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1 • I NTRODUCTI ON 

Recent studies of scales of chum sabnon (Oncorhynchus keta) reveal that 
among samples taken in inshore fishing areas and on spawning grounds along the 
coasts of North America and Asia there are marked differences in the numbers 
and spacing of circuli and of annuli in the first- and second-year bands (INPFC 
Doc. 126, 207, 214, 215, 325, 328; Birman, 1958, and Sato, 1959). In the first
year band measurements and counts, fish originating in the streams of British 
Columbia (Canada) and the State of Washington (United States) had many closely 
packed circuli and large annulus widths, whereas those from central and 'Jl estern 
Alaska and along the North American shores of the Bering Sea and Arctic Ocean 
had fewer and more sparsely spaced circuli but about the same annulus widths as 
those from the more southerly parts of North America. Those from Siberia in the 
U.S.S.R. had the smallest of all circulus counts and annulus widths. Southward 
to Hokkaido, Japan, circulus counts and annulus widths increased again. Second
year band circulus counts and annulus measurements were quite similar throughout 
North America. On the other hand second-year measurements for stocks of the 
U.S.S.R. and Japan were similar to each other, tending to be significantly 
smaller than those for North American fish. In the present paper, differences 
in first- and second-year scale characteristics have been used in an attempt to 
identify the continental origin of chums caught on the high seas. 

2. DATA USED 

As shown in Table I and Figure 1, scales from a total of 2808 chums 
collected in 1956 and 3707 collected in 1957 were studied to determine scale 
characteristics of chum populations in inshore fishing areas and on spawning 
grounds. Samples were obtained from over 30 areas in North America and from 11 
areas in Asi a. The locations of the various shore sample areas are shown in 
Figure 1. Scales from 681 5-year-olds collected in 1958 were also examined. 
From the high-seas collections of 1956 and 1957, scales from 1583 and 3070 chums 
respectively were examined. 

For each scale the following measurements and counts were made: 

Ll = width of first annulus (measured from the focus of the scale 
to the edge along the longest axis). 

C = number of circuli in first half of first-year band. a 

Cb = number of circuli in last half of first-year band. 

L2 = width of second annulus. 

C2 = number of circuli in second-year band. 
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3. RESULTS 

{a) Calculation 9f limits for frequency di stributions of scale characters 

For each of the characters listed in the previous section, for each shore 
sample the mean count or measurement was computed. The approximate limits for 
each measurement were determined using the following method. For a given 
character for one sample the lower limit was established by selecting the class 
below which 5% or less of the observations fell and the upper limit by selecting 
the class above which 5% or less of the observations occurred. For example, 
Table II shows the frequency distribution for the last half of the first-year 
circulus counts (Cb counts) for a sample of 100 chums from the 1956 collection 
in Traitor's Cove, Southeast Alaska. 

Table II. Frequency table for numbers of' circuli in the last half of the first
year band (Cb counts) for 4-year-olds in a sample of chums taken at Traitor's 
Cove in southeastern Alaska in 1956. 

Circulus Count (Cb) 

15 16 17 18 19 20 21 22 23 24 25 Total 

I Number of fi sh 
, , i 

I ! 

Frequency 0 3 I 11 21 20 24 12 6 
, 

2 0 1 100 I , 
I , 

Cumulati ve % 0 3 I 14 35 55 79 91 97 i 99 99 100 I I 
a I 
t I I 
I ! 
I 
i ( 
I 

Designated limits~! 
, 

I 

In this example the designated lower and upper limits are 17 and 22 
respectively; only 3% of the samples exhibited circulus counts below the lower 
limit and only 3% above the upper limit. Thus, in this case, the designated 
limits included 94% of the observed measurements. This arbitrary procedure was 
adopted instead of calculation of statistical limits for two reasons. First, 
in a number of samples, occasional extreme counts and measurements occurred 
which might reflect aberrant scale development or abnormalities in early growth 
patterns. Inclusion of such erratic values in a routine statistical calculation, 
especially for small samples, would result in unrealistically wide limits. 
Second, the forms of frequency distribution for some samples were not normal; 
such departures from normality could be caused by a sample being composed of a 
mixture of specimens from several local stocks with each stock tending to 
exhibit somewhat different scale characteristics. In these cases calculated 
fiducial limits do not ,provide a good description of the observed dispersion 
of values. I n Table III 9 arbi trari ly establi shed limi·ts are compared with 0.95 
computed fiducial units l for five samples of fish from different parts of North 

x ± t (1 +~), using Snedecor's (1946) terminology. 
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America. The sample from Johnstone Strait, British Columbia, shows a wide range 
with a few extreme values at the lower end. That from Seldovia, Alaska, 
exhibits a distribution skewed to the right. The Vancouver Island, British 
Columbia, sample exhibits a bimodal distribution and a wide range, possibly 
indicating a mixture of several sub-stocks. That from Farragut Bay, Alaska, 
represents a small sample with rather widely di spersed width values. The Yukon 
River, Alaska, sample is small with a very limited range of Ll values. In most 
cases the fiducial and arbitrary limits are very Similar, but in two cases the 
arbitrary limits are narrower than the computed limits. 

Previous studies (e.g. Sato, II &0, 1957) have shown that fish maturing 
at different ages tend to have somewhat different circulus counts and annulus 
widths. Whereas this is most pronounced in scale patterns of the final years of 
the sea life of the fish, it is also present in the early years to a lesser 
extent. Mature 3'"·year~01ds tend to have considerably higher first-year counts 
and measurements than those of either 4- or 5~year-olds of the same brood year. 
This is very evident in data presented by Sato, ~~. (1957) and Bilton, et ~. 
(1958). Four-yea:r:-·olds tend to have somewhat larger counts and mea surements 
than do 5-year-·olds of the same brood year. Thi sis shown in Table IV where Ll 
measurements for 4- and 5-year-old fish originating from the same brood years 
are compared. Although many of the samples of 5~year-olds are too small to 
permit. accurate compari sons, it can be seen that out of 36 pairs of 4- and 5-
year·-old samples examined, Ll values were larger for 4-year-olds than for 5-year
olds. 

Samples taken on the high seas often contain mixtures of matures and 
immatureso Without data on the state of maturity of individual fish it is 
impossible to determine whether a high-seas 3-year-old would have returned to 
spawn in the same year, or in the next year as a 4··year-old, or in the year 
after that as a 5-year-old. This lack poses considerable difficulty in making 
comparisons between the scales of chums taken on the high seas with those taken 
in coastal samples. With 5-year-olds there is no problem; very few chums mature 
at 6 or more years of age. Therefore for practical purposes all 5-year-olds 
can be considered as matures and their scale characteristics can be compared 
directly with characteristics of mature samples taken in coastal waters. On 
the other hand, characteristics of 4-year-olds should be compared either with 
coastal samples of mature 4-year-olds taken in the same year or with the 
characteristics of mature coastal 5-year-olds taken in. the succeeding year, 
depending on whether or not the high-seas fish would have matured in the year 
of catch or not. As yet complete data on the state of maturity of high-seas 
sampled chums are not available to the authorsl • For this reason, in establish
ing limits for frequency distributions of various scale characters, counts and 
measurements for 4- and 5-year-old fish originating in the same brood year were 
pooled. For example, for comparing characteristics of 4-year-old chums taken 
on the high seas in 1956 with those for standard samples from known coastal 
areas, values for 4-year-olds taken in coastal waters in 1956 were pooled with 
those of coastal 5-year-olds sampled in 1957. Because the characteristics of 
3-year·~olds are so di fferent from those of the other two age cIa sses, limits 
applicable to high-seas 3-year-oldswould be so broad that differences between 

IDetailed data on relative gonad weights and other infonnation on the 
maturity of chums taken in research vessel and mothership catches are now being 
compiled by a joint reporting group on high-seas distribution. 



- 4 -

the stocks would be largely obscured. For this reason, the present paper is 
restricted to a consideration of 4-year-old and 5-year-old fish only. 

Following the procedure suggested above, for each shore area counts and 
measurements for the 4-year-olds taken in 1956 and for 5-year-olds taken in 1957 
were combined to determine limits for the 1952 brood year. Values for 4-year
olds taken in 1957 and for 5-year-olds taken in 1958 were used to determine 
limits for the 1953 brood year. Very few 5-year-olds were obtained in coastal 
samples taken in North America in 1956. Examination of available data, however, 
indicates that the characteristics of these fish were very similar to those of 
4- and 5-year-olds from the 1952 brood year. Thus in analysing high-seas data 
for 4- and 5-year-olds taken in 1956 and 5-year-olds taken in 1957, shore sample 
limits for 4- and 5-year-olds from the 1952 brood were used. For 4-year-olds in 
1957, shore sample limits for the 1953 brood were used. 

(b) Characteristics of shore samples 

In Figures 2 and 3, limits for counts and measurements for shore samples 
for 4-year-olds from the various shore samples taken in 1956 and 1957 are shown. 

Ca (Number of circuli in the first half of the first year - Figure 2). 
Fish frbm Siberia had much smaller average Ca values than did fish from any other 
area. Those from British Columbia exhibited the highest values of all, but those 
from Bristol Bay and Hokkaido were also quite high. Among North American samples, 
those from the Arctic regions and from southeastern Alaska showed the lowest 
counts, not much higher than those of Siberian fi sh. 

Cb (Number of circuli in last half of first year - Figure 2). There was 
a marked south to north cline in Cb values, with fish at the southeastern extreme 
of the chum salmon's range (Washington State and British Columbia) having the 
highest counts and those at the northern extreme (the Arctic and Siberia) having 
very low counts. At the southwestern extreme (Hokkaido) counts were again 
higher (similar to those for eentral Alaska). It is interesting to note the 
marked difference in counts between southeastern Alaska and central Alaska. The 
break occurs in an area where there is a long stretch of coastline relatively 
barren of chum salmon streams. From Oregon northward through the State of 
Washington, British Columbia and southeastern Alaska the distribution of chum 
salmon is relatively continuous. Northwestward from the Taku River, however, 
chum streams are few and far apart and it is not until Prince William Sound, 
approximately 350 miles away, that chum runs of appreciable size are encountered 
once more. From Prince William Sound around the northern rim of the Gulf of 
Alaska to the end of the Alaskan peninsula chum distribution is again more or 
less continuous. The gap in distribution between Taku and Prince William Sound 
marks the boundary between the relatively high Cb counts for chums originating 
in streams at the southeastern extreme of the chum salmon's range and the lower 
counts of the more northwesterly North American fish. 

Li (Width of first :annulus - Figure 2). In general, average firstl"'year 
annulus wiclths for fish frOm ' all -areas except Siberia were quite similar. Those 
for chums from Siberia tended to be significantly narrower than the others. 

L2 (Width of the second annulus - Fiqure 3). L2 measurements throughout 
North America were quite similar. Those for Siberian chums were somewhat 



- 5 -

smaller and those for Hokkaido fish the smallest of all. 

C2 (Number of circuli in the second-year band - Figure 3). Variations 
in C2 counts paralleled the pattern observed for L2 measurements, with North 
American fish having similar values. A slight cline from British Columbia to 
the Arctic is evident, with British Columbia and southeastern Alaskan fish 
having somewhat higher values than those from areas further to the northwest. 
Fi sh from Siberia exhibited signi fi cantly smaller counts and those from Hokkaido 
had the smallest C2 counts of all. 

(c) Separation of races 

From examination of the distributions of characters shown in Figures 2 
and 3, it can. be seen that certain groups of fish have relatively unique 
characteristics and can be segregated from others. For example, Ca values for 
Siberian chums (both brood years) have limits from 8 to 15. Almost no chums 
from any other area have counts of less than 10. Thus, high-seas samples having 
significant quantities of fish with less than 10 circuli almost certainly would 
contain substantial numbers of Siberian chums. Similarly, only chums from 
Bri ti sh Columbia have Cb values exceeding 22. Thus high-seas samples containing 
signi fi cant numbers of fi sh with Cb values exceeding 22 would almost certainly 
contain substanti'a 1 numbers of fi sh originating in Bri ti sh Columbia. 

Some improvement in the degree of separation can be obtained by a simul
taneous examination of pairs of characters in conjunction with an examination 
of single characters. In Figure 4, the relation between the mean width of the 
first annulus (Ll) and the mean number of circuli in the first half of the first
year band (Ca ) is shown for shore samples throughout the North Pacific area. It 
is evident that Ll and Ca values are positively correlated. The diagonal lines 
show the loci of values of Ll and Ca for the equations Ll + lOCa = 250 and 
Ll + lOCa = 300. Values for Siberian fish tend to be at the lower end of the 
distribution. For comparing combined Ll and Ca values of fish from different 
areas, Ll + lOCa values were calculated for each fish and these values used to 
compute ranges in the same way as for single characters. Sato (1959) used a 
combination of scale characters in h~s study of chum salmon distribution; he 
computed the space between circuli in the last half of the first-year band 
(0.5Ll/cb). In Figure 5 the relation between mean Ll and Cb values for the 
differept shore samples is shown. There tends to be a positive correlation 
between Ll and Cb wi thin broad geographi c area so. The 3 diagonal lines show the 
loci of points where 0.5Ll/cb = 5.0, = 4.0 and 300. Values for British Columbia 
and southeast Alaska fish tend to fall below the 4.0 line. The relation between 
L2 and Cb was also determined (Figure 6). Within each area there tends to be 
a negative correlation between L2 and Cb. The 3 diagonal lines show the loci of 
points where L2 + lOCb = 200, = 240, and = 280. Values for British Columbia 
and southeast Alaska chums tend to lie above and to the right of the 240 line 
and thus have high L2 + 10Cb values. 

Values for Ll + lOCa , L2 + 10Cb and 0.5Ll/cb for the various shore 
samples were computed. In the same way as for single characters, limits of 
values for each shore sample including at least 90% of the observed observations 
were derived (see Figure 7). 
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(d) Methods for identi fying origin of fi sh in high-seas samples 

For samples of chums from different general areas it is possible to 
establish .approximate limits for both single and combined characters. The shore 
sample areas were divided into 4 regions: Southeastern Region - from the south
easternmost extreme of the chum salmon's range (Oregon) to the Taku River in 
central southeastern Alaska; the Northeastern Region - from Yakutat to the Arctic 
shore of North America; the Northwestern Region .. Siberia; the Southwestern 
Region - Hokkaido. In Table V approximate limits for the 5 single characters 
and 3 combined characters are shown for each region for the two brood years 1952 
and 1953. In general, these limits were established by selecting the largest . 
single maximum and single minimum limits for samples from individual areas 
within each region. For example, for Ca values for chums of the 1952 brood in 
the Southeastern Region, Port Houghton fish exhibited the lowest minimum limit 
of 10, whereas the Fraser River and Rivers I nlet chums exhibited the highest 
maximum limit of 20. Limits for the entire Southeastern Region were therefore 
designated as 10 and 20. Certain minor exceptions were made to this procedure 
when occasional aberrant samples occurred; in these cases the limits were set 
omitting the aberrant points. This probably did not seriously affect the degree 
of accuracy in the procedure; the limits assigned included measurements for 
between 97 and over 99% of the fish sampled within each region (see Table V). 

Assignments of the probable origin of individual fish taken on the high 
seas were made by comparing values for each of the 8 characteristics with those 
in Table V. To illustrate the procedure used, scales from 4 4-year-olds· taken 
in 1957 from different river-_· systems were examined. In Table VI the measurements 
for different characters for these fish are listed. In the right-hand 4 columns 
of the table, "yes" and "no" answers indicate whether or not the recorded values 
fit within the limits observed for the "standard" samples from each of the 4 
major regions. Thus, for the first fish (from the Kamchatka River in Siberia) 
the observed Ll value of 93 fell outside the limits for all regions except those 
for the Northwestern Region, the Ca value of 11 fell within the limits for all 
regions except those for the Southwestern. Similar considerations were applied 
to the remaining 6 characters. Examining the entire data for this one fish it 
is seen that all measurements and counts fitted within the limits for the 
Northwestern standard, but all did not fit for the other regions. Ll, Cb, 
Li + lOCa and L2 + lOCb measurements ' were outside the limits for the Southeastern 
standard; Ll and Ll + 10Ca measurements were outside the limits for the N~rth
eastern standard and Ll, Ca , Cb, and Ll + 10Ca measurements and counts were 
outside the limits for the Southwestern standard. Therefore the fish would be 
assigned to the Northwestern Region. 

Fish II was from the Utka River in Siberia. Examining Table VI it can 
be seen that the values fell within the limits for both the Northeastern and 
Northwestern standards, but some measurements and counts fell outside the limits 
for both the Southeastern and Southwestern standards (Cb' 0.5Ll/cb and L2 + lOCb 
for the Southeastern and Ca and L2 for the Southwestern). Therefore this fish 
could not be assigned to a single region and in this case even the continent of 
origin could not be determined. 

