birman (1960) examined scale samples of pinks taken through the life cycle 

and obtained information on the rate of scale growth at different stages. 

Pink salmon sampled south of the Aleutians in April had scales showing one 

annulus plus 7 to 13 wide circuli (average 9.7) of second year growth. 

He concluded on the basis of pink scale growth information that such wide 

marginal growth in April indicates the annulus was formed not later than 

the first half of January and that pinks grow fairly rapidly in the winter 

soon after the annulus is formed. Silvers taken in April had scales showing 

second year (last) ocean growth of 11-12 wide circuli. Birman, although 

showing no supporting scale growth data, concludes that the annulus on the 

scales of silver salmon is formed "long before the onset of spring." 

Scales sampled from red salmon caught in April south of the Aleutians 

showed the majority of the reds in the fourth and fifth year had scales with 

the last annuli already formed plus some circuli beyond. However, in some 

the annulus had only just begun to form and in others it had not yet formed. 

Birman concludes the ocean annulus of red salmon is formed chiefly in March. 

Very little evidence is available regarding time of annulus 

formation for chum salmon. Semko ( 195·4) suggests the end of March as the 

time the annulus is formed for Pacific salmon, including the chum, because 

this is the time when young salmon in fresh water (red, silver, and king) 

form an annulus. Birman (1960) found many scales sampled from high seas 

chums taken south of the Aleutians in April had not yet formed a last 

annual ring (similar individuals were also caught in early May); in others 

the annulus was already :present but without marginal growth beyond, and 

three fish had an annulus plus light marginal growth beyond. He concludes 

the chum annulus is laid down in the spring, apparently in April. 
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Probably the first mention of a situation where the time of annulus 

formation presented a possible problem in chum salmon aging was that by 

Gilbert (1922). Gilbert encountered, as late in the growing season as July 31, 

an occasional Yukon chum salmon that exhibited no new growth on the peripheral 

region of the scale, the margin being formed by the narrow spaced circuli 

of the previous winter. He postulates that if in the latter part of the 

run these chums should be mixed with chums in which the current year's 

check was forming at the scale margin, the two groups would show similar 

scale structure but in one case the annulus at the margin should be counted 

in the age determination and in the other it should not. He points out that 

the chance of the two groups being present in the river at the same time was 

probably very small. 

One important implication here regarding annulus formation is 

Gilbert 1 s statement that on the scales of late run fish (fall) a check or 

annulus could already be forming at the margin. Gilbert also mentions this 

in an earlier paper (Gilbert, 1913). Writing of a series of chum salmon 

scales obtained at Bellingham, Washington on August 1, 1910, he observed, 

"At the first of August when our series was taken, the rings of the outer 

summer zone had in all cases begun to narrow into the winter band. The 

great thickness of the winter bands in this species may be in part thus 

explained. They may represent more than half a year's growth, beginning 

perhaps in July and continuing until the new year's growth corrnnences at some 

period in the spring." It should be mentioned that chum scales we have 

examined from both high seas and inshore fish frequently show a narrowing of 

circuli at the scale margin late in season (August-November). This mark is 

considered the beginning of a new annulus for the current year, a spawning 
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check or possibly a false annulus and is not included in the annuli count 

when determining the age of these fish. 

In contrast Kobayashi (1959) in May 1956 sampled a group of North 

Pacific chums that evidently had passed through the fall, winter, and part 

of spring without having any sign of an annulus or retarded growth at the 

margin of their scales. Birman (1960) evidently encountered a similar situ

ation in April for chums taken south of the Aleutians. He states that the 

previous year's annulus had not yet formed for these chums. The chums 

Kobayashi examined had 3 visible annuli on the scales with wide marginal 

growth beyond the last annulus and would be aged as 4-year olds if time of 

annulus formation were not considered. He observed that the growth beyond 

the last visible annulus was large for May (6-17 circuli, average 9.4) and 

would be expected to be extremely large by July or August. However, 4-year

olds observed in July and August in samples from the northern Pacific Ocean 

had only 2-10 circuli on the scale margin (average 4.5-5.8) and no 4-year-olds 

with extremely wide marginal growth were observed. 

Kobayashi compared the interior zone circuli counts, scale lengths, 

and other scale characteristics of early season 4-year-old chum.s, one group 

having wide marginal growth scales and the other narrow, to scales of 5-year

old chums. He found the scales of the chums having wide marginal growth were 

similar to the scales of the 5-year-olds but those of the narrow marginal 

growth group were not. Furthermore, Kobayashi observed the number of 4- and 

5-year-old chum salmon having zero number of circuli in the last growth zone 

(annulus at scale margin) gradually declined from about 40 to 50 percent in 

early May to none with zero circuli in late June. He states, "In other words, 

the resting zone is completed in all samples before this time." He therefore 

concludes that for chum salmon of the northern North Pacific. Mav and earlv 



June is the transitional period for the scales to pass from the resting period 

to the new growth period. He suggests, "It ·might be most appropriate to add 

1 year to the apparent age in the case of the scales which are assuned not 

to have yet completed the last resting zo:ne." 

The ·possibility should be considered that the apparent -age of the 

particular group of chums :Kobayashi examined was the correct age. A large 

a.mount of marginal growth early in the season (May) might be possible for 

chums that were destined to be early spawners of the year. The absence of 

a wide marginal growth group of 4-year olds from July and August high seas 

samples could possibly indicate they had left the high seas to spawn 

rather ·than ·that an annulus had formed in the Mey--June time interval. 