Fish III from the Fraser River in British Columbia would be assigned to 
the Southeastern Region. In this case, it would have been impossible to 
classi fy the region of origin of thi s fi sh on the basi s of single characters 
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alone; all of the measurements and counts of the single characters fell within 
the range for both the Southeastern and the Northeastern standard. The L2 + 
10Cb and 0.5Ll/cb values, however, fell outside the range for the Northeastern 
area and therefore resulted in assignment of this fish to the Southeastern 
Region alone. ' 

Fish IV could not be assigned to a single region, but because some 
measurements and counts fell outside the limits for the Northwestern and South
western standards, it would be assigned to North America and not Asia. 

To check the validity of this technique, a number of fish from shore 
sample~ taken in 1956 and 1957 were processed arid attempts made to assign areas 
of origin to themo Samples of approximately 10 fish each from 26 areas were 
examined (for 10 areas, 10 fish from each of the 1956 and 1957 collecti ons were 
used - see Table VII). Of the 128 fish from the Southeastern Region, 65 were 
classified a's Southeastern fish only, an additional 21 as originating in either 
the Southeastern or Northeastern Regions (ioeo of North American origin). Forty 
were classified as originating in either North America or Asia and only 2 were 
completely misclassified as originating in Asia. Thus it was possible to 
establish the continent of origin for 67% of the fish. Fish from the most 
southerly part of the region were more precisely classified than those from the 
norths For the 60 fish from areas south of the Nass River, 41 (or 68,%) were 
classified precisely as to region and for 52 (or 8~) the continent of origin 
was established correctly. 

For the 120 fish from the Northeastern Region, 32 were classified 
precisely as to region, an additional 7 as to continent and the remaining 81 
could not be classified as to continent of origin. Thus, 33% were correctly 
classified as to continent of origin. 

For the 70 fish from the Northwestern Region, 17 (or 24%) were classified 
precisely to region and 22 (or 31%) to continent. 

For the 40 fish from the Southwestern Region only 2 (~) could be classi
fied precisely to region and 6 (l~) according to continent. 

In Table VII it will be noted that in a small number of cases the conti
nent of origin of some fish was identified incorrectly (2 from the Southeastern 
Region and 3 from the Northwestern). To assess the importance of errors of 
this type, a larger sub-sample of North American coastal areas l and data from 
the entire series of shore samples taken in Asia in 1956 and 1957 were examined. 
As shown in Table VIII, of the 901 fish in the sub-sample from the Southeastern 
Region, 11 were misclassified. For 10 of them the continent of origin was 
identified incorrectly. Whereas the number of misclassified fish formed a very 
small proportion of the total examined (l.~), almost all (9 out of 11) the 
misclassified fish came from samples taken in Southeastern Alaska; 2 out of 67 
fi sh sampled in Davidson Inlet , '2 out of 62 sampled in Seymour Canal and 2 ' 
out of 133 sampled in the Taku River were misclassified as originating in Asia. 
Thus, in some North American coastal areas fish that would be designated as 
originating in Asia form 2 to 3% of the total. 

~n the time available it was not possible to examine all the fish in 
North American samples. 
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Table VIII. Number of fish for which the region of origin or continent of origin 
were designated incorrectly on the basis of scale characters. 

Total Number of fi sh mi scla ssi fied as originating in: 
fi sh 

Region sampled SE Reg. NE Reg. NW Reg. SW Reg. N.Amer. 1 Asia 1 Total 

Southea stern 901 - 1 4 5 1 10 11 

Northeastern 935 5 - 4 0 5 5 10 

Northwestern 354 1 6 - 1 11 1 12 

Southwestern 610 11 6 13 - 27 13 40 

Total 2800 17 13 21 6 34 29 73 

1 Totals come to more than sum for 4 regions because in some cases region 
of origin could not be designated although continent of origin could. 

A very small proportion (10 out of 935 or 1.2%) of the sub-sample from the 
Northeastern Region (central, western and northern Alaska) were misclassified. 
The 5 for which tne continent of origin was mistakenly identified were extreme 
individuals from 5 different areas. 

A relatively larger proportion of Asian fish were misclassified. Of 
samples containing 354 fish taken in the Northwestern Region, 12 or over 3% were 
misc19ssified. In 11 of the 12 cases the continent of origin was apparently 
misclassified. Seven of these occurred in analysis of the 1956 sample of 4-year
olds taken by research vessels on the high seas immediately offshore from the 
eastern coast of Kamchatka. l Because these samples were taken some miles off
shore there is a possibility that at least some of these 7 fish were actually 
fish originating in North America. However, without good data from the actual 
spawning streams or coastal fisheries of the U.S.S.R. in 1956, it is impossible 
to resolve this question. For the purposes of the present analysis it is assumed 
that such misclassifications could occur and that the continent of origin of at 
least some Asian fish originating in the Northwestern Region would be misclas-
si fied. 

Of the total of 601 fish sampled in the Southwestern Region (Hokkaido), 
40 or over ~ were misclassified. In 27 cases (or 4.5%) the continent of origin 
was identified incorrectlyo Thus high-seas samples containing Southwestern 
fish would be expected to contain a small number of fish for which the region 
of origin would be erroneously designated as either the Northeastern or South
eastern (both North America). 

lAs outlined in Sato, et 210 (1957) absence of samples actually taken 
on the spawning grounds or in inshore fishing areas in 1956 necessitated 
including samples taken on the high seas near the Soviet coast to establish 
coastal standards for scale characteristics. 

1 
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The results of this examination indicate that the number of misclassifi
cations that might be expected from analyses of high-seas catches would generally 
be low. Nevertheless the possibility of misclassifications must be borne in 
mind and in cases where very small .proportions of high-seas samples might be 
designated as fish originating in a certain region~ conclusions regarding the 
presence of stocks from that region in the sampling area must be regarded with 
caution. This is especially true for samples taken toward the Asian side of the 
high-seas sampling area because a higher proportion of Asian fish would tend to 
be misclassified than would North American fish. In general, the presence of 
a single fish in a high-seas sample designated as originating in a specific 
region might easily result from a mistake in classification and therefore no 
conclusions could be drawn on the likelihood of fish originating in that region 
being present in the high-seas sampling area, and proportions of less than 5% 
must be regarded with caution. 

There are additior.al sources of error in the methods used associated with 
the nature of the coastal sampling programs. The validity of the methods of 
identification outlined above depends on the assumption that in establishing 
standards for the characteristics of populations from the 4 major regions, 
representative samples were obtained for all important stocks within each region. 
For continental North America this assumption apparently is met satisfactorily. 
As seen in Figure 1, sampling was carried out along the entire coastline of 
western North America from the southernmost point in the distribution range of 
chum salmon (Oregon) to the shoreline of the Arctic Ocean. Whereas a few stocks 
may have been missed, similarities in scale characteristics of fish obtained 
from various specific areas within broad regions (see Figures 2 and 3) suggest 
that omission of samples from a few areas would not greatly alter the results. 
Similarly, samples from Hokkaido, Japan, were probably sufficient to define the 
characteristics of the scales of chum salmon in this region. Sampling from the 
remainder of Asia, however, was weak and no samples were obtained from some very 
important chum producing areas. A few samples of chums were obtained from both 
the east and west coasts of Kamchatka and from the high seas adjacent to these 
areas. The Kamchatka area has recentlyl provided yields amounting to about 35% 
of the total U.S.S.R. catch. Sampling in the important producing areas of the 
northwestern shore of the Sea of Okhotsk (providing about 3~ of the U.S.S.R. 
catch) was restricted to a single sample taken in 1958 in the Kukhtui region. 
No samples at all were obtained from the Amur River, Sakhalin, and Kurile 
Islands, areas which have provided about one-quarter of the recent Sovi et 
catches. This inadequate sampling in the main Asian producing areas could cause 
serious difficulties in the interpretation of results. The scale character
istics of chums from Hokkaido in Japan and from Kamchatka are quite different 
and it is entirely possible that certain stocks originating in U.S.S.R. streams, 
especially in the southern Okhotsk region, would have intermediate character
istics. It is encouraging to note, however, that .the single sample from the 
central Okhotsk coast (Kukhtui River 1958 5-year-olds) displayed characteristics 
very similar to those for samples from the Kamchatka peninsula, suggesting that 
fish throughout the important northern U.S.S.R. production areas (currently 
providing about three-quarters of the total U.S.S.R. catch) have characteristics 
more or less similar to those of fish sampled in the Kamchatka area. In any 
event, to clarify the question of the representativeness of the shore samples 

~ased on average yield to Soviet shore based fisheries for the period 
1951-57. 
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from the Northwestern area, further samples, especially in the Sea of Okhotsk, 
are required. 

In interpreting the results of examinations of scales from chums taken 
on the high seas 9 it should be borne in mind that fish fr~" some regions are 
more readily identified than those from other regions. Southeastern chums are 
the most distinct and it would be expected that any high-seas sample containing 
substantial numbers of chums from the Southeastern Region would show a significant 
proportion assignable to the Southeastern Region. On the other hand fish from 
the Southwest Region are the most difficult to identify and even if high-seas 
samples contained a high proportion of fish originating in this region, relatively 
few would be assignable. Because the proportion of assignable fish varies 
considerably from river to river within a region, the exact percentage of 
assignable fish in a high-seas sample does not accurately reflect the proportion 
of fish from a given region present in the sample. For example, consider a 
hypothetical high-seas sample containing only fish from the Taku River in the 
Southeastern Region - 10% of the fish sampled would be assigned to the South-" 
eastern Region (see Table VII). Consider a second sample in which 1/5 of the 
fish originated in the Skeena River of the Southeastern Region and the remaining 
4/5 from the Yubetsu River of the Southwestern Region - in this sample, just as 
in the pure Taku River sample mentioned above, 10% of the fish would be assigned 
to the Southeastern Region. Thus, two samples, one containing 100% Southeastern 
fish and the other only 20% both would contain the same percentage of fish 
identified as being of Southeastern origin. Thus, quantitative assessments of 
the proportions of various stocks present in different high-seas areas based on 
scale determinations should be regarded cautiously. 

4. DI STRIBUTION OF CHUMS ON TIlE HIGH SEAS 

(a) High-seas sampling 

Samples of chums on the high seas were obtained from catches by research 
vessels of the 3 countries throughout the North Pacific area and from Japanese 
motherships in the area westward from l750 W. For convenience the sampling 
season was divided into two parts - the early season, May and June, and the late 
season, from July to September. As shown in Figure 8, in 1956 sampling in the 
early season was restricted mainly to the Bering Sea area and the western part 
of the North Pacific. In the late season, sampling was extended to include 
good numbers of fish in the Gulf of Alaska as well as in the western and north
ern parts of the area of study. In 1957, early season sampling was more 
complete than in 1956, but still relatively few fish were obtained from the 
Gulf of Alaska. Late season sampling in 1957 was approximately comparable to 
that carried out in 1956. 

(b) Distribution in 1956 

For each of the high-seas sampling areas shown in Figure 8, the numbers 
of fish designated to each of the 4 general inshore regions were recorded and 
the proportion that these composed of the total number of fish sampled at each 
location calculated. Data on the numbers of fish designated to the different 
regions for each high-seas sampling area for each month are summarized in 
Tables IX to XVI. Data on the percentage composition of the samples are 
illustrated in Figures 9 to 36. 
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i) Chum salmon ori inatin in the Southeastern Re ion Washin ton, 
Oregon, British Columbia and Southeast Alaska , ~ On_the basis of s~ale character
isti~s chum salmon originating in the Southeastern Region were the most 
distinctive of all. If individuals originating in this region occurred in 
samples of chums taken on the high seas, they would in many cases be readily 
recognized. 

In 1956~ during the early part of the season (May and June)~ high-seas 
sampling was restricted mainly to the western and central parts of the North 
Pacific area; only 1 fish was taken eastward from 16OOW. Among 5-year-olds 
(nearly all of which would be matures returning to spawn in 1956), only 2 of the 
210 sampled wer~ identified as having originated in the Southeastern Region (see 
Figure 9 and Table X). These two were taken in a May sample of '16 fish taken 
immediately south of the Aleutians at about 1650 W. Thus during the early part 
of the 1956 sampling season, 5-year-old chums were probably absent from the main 
sampling area near the Aleutians in the mid-ocean area. 

Later in the season (from July to September)~ of the 248 5-year-old chums 
sampled, only 3 were identified as having originated in the Southeastern Region 
(Table XII and Figure 10). Two of these were taken in a total sample of 20 fish 
captured between 170CE and 175°E, immediately south of the Aleutians and the 
third at the same general latitude at 1800 from a sample of 10 fish captured in 
September. Because they were taken so late in the season, it is very unlikely 
that these fish were true Southeastern fish that would have returned to the 
Southeastern Region to spawn in the autumn of the same year. It is likely that 
these 3 fish had originated in some other region and that on the basis of their 
scale characteristics they were mistakenly classified. Even if these 3 fish 
were very late running fish destined for streams in the Southeastern Region, 
they form only a small fraction (less than 2%) of the high-seas samples taken 
and it must be concluded that 5-year-old fish of Southeastern origin were 
essentially absent from the high-seas sampling areas during the later part of 
the 1956 sampling season. This apparent lack of 5-year-olds of Southeastern 
origin among high-seas samples is not surprising when the age composition of 
fish taken in the coastal fisheries and spawning grounds is considered. Only 
2.3% of all the Southeastern fish sampled in shore areas were 5-year-olds. Thus, 
it would be expected that the number of Southeastern 5's available for capture 
on the high seas would be very small. 

For 4-year-olds, the early season pattern in 1956 was similar to that 
for the 5-year-olds. Only 2 fish of a total of 298 (less than 1%) taken mainly 

' in the central Pacific and Bering Sea were identified as having originated in 
the Southeastern Region (Table IX and Figure 11)" These 2 were from samples 
in the North Bering Sea. While it is possible they could have originated in 
the Southeastern Region, in view of their remoteness from their area of origin 
and the lack of identifiable fish in the intervening samples, it is more likely 
that they had originated in some other region and were therefore misclassified. 
The results indicate that during the early sampling season in 1956, 4-year-old 
chums of Southeastern origin were virtually absent from the central Aleutian 
area westward from 1750 W and probably also absent from the Bering Sea. Sampling 
eastward from l750 W, especially in the Gulf of Alaska, was'too sparse to permit 
drawing conclusions on the distribution of Southeastern chums in this area. 

In the later part of the 1956 season (see Table XI and Figure 12) 
substantial numbers of identifiable Southeastern fish appeared in the Gulf of 



- 12 -

Alaska. The proportion of these fish increases around the rim of the Gulf of 
Alaska, reaching a consistently high level (around 45%) from about 145°W 
eastward. Samples in the central part of the Gulf (at 1450 W and 1500W between 
470N and 550 N) contained a smaller proportion of identi fiable Southeastern fi sh 
than did the samples closer inshore to the north and to the east. 

Data on the stage of maturi ty of the fi sh in the Gulf of Alaska suggest 
a contributing reason for this difference. For samples taken from l500W 
eastward l , 4-year-old chums taken in the latter half of the season in the 
northern and eastern Gulf (Areas B~l, B-2 and B-3 in Table XI) were almost all 
matures (over 95%) whereas the late samples taken in the central part of the 
Gulf of Alaska (Areas B ~·5, B-6 and B-7) were mainly immatures (around 80%). 
Because almost all the Southeastern fish in 1956 and 1957 matured as 4-year-olds 
(only 3.2% and 4.6% respectively of the 1956 and 1957 shore samples returned as 
5-year-olds), relatively few Southeastern 4-year-olds would remain in offshore 
waters as immatures. The low percentage of identifiable Southeastern fish in 
these samples of immatures suggests that the relatively few Southeastern fish 
present were markedly diluted by immature 4-year-olds from other regions. 
Because a higher proportion of the chums originating in the Northeastern and 
Northwestern Regions tend to mature as 5-year-olds, if there were substantial 
numbers of Northeastern and/or Northwestern fish in the area they would greatly 
overshadow the very few later maturing Southeastern fish present. 

It will be noted (Figure 12) that the proportion of identifiable South
eastern fish in the area near Kodiak (Area B-4 in Table XI) was substantially 
lower than in the areas to the east. Here again the presence of immature 4-year
olds in the samples offers a partial explanation. Of the 242 fish taken in this 
area for which maturity data were available, 13 (54%) were immature. If 
sampling had been conducted earlier in the season in this area, the proportion 
of matures would probably have been higher and the proportion of identi fiable 
Southeastern fish might have been considerably greater. Maturity data on 
samples taken further to the west are not yet available, but when they are, 
conclusions regarding the apparent proportions of fish of various origins must 
be reviewed carefully. Three so-called Southeastern chums were also taken late 
in the season in the areas between 1700E and 1800. Whereas they might actually 
have originated in North Ameri ca, there is an equa lly good chance they may have 
been Asian fish mistakenly classified. 

In summary, the 1956 data indicate that chums originating in the south
eastern part of the North American producing areas extend around the rim of the 
Gulf of Alaska at least as far westward as 1700W and possibly even further 
westward. During the latter part of the summer, mature chums of Southeastern 
origin predominate in the northern and eastern Gulf of Alaska eastward from 
1450 W. During this same period, the Southeastern chums in the central part of 
the Gulf and in the northern part around l500W to 1700W appear to be greatly 

lAt the time of writing, data on the state of maturity of fish is 
available to the authors only for the Canadian high-seas sampling areas eastward 
from 15OOW. Samples from areas to the west of 1500W were obtained by United 
States and Japanese vessels. 

~he scales of only 22 were suitable for examination. 
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diluted by immature fish originating in some other region or regions. 

ii) Chum salmon originating in the No~stern Region (central and 
western Alaska. the Bering Sea and Arctic Ofean coasts of North America). The 
scale characteristics of chums originating in the Northeastern Region are not as 
distinctive as those of fish from the Southeastern Region. As indicated in 
Table VII ~ if individual Northeastern fish were present in high-seas samples~ on 
the average about 30% of the fish would be identified. Among individual samples 
the proportion of identifiable fish was as low as zero and in no case were over 
60% of the fish sampled sufficiently distinctive to be identified correctly as 
to region of origin. 

Durinq the early part of the 1956 season~ samples of 5··year-·olds taken in 
the North Bedng Sea near North America (eastwar-d from 17~W) and south of the 
Aleutians near 165@W contained high proportions of fi sh identi fied a s originating 
in the Northeastern Region (Table X and Figure 13)9 indicating that Northeastern 
5··year·-olds (a Imost all of whi ch would have returned to spawn in 1956) predomi-
0.ated in. these areas. In the Bering Sea westward from 175@W~ none of the 62 fish 
sampled was designated as having originated in the Northeastern Region~ suggesting 
that No::theaste-rn fish~ at least those originating in areas such as Kuskokwim 9 

the Yukon and Cook Inlet where the fish exhibited fai.rly distinctive scale 
patterns (eogo see Table VII)~ did not form a large proportion of the population 
present. 

Sampling in the Gulf of Alaska was too sparse to permit assessment of the 
distribution of Northeastern fish in this area during May and June. 

Of 44 fish taken between 175@E and 18Q@ south of the Aleutians 9 3 were 
identi fied as originating in the Northeastern Region. Whether some or all of 
these were true Northeastern fish or misclassified Asian fish cannot be determ
ined with certainty_ 

In the latter half of the summer only 4 of the 248 5-year-old chums 
sampled throughout the North Pacific and Bering Sea were identified as origina
ting in the Northeastern Region (Table XII and Figure 14). Two were contained 
in a July sample taken just south of the Aleutians between 1700W and 1750 W. 
Another was taken from a July sample of 3 fi sh in the northeastern part of the 
Gulf of Alaska and the remaining one fish from an August sample of 30 fish off 
the southeastern tip of Kamchatka. In the latter case it is not reasonable to 
conclude that thi s fi sh wa s a fi sh of Northeastern origin returning to spawn in 
the same year. It must be assumed that this fish had originated in Asia and was 
misclassified. In generals there appeared to be very few 5-year-olds of 
Northeastern origin in the areas sampled. 

The distribution pattern for 4-year-olds during the early part of the 
1956 season was similar to that for the 5-year-olds (Table IX and Figure 15), 
with samples in the Bering Sea eastward from 1700W and in the North Pacific 
immediately south of the Aleutians near 1650 W containing substantial proportions 
of chums designated as originating in the Northeastern Region. Samples south 
of the Aleutians between 1750 E and l8Q@ contained an appreciable proportion (4 
out of 63) of fish designated as being of Northeastern o:r.ig~_no 

Later in the season (Table XI and Figure 16) samples throughout the Gulf 
of Alaska revealed small proportions (4-·15%) of identifiable Northeastern fish. 
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It is noteworthy that there were some Northeastern fish in the samples of 
immatures from the central part of the Gulf which contained almost no fish of 
Southeastern origin. The one significant sample (19 fish) from the Bering Sea 
(between l700W and l750 W immediately north of the Aleutians) contained 2 fish 
witp Northeastern cha~acteristics. A few fish from the area near l650 E to l700E 
were designated as originating in the Northeastern Region. 

In summary, in May and June of 1956, fish of Northeastern orlgln predomi
nated in the Bering Sea, ·at least as far westward as l700W, and contributed 
substantially to the population south of the Aleutians around l650 W. Some North
eastern fish may have extended as far west as l650 E south of the Aleutians, but 
this conclusion must be regarded as tentative because of the possibility of 
misclassification. 

Sampling in the Gulf of Alaska in the early part of the season is 
inadequate but in the late summer, fish of Northeastern origin were apparently 
distributed widely and rather uniformly throughout this area. 

iii) Chum salmon originating in the Northwestern Region (Kamchatka). As 
indicated by the very sparse samples taken close to the Kamchatka coast, mature 
fish returning to spawn in this area in 1956 were mainly 5-year-olds (see Table 
I); 5-year-olds composed about 55% of the catches in this area, whereas 4's and 
3's composed 34% and 10% respectively. This is in contrast to the proportions 
of fish maturing at different ages in shore samples from the other 3 regions: 
compared to 55% 5-year-olds in the Kamchatka samples, shore samples from the 
Southwestern Region contained on the average only 15%, those from the North
eastern Region only 18.% and those from the Southeastern area only 2%. Because 
of this tendency of the Northwestern population to contain a higher proportion 
of 5-year-olds than the others, high-seas samples containing large proportions 
of fish of this age class might be expected to contain substantial numbers of 
fish of Northwestern origin. In 1956, early sampling on the North American side 
of the North Pacific was too sparse to permit comparisons of age composition 
between the east and west sides of the ocean. However, sampling in the late 
season was sufficiently extensive to permit such comparisons. In Figure 17 the 
percentages of 5-year-olds among fish of 4 years old and older taken from July 
to September in the various high-seas areas are indicated. 

Samples in most areas westward from l750 W contained over 5~ 5-year-olds 
whereas most of the samples taken eastward from l700W contained fewer than 10%, 
suggesting a rather rapid . transition from populations containing large propor
tions of 5-year-olds to popu+ations containing very few 5-year-olds. No doubt 
the presence in various high-seas areas of 5-year-olds (most of which would have 
returned to spawn in 1956) is dependent on the relative timing of the spawning 
runs, but even so, this marked contrast in the relative abundance of 5-year-olds 
in the two general areas strongly suggests that the probable location of the 
late season division point between North American and Asian populations is near 
l750 W Longitude. 

Examination of the scale characteristics tends to confirm this view. 
During the early part of the 1956 sampling season 5-year-old chums designated 
as having originated in the Northwestern Region formed very high proportions 
of the samples taken in the mid-ocean area westward from l750 W (Table X and 
Figure 18) and a small proportion of the substantial samples taken in the North 
Bering Sea eastward from l750 W and in the North Pacific south of the Aleutians 
in the vicinity of 1 650 W • 
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Later in the 1956 sampling season (Table XII and Figure 19), Northwestern 
chums again formed a major proportion of the 5-year-old samples taken westward 
from 1 750 W • A few apparent. Northwestern 5-year-olds were also found among the 
very sparse samples taken south of the Aleutians eastward from 1750 W and also 
in the Gulf of Alaska (11 and la% respectively). Whether or not the late 
sampled fi sh from these last mentioned locations were really fi sh of Northwestern 
origin is doubtful because of the long distance such fish would have had to 
trave 1 ina short time to rea ch the spawni ng ground s dud ng the 1956 sea son. It 
will be recalled that a few fish originating in some southeastern Alaskan streams 
exhibited scale characteristics similar to those of Northwestern fish. It is 
possible that some of the so-called Northwestern fish9 especially those taken in 
the Gulf of Alaska, might have originated in such streams and were wrongly 
misclassified as fish originating in Asia. While these considerations cast some 
doubt on the validity of classification 9 the possipility that these fish were 
truly Northwestern fish cannot be ruled out. The numbers of 5-year-old fish on 
the high seas in 1956 originating in Asia probably vastly outweighed those 
originating in North America. If even a minor proportion of very late running 
Asian fish were present in the eastern North Pacific late in the season, they 
might form a substantial proportion of the very small mixed population present. 
As evidence of the sparseness of the 5-year-old population in the Gulf, 5-year
olds formed less than 3% of all the chum samples of 4-year-old and older fish 
taken on the high seas eastward from 17ooW. 

Sampling of 4-year-olds in May and June 9 1956 (Table IX and Figure 20), 
again revealed that most mid-ocean samples taken westward from 1750 W contained 
high proportions of fish of Northwestern origin. On the other hand only one fish 
of the 104 sampled in the North Bering Sea eastward from 1700W was designated as 
having originated in the Northwestern Region, indicating that Northwestern fish 
were not abundant in this area. No fish of Northwestern origin were found in 
the sparse samples totalling 17 4-year-old chums taken eastward from 1750 W south 
of the Aleutians. 

Later in the 1956 season (Table XI and Figure 21), substantial propor
tions of fish designated as having originated in the Northwestern Region were 
again found in the large samples of 4-year-olds in the western North Pacific 
and Bering Sea (at least westward from 1800). The actual proportions (averaging 
21%) were somewhat lower than for comparable samples of 4-year-olds taken 
earlier in the season (average 39%) and for both early and late samples of 
5-year-olds (average 47%). This may suggest a dilution of fish having very 
extreme Northwestern scale characteristics by fish from Asian areas having less 
extrBme characteristics. This phenomena is discussed in more detail later in 
the section dealing with the 1957 collections. A few fish having distinctive 
Northwestern type scales were also found in areas eastward from 1750 W. Signi
ficant numbers of apparently Northwestern fish were found in samples consisting 
mainly of immature fish taken in the southern central part of the Gulf. of Alaska 
and near Kodiak Island. It will be remembered that these samples (excepting 
that in the vicinity of Kodiak) contained almost no fish originating in the 
Southeastern Region of North America whereas samples in adjacent areas both to 
the east and to the west contained considerable proportions of so-called 
Southeastern fish. Again it is difficult to assess whether or not these chums 
were truly Asian fish. It is of interest, however, that in the Gulf of Alaska 
so-called Northwestern chums appeared only in samples containing large numbers 
of immature fish. It is therefore quite possible that such fish, having one 
more year to spend on the high seas before returning to spawn, could have 
originated in Asia. 
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In summary, Northwestern fish appear to predominate in the western part 
of the North Pacific and Bering Sea, forming large proportions of all early 
samples taken westward from l750 W in the Bering Sea and from l8~ westward south 
of the Aleutians, and substantial proportions of all late samples westward from 
l8~!. Such fish also have contributed to a lesser extent to populations east
ward from l8~, some possibly extending far eastward into the Gulf of Alaska. 
Almost none appeared in the North Bering Sea eastward from l7~W. 

iv) Chum salmon originating in the Southwestern Region (Hokkaido). 
Because of their intermediate scale characteristics, chum salmon originating in 
the Southwestern Region would be very difficult to identify among samples taken 
on the high seas. Examination of a sub-sample of the scales of 40 chums taken 
in Hokkaido rivers revealed that had these fish been examined as high-seas 
samples, only 2 (or 5%) would have been designated as having originated in the 
Southwestern Region, and in only 6 cases (15%) could the continent of origin be 
determined (Table VII). Examination of the 1956 high-seas collections shows 
that of the 458 5-year-old chums taken throughout the season in the entire study 
area, only two were designated as having originated in the Southwestern Region 
(Tables X and XII ). 

For 4-year-olds, the only sample which contained more than one so-called 
Southwestern chum was taken in the early season, south of the Aleutians between 
l750 E and l8~ (Table IX and Figure 22). There, in May and June, 3 out of a 
total of 22 were designated as having originated in the Southwestern Region. In 
the late part of the season one of the 9 fish sampled near here was also classi
fied as a Southwestern fish. In this general area several samples taken both 
early and late in the season contained fish of apparent North American origin 
(see Figures 10, 12, 13, 15, and 16). It will be recalled (Table VIII) that 
among Hokkaido shore samples, approximately 4.5% of the fish would be misclas
sified as fish originating in North America (both in the Northeastern and 
Southeastern Regions) if they had occurred among high-seas samples. The fact 
that the area between 1750 E and 1800 south of the Aleutians contained more 
Southwestern fish than any other suggests that some, perhaps most, of the fish 
sampled here designated as originating in North America were actually Asian fish 
whose origins were incorrectly classified. 

Further conjectures regarding the distribution of Southwestern chums are 
not possible because of the very small numbers of fish with distinctive South
western characteristics found among high-seas samples. For completeness, the 
distribution of 4-year-old fish in the late season samples designated as having 
originated in the Southwestern Region is shown in Table XI and Figure 23. 

v) Summary of 1956 results. In Figures 24 and 25 an attempt has been 
made to represent schematically the racial composition of chum salmon samples in 
various high-seas areas sampled in the 1956 program. For each sampling location, 
a circle divided into 4 quadrants was drawn. In the 4 quadrants, symbols 
representing the relative importance of each stock were drawn. Those in the 
lower right quadrant describe the relative importance of chums from the South
eastern Region in the samples, those in the upper right quadrant of Northeastern 
fish, in the upper left quadrant of Northwestern fish and in the lower left 
quadrant of Southwestern fish. As shown.in the key to Figure 25, a circle 
containing the following symbols: 
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would indicate that Northwestern fish were predominant in the samples; that 
Northeastern fish were present in substantial proportions; that Southeastern 
fi sh were present in very small proportions (including samples in which only 
one fish was identified) and that no Southwestern fish were present at all. 

During the early part of the 1956 season (May and June -. Figure 24), 
sampling was restricted to the mid-ocean area. Fish originating in the North
eastern Region (Alaska) predominated in the Bering Sea eastward from 1700W, 
whereas fish originating in the Northwestern Region (U.S.S.R.) predominated in 
all samples taken westward from 1750 W, both above and below the Aleutians. 
Alaskan fish also predominated in the only samples taken eastward from 1750 W 
below the Aleuti ,ans (at 1650 W). Fi sh originating in the Southeastern Region 
(British Columbia-southeast Alaska) were essentially lacking in the mid-ocean 
area. Fish originating in Hokkaido could only be identified in the area south 
of the Aleutians near 1750 E, but because of difficulties in identifying fish 
originating in this region they may also have occurred in substantial quantities 
in othe'r sampling areas and not been detected. 

From July to September, sampling extended throughout the North Pacific 
area and in the Bering Sea (Figure 25). Abnost all samples from the area 
westward from 18()O showed a predominance of Asian fish originating in the North
western Region. A few North American fish may also have extended into the 
western North Pacific beyond 18()O. Sampling at 1750 W Longitude both above and 
below the Aleutians was sparse, but in all samples taken eastward of 1750 W, 
both in the Bering Sea and in the North Pacific, North American fish predomi
nated. Between 1550 W and 1750 W, fish originating in the Northeastern Region 
(Alaska) predominated although chums from the more southeasterly part of North 
America were also present in substantial proportions. Chums from the North
eastern Region also predominated in the central southern parts of the Gulf of 
Alaska between 145°W and 16()oW. In the more northerly and easterly parts of 
the Gulf, eastward from 1550 W, fish originating in the Southeastern Region 
(British Columbia-southeast Alaska) predominated in most samples. Some fish 
with apparently Asian scale characteristics were also found in several samples 
in the area eastward of 1750 W. While some of these fish may have been fish 
originating in North America which were misclassified, there is a good possi
bility that at least some Asian fish extend far eastward of 1750 W. 

(c) Distribution in 1957 

i) Chum sabnon originating in the Southeastern Region (Oregon, 
Washington, British Columbia and Southeastern Alaska). In May and June, 1957, 
chums designated as originating in the Southeastern Region were completely 
lacking from the samples of 5-year-olds taken westward from 1750 W (Table XIV 
and Figure 26). Eastward of 1750 W in the Bering Sea, only 1 fish of South
eastern ' origin was identified. South of the Aleutians near 17()OW no South
eastern fish were identified. In the only early season sample of 5-year-olds 
in the Gulf of Alaska, 2 of the 5 fish taken in t_he vicinity of 550 N, .135° W'in 
June were identified as having originated specifically in the Southeastern 
Region and 4 of the 5 as having originated in North America. 

During the later part of the season (Table XVI and Figure 27) only 6 
5-year-olds were contained in samples taken eastward of 1750 W below the , 
Aleutians. Only one of these taken near 16()oW was identified as originating 
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in the Southeastern Region. No Southeastern fish were identified among 
substantial samples of 5-year-olds taken throughout the Bering Sea and in the 
North Paci fic westward from 1750W. 