From the above examples, assuming the cited authors' interpretations of the 

scales were correct, an annulus could be forming ·at the scale margin as 

early in the season as August for some chum salmon, and yet for others . the 

annulus is not present .at the scale margin as late as mid-June of the 

following year, eleven months later. 

Because of the wide geographical distribution, variation in age 

at maturity, variation in time of spawning, and possibly other factors, 

such a large time interval during which the annulus can be formed might be 

possible . However, before eonsidering time of annulus formation further 

it is necessary to discuss the various definitions of an annulus and their 

possible relationship to the subject. Some investigators (Milne, 1913; 

Gilbert, 1913 ; Snyder, 1923) define the annulus simply as a "winter band. 11 
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Othem choose a particular ·circulus within the winter band as the annulus, 

(Beckman, 1942; Cable, .1956). Cooper (1951) defining ·the annulus of 'brook 

trout scales, states, "The annulus is ·a break ·in the growth pattern of ·the 

circuli. The exact limit is set as the outermost c-irculus deposited before 

resumption of rapid growth in the spring. The scale must begin to grow 

anew before the annulus can be identified." Kobeyashi ( 1959) defines the 

annulus as follows, . "the resting zone can be -recognized as dense circuli." 

Obviously, scale ·investigators ·are not in exact agreement on 1the 

definition of an ,annulus. This could result in differences of opinion as 

to whether ·or not an -annulus is present, especially at the scale -margin. 

It becomes evident on examining ·chum salmon scales that there is ·wide · · 
1,, 

·variability in the size of the anmuar band. The band may be composed of, 

on the one extreme, as few as one or two narrow circuli bracketed by 

wide circuli with wide interspaces (narrow annular ·band). On the other 

·extreme, the band may be composed of several narrow closely applied 

circ-uli bracketed by wider circuli with gradually wider inter-spaces ·as 

they disperse from the c·losely ·applied c·irculi (wide annular band). The 

former case would pos~ibly ·indicate ·an .abrupt st.oppage and resumption of growth 

while the latter ·a gradual slowing and resumption Qf growth. 

With these facts in mind, same tentative conclusions regarding ·time 

of annulus formation can be made . The chum salmon encountered on the high 

seas and inshore in Fall .with a narrowing down of circuli at the margin of 

their scales are probably beginning to lay down a ·wide annular ·band. For 

·these scales, the wide annular band at the margin should be ·readily dete~¥d 

i; 
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even before new growth beyond the band occurs. However, for ·those scales 

having ·a very narrow annular band it would be extremely difficult and sometimes 

impossible to detect the annulus ·at the scale margin until new growth -has 

commenced. 

It is possible that many of the scales Kobayashi and Birman 

examined that seemed to have no annulus at the margin actually had a narrow 

annulus at the margin but it was not readily apparent. Our examination of 

approximately 1,000 chum scales sampled in the North Pacific by United States and 

Japanese research vessels and the Japanese high seas fishing fleet in April 

and May resulted in only one scale being found without the annulus evident 

at the margin. In many cases, however, the annulus was not more than a thin 

line at the margin of the scales. If this were overlooked, then these 

scales would be classified as the wide marginal growth early neason 

scales described by Kobayashi and Birman. In other words, the annulus may 

be present at the margin of these scales but hardly apparent until new 

growth has occurred. 

If the group of chum scales Kobeyashi and Birman examined actually 

did not have an identifiable annulus formed at the margin in May and early 

June and the annulus actually -is laid down on the scale as late as June for 

·some chum salmon, then the apparent age as estimated from identifiable annuli 

should be increased by one year for chums with a certain amount of marginal 

growth early in the season as Kobayashi suggested. It should be mentioned 

that Seattle Biological Laboratory scale scientists have for several years 

been adding a year to the age of chums having ·scales with wide marginal 

growth early in the season. However, it is very difficult to determine the 



97 

amount of growth required because of the variation in growth between annuli, 

especially for chums more than 2 years of age. For example, Kobayashi 

suggests adding a year to the apparently 4-year-old chums taken on the 

North Pacific Ocean in May and early June with 6 or more circuli beyond 

the third annulus. Yet, scales sampled from North Pacific chums frequently 

show a total season's growth of only 5 or 6 circuli between the third and 

fourth annulus. It seems that until further evidence is available on 

the time of annulus formation and scale growth, the age determinations of 

some of the high seas chum salmon caught early in the season are subject 

to question. 

Another problem might occur with regard to chums caught in July 

and August. As mentioned previously, the check or annulus apparent at 

the !_Il.8,rgin of some chum salmon scales sampled in August is not included 

in the age estimation by most chum salmon scale readers. 

However, some chums may occur as late as July 31, with the previous 

year's annulus at the scale margin and no new marginal growth (Gilbert, 1922). 

In contrast, some chums may have laid down new growth of the year as early 

as August 1 and also have evidence of a current year's check at the scale 

margin (Gilbert, 1913). Assuming some overlap in the time these two types 

of scale growth can occur, then it is very possible that both types may 

be present inshore or on the high seas in July and August. The two groups 

would show similar scale structure, but one group would be 1 year older 

tha,n the other. 