Thus9 Southeastern 5-year-old chums were probably very few in number 
throughout most of the North Pacific area 9 except in the eastern Gulf of Alaska. 
This is not surprising in the light of data on the age composition of the 1957 
spawning populations of the Southeastern Region; only 9% of the fish taken in 
shore samples throughout the Southeastern Region were 5-year-olds compared to 
24% in the Northeastern Region and 24% in the Northwestern Region. Thus South
eastern 5-year-olds formed only a small proportion of a relatively small 
population1and it would therefore be expected that 5-year-old fish designated 
as originating in the Southeastern Regio? would not form a large proportion of 
high-seas samples. 

During the early part of the 1957 season large samples of 4-year-olds 
were obtained throughout the western North Pacific and in the central Bering Sea. 
Relatively few were taken in the Gulf of Alaska (Table XIII and Figure 28). 
Four-year-old chums designated as originating in the Southeastern Region formed 
a high proportion (34%) of the large June sample taken in the region of 550 N, 
135OW~but in other areas only occasional individuals were identified as being 
Southeastern fish. Most of these individuals were taken in the far western part 
of the North Pacific westward from 1750 E. It is very likely that such fish had 
originated in Asian areas and were misclassified. 

In the late part of the 1957 season (Table XV and Figure 29), fish 
identi fied as originating in the Southeastern Region formed a large proportion 
of fish sampled in the northeast part of the Gulf of Alaska (33%). Along the 
southern side of the Aleutians and the Alaska peninsula between 1750 E and 15OOW, 
between 4 and a% of the fish sampled in all areas were fish designated as 
originating in the Southeastern Region. Two individuals designated as origi
nating in the Southeastern Region were found in samples between 1650 E and 175°E 
and apparently Southeastern fish formed 2% of the late season samples taken in 
the Bering Sea immediately north of the Aleutians between 1750 W and 1800. 

Although the percentages of fish identified as Southeastern chums in the 
samples were less in 1957 than in 1956, the same general distribution pattern 
was apparent in both years. During the early part of the season sampling, 
concentrated around the Aleutians, revealed that very few chums of Southeastern 
origin were present in the mid-ocean area. From July to September samples ' 
taken in the northeastern part of the Gulf contained very high proportions of 
fish with Southeastern Region scale characteristics. In both years fish of 
this type were well represented in samples taken along the northern rim of the 
Gulf of Alaska and westward out along the Aleutians with a few extending as 
far west as 1700E. Whereas some of the fish taken in the farthest western 
high-seas sampling stations may have been Asian fish mistakenly classified as 
fish originating in the Southeastern Region~ the tendency for tha proportion 
of so-called Southeastern fish to increase gradually from the farthest west 
samples to those in the east suggests that it is quite possible that fish 
originating in the Southeastern Region really did penetrate far to the west in 

IThe Southeastern Region provided only about 20% of the total North 
Pacific salmon catch in 1957. 
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significant numbers. When available, data on the stage of maturity of chums 
taken in di,fferent high-seas areas will assist in interpreting the results. In 
the Bering Sea? few fish of Southeastern origin were found at any time. 

ii) Chum salmon originating 'in the Northea stern Region (Central and 
Western Alaska 2 the Bering Sea and Arctic Ocean coasts of North America). 
During May and June of 1957, 5-year-old chums designated as originating in the 
Northeastern Region were quite abundant in samples taken in the southern Bering 
Sea near 17QDW (Table XIV and Figure 30). A few were also present in far 
western samples taken south of the Aleutians between 1650 E and 1800. As out~ 1 
lined for the 1956 material, there is a good possibility that the so-called 
Northeastern fish taken in the far west samples were in reality Asian fish 
mistakenly classified as fish originating in North America. None was present 
in samples from the area south of the Aleutians near 17QDW, nor in the southern 
Bering Sea near the Ale~~ians between 17QDE and 1750 W. During the latter part 
of the season (July to September) no 5-year-old ch~s were found that could be 
identified as originating in the Northeastern Region. In May and June, 1957 : 
(Table XIII and Figure 31), 4-year-old Northeastern fish formed a high proportion 
of the sample taken in the southern Bering Sea near 17QDW and also formed 
between 3 and ~ of other Bering Sea samples taken eastward from 18QD. In the 
area westward from 1800, same fish with Northeastern scale characteristics were 
found in most areas sampled (in two areas they composed approximately ~ of the 
fish sampled). Sampling in the Gulf of Alaska was too scant to provide informa
tion on the contribution of Northeastern fish in this area. 

In the later part of the season (Table XV and Figure 32), 4-year-olds 
designated as originating in the Northeastern Region again formed a high propor
tion of the fi sh sam'pled in the south Bering Sea near 1700W and formed between 
2 and 4% of many of the samples taken in the western part of both the Bering Sea 
and North Pacific westward from 1800. In the Gulf of Alaska, between 1500W and 
1650 W, Northeastern fish formed substantial proportions of most samples. 

Thus, the pattern of distribution of identifiable fish originating in the 
Northeastern Region in 1957 was quite simi lar to that observed in 1956, with 
samples taken in the eastern Bering Sea and many of those south of the eastern 
Aleutian and Alaska peninsula area containing many fish designated as or1g1na
ting in the Northeastern Region. A few were also found in samples from the 
western Bering Sea and North Pacific Ocean in both years. 

iii) Distribution of chum salmon originating in the Northwestern Region 
(Kamchatka). The widespread distribution of chums exhibiting scale character
istics similar to those observed for fish sampled in the streams of Kamchatka 
is the dominant feature of the 1957 results. 

During May and June of 1957, when sampling was concentrated in the 
central ocean area, 5-year-old chums designated as originating in the North
western Region formed an important proportion of samples from all areas westward 
from 1650 W, both in the Bering Sea and in the North Pacific (Table XIV and 
Figure 33). The small sample of five 5-year-olds from the eastern Gulf of 
Alaska contained no Northwestern fish. It is interesting to note that of the 
far western samples, those from the Sea of Okhotsk proportionally contained the 
fewest fish of the Northwestern type, suggesting the dilution of chums having 
scales of the Kamchatka type by other Asian fish with less extreme scale 
chara cters. 
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Later in the season, identifiable 'Northwestern fish again provided a 
substantial proportion of the samples of 5-year-olds taken in the western part 
of the study area (Table XV and Figure 34). Westward of 17~W, the proportion 
of 5-year-olds designated as originating in the Northwestern Region was greatest 
north of the Aleutians. Eastward of 1700W, a total of only eight 5-year-old 
chums were taken. Two of these taken in July in the Gulf of Alaska south of 
Kodiak Island were designated as originating in the Northwestern Area. Whether 
or not these were truly Asiatic fish is open to doubt, but results of the 
examination of the scales of 4-year-olds (see succeeding paragraphs) sheds some 
light on this problem. 

In May and June, 1957, 4-year-olds designated as originating in the 
Northweste~n Region were found in substantial numbers in samples from all areas, 
except in the very southernmost part of the Gulf of Alaska (Table XIII and 
Figure 35). With the exception of one area (between 1700E and 1750 E below 500N), 
samples from all areas westward from 1750 W contained 20% or more of identifiable 
Northwestern chums. Between 1650W and 1750 W south of the Aleutians, approxi~ 
mately 19% of the fish sampled were identified as Northwestern fish. Near 1700W 
in the southern Bering Sea the percentage was only 7. In samples totalling 185 
taken mainly in June at 550 N, 1350 W, 21 or 11% were identified as Northwestern 
fish. All but 9 of the 185 fish in the sample were matures and all but one of 
the 21 so-called Northwestern fish in the 1350 W sample for which maturity data 
were available were matures. The finding of so many mature fish ostensibly 
originating in Asia among samples in the most eastern part of the Gulf of Alaska 
casts doubt on the accuracy of identification techniques. As pointed out in the 
section describing the 1956 results, a few fish from among certain shore samples 
from the Southeastern Region (e.g. the Taku River) had scale characteristics 
suffi ciently simi lar to those from Siberian fi sh to result in mi scla ssi fication 
of the Region of origin of these fishl. It is possible that at least some of 
the substantial numbers of so-called Northwestern 4-year-olds found in the 
eastern Gulf of Alaska could have been Southeastern chums with such Siberia-
like scales. The station from which these high-seas samples were taken (550 N, 
135°W) was very close to the shore sampling sites which yielded a few fish with 
extreme Siberia-like scales. Whether or not there are other areas in South
eastern Alaska containing high enough proportions of chums with extreme scales 
to account for the large fraction of so-called Northwestern fish is not known. 

In the central Gulf of Alaska (550 N, 145°W) June samples totalling 15 
fish contained 4 fish (27%) designated as originating in the Northwestern 
Region. All but one of the fish sampled and probably all the Northwestern fish 
were immatures2• Whereas it is possible that the 4 so-called Northwestern fish 
could also have been misclassified fish originating in North America, the very 
large percentages of Northwestern fish found in later season samples in this 
general vicinity (see next paragraph) suggests that a SUbstantial proportion 
of this small sa.mple may have been composed of Northwestern fish. Only one of 
the 15 fish taken in this area was designated as originating in North America. 

10f 37 4-year-olds in the 1957 shore sample from Taku, two (or ~) were 
mi sclassi fied as originating in the Northwestern Region. 

2Maturity data were available for only 3 of the Northwestern fish - all 
3 of these were classi fied as immatures. 
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In the later part of the 1957 season, the proportions of 4-year-old 
Northwestern fish in far west samples were much lower in every area than they 
were in the early part of the season except near the eastern coast of Kamchatka 
(Table XIV and Figure 36). In the Bering Sea and North Pacific westward from 
175OW, 4-year-olds designated as originating in the Northwestern Region formed 
between 6 and 45% of the fi sh taken in samples. Only one Northwestern fi sh was 
identified among a sample of 28 4-year-old chums taken in the eastern Bering 
Sea. Representation of fish with scales of the Northwestern type was very 
irregular. Samples taken in both July and August near 1650 W, directly south of 
the Aleutians, contained approximately l~ (9 out of 93) fi sh identi fied as : 
being Northwestern. Immediately south of this area at 5OON, 1650 W and immedi
ately east at 1600W between 500N and 53ON, July and August samples totalling 67 
yielded only one Northwestern fish. In the area south of Kodiak (between 150DW 
and 1600W at 550 N) the July samples totalling 59 '4-year-olds contained a 
remarkable total of 30 chums designated as originating in the Northwestern 
Region. For an additional 4, whereas the regioniof origin could not be identi
fied, the continent of origin was designated as Asia. Twenty-five of 28 
Northwestern fish for which maturity data were available were immature fish as 
were all 4 of the fish designated as originating in Asia. These samples 
contained only 7 fish designated as originating in North America (4 from the 
Southeastern Region and 3 from the Northeastern) of which 3 were matures. 

Study of frequency distributions of scale characteristics for these Gulf 
of Alaska samples suggests that the scales from most of the fish sampled were 
very similar to scales from Kamchatka chums. This is shown in Figure 37, where 
Ga , Cb' Ll' G2 and L2 values for fish from July 1957 samples taken at 1500W to 
1550 W near 550 N are compared with those from fi sh taken in shore samples from 
the 5 major regions. Values for all characteristics except Ll are very similar 
to those for the standard shore samples from the Northwestern Region; the Ll 
values for the sample are somewhat more extreme than those for Northwestern fish 
and therefore contrast even more with values for North American stocks than do 
the values for the pooled shore samples from the Northwestern Region. Within 
the Northwestern Region, values for the various scale characteristics varied 
from one sampling area to another. The most extreme values for Ll were found 
in fish sampled in the Kamchatka River on the east coast of the Kamchatka 
peninsula (see Figure 2). Thus scales of most of the 4-year-olds taken in the 
area south of Kodiak in July 1957 were quite typical of Asiatic fish from the 
Kamchatka area and quite dissimilar to scales taken anywhere in North America. 
Whereas the possibility still remains that many of the 34 fish designated as 
originating in Asia were really North American fish with extreme characteristics, 
the typical Asian nature of the scales makes it more likely that the fish 
actually did come from Asia and that there therefore was a pocket of immature 
Asian 4-year-olds, perhaps originating in the rivers of eastern Kamchatka, 
present in the area south of Kodiak Island during July 1957. 

Samples, totalling 31 4-year-old chums from elsewhere in the Gulf of 
Alaska, were composed of mixtures of matures and immatureso These samples 
contained only 2 fish of Northwestern origin, both immatures. 

In the western half of the study area, for both the 1956 and 1957 data, 
it was apparent that the proportions of typically Northwestern 4-year-olds in 
the samples were significantly lower toward the end of the season than they 
were earlier (compare Figures 20 and 21 for 1956, and Figures 35 and 36 for 
1957). This suggests that fish exhibiting these distinctive characteristics 
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were diluted by others having less extreme characteristicso If the racial 
composi tion of the stocks in the western area remained roughly the same through
out the season, such a decrease could occur if immature 4-year-olds bore less 
distinctive scale characteristics than mature oneso Then departure of the 
mature 4-year-olds for the spawning grounds would leave a population composed 
mainly of less distinguishable immatures. This? however, does not seem to be 
the case; fish maturing as 5-year-olds tend to have smaller annulus widths and 
circulus counts than do chums maturing as 4-year-olds (see Table IV). Because 
small counts and measurements are the distinctive feature of Northwestern chums, 
immature 4-year-olds destined to return as 5-year-olds in the next season would 
therefore tend to be more distinguishable than maturing 4-year-olds. A partial 
explanation of the decrease in NQrthwest 4-year-olds toward the end of the 
season may lie in the timing of various Asian spawning runs. Chums originating 
in the streams of Kamchatka and from streams of the northern shoreline of the 
Okhotsk Sea are mainly summer spawners, whereas many chums from the more southerly 
Asian streams (e.g. the streams of Hokkaido and the Amur River) tend to spawn 
later in the autumn. Thus, in the later part of the summer, mature 4-year-olds 
bound for streams in northern Asia (having the most distinctive scale character
istics) would already have left".the more remote high-seas sampling areas at a 
time when maturing 4-year-olds bound for more southerly late-run streams 
(tending to have less distinctive scale characteristics) would still be present. 
This hypothesis seems quite reasonable when the proportions of fish designated 
as originating in the Northwestern Region in various late season high-seas 
sampling areas are examined (Figure 36). Samples containing the highest 
proportions of distinctive Northwestern fish were present immediately offshore 
from the east coast of Kamchatka? an area which would be in the direct path of 
migration toward the early-run spawning streams of Kamchatka. Samples off the 
southern tip of Kamchatka (south of 500N) and in the Sea of Okhotsk, areas where 
chums bound for more southerly streams would be found? had considerably lower 
proportions. 

Late season samples from the mid-Pacific and central Bering Sea (eastward 
from about 17ooE) also had lower proportions of so-called Northwestern fish. In 
the Bering Sea, it will be recalled that about 4% of the fish in northern 
samples taken between 1700E and 1750 W were fi sh designated as originating in the 
Northeastern Region of North America (Figure 32) and that in the central North 
Pacific near 1750 E 4% of the samples were identified as Southeastern fish 
(Figure 29). It is therefore possible that 4-year-olds from Asian stocks 
exhibiting extreme scale characters were diluted in these areas somewhat by 
North American fish as well as by Asian fish with less distinctive scale charac
ters. 

Thus, in 1957, chum salmon originating in the Northwestern Region again 
dominated most samples taken during May and June westward from about 1700W 
and may have made substantial contributions to samples taken in areas fUrther 
eastward, including the central part of the Gulf of Alaska. In the later part 
of the season (July to September), the predominance of distinctively North
western fish was evident mainly in the far western Bering Sea near Kamchatka. 
Other Asian fish with less distinctive characteristics may have formed the major 
part of late season samples taken in the central Bering and North Pacific areas 
westward from 1750 W although Northwestern fish and perhaps some North American 
fish also made substantial contributions to samples in these areaso Immature 
4-year-olds of Northwestern origin may have formed the bulk of samples taken in 
a single area in the Gulf of Alaska, south of Kodiak I sland (at 550 N between 
1500 and 1550 W). 
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iv) Chum salmon originating in the Southwestern Region (Hokkaido). Of 
352 5-year-olds sampled on the high seas in 1957 none was classified as origina
ting in the Southwestern Region (Tables XIV and XVI). This was to be expected 
considering first that only 5% of the mature chums sampled in shore areas of . 
the Southwestern Region were 5-year-olds and second that Southwestern chums are 
the most difficult to identify because their counts and measurements for first
year scale characteristics are intermediate between those of North American and 
Northwestern A sian fi sh. 

Among 4-year-olds, only 4 of a total of 1491 chums sampled on the high 
seas during May and June were designated as originating in the Southwestern 
Region (Table XIII). One of these, taken off the coast of Southeastern Alaska, 
c'ould readily have been a misclassified North American fish with extreme scale 
characteristics. The other 3 were scattered among samples taken in the far 
western North Pacific westward from 1750 E. In the later part of the season 
(Table XV), of the total of 1227 4-year-olds sampled, only 11 were designated 
as originating in the Southwestern Region. Of the 11, the one taken farthest 
east was taken near 5~N, 1650 W. The remaining 10 were scattered throughout the 
western parts of the Bering Sea and the North Pacific Ocean westward from l750 W. 

v) Summary of 1957 results. In Figures 38 and 39, the results of study 
of the 1957 data are summarized schematically. The early season distribution 
in 1957 was quite similar to that observed· in 1956, with fish designated as 
originating in northern Asian chum areas predominating throughout the western 
half of the North Pacific and Bering sea; in all areas westward from 1750 W 
north of the Aleutians and from l7~W south of the Aleutians, the proportions 
of identifiable northern Asian fish were high. Between l7~W and 18~, north of 
the Aleutians, however, there were also significant proportions of fish origina
ting in northern Alaska. In the eastern Bering Sea, eastward from 17~W, 
northern Alaskan fish predominated, but measurable proportions of northern Asian 
fish were also present. Thus in the eastern Bering Sea, eastward from l8~, 
there was apparently extensive intermingling of chums from the northern produc
ing areas of both Asia and North America. 

Sampling in the Gulf of Alaska was very sparse during May and June .. 
Sampling near the eastern coast (near 550N, l350 W) indicated that fish 
originating in the southeastern Alaska-British Columbia region predominated 
here. ISmaIl samples in the central part of the Gulf contained a remarkably 
high proportion of fish with scale characteristics similar to northern Asian 
chums. Some of these fish may actually have been North American chums 
erroneously misclassified as originating Asian, but it is equally possible that 
they were truly Asian fish (mainly immatures). 

Later in the season (July to September - see Figure 39), in the western 
half of the study area, the proportions of Northwestern fish dropped consid
erably except in the areas immediately adjacent to Kamchatka. This was 
probably the result of the inshore movement of mature summer chums toward the 
northern Asian spawning areas, leaving behind a population composed mainly of 
later spawners from more southern Asian areas (whose scale characteristics are 
not as distinctive as those of the more northern chums). Most samples taken 
between 17~W and 17~E contained small proportions of fish designated as 
originating in northern Alaska. Many of these could be autumn spawners 
originating in the more southerly Asian streams which had been mistakenly 
classified as North American fish but the possibility that intermingling of 
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North American and Asian fish occurs in this broad area cannot be denied. 

Just as in 1956, fish originating in northern Alaska predominated in the 
eastern Bering Sea and in the area south of the Aleutians and the Alaska 
peninsula from 1550 W to at least 1650 W (northern Alaskan· chums predominated as 
far westward as 1700W in 1956, but in 1957 no sampling was conducted at 1700W). 

Fish originating in the British Columbia-southeastern Alaska region 
predominated in the northeastern part of the Gulf of Alaska and were apparently 
present in small proportions in most samples along the northern rim of the Gulf 
of Alaska and along the Aleutians possibly as far westward as 1750 W. Between 
15O-W and 1750 W they would intermingle with chums from northern Alaska and with 
those from Asian areas also. 

In the area immediately south of Kodiak Island (at 550 N between 1500 and 
1550 W), July samples contained a large proportion of chums with scale characters 
similar to those of fish sampled in Kamchatka. The occurrence of such a high 
proportion of ostensibly northern Asian fish from samples in this area seems 
rather anomalous in view of the fact that large samples in neighbouring areas 
both to the east and to the west contained only small proportions of Asian-like 
fish. However, the striking contrast between the scale patterns of these fish 
and 0 f fi sh ori,gi nati ng in any North Ameri can coa sta 1 area, and the simi larity 
of most of the scales to the most extreme scales from northern Asian fish 
strongly suggests that many of the fish taken in this area were truly .Asian. 
Most of them were immatures and would have a full year to make the long return 
journey to the spawning grounds of northern U.S.S.R. 

4. DI SCUSSI ON AND SUMMARY 

In this report, differences in first- and second-year circulus counts 
and annulus measurements of scales from chum salmon originating in the rivers 
of North America and Asia were used in an attempt to identify the area of origin 
of fish taken on the high seas. Because scale characteristics tend to vary 
between fish maturing at different ages, the present study was restricted to 
a consideration of 4- and 5-year-old chums only. The method essentially involves 
establishment of a key in which 8 scale characters for fish taken on the high 
seas are compared with the same characters for fish of known origins sampled in 
coastal fishing areas or on spawning grounds. From these comparisons each fish 
taken on the high seas was classified according to the similarity of its scale 
pattern to scale patterns of fish originating in streams within 4 broad geo
graphical area s: the Southeastern Region (from Oregon to central Alaska), the 
Northeastern Region (central, western and far northern Alaska), the Northwestern 
Region (here type samples were obtained abnost exclusively from the Kamchatka 
peninsula although it is believed that fi sh from most Asian producing areas 
along the northern Okhotsk Sea and on the Bering Sea coasts of the U.S.S.R. 
would exhibit similar scale patterns), and the Southwestern Region (type samples 
were obtained from Hokkaido only, but it is possible that chums from the more 
southerly U.S.S.R. producing areas may exhibit similar characteristics). In 
many cases, fish taken on the high seas could be assigned precisely to one of 
the 4 regions. In other cases it was possible only to designate that the fish 
originated in either of two or in one of three or even all 4 of the regions. 

.. 
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As a test of the method, sub-samples of fish of known orlgln were 
processed in the same way as if they had occurred among samples taken on the 
high seas. These tests indicated that the precise region of origin of about 
half the fish originating in the Southeastern Region would be recognized 
correctly by this method. For an additional 15%, the precise region could not 
be determined, but the fish would be designated as originating in either the 
Southeastern or Northeastern Region and could therefore be assigned as North 
American fish. In all but 1% of the remaining cases neither the region nor the 
continent of origin could be detenninedo In about 1% of the cases either the 
region or continent of origin was misclassified. Somewhat smaller percentages 
of fish originating in the Northeastern (northern Alaska) and Northwestern 
(northern Asia) Regions could be classified as to region or continent of origin 
(33.% and 31% respectively). The number of cases in which wrong classification 
occurred was small (about 1% and 3.% for the Northeastern and Northwestern . 
Regions respectively). Because their scale characteristics are intermediate 
between those of Northwestern and North American chums, very few (around 6%) of 
the fish from the samples from Hokkaido (Southwestern Region) could be classified 
even to continent of origin. In 4.5% of the cases, the continent of origin was 
misclassified. Thus the methods used would be expected to provide relatively 
accurate identification of the region of origin of a significant proportion of 
those 4- and 5-year-old chums taken on the high seas which had originated in 
the streams of northern Asia and along the entire North American coastline. 
Very few of the fish originating in southern Asian chum streams would be 
identified. 

In applying these methods to samples taken on the high seas a number of 
difficulties arose, stemming from the errors in classification described above 
and possibly from the inadequacy of sampling in certain coastal areas (especially 
in Asia). While these difficulties prevented determining the exact limits of 
distribution of the different stocks on the high seas, the study has provided 
a very reasonable picture of the centers of concentration of the populations 
originating in all regions except the Southwestern l • 

The patterns of sampling and detenninations of proportions of identi ~ ·· 
fiable fish from the various regions have been discussed fully in the main body 
of this paper. As a summary, Figures 40 and 41 have been prepared from the 
combined data for 1956 a~d 1957 to show the general distribution of fish from 
each of the 3 regions under consideration2, during the early part of the 
sampling season (May and June) and during the late season (July to September). 
For each of the stocks, the high-seas areas in which they predominated, the 
areas in which they were present in lesser proportions, and the areas in which 
they may have been present in small proportions but where possible errors in 
classification make final determinations difficult, are shown. 

During the early part of both seasons, most of the fish in the samples 
were probably matures, some of which would already be on their way to the 

lEven with Southwestern fish, it may be possible to provide a tentative 
description of distribution by considering only two possible regions of origin 
(the Northwestern and Southwestern) for fish taken in high-seas areas where it 
has been shown that North American fish are virtually absent. 

2rhe results from the 1956 and 1957 collections were quite similar. 
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spawning grounds. Except for the area immediately adjacent to the British 
Columbia-southeastern Alaska coast (where Southeastern fish predominated), 
sampling was restricted to the areas westward from 1650 W. Fish from northern 
Alaska predominated in the eastern Bering Sea and south of the Aleutians around 
1650 W. Northern Asian fish apparently predominated throughout most of the rest 
of the western ocean 9 except along the southern fringe of the sampling area, 
especially eastward from 1800. Here the proportions of fish which could not be 
identified were very high, suggesting the presence of stocks (either Asian or 
North American) with intermediate scale characters. The area over which 
substantial intermingling occurred lay between 1750 E and at least as far east
ward as 1650 W. This zone of intenningling appeared to be widest near the 
Aleutians and to be narrower fUrther northward in the Bering Sea. The approxi
mate boundary separating areas where Alaskan and northern U.S.S.R. fish 
predominated appeared to be between 1700W and 1750 W north of the Aleutians. 
Below the Aleutians 9 the presence of large proportions of unidentifiable fish 
makes establishment of a division line difficult. From the above considerations, 
in Figure 42, the approximate ranges of 4- and 5-year-old chums from North 

'America and Asia are indicated. 

Late in the season (July to September - see Figure 41) sampling was more 
widespread and included a good coverage of the Gulf of Alaska as well as of the 
western part of the study area. As the season progressed it would be expected 
that mature chums destined to spawn during the summer months would rapidly 
emigrate from the high seas, leaving behind immature fish and populations of 
later spawning fish. The stocks of northern Asia are summer spawners and their 
distribution pattern as indicated by the scale studies 9 reflects their movement 
away from the central Bering Sea (where they clearly predominated early in the 
season - see Figure 40) toward the Asian coast. The proportions of identifiable 
Northwestern chums were very high along the Kamchatka coast (about the same as 
in the early season) and considerably lower than they had been in the spring 
everywhere else (except for one sampling area in the Gulf of Alaska - see below). 
Samples throughout most of the western North Pacific and Bering Sea contained 
moderate proportions of Northwestern fish and large proportions of unidenti
fiable fish, suggesting that the residual populations there could be made up of 
a high proportion of 'late spawning southern Asian fish (which are impossible to 
identify because of their intennediate scale characters). 

In the late part of the season in the Bering Sea, fish originating in 
northern Alaska (the Northeastern Region) occupied essentially the same area as 
they did in the early part of the season. They also formed a major part of the 
population in the western Gulf of Alaska. Mature fish of Southeastern origin 
were concentrated against the eastern shore of the Gulf9 but also occurred in 
smaller proportions along the northern rim of the Gulf westward to about 17ooW. 
Samples of immature fish taken immediately south of Kodiak Island in July 
contained a high proportion of fish with typically northern Asian scales, 
suggesting the presence of some Asian fish in this area. 

It is very difficult to establish the probable area over which inter
mingling between North American and Asian 4- and 5-year-old fish occurred late 
in the summer because the actual number of fish sampled in the central North 
Pacific and Bering Sea areas was too small, and because of the large numbers 
of unidentifiable fish present in samples from this area. At this time, it is 
not feasible to di scuss in detai 1 the relative abundance of fi sh in the I' _. 

different high-seas sampling areas as shown by high-seas fishing. However, 

• 
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one general comment may be helpful. Late season catches of older chums in the 
mid-ocean area, as shown, for example, by the 1956 data (see Figure B in the 
Appendix), are usually quite poor. Catches on either side of this area remain 
high at least until late August. These observations suggest a division between 
Asian and North American mature stocks as both move toward their spawning 
grounds. In 1956 this division area seemed to lie between l700W and 1800. From 
these considerations and study of data presented in Figure 41, in the late 
summer the extent of intermingling of Asian and North American 4- and 5-year-old 
chums (many of which are matures) is much less than that occurring in the early 
season. The approximate division line between areas in which one or the other 
predominated in 1956 and 1957 would appear to be in the general vicinity of 
l700W both north and south of the Aleutians (see Figure 42). 

The study of 4- and 5-year-olds provides only a limited picture of the 
distribution of chums on the high seas. Especially late in the season, immature 
3-year-old and younger fish form large proportions of research vessel catches. 
Extension of the present study to include examination of these younger fish is 
necessary to provide a balanced desc+iption of the relative distribution of 
stocks originating from the two continents. 



Sample 
No. 

1 
2 

3 
4 

5 

6 

7 

8 
9 

10 
11 
12 
13 
14 
15 

16 
17 
18 
19 

20 
21 
22 
23 
24 
25 

r I-,JPFC \ \ 

Table I. Coastal sampJ,ing areas for mature clrum salmon for 1956 to 1958. \ Ooc. ' 1 
Data for 1956 and 1957 include total numbers of fish sampled and tf(JsJi.. .. \ 'JI 
numbers of fish of each age. Data for 1958 include only numbel"s of \ 
5-year .. olds sampled. .\ 

Sampling ares 

'rillamook 
Culumbia River 

(Astoria) 
Puget Sound 
Puget Sound 

(Skag:i.t Bay) 
Puget Sound 

(Samish River) 

Fraser River 

Vancouver Island 
(West ('oast) 

Johnstone Strait 
Rivers Inlet 
"Fitzhugh Sound 
Bdla Bella 
Wright Sound 
Skeena River 
Nass River 
Portland Inlet 

(Somerville Island) 
Portwld Canal 
Boca de Q-Lladra 
Traitors Cove 
Boca de Quadra and 

Anan Bay (mixed) 
Anan Bay 
Moira Sound 
Cholmonde1ey Sound 
Kasaan Bay 
Smeaton Bay 
Noyes Island 

Total 
sampled 2 

68 

100 
84 

38 
93 
45 

100 
75 

100 

85 
66 

I 

1956 1957 1<)b- __ __ ._.-::.0 
3 4 

5 6.3 

2 93 
4 7"7 

1 36 
33 58 
22 23 

7 f!7 
7'3 

100 

.3 81 

.3 6" 

5 

5 
.3 

1 
2 

6 
2 

1 

Total 
6 sampled :3 4. 5 

28 
'Zl 

52 
36 

19 

161 

100 

200 

52 
146 
114 

49 

44 
12 

76 

37 
92 

102 

11 

16 
18 

14 
10 

16 

11 
9 

37 
25 

3 

1 

1 
1 

38 la 2 

34 59 7 

47 148 5 

15 35 :2 
8 127 11 

10 90 14 
2 46 1 

9 2B 7 
12 

9 56 11 

.3 27 7 
2 65 25 
9 '15 18 

1 B 2 

6 
Total 5-

7 year-olds 

:2 

2") 

9 

14 
86 

100 

2.3 

(continued) 



Table I (continued) 

1956 

Sample Sampling Area Total 
No. sampled 2 3 4 5 6 

26 Davidson Inlet 62 4 54 3 1 
27 Pt. Eaton 
28 Stikine_River 100 4 92 4 
29 Farragut Bay 
30 Port Houghton 41 1 40 
31 Seymour Canal 
32 Taku River 95 3 92 

Southeastern Region 
'fotal No. 1152 92 1032 27 1 
Total % 100): 8.0 89.6 2.3 0.1 

33 Yakutat (Dry Bay) 80 21 55 4 
34 Yakutat (East River) 
35 Prince William Sound 
36 Prince William Sound 

(Cordova) 
37 Cook Inlet (Seldovia, 

Rocky Bay) 
38 Cook Inlet (Kalgin 90 6 82 2 

Island) 101 3 62 36 
39 Kodiak Island 

(Uyak Bay) 
100 7 86 7 

40 Kodiak Island 
(Larsen Bay) 

41 Kodiak Island 
(Ali tak Bay) 

42 Shumagin Islands 
43 Pavlo! Bay 
44 King Cove 100 2 92 6 
45 King Cove (Pavlof Bay, 47 44 :3 

Canoe Bay, Volcano 
Bay, Cold Bay) 

46 King Cove (Cold Bay) 28 26 2 
47 King Cove and Shumagin 

Island (mixed) 

1957 
Total 

sampled 3 4 5 6 

19 5 11 3 

25 2 15 8 

73 11 52 10 
44 3 37 4 

1519 282 1097 140 
100% 18.6 72.2 9.2 

82 2 74 6 
94 15 71 8 
58 13 35 10 

101 3 97 1 

102 6 89 7 
71 5 62 4 

150 7 136 7 

167 21 112 34 

249 21 161 66 1 
105 4 56 45 
150 4 81 65 

(continued) 

1958 
Total 5-

7 year-01ds 

256 

5 

5 

6 
80 

46 

12 
37 

25 

~ 
IU 



Table I (continued) 

1956 1957 1958 
Sample Sampling Area Total Total Total 5-
No. sampled 2 3 4 5 6 sampled 3 4 5 6 7 year-olds 