Chum s cale samples we have examined from the Yukon River taken 

in early July from 1956 to 1960 and all other July high seas and inshore 

churn scale samples Show growth beyond the last annulus. It would seem the 



group of chums Gilbert encountered in July in the Yukon were somewhat 

unusual. It is therefore not very :probable that this source of error in 

aging chums could be a major :problem. From the foregoing discussion it 

would seem that lack of knowledge of the time of annulus formation would 

make it difficult to decide whether the last annulus on chum salmon scales 

was of the current or :previous winter or whether the :previous winter's 

annulus had not yet formed, under the following situations: 

1, Scales sampled from high seas chums caught early in the season 

with "wide" marginal growth beyond the last annulus. 

2. Chums caught in July and August having scales with no new 

growth beyond the last annulus. 

Scale body position and age determination 

Generally an attempt is made to sample scales from a :particular 

location in the body of chum salmon for age determination. However, in 

many cases because of the :presence of regenerated scales or scales missing 

from the designated location, scales must be sampled from other body 

:positions. 

It is :possible that all the scales on a chum salmon are not 

formed early in life or there may be variation in scale growth such that 

all scales do not depict the same age. 

It is necessary in some cases (high seas chums caught early in 

the season) to use marginal circuli counts to determine the age. As 

:previously mentioned, circuli counts of chum scales vary with body :position. 

In addition, it is :possible that the effect of absorption on scales varies 

with body :position. It is therefore important to test the validity of the 

assumption that all scales on a chum salmon depict the same age. 
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As part of the test, 610 scales sampled from the zones shown in 

figures 24 and 25 were examined for similarity of annuli counts. Five 

scales were examined from each zone. The scales were randomly intermixed 

with other chum scales to eliminate bias. All readable scales examined 

depicted the same age. However, on the basis of evidence from one fish 

only limited conclusions regarding this problem can be made. A more 

extensive study into this problem is planned using more specimens and including 

high seas chums caught early in the season and chums having scales with 

different stages of absorption. 

Regeneration and age determinations 

The possibility that regenerated scales of chum salmon may 

return to normal appearance has already been discussed in this report. 

The retardation of the growth of scales adjacent to an area of regeneration 

is also mentioned. Both of the above factors could possibly affect the 

formation of annuli. Basic research on the phenomenon of regeneration 

would aid in evaluating its effect on age determinations. 

Absorption and age determinations 

The major1ty of the scales sampled from chum salmon caught in 

streams and estuaries show evidence of absorption at the margin of the 

scale. When these scales are used to determine the age of the fish the 

reader must attempt to estimate the amount of absorption that has occurred. 

This estimate is generally based on the degree to which the margin of scale 

differs in appearance from the normal. Generally no scientifically estab

lished method of measuring absorption is available. The reader must also 

estimate how much growth was originally present beyond the last annulus 
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before absorption commenced. This estimate is usually based on some knowledge 

of growth of the scale area involved as obtained from examining scales not 

affected by absorption. However, the growth not only varies with the age 

of the fish but also by year and by population. Usually, at best, the 

estimates are intuitive guesses. However, if the reader "feels" that the 

amount of absorption has been less than the amount of growth beyond the 

last annulus or, in other words, no annulus has been absorbed, he will 

generally attempt to determine the age of the fish from the scale. 

Some chum salmon, especially those having a relatively slight 

amount of marginal growth beyond the last annulus of the scales, could be 

improperly aged if the estimates of marginal growth and degree of absorption 

are in error. 

A more serious problem that arises in attempting to age absorbed 

scales results from the frequent occurrence of scales showing retarded 

growth at the margin late in the season. As mentioned in the section on 

annulus formation, when aging unabsorbed scales this group of narrowly 

spaced circuli is not counted as an annulus on late season scales. However, 

depending on the criterion used, some scale readers may include an annulus 

in age determinations made from absorbed scales when only a remnant of the 

apparent annulus is visible at the scale margin. 

When absorption has occurred, it is difficult to determine whether 

the narrowly spaced circuli at the margin are remnants of the previous 

winter's annulus or late season retarded growth that should not be included 

in the age determination (see errors in aging marked chums). It is suggested 

that absorbed scales sampled from chum salmon caught in the fall should 

show some growth beyond the assumed last annulus before this annulus is 

included in the age determination. 
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From the above examples, it appears that errors of an unknown 

magnitude can occur when absorbed scales are used in age determination 

of chum salmon. Further study of the effect of scale absorption on age 

determinations and of the possibility of using otoliths and other methods 

to supplement aging procedures seems warranted. 

Summary 

Meristic characters have not provided efficient separation of 

important Asian and North American chum salmon stocks. Scale characters 

combined with meristic characters should provide more efficient separation. 

This report places particular emphasis on the methods and assumpt

ions required in the use of chum salmon scale characteristics in racial 

and age determination work. 

First year-in-ocean circuli counts and scale lengths differ with 

change in position of angle of count or measurement on the scale. A method 

of establishing a line or angle of count that is consistent and also accounts 

for scale shape is described. 

Regeneration of scales may possibly be difficult to detect in 

some cases, especially in the central area of the scale. Variation in scale 

characteristics with body position of the scale is of sufficient magnitude 

to be a serious source of error in scale racial work. The quality of the 

plastic scale impressions may affect the validity of scale racial data. 

Proof of the validity of age determination from chum salmon scales is given 

by agreement of scale age to known age of marked fish. Lack of knowledge 

of the time of annulus formation makes age determinations of chum salmon, 

especially those taken early in the season, difficult. 
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Age readings of 610 scales sampled from a single chum salmon 

specimen gave limited evidence supporting the assumption that all readable 

scales on chum salmon have the same number of annuli regardless of body 

position of the scale. 