48 Cold Bay 267 5 140 122 43 
49 False Pass 51 6 Z'! 18 
50 Unimak Island 7 4 2 1 
51 Cape Tolstoi, Kelly 55 4 44 7 

Rock, Swedania Pt. 
(mixed) 

52 Atka Pass 43 1 41 1 
53 Bristol Bay 61 4 51 6 
54 Kuskokwim River 17 15 2 73 1 55 17 4 
55 Kuskokwim River 88 84 4 

(Bethel) 
56 Yukon River 59 1 40 lB 
57 Yukon River 100 1 69 30 104 20 53 31 

(Old Andreafsky) 
58 Yukon River (Alakanuk) 53 4 41 8 40 11 24 5 3 
59 Yukon River (Far North) 244 58 121 61 4 
60 Unalakleet River 93 25 51 16 1 

70 2 41 26 1 
61 Nome River 18 7 7 4 
62 Teller (Port Clarence) 47 1 Z'7 19 ~ 8 59 20 
63 Teller (Grantley Haroor) 32 1 15 16 
64 Kotzebue Sound 100 16 75 9 38 2 29 7 

Northeastern Region 
Total No. 1382 1 146 1008 225 2 2240 212 1486 536 6 266 
Total % 100% 0.1 10.6 72.9 16.3 0.1 100% 9.5 66.3 23.9 0.3 

65 Off Kamchatka 89 13 32 43 1 
66 Off Kamchatka 49 9 20 20 
67 KamchB. tk!l. River 49 2 38 9 15 
68 Okhotsk Sea 77 22 55 
69 Bo1shaya River 49 37 7 4 1 7 
70 Utoka River 25 15 10 32 
71 Icha River 47 1 32 14 
72 Kukhtui River 76 

Northwestefg Re~on 
ll8 4 1 130 otal ~ o. 215 22 74 1 170 3 122 40 

TQ:tiill ~ 100% 10.2 :2~.~ 'i~,2 0.2 100% 1,8 71 18 2:2.2 2.J 0!6 (con. ) 
-0 

V' 
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Table I (continued) 

1956 1957 1958 

Sample Sampling Area Total Total Total 5-
No. sampled 2 3 4 5 6 sampled 3 4 5 6 7 year-olds 

73 Nishibetsu River 105 42 53 10 64 21 40 3 
74 Shari River 92 41 48 3 10 
75 Abashiri River 162 114 45 3 
76 Tokoro River 59 21 35 3 2 
77 Yubetsu River 96 9 78 9 33 3 29 1 5 
78 Ishikari River 21 10 7 4 91 76 11 4 1 126 5 54 39 25 3 
79 Tokachi River 85 17 50 17 1 74 11 49 12 2 II 
80 Shizunai River 55 7 16 24 8 

Southwestern Region 
Total No. 488 12 148 251 73 4 575 287 257 29 2 29 
Total % 100% 2.5 30.3 51.4 15.0 0.8 100% 49.9 44.7 5.1 0.3 

-0 

...c 
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Table III. Comparison or arbitrary limits and calculated 0.95 fiducial limits for 5 samples of 4-year
olds taken in coastal sampling areas in 1957. 

a) L1 measurements for 4. coastal samples. 

Sample L1 (mm x 1(0) 

Area Area 95 100 105 110 115 120 125 130 135 140 145 150 155 160 165 170 Total 
No. 

(8) Johnstone 
Fresuellcl 

Strait 1 1 2 2 110 14 22 34. 23 19 9 7 I 3 1 148 

(37) Seldovia 
Rocky Bay 1 2 2 8 13 23 17 20 6 5 97 

(7) w. Coast 
Van. Is. t 4. 1 :3 7 11 7 14 4. 4 2 I 1 1 59 

(29) Farragut 
Bay I 2 1 4 2 3 1 2 .~ 15 

(57) Yukon -
Alakanuk 5 10 5 4 24-

b) Comparison of limits 

Limits 

Sampling Area No. 8 37 7 29 57 

Arbitrary limits 116 - 155 106 - 145 
IlUIl x 100 , 

116 - 160 116 - 135 101 - 150 

0.95 fiducial 
limits 110.1 - 157.5 106.5 --144.; 103.1 -15;2.1 106.9 -161.9 114.0 .... 135.4 

'"'I;) 

(J") 



Table IV. Average first annulus widths (Lt) for 4- and 5-year-old chums of the 
same brood year taken in various coas a:L sampling areas. 

" Average ~ 
Sample 
area Area 1952 brood 1953 brood 

No. 1956 4's 1957 5's 1957 4's 1958 5's 

IIIDl x 100 
(3) PugfJt Sound 126 .. 2 139.0 
(6) Fraser River (I) 141.8 130.52 133.9 125 .. 52 

(1I) 140.4 
(8) Johnstone St. 133.8 123.7 

(12) Wright Sound 126.5 114.81 
(13) Skeena R. 120.4 124.81 120.0 119.1 
(14) Nass R. 122.8 124.51 124.9 ll7.8 

(20) Anan Bay - 122.3 ll6.5 
(32) Taku R. 135.5 129.32 

(34) Yakutat 140.1 140.02 

(37) Seldovia 125.4 125.02 

(38) Cook Inlet, I 129.5 126.62 130.9 135.52 Kelgin Is. II 125.8 

~l6~ Uyak Bay 131.7 133.02 131.4 125.8 
Larsen Bay 130.9 127.5 

(42) Shumigail Is. 131.5 120.1 
(43) Pavlor 132.8 127.1 
(44) King Cove 135.1 128.7 
(48) Cold Bay 130.4 131.3 

(54) Kuskokwim R. 145.0 137.42 ,129 .8 125.52 

(57) Old Andreafsky 131.6 132.4 
(58) Alakanuk 132.6 132.02 124.7 121.4 
(62) Teller I 131.2 124.0 (63) II 129.4 
(64) "Kotzebue Sound 125.6 126.62 

(67) Kamchatka R. 108.7 107.01 
(69) Bolshaya R. 114.1 107 .32 
(70) Utka R. 115.4 110.7 

(73~ Nishibetsu R. 129.2 2 123.02 (77 Yubetsu R. 127.5 ll5.0 
(78) Ishikari R. (I) 140.2 123.02 

(II) 137.8 
(79) Tokachi R. 120.9 ll7.21 

1 Sample less than 20 

2sample less than 10 



1'.3 

Table V. !orbitrary ranges of counts and. measuTements for samples taken in the 4 
major regions. Percentag~s of the total number of observations made included 
within the designated UJIdts for each of the single characters are shown for 
each region. 

Limit 
Character Brood year S.E. N.E. N.W. S.W. 

Ll 1952 101 - 165 106·- 160 86 - 150 96·- 160 
(nun x 106) 1953 96 - 160 106 - 170 86 - 140 101 - 165 

% included 99.2 % 99.($ 98.0% 98.3% 

Ca 1952 10 - 20 10 - 19 8 - 14 il- 18 
(no. ) 1953 10 - 20 10 - 18 8 - 14 12- 19 

% included 99.6% 99.5% 98.0% 97.6% 

Gb 1952 '15·- 24 12 - 19 10 - 17 13 - 20 
(no. ) 1953 14- 23 il- 20 11- 17 12 - 22 

% included 98.7% 99.4% 98.($ 99.3% 

L2 1952 51 - 125 51 - 105 41- 90 41- 85 
(nun x 100) 1953 51 - 120 51 - 120 41- 95 36 - 85 

% included 99.ZI> 99.4% 98.4% 99.0% 

C2 1952 14- 31 10 - 27 10 - :& 12 - 21 
(no. ) 1953 14- 29 12 - 27 12- 21 12 - 21 

% included 99.ZI> 99.4% 98.0% 96.9% 

Ll + lOCa 1952 210 - 359 220 - 339 180 - 279 210 - 339 
1953 210 - 369 220 - 329 180 - 279 200 - 349 

L2 + lOCb 1952 220 - 339 180 - 279 170 - 239 180 - 259 
1953 210 - 319 180 - 279 170 - 239 180 - 279 

0.5LllCb 1952 2.6 - 4.1 3.4 - 6.1 3.4 - 5.5 3.4 - 5.1 
1953 2.6 - 4.5 3.4 - 5.9 3.2 - 5.5 3.4 - 5.5 



t. S 

Tabl'e VI. .Classification of scale bharacters for 4 fish taken from different 
coastal areas in 1956 (see text). 

Area of comparison 
, 

Character Value Southeastern Northeastern Northwestern Southwestern 

Fish I (Siberia ,- Kamchatka) 

,Ll 93 No No Yes No 
Ca 11 Yes Yes Yes No 
Cb 11 No Yes Yes No 
L2 75 Yes Yes Yes Yes 
C2 17 Yes Yes Yes Yes 
o.51l1ob 4.3 Yes Yes Yes Yes 
Ll + lOCa 203 No No Yes No 
L2 + lOCb 185 No Yes Yes Yes 

Fish II (Siberia - Utka) 

Ll 111 Yes Yes Yes Yes 
Ca 11 Yes Yes Yes No 
Cb 12 No Yes Yes Yes 
L2 86 Yes Yes Yes No 
C2 2l Yes Yes Yes Yes 
O.5Ll / cb 4.7 No Yes Yes Yes 

Ll + lOCa 221 Yes Yes Yes Yes 
L2 + lOCb 206 No Yes Yes Yes 

Fish III (British Columbia - Fraser River) 

~1 121 Yes Yes Yes Yes , 
Ca 14 Yes Yes Yes Yes 
Cb 20 Yes Yes No Yes 
L2 80 Yes Yes Yes Yes 
C2 20 Yes Yes Yes Yes 
o.5Lllcb 3.1 Yes No No No 
Ll + lOCa 261 Yes Yes Yes Yes 
L2 + lOCb 280 Yes No No No 

Fish IV (central Alaska - Kodiak) 

L1 132 Yes Yes Yes Yes 
Ca 14 Yes Yes Yes Yes 
Cb 15 Yes Yes Yes Yes 
L2 91 Yes Yes Yes No 
C2 22 Yes Yes No No 
o.51l1cb 4.4 Yes Yes Yes Yes 
Ll + lOCa 2:72 Yes Yes Yes Yes 
L2 + lOCb 241 Yes Yes No Yes 



Table VII. N"<lIIIber of 4'·yea:t""~"olds from sub-samples from different shore areas designated as originating from particular 
regions and from eithe-r North America 01 Asia. 

Region Continent 

Number1 ArneI'. 
2 

Southeostern Northea stF.':rn Northwestern Southwest.ern correctly North and 
Yeal.' Yes No Yes No Yes No Yes No classi fied ArneI'. Asia Asia 

< 

Puget Sound 56 10 0 3 7 0 10 0 10 7/10 10 0 0 
57 10 0 4 6 0 10 1 9 6/10 9 1 0 

Fraser River 56 10 0 1 9 0 10 1 9 9/10 9 1 0 
57 10 0 2 8 0 10 2 8 8/10 8 2 0 

Skeena River 56 9 1 4 6 1 9 2 8 6/10 8 2 0 
57 10 0 5 5 0 10 2 8 5/10 8 2 0 

Noyes Island 57 8 0 4 4 0 8 " ~" 6 4/8 6 2 0 

Davidson Inlet 56 9 1 5 5 1 9 4 6 4/10 5 4 1 

Stikine River 56 10 0 6 4 0 10 4 6 4/10 6 4 0 

Port Houghton 56 10 0 5 5 1 9 3 7 5/10 7 3 .0 

Seymour Canal 57 10 0 10 0 1 9 8 2 0/10 1 9 0 

Taku River 56 10 0 4 6 0 10 3 7 6/10 7 3 0 
57 8 2 8 2 4 6 7 3 1/10 2 7 1 

128 124 4 61 67 8 120 39 89 65/128 86 40 2 
50.8% 67. 'Zf, 31.~ 1.6% 

Cook Inlet 56 1 9 10 0 0 10 4 6 6/10 6 4 0 
57 5 5 10 0 2 8 6 4 2/10 3 7 0 

Uyak. Bay 56 1 9 10 0 1 9 7 3 2/10 2 8 0 
57 6 4 10 0 6 4 8 2 0/10 2 8 0 

King Cove 56 1 9 10 0 5 5 6 4 3/10 3 7 0 
57 3 7 10 0 4 6 7 3 2/10 2 8 0 

Kuskokwim River 56 0 10 10 0 0 10 4 6 6/10 6 4 0 
57 5 5 10 0 0 10 4 6 4/10 6 4 0 

c ont'd. 

~ 

o 



Table VII (continued) 

Region Continent 

Nunberl Amer. 2 

Southeastern Northea stern Northwestern Southwestern correctly North and 
Year Yes No Yes No Yes No Yes No cIa ssi fi ed Amer. Asia Asia 

Yukon River 56 0 10 10 0 5 5 7 3 3/10 3 7 0 

Yukon, Old Andreafsky 57 7 3 10 0 6 4 7 3 2/10 2 8 0 

Kotzebue Sound 56 0 10 10 0 8 2 7 3 1/10 1 9 0 
57 4 6 10 0 7 3 5 5 1/10 3 7 0 

120 33 87 120 0 44 76 72 48 32/120 39 81 0 
26.6% 32.5% 67.5% 

Off Kamchatka (I) 56 2 8 6 4 7 3 2 8 3/10 3 4 3 

Off Kamchatka (II) 56 2 8 5 5 10 0 5 5 4/10 0 5 5 

Kamchatka River 57 4 6 6 4 10 0 8 2 1/10 0 7 :3 

Okhotsk Sea 56 0 10 7 3 10 0 6 4 2/10 0 7 3 

B olshaya River 57 2 8 3 7 9 1 3 7 4/10 0 5 5 

Utoka River 57 3 7 8 2 10 0 1 9 2/10 0 8 2 

I cha River 57 4 6 7 3 9 1 4 6 1/10 0 9 1 

70 17 53 42 28 65 5 29 41 17/70 3 45 22 
24.3% 4.3% 64.3% 31.4% 

Shari River 57 5 5 8 2 2 8 9 1 1/10 0 8 2 

Yubet su Ri ver 56 4 6 8 2 3 7 9 1 1/10 0 9 1 
57 6 4 10 0 3 7 9 1 0/10 0 10 0 

Tokachi River 56 4 6 7 3 4 6 9 1 0/10 0 7 3 

40 19 21 33 7 12 28 36 4 2/40 0 34 6 
5% 85% 15% 

- - ---- --- - --- -- - --

lWith respect to precise region of origin; 2Continent of origin could be either North America or Asia. / 

~ 



Table VIII. 

(see page 8 of text) 
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Table IX. Numbers of chums from various high seas areas designated as originating in the 4 major coastal 
regions and. more generally. in North America and Asia - 4-year-olds sampled early in 1956 (May and 
June). See Figure A for location of high seas sampling areas. 

Sampling 
Des~gnat~d r~ion of origin 

Total! _. Tota:l2 Total3 
Area Month Southeastern Northeastern N. America Northwestern Southwestern Asia Unid. Total 

.IlYl!!.bers of fish 

Al June 0 0 0 0 0 0 1 1 

A2 May 0 3 3 0 0 0 10 13 

A3 June 0 10 10 0 0 1 42 53 

A4 June 1 7 9 1 0 2 40 51 

A5 June 0 0 0 0 0 0 3 3 

A6 June 0 1 1 IS 0 23 23 47 

A7 June 0 4 3 11 1 12 26 4J. 

AS May 0 0 0 2 1 3 2 5 

June 0 1 1 3 2 5 II 17 

A9 June 0 0 0 13 0 16 22 3S 

AI0 June Q 0 1 10 0 13 7 21 
, 

All June 1 0 1 5 0 5 2 8 

Total 2 26 29 63 4 80 189 298 

lIncludes fish designated as originating in the Southeastern and Northeastern Regions specifically 
as well as those for which it was possible only to designate the continent of origin. 

2Includes fish desi~ated as originating in the Southwestern and Northwestern Regions as well as 
those for which it was possib e only to designate the continent of origin. 

3Total number of fish for which neither the precise region nor continent of origin could be designated. 

-
\; 



laO.Le.A.. l'IUInoers 01. cnums Boom varl.OUS nlgn seas areas aeslgnat,ea as Originating in the 4 major l!0asta.l 
regions and. more generally. in North America and Asia - 5-year-olds sampled early in 1956 (May and 
June). See Figure A for location of high seas sampling areas. 