The phenomenon of regeneration and its effect on age determination 

is considered worthy of further study. Age readings of partially absorbed 

scales are subject to errors of unknown magnitude. Study of the absorption 

problem and use of length frequencies and otoliths is suggested. 
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'I'AGGING STUDIES BY THE UNITED STATES - 1961* ?__/ 

A, C, Hartt 

High seas saln10r, ta.gging research ·by the United States in 1961 

consisted of two major projects,, a two-·✓-essel operation in the Aleutian area 

similar to that of preyicru2 years, plus a new two-vessel operation in the 

Gulf of Alaska, Work in both s.1•e9.s was done by t,he Fisheries Research Institute 

of the University of' Washingtor.; under contract with the U, S. Fish and Wildlife 

Service, Bureau of Corrnnercial Fishe:rie,",, For convenience, operations in the 

two area,s will be reported separately, 

Aleutian Area Tagging 

The purse :.=:-eine vesselE Commander, 81 feet, and !3enown, 85 feet, 

were c:ia::·tered for the 1961 Aleutian salmon tagging operations. Both vessels 

departed Seattle 5 April 27, ':i.1he Commander returned S::::ptember 3, and the 

Renown September 9, 

Purse seines ·vrere c:imilar ,:o -c~ose deEcrit:,:;d for J.960. The water 

infJ.ow in fish holding t'3..:1ks ua:.c al ter,2d to _redu,:.e turb01lence , 

Three 1:ypes of tags were '"l)ed, Ped ar:.d ,iDi te cUsc tags 3/4-inch in 

i1nmatures. White 

d . - /2 . ' lSCS ..L -inch in diam<::te:r excd wh:. +,e ttt"bes in diamei:;er were used 

on the smaller irnm"1tures, 

The ane,:::thetic M,S 222 wa,s u,sed on some samples in order that tagged 

fish could be weighed., 

* Circular 148 1 University of Washington, Seattle. 

?__/ Preliminar·y report on tagging results for 1961, Japanese and U.S.S.R. 
returns not received yet, 
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Principal objectives in 1961 were fourfold: 

1. To tag all species of salmon along the Aleutians to compare 

distribution of Asian and American salmon with that of previous years. 

2. To make particular effort to tag mature red salmon in Western 

Aleutian areas (Kiska-Attu) early in the season. 

3. To find routes, timing, and relative abundance of major flows 

of mature red salmon approaching Bristol Bay during June. 

4. To obtain an index of abundance of immature red salmon in the 

central and western Aleutians in JuJy and August. 

Table 9 presents the totals tagged by area and by species. 

Figure 28 illustrates the areas referred to in the table. 

Table 9.--Numbers of salmon tagged in Aleutian areas - 1961 

Areal/ 
No. of Numbers tagged by species 

Inclusive dates seine Steel-
sets Red Chum Pink Silver Kins; head Total 

E7550 8/7 - 8/16 7 431 94 2 12 8 547 
8052 6/23 - 7/9 4 5 66 8 79 
8050 6/6 - 8/23 52 1390 2043 1275 11 20 4739 
w7550 7/7 - 7/20 4 5 116 8 1 1 131 
w7054 6/23 4 77 24 5 5 111 
w7052 5/14 - 7/27 35 3143 1543 877 3 26 5592 
w7050 7/21 2 1 74 15 2 8 100 
w6556 6/24 - 6/26 4 362 17 3 382 
W6554 5/11 2 1 l 2 

Total 114 5414 3978 2190 30 71 llb83 
g See figure 28. 

Objective 1 was carried out satisfactorily except that no fishing was 

possible west of 175°.E. this year. Good numbers of mature reds, chums, and 

pinks were tagged from early June on in ce~tral and eastern Aleutians. Immature 

reds and chums were tagged between Umnak and Kiska from late June to mid-August. 

As in previous odd-numbered years, pinks were plentiful during June and were 

moving strongly westward. 

We failed to achieve objective 2 because of weather during mid- and 

late May. 



Fig .• 28. -Chart of North Pacific with key·to coded areas referred to in text. 

(only selected areas are numbered to illustrate I. N. P. F. C. code !JY&tem) 
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Objective 3 was fulfilled satisfactorily. Seine catches showed good 

numbers of reds passing westward on the south side of both the eastern and 

central Aleutians indicating a major flow of reds approaching Bristol Bay 

via ... A:rnukta Pass (172<\r.) and Amchitka Pass (180°) (see fig. 29). Presumably, 

reds also approached from further west as observed in previous years, but 

as mentioned earlier, weather prevented seining in western areas early this 

year. The average seine catch of mature reds south of Adak was 82 compared 

with 75 in 1960, while south of Um..nak it was 214 this year compared with 

125 in 1960 for comparable dates. 

Such large catches suggested a Bristol Bay run considerably larger 

than the 22 million forecasted, and perha:9s as large as the 1960 run. Reds 

were predominantly 3 winter-in-sea age as had been expected on the basis of 

our index of immatures in 1960. However, the proportion of 2-winter fish 

was about 40 percent instead of 16 percent as forecasted, suggesting that a 

greater than normal percentage of this age group had matured, or that our 

1960 index of this age group had been low. In either case this factor indicated 

a larger run than originally fo:cecased --because our index of the older age was 

probably a minimum, as explained in the annual forecast published --by Alaska 

Department of Fish and Game in the fall of 1960. 

Objective 4 was fulfilled satisfactorily. It ·pc=Is noteworthy that the 

center of abundance of im ... rnature reds passing westwarc1 south of Adak in 1961 

was apparently about 25 to 35 miles offshore. Catches at this distance offshore 

averaged 58 reds as against 8 reds in the usual inshore inclex area, South of 

Adak reds were over 85 percent 1-·winter immatures, while further west, south 

of Kiska, they were only about 50 percent 1-winter age. It is hoped that 

sufficient returns will be received in 1962 to show whethc:'T ):ese two groups 

have different origins. 
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165°E 170°E · 175°E 180° 

Figure 29.--Recovery distribution reds tagged 1961, 
recovered 1961. 
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Tag recovery efforts in 1961 were similar to those of 1960 except 

the $25 reward for fish with tags attached was discontinued. The usual $1 

reward was offered, with emphasis on the return of fish with tag attached. 

A special award of $300 was also made by the Alaska Fishermen's Union for 

one tag drawn from all tags received through September 15. This undoubtedly 

bolstered tag returns. Tag recovery effort for the several coastal tagging 

experiments by the U.S. Fish and Wildlife Service and the Alaska Department 

of fish and Game also helped the high seas tag return this year. Recovery 

effort at Igiugig on the Kvichak River using small explosive charges was 

repeated in 1961 with 35 high seas tags, plus three Fish and Wildlife Service 

tags being recovered. 

At this time it is early to report tag returns for the Aleutian 

experiments since Japanese and USSR returns have not yet been received, but 

figures 29 and 30 showing red salmon returns to date are of interest. 

Of 573 reds tagged near Adak, 40 were returned from Bristol Bay 

(7 .0 percent). It is expected, that as in 1960,. returns from the Japanese 

high seas operations will considerably increase this figure. The 3,110 reds 

tagged south of Umnak yielded 417 returns from Bristol Bay or 13.5 percent. 

Some of the hauls in this area were very large, and fish were held long in 

the tanks and sometimes in the bunt of the seine, reducing chance for survival. 

Some of the smaller samples yielded 30 percent returns comparable with 

results in 1960. The 439 tagged in the Bering Sea between 161° and 166°w. 

yielded 219 returns, or 50 percent. The one Cook Jnlet recovery from the 

Umnak area releases is very unusual. The only other eastward return from the 

many tagged in this area was one recovered at Chignik in 1956. Opposed 

seine hauls again showed the great predominance of the westward movement south 
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Figure 30.--Recovery distribution reds tagged 1959 and 1960; 
recovered 1961. 
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of the Aleutians, On June 17, south 

of Umnak for example, three consecutive sets yielded the following: 

Set #1 - Open E - 170 salmon 

Set f2._ - Open W 

Set #3 - Open E 

0 

448 

II 

II 

The returns in 1961 of 26 reds tagged as immatures in 1959 and 1960 

are illustrated in figure 30. Again, additional returns are expected from 

the Japanese fleet. The usual pattern of Bristol Bay fish in all areas of 

tagging is evident. The return by age group from 1960 releases is presented 

in table 10. 

Table 10.--Percent return by age group and area of release of immature reds 
tagged in 196o and recovered in 1961. (Tags received through 
9/15/61.) 

Area of Number released Number returned Percent returned 

release 1-winter 2-winter 1-winter 2-winter 1-winter 2-winter 
Attu 71 138 0 2 0 l.4 

Adak 163 372 0 12 0 3.2 

Umnak 909 534 2 9 0.2 1.7 

Percent returns of the 1-winter age group are very low, but 

additional returns may be received in 1962. 

The 2-winter age group yielded a much better return, varying from 

1.4 to 3.2 percent . Returns from the Japanese might substantially increase 

this rate. The distribution of high seas returns will also be interesting 

to see. 

The two recovered at Cape Lutke (south side Unimak Island) might 

furnish a clue to the migration route of reds between sunnner of one year and 

spring of the following year. Since immature reds move strongly westward 

along the south side of the Aleutians from late June through August, and since 
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June, there is the question of whether part of the fish move eastward again 

during the winter. The location of these two returns suggests they had moved 

eastward to repeat the westward movement as matures. Previous year's ta&ging 

has shown that many reds are found well to the west early the following spring, 

and probably did not return east during the winter. 

Chum salmon returns are yet too few for detailed description. A 

few from eastern Aleutian experiments have been returned from Bristol Bay 

and northwest Alaska. A few tagged as immatures in 1958, 1959, and 1960 have 

been returned. Results will be more meaningful when high seas and Asian 

returns are received. 

Although few pink salmon have been returned to date, it is 

interesting that four pinks tagged in the central and eastern Aleutians have 

been recovered in northwest Alaska this year. Previously, pinks tagged in 

odd-numbered years (when pinks are relatively abundant, as in 1961) have 

yielded returns only from East Kamchatka or from intermediate points at sea. 

Alaska returns in the past were received only in even years when pinks have 

been relatively scarce in Aleutian waters. As in previous odd years, however, 

the bulk of pink returns are expected from the USSR and from the high seas 

fleet. 

No silvers or kir:gshave been returned to date. 
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Gulf of Alaska Tagging 

Vessels chartered for the Gulf of Alaska tagging were the purse 

seiners Ocean Pride, 87 feet, and the Storm, 81 feet. The Ocean Pride 

departed Seattle, May 22 and returned August 31. The Storm departed May 16 

and is scheduled to return October l. 

Seine gear, methods, and types of tags of Gu1f vessels were 

similar to those previously described for the Aleutian operations. Because 

of the date that the Gulf tagging contract was received, there were problems 

in getting seine materials in time for departure of the Gulf boats in mid-May. 