Sampling 
Area Month Southeastern 

Al 

A2 

A3 

A4 

A5 

A6 

A7 

AS 

A9 

AIO 

All 

June o 

May 2 

June o 

June o 

June o 

June o 

June o 

May o 

June o 

June o 

June o 

June o 

Total 2 

Designated regior. of origin 

Totall 
Northeastern N. America Northwestern 

o 

4 

9 

12 

o 

o 

2 

1 

o 

o 

o 

o 

28 

o 

6 

11 

12 

o 

o 

2 

I 

o 

o 

o 

o 

32 

numbers of fish 

o 

3 

2 

1 

o 

24 

17 

o 

9 

1.5 

3 

11 

B5 

Southwestern 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

1 

1 

Tota12 Tota13 
Asia Unid. 

o 

3 

3 

1 

o 

2B 

21 

o 

10 

17 

4 

13 

100 

o 

7 

10 

15 

1 

10 

10 

o 

4 

14 

4 

3 

7B 

Total 

o 

16 

24 

2B 

1 

3B 

33 

1 

14 

31 

B 

16 

210 

lIncludes fish designated as originating in the Southeastern and Northeastern Regions specifically 
as well as those for which it was possible only to designate the continent of origin. 

2Includes fish designated as originating in the Southwestern and Northwestern Regions as well as 
those for which it was ·possible only to designa·t;e the continent or origin. 

~ 

:z 

3Total number of fish for which neither the precise region nor continent of origin could be designated. 
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Fig. A. Sampling areas for 4- and 5-year-olds taken in 
May and June, 1956. "A" samples indicate 4-year-olds; 
"c" samples, 5-year-olds. 
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Table XI. Numbers of chums from various high seas areas designated as originating in the 4 major coastal 
regions and. more generally. in North America and Asia - 4-year-olds sampled late in 1956 (July to 
September). See Figure B for location of high seas sampling areas. 

Desi~nated re~on of origin 

Sampling Totall Total2. Total3 
Area Month Southeastern Northeastern N. Am\'<I"lca Northwest,ern Southwestern Asia Unid. Total 

numbers of fish 

Bl July 1 0 1 0 0 0 2 3 
Aug. 10 1 12 0 0 1 9 22 

B2 July 21 2 28 0 1 2 17 47 
B3 July 49 6 64 0 0 0 39 103 

Aug. 12 1 15 0 0 1 10 26 
B4 July 2 1 3 2 0 3 11 17 

Aug. 1 1 3 0 0 0 2 5 
B5 July 0 2 2 1 1 2 26 30 

Aug. 0 1 3 0 0 0 1 4 
B6 July 1 2 3 0 0 0 17 20 

Aug. 0 0 0 0 0 1 8 9 
Sept. 1 0 1 0 0 0 6 7 

B7 July 0 2 3 1 0 2 14 19 
Sept. 0 0 0 0 0 0 1 1 

B8 July 10 5 18 1 0 3 67 88 
Aug. 4 3 8 0 0 0 15 23 

B9 July 0 1 1 1 0 2 4 7 
Aug. 1 1 2 0 0 0 18 20 
Sept. 0 1 1 0 0 0 1 2 

BI0 Aug. 7 7 15 0 0 1 31 47 
Bll Aug. 0 1 2 1 0 1 24 27 

Sept. 2 L 3 0 0 0 11 14 
B12 Aug. 3 1 4 1 0 1 20 25 

Sept. 0 0 0 0 0 0 3 3 
B13 Aug. 0 0 0 0 0 0 3 3 
B14 July 0 2 3 0 0 1 9 13 

Aug. 0 0 0 2 0 3 3 b 
B15 Aug. 0 0 0 0 0 0 2 2 
Blb July 0 0 0 0 0 0 0 0 
B17 July 0 0 0 4 0 4 9 13 
B18 Aug. 1 0 1 0 0 1 0 2 

Sept. 0 0 0 1 1 2 5 7 
B19 July 0 0 0 0 3 3- 12 15 

Aug. 2 0 3 3 0 4 11 18 
1_ . _ . .L .! • • __ _ ..1' 

"0 

h 



Table Xl (continued) 

Designated region of origin 

Sampling Totall Tota12 Tota13 
Area Month Southeastern Northeastern N. America Northwestern Southwestern Asia Unid. Total 

nJ,!1!.!bers of fish 

B20 July 0 2 3 11 1 17 57 77 
B21 July 0 0 0 1 0 2 7 9 

Aug. 0 1 1 19 1 26 24 51 
B22 July 0 0 1 2 0 2 12 15 

Aug. 0 0 0 1 0 1 6 7 
B23 Aug. 0 0 0 5 0 5 15 20 

Total 128 45 204 59 6 91 532 8'Z{ 

~ncludes fish designated as originating in the Southeastern and Northeastern Regions specifically 
as well as those for which it was possible only to designate the continent of origin. 

2Includes fish designated as originating in the Southwestern and Northwestern Regions as well as 
Those for which it was possible only to designate the continent of origin. 

3Total number of fish for which neither the precise region nor continent of origin could be designated. 

"0 

+J 
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Fig. B. Sampling areas for 4-year-olds taken from 
July to September, 1956. 
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Fig. C. Sampling areas for 5-year-olds taken from July 
to September, 1956. - Sampling area. wbe,re 20 or more fish taken. 

- Sampling area where less than 20 fish taken.l 
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Table XII. Numbers of chums from. various high seas areas designated as originating in the 4 major coastal regions 
and. more generally. in North America and Asia - 5-year-01ds sampled late in 1956 (July to September). See 
Figure C for location of high seas sampling areas. 

Designated region of origin 

Sampling Tota11 Total2 Tota13 
Area Month Southeastern Northeastern No America Ncrth1<lestern. Southwestern Asia Unido Total 

n..umbers of fish 

D1 July 0 1 3 1 1 2 5 10 

Aug. 0 0 0 1 0 1 5 6 

Sept. 0 0 0 1 0 1 0 1 

D2 July 0 2 2 1 0 1 6 9 

D3 Sept. 1 0 1 5 0 5 4 10 

D4 Aug. 0 0 0 0 0 1 0 1 

D5 Aug. 0 0 0 0 0 0 6 6 · 

D6 July 0 0 0 2 0 2 6 8 

D7 July 0 0 0 4 0 5 6 11 

D8 July 0 0 0 4 0 5 4 9 

Aug. 2 0 0 7 0 8 10 20 

D9 July 0 0 0 6 0 6 9 15 

D10 July 0 0 0 10 0 11 29 40 

Aug. 0 0 0 28 0 66 
t> 

32 34 ~ 
D11 Aug. 0 1 2 14 0 17 17 36 ..t,.-

Total 3 4 10 84 1 97 141 248 ~ 
~ 1Includes fish designated as originating in the Sputheastern and Northeastern Regions specifically as well 

as those f~r which it was possible only to desi~ate the continent of ori~o "'-..:.-
Includes fish des}gnated as originahng in the Southw'estern an N@rthwestern Regions as well as those 

for which it was possible only to designate the continent or origin. 
3Total number of fish for which neither the precise region nor continent of origin could be designated. 

-t; 



Table XIII. Numbers of chums from various high seas areas designated as originating in the 4 marr coastal 
regions and. more generally. in North America and Asia - 4-year-<llds sampled early in 1957 May and 
J"une) • See Figure D for 10eation of high seas sampling areas. 

Designated region of origin 

Sampling Tota1l Total2 Tota13 

Area Month Southeasterrl Northeastern N. America Northwestern Southwestern Asia Unid. Total 

t),umbers of fish 

El May 0 1 1 0 0 0 0 1 
E2 May 13 1 20 1 0 1 12 3.3 

June 50 0 54 20 1 21 77 152 
E.3 June 1 0 1 4 0 4 10 15 
E4 June 0 0 0 0 0 1 -6 7 
E5 May 0 0 2 13 0 14 56 72 
E6 June 0 0 2 6 0 6 20 2S 
E7 June 0 15 IS 4- 0 4 34 56 
E8 June 1 .3 6 13 0 15 33 54 
E9 June 0 2 3 34 0 36 34 73 
EI0 June 0 0 2 12 0 13 22 37 
Ell June 0 3 4 13 0 14 48 66 
El2 June 0 2 2 35 0 35 49 86 
El3 Jlune 0 0 0 10 0 20 9 2!J 
E14 May 0 0 0 2 0 2 6 S 

J'une 2 1 12 22 1 23 III 146 
El5 JUne 0 1 1 60 0 62 45 lOS 
E16 June 0 1 2 9 0 9 31 42 
El7 May 1 1 6 63 1 67 163 2.36 

June 0 1 1 14 0 16 41 5S 
ElS May 0 1 1 20 1 22 42 65 

.tune 0 0 0 6 0 6 3 9 
El9 June 1 2 6 31 0 32 43 Sl 
E20 June 0 0 1 7 0 S 20 2!J ~ 

(') 

Total 69 35 14.5 399 4 431 915 1491 1\ 

1Inc1udes fish desigr.ated as originating in the Southeastern and Northeastern Regions specifically .r 
as well as those for which it was possible only to designate the continent of origin. 0 

~CfiU~tS fish de~~Fete1vat oa};mat~g ~ the ~ut~weste~ ~d Northwestern Reglons as wall as 11\ 
those for c was poss e on 0 e gna e t e cont en or 0 g • 

>rotal number ot fish for which neither the precise region nor continent of origin could be ~ designated. 

'--

~ 

~ 
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r .ig. D. Sampling areas for 4-year-01ds 
June, 1957. 
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Fig. E. Sampling areas for 5-year-olds taken in May 
and June, 1957. 
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Table xn. Numbers of chums from various high seas areas designated as or.:L¢,r.ating in the 4 major coastal regions 
and. more genera.llye · in North America and Asia ... 5-yoar.-old13 sampled early in '3-957 (May and .rune). See 
Figure E for location of high seas sampling areas. 

Designated region of origin 

Sampling Totall Total:?: Tota13 
Area Month Southeastern Northeastern N. America Northwestern Southwestern Asia Unid. Total 

numbers of fish 

Gl May 0 0 0 0 0 0 0 0 

G2 June 2 0 4 0 0 0 1 5 

G3 June 0 0 0 0 0 0 0 (l 

G4 June 0 0 0 0 0 0 0 0 

G5 June 0 0 0 3 0 4 7 11 

G6 June 1 4 5 5 0 5 19 29 

G7 June 0 1 1 20 0 22 9 32 

GB June 0 0 0 7 0 9 14 23 

G9 June 0 2 2 52 0 59 50 III 

G10 May 0 1 2 9 0 9 10 21 

June 0 0 0 6 0 8 5 13 

Gll June 0 0 0 2 0 4 8 12 

Total 3 8 14 104 0 120 123 257 

1rncludes fish designated as origir~ting in the Southeastern and Northeastern Regions specifically as 
well as those for which it was possible o~ to designate the continent of origin. 

2Includes fish designated as originating in the Southwestern and Northwestern Regions as well as those 
for which it was possible only to designate the continent of origin. 

3Total number of fish for which neither the precise region nor continent of origin could be 
designated. 

"'t> 

~ 
J: 



"!"aoJ.e AV. l~umDers 01 cnums 1rom vanous n~gn seas areas designated as originating in the 4 major coastal regions 
and, more generally, in North America and Asia - 4-year-01ds sampled late in 1957 (July to September). See 
Figure F for location of high seas sampling areas. 

Designated region of origin 

Sampling Tota11 Tota12 Tota13 
Area Month Southeastern Northeastern N. America Northwestern Southwestern Asia Unid. Total 

number~ of fish 

Fl July 0 0 0 0 0 0 1 1 
Aug. 1 0 1 0 0 0 0 1 

F2 July 3 0 3 1 0 2 6 II 
Aug. 2 0 2 0 0 0 4 6 
Sept. 2 0 3 0 0 0 1 4 

F3 July 0 0 0 0 0 0 2 2 
Aug. 0 1 1 1 0 1 4 6 

F4 July 1 3 4 30 0 34 21 59 
Aug. 3 0 3 0 0 0 3 6 

F5 July 0 0 0 0 0 0 1 1 
F6 July 2 3 8 0 0 0 18 26. 
F7 July 0 7 8 1 0 1 18 27 
F8 July 5 1 II 4 0 4 41 56 

Aug. 2 1 10 5 1 6 21 37 
F9 July 1 1 4 0 0 0 13 17 

Aug. 0 4 5 1 0 2 17 24 
flO July 2 0 2 1 0 1 II 14 

Aug. 0 0 0 5 0 5 32 37 
Fll July 3 1 5 2 1 3 27 35 

Aug. 2 3 10 4 0 7 44- 61 
Fl2 July 0 2 2 8 1 9 35 46 
F13 July 0 2 3 6 2 10 38 51 

Aug. 0 0 0 1 0 1 1 2 
Fl4 July 0 2 2 3 0 3 20 25 

Aug. 0 0 1 9 0 10 65 76 
Sept. 1 1 2 1 0 1 2 5 

Fl5 July 0 0 0 0 0 0 4 4 
Aug. 2 0 3 7 0 10 37 50 

Fl6 July 0 0 1 17 1 19 28 48 
Fl7 July 1 1 4 49 1 50 44- 98 

Aug. 0 0 1 4 0 4 13 18 

(continued) 
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Fig. F. Sampling areas for 4-year-olds taken from 
July to September, 1957. 
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Table XV (continued) 

Designated region of origin 

Sampling Total1 Tota12 Tota13 
Area Month Southeastern Northeastern N. America Northwestern Southwestern Asia Unid. Total 

nwnbers of fish 

Fl8 July 0 4 7 47 2 50 152 2C19 
Aug. 0 0 0 1 0 1 7 8 

Fl9 July 0 0 1 6 1 8 31 40 
F20 July 0 0 3 13 1 15 98 116 

Total 33 37 110 227 11 257 860 1227 

lIncludes fish designated as originating in the Southeastern and Northeastern Regions specifically as well 
as those for which it was possible only to designate the continent of origin. 

2Includes fish designated as originating in the Southwestern and Northwestern Regions as well as those for 
which it was possible only to designate the continent of origin. 

3Total number of fish for which neither the precise region nor continent of origin could be designated. 

~ 
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Table XVI. Numbers of (;hums .from various high seas areas designated as originating in the 4 major coastal regions 
ard.. illore generally. in North America a.nd Asia - 5-yeal·.·olds sampled late in 1957 (July to September). See 
Figure G for location of high seas sampling areas. 

Designated region of orig~ 

SampUng Total1- Tota12 Total) 
Area Month Southeastern Northeastern N. America Northwestern Southwestern Asia Unid. Total 

numbers of fish 

Hl July 0 0 0 0 0 0 0 0 
Aug. 0 0 0 0 0 0 0 0 

H2 July 0 0 0 0 0 0 0 0 
Aug. 0 0 0 0 0 0 0 0 
Sept. 0 0 0 0 0 0 0 0 

H) July 0 0 0 0 0 0 0 0 
Aug. 0 0 0 0 0 0 0 0 

H4 July 0 0 0 2 0 3 1 4 
H5 July 0 0 0 0 0 0 0 0 
H6 July 1 0 2 0 0 0 0 2 
H7 July 0 0 0 0 0 0 0 0 

Aug. 0 0 0 0 0 0 0 0 
H8 July 0 0 0 0 0 0 0 0 

Aug. 0 0 0 0 0 0 0 0 
H9 July 0 0 0 0 0 0 2 2 
H10 Aug. 0 0 0 2 0 2 1 3 
Hll July 0 0 0 1 0 1 2 3 

Aug. 0 0 0 1 0 1 4 5 
H12 July 0 0 0 5 0 5 8 13 
H13 July 0 0 0 9 0 12 27 39 

Aug. 0 0 0 0 0 1 3 4 
H14 July 0 0 0 5 0 6 14 20 

Total 1 0 2· 24 0 31 62 95 .." 

~ 
lIncludes fish designated as originating in the Southeastern and Northeastern Regions specifically as well CO 

as those for which it was possible only to designate the continent of origin. 

2Includes fish designated as originating in the Southwestern and Northwestern Regions as well as those for 
which it was possible only to designate the continent of origin. 

3Total number of fish for which neither the precise region nor continent of origin coul~ be designated. 
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Fig. G. Sampling areas for 5-year-olds taken from 
July to September, 1957. 
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Fig. 1. Couta1 sa1lp1ing areas for mature chum salmon collected in 1956 and 1957 . 

1. Tillamook 27. Pt. Saton 
2. Columbia River (Astoria) 28. Stik1ne River 
3. Puget Sound 29. Farragut Bay 
4. Puget Sound (Skagit Bay) 30. Port Houghton 
5 . Puget Sound (SaGi.h Bay) 31. SeYllOur Canal 
6 . Fraser Rt ver 32. Taku River 
7. Vancouver Island. (West Co.st) 33. Yakutat (Dry Bay) 
8. Johnstone Strait 34 . Yakutat (Saot River) 
9. Rivers Inlet 35. Prince Willialll Sound 

10. Fitzhugh Sound 36. Prince William Sound (Cordova) 
11. Bella Bella 37. Cook Inlet (Seldovia, RockY Bay) 
12. IIright Sound 38. Cook Inlet (Kalgin Island) 
13. Skeena River 39. Kodiak leland (Uyak Bay) 
14. Na •• River 40. Kodiak Island (Larsen Bay) 
15. Portland Inlet (So ... rvllle Illand) 41. Kodiak Island (Alitak Bay) 
16 . Por tland Canal 42. Shu_gin Island. 
17. Boca de Quadra 43. lUng Cove area (Pavlof Bay) 
18. Trai tor I 8 Cove 44. lUng Cove area 
19. Boca de Quadra and Anan Bay (mixed .ample) 45. King Cove area (Pavlof , Canoe I Volcano, Cold Bays) 
20. Anan Bay 46. I:ing Cove area (Cold Say) 
21 . lIoira Sound 47. lUng Cove area and Shu .... gin Islandl (Gixed aample) 
22. Chol_4eley Sound 48. lUng Cove area (Cold Bay) 
23. Kalaan Bay 49. Unimak leland (Palae Pasa) 
24. S~a ton Bay 50. Unia.k leland 
25 . lIoye. Island 51. Cape Tol.toi, ltelly Rock, Swedan!a Pt . (m1xed •• alple) 
26 . Davidson Inlet 52 . Atka Pa .. 