The Storm was able to depart May 16 by using the seine normally carried as a 

spare for Aleutian operations. The upper two strips of the Storm seine were 

of very fine (1½-inch) herring web because 2½-iuch web was not readily 

available. The Ocean Pride seine was new, entirely of synthetic knotless 

material, and proved very efficient. 

Objectives of the Gulf operation were: 

1. To learn the ocean distribution, timing, and movements of major 

stocks of salmon originating in streams tributary to the Gvlf of Alaska. 

2. To learn the eastern limits and relative abundance of Bristol 

Bay red salmon and northwest Alaskan chums and possibly pinks in the Gulf of 

Alaska. 

The Ocean Pride was assigned seven stations in the eastern half of 

0 
the Gulf and the Storm seven stations in the western half•, north of 54 N. 

Stations included both inshore and offshore areas. In addition, the CoTILmander 

and Renown made several sets in the Gulf as they were enroute to and from 

the Aleutians. 

Table 11 lists nu.mbers of salmon tagged by area and species. 

Figure 28 illustrates the code system for areas of tagging (2° latitude by 

5 ° longitude) . 
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Table 11,--Numbers ef salmon tagged in Gulf areas - 1961 (as of September 1) 

AreaY 
No. of Numbers tagged by species 

Inclusive dates seine Steel-
sets Red Churn Pink Silver King head Total 

w5558 6/14 3 27 88 1 36 
w5556 6/2 - 8/21 20 83 79 20 3 112 297 
w5554 6/22 2 0 
w5552 7/28 3 33 26 1 2 62 
w5058 5/4 - 8/12 31 37 454 133 3 186 813 
w5056 6/3 - 8/7 16 50 193 64 14 4 7 332 
w5054 6/23 - 7/26 10 53 96 42 5 3 1 200 
w4558 6/4 - 8/12 15 30 135 174 23 155 517 
w4556 5/23 - 8/4 16 20 59 148 2 1 1 231 
w4554 6/18 - 8/3 15 8 85 119 4 2 218 
w4552 8/2 4 1 12 1 14 
w4058 5/3 - 8/16 18 34 79 202 12 320 647 
w4056 5/28 - 8/17 27 51 177 478 19 158 3 886 
w3048 8/28 2 0 0 0 0 6 0 8 
w2548 8/30 1 1 0 12 60 260 0 333 

Total 183 401 1422 1401 143 1205 14 458b 

y See figure 28. 

As may be seen from Table 11, the average number of salmon tagged 

per set was approximately 25. In general, larger catches were made at stations 

closer to the coast, probably because of the "leading" effect of the coastline. 

The direction of movement of salmon at the time of catch was often mixed, but 

in some areas rather definite patterns were evident. The catch data when broken 

down by specific Iocation, by direction of movement, by species, and by 

maturity, should contribute considerable ne·w knowledge of sal..rnon movements in 

the Gulf. 

It is early to present analysis of tag returns since tags are still 

being received, but general trends of recoveries received through September 1 

may be described. 

Tvrenty-five red salmon, 40 chums, and 155 pinks had been returned by 

September 1. This is approximately an 11 percent return of mature reds and 

pinks. The percent return of chums must await a breakdown of matures and 

immatures, 
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Figure 31.--Recovery distribution of red salmon tagged at four locations in the Gulf of Alaska - 1961; 
17 returned. 
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Figure 32.--Recovery distribution of red salmon tagged at three locations in the Gulf of Alaska - 1961; 
eight returned. 
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Figures 31 and 32 illustrate the recovery pattern for reds. Clearly, 

fish tagged at any one station are destined for a variety of spawning grounds. 

Even at inshore stations fish mey move north, south, east, and west from a 

single tagging point. Further light on this subject may be forthcoming when 

returns to various destinations are plotted according to direction of movement 

at time of release. 

It is perhaps noteworthy that there were no returns from the Fraser 

River . In 1958, only 26 matures tagged south of Kodiak Island yielded 

5 returns from the approaches to the Fraser River. And in 1959 one Fraser 

River return and one Bristol Bay return were received from only 6 mature 

reds tagged south of Kodiak Island. It is also noteworthy that in no area 

were large catches made of immature reds. Since a large run is expected in 

the Fraser River in 1962, the lack of appreciable catches of immature reds 

suggests that our vessels did not encounter the main bodies of immat'LU"e 

Fraser River fish. 

Figures 33 and 34 illustrate churn sal11lon returns. Here also, 

opposed movement is evident. Since a large proportion of chums were immature, 

returns in 1962 should add considerably to the picture. 

Pink sal11lon returns (figs . 35, 36, 37, and 38) likewise show 

extremely wide distribution from each tagging point. When !BM processing 

is finished, distribution can also be studied in relation to direction of 

movement at time of tagging. 

Only a few coho sal11lon, king sal11lon, and steelhead trout have been 

returned to date, so results for these species will be reported later. 