53. Brh tol Bay 
54. l:uakokwill River 
55. I:uokokwim River (Bethel) 
56. Yukon River 
57. Yukon River (Old .l.ndreafakY) 
58 . Yukon River (Alakanuk) 
59 . Yukon River (Far North) 
60. Uoalakleet River 
61. Nome River 
62. Teller (Port Clarence) 
63. Teller (GranUey Harbour) 
64. ~t.ebue Sound 
65 . Off KallChatka 
66. Off Kamchatka 
67. Ka1ll<hatka River 
68 . OkbotB k Sea 
69 , Bolahaya River 
70. Utoka River 
71. Icha River 
72. l:ukhtui River 
73. Niahibetsu R.iver 
74. Shari River 
75. Abashiri River 
76 w Tokoro River 
77 . Yubet8u liver 
78 . lahikari River 
79. Tokachi liver 
80. Shiaunai River 
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Fig. 2. Mean values and arbitrary r~nges of circulus counts for the first half of the first year (Ca>, 
circulus counts for the last half of the first year (Cb> and first-year annulus widths (Ll > for 
4-year-old chum salmon collected in various coastal sampling areas. Open circles indicate values 
for samples collected in 1956, closed circles for samples collected in 1957 and triangles for a 
sample of 5-year-olds collected in the Kukhtui River in 1958. 
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Fig. 3. Mean values and arbitr,ry ranges of second-year annulus widths (L2> and second-year circulus 
counts (C2) for 4-year-old chum salmon collected in various coastal sampling areas. Open circles 
indicate values for samples collected in 1956, closed circles for samples collected in 1957 and 
triangles 'for a sample of 5-year-olds collected in the Kukhtui River in 1958. 
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Fig. 4 . Relation between mean width of the first annulus (Ll) and mean number 
of circuli in the first half of the first year (Ca> for 4-year-old chum 
salmon collected in 1956 and 1957 from the 4 general coastal sampling 
regions. Open circles indicate values for samples collected in the South
eastern Region, open triangles for samples collected in the Northeastern 
Region, closed circles for samples collected in the Northwestern Region 
and crosses for samples collected in the Southwestern Region. 
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Fig. 5. Relation between mean width of the first annulus (Ll) aqd mean number 
of circuli in the last half of the first year (Cb) for 4-year-old chum 
salmon collected in 1956 and 1957 from the 4 general coastal sampling 
regions. Open circles indicate values for samples collected in 'the South
eastern Region, open triangles for samples collected in the Northeastern 
Region, closed circles for samples collected in the Northwestern Region 
and crosses for samples collected in the Southwestern Region. ' 

22 



N 
..J 

100r---------~--------------------~------------------~ 

0 

90 0 

iii. iii. 0 

IIAa 
iii. 

iii. 

iii. 0 t iii. iii. 
0 0 

80 iii. 
0 o 0 0 

~1iI. iii. iii. 0 0 

~1iI.1iI. 
iii. 0 

iii. 0 00 

• a 
iii. iii. 00 • iii. 0 

~~ iii. 
0 • iii. 

0 00 iii. 0 

70 0 0 • iii. 0 

0 
x iii. 
II x 

• x x 
x x 

60 x x x 
x x x 

14 16 18 20 22 

Pig. 6. Relation between mean width of the second annulus (L2) and mean number 
of circuli in the last half of the first year (Cb) for 4-year-old chum 
salmon collected in 1956 and 1957 from the 4 general coastal sampling 
regions. Open circles indicate values for samples collected in the South
eastern Region, open triangles for samples collected in the Northeastern 
Region, closed circles for samples collected in the Northwestern Region 
and crosses for samples collected in the Southwestern Region. 
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Pig. 7. Mean values and arbitrary ranges of 0.5Ll /Cb' Ll + 10 Ca and L2 + 10 Cb for 4-year-old chum 
salmon collected in various coastal sampling areas. Open circles indicate values for samples 
collected in 1956. closed circles for samples collected in 1957 and triangles for a sample of 
5-year-olds collected in the Kukhtui River in 1958. 
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1956 EARLY • May Sampling Areas 
rr-\. -~ • June SCJIT1)ling Areas 

160· 170· 180· 17(f 160· 150· 140 130 

1956 LATE • July Sampling Areas 
• Aug. Sampling Areas 
• Sept. Sampling Areas 

180· 170· 160 150· 140· 130· 

1957 EARLY 

160· I O· I 

Fig. 8. High-seas sampling areas in which chum salmon used for scale analyses 
were collected in 1956 and 1957. 
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ig. 9. Percentage contribution of 5-year-old chums 
designated as ·originating in the SoutheaStern (British 
Columbia-Southeastern Alaska} Beg:l.on to Bll.JiWles taken in 
various h:tgh-seas areas in Mev and June, 1956. 

150 160 170 180 170 160 

- Sampling area where 20 or more fish taken. 

- Sampling area where less than 20 fish taken. 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 

"0 .......... , I 
'\I I 
---~ 

150 llfo . 130 

~ 

~ 
DiO 



60 

50 

Fig. 10. Percentage contribution of 5-year-old cbL1ms 
designated as originating in the Southeastern (British 
Columbia.-Southeastern .Al.ask&) Region to sample-s taken in 
various high-seas .areas from July to September, 1956. 

150 160 170 180 170 160 

- Sampling area where 20 or more fish taken. 

~ Sampling area where less than 20 fish taken. 

o 

Figures in circles indicate percentage of 
fish assigned, x indicates only I fish 
assigned, a blank indicates no fish of this 
age class taken. 
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,.Fig. li. Percentage contribution of 4-year-o~d chums 
designated as originating in the Southeastern (British 
Co~umbia-Southeastern Al.aska)' Region to samp~s taken in 
various high-seas areas in Ma;y and JUDe, ~956. 

~50 160 170 180 170 160 

- Sampling area where 20 or more fish taken. 

- Sampling area where less than 20 fish taken. 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 12. Percentage contribution of 4-year-old chums 
designated as originating in the Southeastern (British 
Columbia-Southeastern Alaska) Region to samples taken in 
various high-seas areas from July to September, 1956. 
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<:::> - Sampling area where 20 ~r more fish taken. 

a~~- Sampling area where less than 20 fish taken. 
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-- Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 13. Percentage contribution of 5-year-old chums 
designated as originating in the Northeastern (Central 
and Western Alaska) Region to samples taken in various 
high-seas areas in May and June, 1956. 
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- Sampling area where 20 or more fish taken. 

- Sampling area where less than 20 fish taken". 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 14. Percentage contribution of 5-year-old chums 
designated as originating in the Northeastern (Central 
and Western Alaska) Region to samples taken in various 
high-seas areas from July to September, 1956. 

IJ·-

Sampling area where 20 or more fish taken. 

Sampling area where less than 20 fish taken. , 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 15. Percentage contribution of 4-year-old chums 
designated as originating in the Northeastern (Central 
and Western Alaska) Region to samples taken in high-seas 
areas in May and June, 1956. 
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- Sampling area where 20 or more fish taken. 

- Sampling area where less than 20 fish taken. 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 16. Percentage contribution of 4-year-ol.d chums 
designa.ted a.s origina.ting in the Northea.stern (Central. 
and Western Ala.ska) Region to samples taken in various 
bigb.-sea.s area.s fiom July to September) 1956. 

150 160 170 180 170 

<:::) - Sampling area where 20 or more fish taken. 

Q!'oo.:\ :. Sampling area where less than 20 fish taken. 
~ 'I 

160 

-- Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 17 . 'Percentage of 5-year- 01d chums in SWl!P1eil 
taJren in various high-seas a.-reas from July t o 
September .. 1956 (fish younger than 4 years old omitted 
in calculation) . 
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Fig. 18. Percentage contribution of 5-year-01d Chums 
designated as originating in the Northwestern 
(U.S.S.R.-Kamchatka) Region to samples taken in various 
high-seas areas in Ma¥ and June, 1956. 
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- Sampling area where 20 or more fish taken. 

- Sampling area where less than 20 fish taken. 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 19. Percentage contribution of 5-year-ol.d chums 
designated as originating in the Northwestern 
(U.S.S.R.-Kamchatka) Region to sampl.es taken in various 
high-seas areas from July to September, 1956. 
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o - Sampling area where 20 or more fish taken. 

o -Sampling area where less than 20 fish taken." 

.., Figures in circles indicate percentage of 
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fish assigned, x indicates only I fish 
assigned, a blank indicates no fish of this 
age class taken. 

\. 

-------------

~~~ 

40~, I I I I I I I I I I I -r--'-I----I I . I I I I I \ 
v , I I __ l __ L I I , 

150 160 170 180 170 160 150 140 130 

~ 

.£ 
a6 



60 

50 

40 

Fig. 20. Percentage contribution of 4-year-01d chums 
designated as originating in the Northwestern (U.S.S.R.
Kamchatka) Region to samples taken in various high-seas 
areas in May and June, 1956. 
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- Sampling area where 20 or more fish taken. 

- Sampling area where less than 20 fish taken. 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 21. Percentage contribution of 4-year-old chums 
designated as originating in the Northwestern (U.S.S.R.-
Kamchatka) Region to samples taken in various high-seas 
areas from July to September, 1956. 
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Fig. 22. Percentage contribution of 4-year-old chums 
designated as originating in the Southwestern (Hokkaido) 
Region to samples taken in various high-seas 
May and June, 1956. 

150 160 170 180 170 160 

- Sampling area where 20 or more fish taken. 

- Sampling area where less than 20 fish taken. 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 23. Percentage contribution of 4-year-old chums 
designated as originating in the Southwestern (Hokkaido) 
Region to samples taken in various high-seas areas from 
July to September, 1956. 
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<:::> - Sampling area where 20 or more fish taken. 

O~~- Sampling area where less than 20 fish taken. 
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-- Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 24. Relative contributions of chums of different 
origins to samples taken in various high-seas areas 
during Ma;y and June, 1956. 
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Fig. 25. Relative contributions of chU$B of different 
orj.gins to s8.':!P1es taken in various high-seas areas 
from July to September} 1956. 
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fig. 26. Percentage contribution of 5-year-old chums 
designated as originating in the Southeastern (British 
Columbia-Southeastern Alaska) Region to samples taken in 
various high-seas areas in May and June, 1957. 
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- Sampling area where 20 or more fish taken. 

- Sampling area where less than 20 fish taken. 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 27. Percentage contribution of 5-year-old chums 
designated as originating in the Southeastern (British 
Columbia-Southeastern Alaska) Region to samples taken in 
various high-seas areas from July to September, 195~ 
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- Sampling area where less than 20 fish taken. 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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'Fig. 28. Percentage contribution of 4-year-old chums 
designated as originating in the Southeastern 
(British Columbia-Southeastern Alaska) Region to 
samples taken in varwua high-seas areas in Ma;y and 
June, 1957. 

area where 20 or more fish taken. 

O
-~ r J - Sampling area where less than 20 fish taken. 
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Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 29. Percentage contribution of 4-yea.r-ol.d chums 
designated as originating in the Southeastern 
(British Columbia-Southeastern Alaska) Region to 
samples taken in various high-seas areas from. July 
to September, 1957. 
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- Sampling area where 20 or more fish taken. 

- Sampling area where less than 20 fish taken. 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 30. Percentage contribution ot: 5-year-old chums 
designated as originating in the Northeastern 
(Centra]. and Western Ala.ska.J Region to s~les taken 
in various high-seas areas in Ma;y and June, 1957. 
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- Sampling area where 20 or more fish taken. 

- Sampling area where less than 20 fish taken. 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 31. Percentage contribution of 4-year-old chum.s 
designated as originating in the Northeastern 
(CentraJ. and. Western .A1aslta.) Region to samples taken 
in various high-seas areas in Ma¥ and. June, 1957. 
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- Sampling area where 20 or more fish taken. 

- Sampling area where less than 20 fish taken. 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 32. Percentage contribution of 4-year-old chums 
designated as originating in the Northeastern (Central 
and Western Alaska) Region to samples taken in various 
high-seas areas from July to September, 1957. 
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- Sampling area where ~O or more fish taken. 

- Sampling area where less than 20 fish taken. 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken, 
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Fig. 33. Percentage contribution of 5-year-01d chums 
designated as originating in the Northwestern (U.S.S.R.
Kamchatka) Region to samples taken in various high-seas 
areas in May and July, 1957. 
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- Sampling area where 20 or more fish taken. 

- Sampling area where less than 20 fish taken. 

Figures in circles indicate percentage of 
fish assignee, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 34. Percentage contribution of 5-year-old chums 
designated as originating in the Northwestern (U.S.S.R.
Kamchatka) Region to samples taken in various high-seas 
areas from July to September, 1957. 
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- Sampling area where 20 or more fish taken. 

- Sampling area where less than 20 fish taken. 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 35. Percentage contribution of 4-year-old chums 
designated as originating in the Northwestern (U.S.S.R.
Kamchatka) Region to samples taken in various high-seas 
areas in May and June, 1957. 
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- Sampling area where 20 or more fish taken. 

- Sampling area where less than 20 fish taken. 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 f~sh 
assigned, a blank indicates no fish of this 
age class taken. 
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Fig. 36. Percentage contribution of 4-year-old chums 
designated as originating in the Northwestern (U.S.S.R.
Kamchatka) Region to samples taken in various high-seas 
areas from July to September, 1957. 
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- Sampling area where 20 or more fish taken. 

.- Sampling area where less than 20 fi sh taken. 

Figures in circles indicate percentage of 
fish assigned, x indicates only 1 fish 
assigned, a blank indicates no fish of this 
age class taken. 
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Co Cb LI C2 L2 

55° N. 

150· - 155· W. 

SOUTHEASTERN 

REGION 

NORTHEASTERN 

REGION 

NORTHWESTERN 

REGION 

SOUTHWESTERN 

REGION 

Fig. 37. Ca. Cb. Ll • C2 and L2 measurements for 1957 July samples of 4-year-olds taken at 
55 0 N. 150-155 0 W compared to measurements for all fish sampled in each of the 4 major regions. 
(The scale for percentage frequencies for C2 measurements is double the scale indicated along 
the vertical axis.) 
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Fig. 38. Relative contributi.ons of C'.hum;: of different 
origins to samples taken in veri,}u~ high-seas areas 
during May and June, 1957. 
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Fig. 39. Relative contributions of chums of different 
crigins to sample!; taken in variolls high-seas areas 
from July to September, 1957. 
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Fig. 40. Apparent distribution of 4- and 5-year-01d chums originating in the 

Southea stern (British Columbia-southeastern Ala ska), Northeastern (northern 

Alaska), and Northwestern (northern U.S.S.R.) Regions on the high seas 

during May and June of 1956 and 1957. Black line encloses area sampled 

during 1956 and 1957. Horizontal bars indicate areas where fish from the 

designated region probably predominate. Vertical bars indicate where fish 

are probably present in smaller proportions and dotted areas indicate 

where fish may be present, but where errors in method prevent final 

conclusions. Clear areas indicate where fish from the designated regions 

are essentially absent. 
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Fig. 41. Apparent distribution of 4- and 5-year-old chums originating in the 

Southeastern (British Columbia-southeastern Alaska), Northeastern (northern 

Alaska), and Northwestern (northern U.S.S.R.) Regions on the high seas from 

July to September of 1956 and 1957. Black line encloses area sampled 

during 1956 and 1957. Horizontal bars indicate areas where fish from the 

designated region probably predominate. Vertical bars indicate where fish 

are probably present in smaller proportions and dotted areas indicate where 

fish may be present, but where errors in method prevent final conclusions. 

Clear areas indicate where fish from the designated regions are essentially 

absent. 
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nq. 42. APPARENT DISTRIBUTION OF NORTH AMERICAN AND ASIAN 4- AND 5-YEAR-0l.D CHUMS IN VARIOUS HIGH-SEAS AREAS IN 1956 and 1957. CROSS
HATCHING INDICATES AREAS OF INTERMINGLING. 