Figure 33. --Recovery distribution of chum salmon tagged :at 4 locations in the Gulf of Alas~ - 1961; · · 
21 returned. . . · · 
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Figure 34. --Recovery distribution of chum salmon tagged at 4 locations in the· Gul,f of Alas.ka - 196lj 
21 returned. 
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Figure 35 . --Becovery d:i,stribution of pink salmon tagged at 3 locations· in the Gulf of Alaska - 1961•; 

50 returned. · 
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Figure 36.--Recovery distribution of pink sa]Jnon tagged at 2 locations in the Gulf of Alaska - 1961; 
36 returned. 
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Figure 37,--Recovery distribution of pink salmon tagged at 2 locations in the Gulf of Alaska - 1961; 
51 returned. 
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Figure 38.--Recovery distribution of pink salmon tagged at 3 locations in the Gulf of Alaska - 1961; 
· 16 returned. 
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KING CRAB STUDIES 

by Herbert Shippen and Ta.kashi Miyahara TL 

.The year -1961 saw c·ontihuation of rapidly increasing fishing 

·pres·sures on eastern Bering Sea .king crabs ·with the appearance of a second 

Russian mothership to join two Japanese and another Russian mothership -which 

had operated in the area during 196o and again in 1961. Three more mothership 

f ·leets have been .licensed by the Japan Fisheries Agency for fishing during 

late summer and early autumn, bringing to a total of seven the number of 

fleets ·which will have operated in the eastern Bering -Sea king crab fishery 

during 1961. 

By utilizing available catch statistics from recent years and 

announced production targets, we can estimate the catch of Japanese king 

crab operations in the eastern Bering -Sea in 1961 to be about 3. 5 million 

crabs. For the two Russian mothership expedittons ·we can only guess that a 

. combined total of about 2 million crabs may have been taken. The 5. 5 million 

crabs removed by these two nations is a conservative estimate, but it 

represents at least a fourfold increase in the catch of king crab in the 

eastern Bering Sea in comparison with the level of f1shing during the period 

from 1953 to 1958. (Fig.39) 

In addition to expansion of king crab fishing by Japan and Russia 

there have been comparable increases in the number of ground fish operations. 

Although these fleets are primarily harvesting fish,we expect that substantial 

numbers of 'king crabs are also taken. Requests for catch data of all fishing 

operations in this area have been made to the governments of Japan and the 

Soviet Union. 
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·Figure 39.--Commercial catch of adult male king crabs in 
east er n Bering Sea, 1957-1961. 
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United States~ king crab research activities in the eastern Ber-ins 

-Sea were conducted from .the Bo-foot research trawler ·Paragon during July. 

The vessel was chartered by the Bureau of Commercial Fisheries and after 

·initially being used in sa.bl.on . studies, spent 4 weeks in the Bering Sea 
.sampling :king crabs. Sixty stations were successfully c0mpleted where 

3,775 male .and 1,608 female crabs were sampled and :measured; .2,790 male crabs 

were tagged and released--tw:ice as many as we were able to tag last year. 

In addition .to tagging for growth, migration and mortality stjlqies, 

meat content, ecological and oceanographic data were collected. Two research 

objectives ~hich we. had hoped to achieve during the 1961 charter ·period, 

.were, however, only~artially ·completed due to the lack of vessel charter 

time. One of these objectives ·was to define the extent of distribution of 

adult male king crabs in the eastern Bering Se~ by means of systematic 

sampling on ,the 20-mile grid pattern which· we have used in past years. In 

order ·to obtain reliable ·estimates of population abundance and to insure 

random distribution of tagged crabs throughout the populations it was 

necessary that the station pattern be -extended sufficiently to include 

complete distribution of the stock. Preliminary examination of the 1961 

station pattern catches indicates that crabs were probably distributed beyond 

the area surveyed. 

A second phase in which we fell short of the measure 0f success 

for "Which we had hoped was in the release of double-tagged crabs. The 

purpose of this experiment was to ascertain the rate at which tagged crabs die 

as a result of the tagging operation and the pr0portion of tagged crabs ·which 
ki:,: 

shed their tags in the interval between tagging. and :time of molting. This 

knowledge is necessary for precise deterinination of the natural death ·rate 



of crabs, proportion of the population taken by the fishery, and the fraction 

of the stock which survives to the next year. We estimated that approximately 

2,000 male crabs must be tagged in this experiment in order to assure signifi

cant return, but we were able to tag only 350. It is apparent that this 

experiment will require considerably more vessel time than we are presently 

able to allocate in view of the demands of other research problems. 

Two Russian king crab mothership operations were observed northwest 

of Amak Island. This area is somewhat farther west than commercial operations 

have been observed in the past and is usually an area of concentration for 

recently molted crabs that have been found to contain less meat than old

shelled crabs. How!=ver, the 1961 samples showed slightly higher proportion 

of old-shelled crabs in this area than in past years. 

Du.ring 1961, we received tags from 539 crabs recovered by fishing 

operations in the eastern Bering Sea during 1960 and In August, 415 

king crab tags recovered in spring aboard the mothership Tokei Maru were 

returned to us from Japan. Tags from two king crabs recovered by a United 

States fishing vessel in 1960 near Unalaska Island were returned in June. 

In February, 122 tags were returned from king crab2 ::ovc,rc:,d by the 

a summary of our king crab releases and returns to dat2. 

In addition to returns noted in table 12_, we are q_uite certain 

that recoveries have been made by the ~inyo Maru operations in 1960 and 

1961. These recoveries have not as yet been transmitted to Russian 

recoveries for 1961 have not yet been received. Further, crabs 

must have been taken by Japanese and Russian ground fish fleets in the past 

several years but these have not yet been returned to us. Requests for the 

tags and recovery information have been made to the government agencies. 
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Table 12.--Summary of tag releases and returns* 

Tagging Number Returns during 
year tagged 1954 1955 1956 1957 1958 1959 1960 1961 Total 

1954 1,107 44 60 1 2 1 0 0 0 108 

1955 . 1,351 32 53 35 18 12 6 2 158 

1956_ 4,063 53 197 114 67 49 37 517 

1957 13,795 39 192 235 182 151 799 

1958: 9,851 4o 118 123 120 4ol 

1959, 4,447 41 77 81 199 

196o 1,327 24 24 

1961 2,790 

Total 44 92 107 273 365 473 437 415 2,206 

* The table is presented to show the magnitude of release and returns. 
Since each year's tagging experiment: varied in sex, size) and area, 
and the recovery is the result of val:'ying fishing intensity, the data 
are not directly compar~ble. 
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One of our studies utilizing data from king crab tag returns is 

that of the growth of adult male king crabs. J/ At present the report 

is in the ha.Dds of the printers and is expected to be published in the near 

future. The completion of this phase of our work is a notable step since 

the yield of a stock is dependent upon growth. 

Closely related to the study of crab growth is the relationship 

of meat content to size and molting stage. This project was emphasized 

during the 1961 vessel charter period, and a large nmnber of field observations 

was collected to fill in gaps and to extend the range of data from previous 

years. 

A report on the movements of crabs as determined from tag releases 

and recoveries is being prepared for publicg,tion. A description of the methods 

employed in this study and a general su:rrllllary of the results appeared in the 

Annual Report for 1960. 

A major objective of our investigations is to determine the 

distribution of the king crab population in the eastern Bering Sea, to 

estimate crab abundance, and to arrive at some judgment as to the accuracy 

of our abundance estimate . Because of the probleri:s of sam:r:;Jj_ng it has long 

been apparent that it was not feasible to attempt to assess ti:le entire king 

crab population which consists of countless mLLlio:r,_s of plank.tonic individuals 

as well as the more finite numbers of older cra-bs. We must, therefore, define 

the population with which we are dealing as the adult crabs of the eastern 

Bering Sea which are accessible by otter trawl at the time of sampling. Our 

sampling has been restricted primarily to the broad shelf which is the 

locality of commercial crabbing operations. Because of migrations and other 

J/ Weber, Douglas D., and Takashi Miyahara. 1961. Growth of' adult male 
king crabs of the eastern Bering Sea. Fishery Bulletin No. ---



movements the composition of the crab popu12.tion on this sh1::,lf appears to be 

quite variable so that the results of sampling, both with regard to distribution 

and abundance, should be considered relative to the time of year when samples 

were taken. The effects of the removal of large nu.mbers of crabs by the 

fishery prior to the time of the sampling must also be considered in comparing 

one year with another. 

Abundance estimates for each station pattern survey were made by 

expanding the catch at each station in relation to the area of ocean bottom 

. swept by the otter trawl. In 1958 two surveys were made; in 1957, 1959, and 

196o only one. The results of these surveys are given in table 13. 

In figure 40 the abundance estimates for various groups of crabs 

have been arranged in time sequence by the mictpoint of the survey period. 

This arrangement suggests that for females and new--shelled males a large 

part of the variation between years may be due to seasonal movement into and 

out of the sampling area rather than to real differences in abundance. 

However, for the large old-shell males the number in the sampling area appears 

to be relatively constant during the season of sarnpling; this suggests that 

there may be no significant migration of these cr·abs during t;he late spring and 

summer months. This is of :particular significance since these are the crabs 

generally selected by the fisheries. 

We have begun to make preliminary estimates of the level of yield 

which may be taken on a sustained basis from the eastern Bering Sea king 

crab stock. We believe that our present knowledge of the fishery and the 

population upon which it is based is sufficient for such calculations to be 

made. However, most of the factors which enter into yield calculations were 

determined for a period when the level of fishing was far less than we are 

experiencing at present. 



Year o:f 
I •,' •, •. ·survey . 

1957 

1958 
(1J·. 

1958 
(2) 

1959 

1960 

Table J.3.--Eastern Bering Sea king crab abundance estimates 1957-196<). (Survey 

1)a··~e::: 

. June 25-July 25 

April 29-June 3 

~ 

June 8 -
July 11 

May 2-19. 

August 2-30 

totals only, no additions from commercial catch prior to survey or adjustment 
of survey totals.) 

Number o:f males 

Length (mm.) 
New and Old and 

Total 
Number of 

soft shell very old females 

4 132.5 19,105,000 6,336,000 25,441,000 35,081,000 
> 132.5 5,375,000 7,782,000 13,157,000 

Total 24,48o,ooo 14,118·,000 38,598,000 

< 132.5 15,049,000 1,191,000 16,24o,ooo 
:;, 132 .5 15,462,000 6,767,000 22,229,000 20,908,000 

Total 30,511,000 7,958,000 38,469,000 

< 132.5 20,685,000 1,384,000 22,069,000 
:;, 132.5 10,646,000 6,790,000 17,436,000 43,987,000 

Total 31,331,000 8,174,000 39,505,000 

. ~132.5 10,544,000 341,000 10,885,000 
:> 132 ,5 18,184,000 6,961,000 25,145,000 20,284,000 

Total - 28,728,000· 7,302,000 36,030,000 

< 132.5 7,999,000 750,000 8,749,000 
18,439,Jiso ::>132.5 3,170,000 5,775,000 8,945,000 

Total 11,169,000 6,525,000 17,694,000 
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Figure 4o.--Bering ·Sea king crab abundance estimates, 1957-196o. 

I-' w 
\() 



140 

Since it is probable that some of these parameters may change as a 

result of the large increase in fishing during recent years, continued 

observations of the effects of the fishery upon the stocks are necessary. 




