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Abstract 

Chum salmon scale samples from three u.s.s.R. stocks are 
analyzed for stock identification purposes. Baseline scale 
samples of chum stocks are not available for most major regions 
in the North Pacific. Scale impressions and biological data for 
three U.S.S.R. chum stocks (Anadyr R., Amur R. and Nyiskii Bay, 
Sakhalin Is.) sampled in 1986 were provided by the F.R.I., 
University of Washington. Scale characters Ca, Cb, Ll, and L2 
were measured. Maximum likelihood estimates of stock composition 
using these data are computed using baseline samples collected 
from 1952 to 1955. Estimates of the proportion of U.S.S.R. chum 
ranged from 0.902 to 0.961 depending on the baseline year used 
when the 330 fish were treated as a single mixture. When each 
stock is treated as a separate mixture, estimates are more 
variable, ranging from 0.611 to 1.000 depending on the baseline 
year and mixture stock. Maximum likelihood analysis of a high 
seas sample of unknown origin is done using 1986 baseline data. 
The estimated proportion of U.S.S.R. chum is somewhat lower than 
a previous study, however, the majority are still of Asian 
origin. 
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Introduction 

The continent of origin of chum salmon confiscated from a 
Taiwanese fishing vessel was determined from the examination of 
the scale characters of a sample of 507 of these fish (Bilton and 
McKinnell, 1989). The authors compared a number of characters 
from the "unknown" chum salmon (the Taiwanese caught fish) scales 
with those of chums sampled in various Asian and N. American 
coastal areas adjacent to the spawning grounds. However, it must 
be noted that the samples from the various shore areas (baseline 
data) were those used in a study completed thirty plus years ago 
by Tanaka et al. in 1969. In general, the latter authors found 
that scales of chums from British Columbia and Southeastern 
Alaska had many closely spaced circuli in both the first and 
second year bands. Scales of chums from northern and western 
Alaska had fewer circuli but about the same year band widths in 
both the first and second year bands as did scales of British 
Columbia - southeastern Alaska chums. Scales of chums from the 
Asian mainland (USSR) had fewer circuli and smaller year band 
widths for the first two year bands. First year circulus counts 
and band measurements of scales from Japanese chums were similar 
to those of N. American chums, but second year counts and band 
measurements were even smaller than those of chums from the USSR. 
There were no consistent differences in the scale characteristics 
of third year bands of chums from different areas. 

Using such differences in scale characteristics, Tanaka et 
al. established coastal standards for four broad geographical 
regions: 

(a) British Columbia - Southeastern Alaska (from Yakutat in 
Alaska southward to the southern limit of chum distribution 
in North America (Oregon) including Washington and Oregon 
states as well as British Columbia and Southeastern Alaska); 

(b) Northern Alaska (the Gulf of Alaska coast north and west of 
Yakutat, and the Aleutian, Bering Sea, and Arctic Ocean 
coasts of North America); 

(c) U.S.S.R. (including the Amur River and the Okhotsk Sea, 
North Pacific Ocean, and Bering Sea coasts of the U.S.S.R.); 

(d) Japan (Hokkaido and northern Honshu). 

They then established a key wherein scale characters of 
chums sampled on the high seas were compared with similar 
characteristics of mature chums sampled in coastal areas. On the 
basis of these comparisons the chums sampled on the high seas 
were classified as originating in one of the four regions, or, 
where scales were not sufficiently distinct, as originating in 
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either Asia or North America; some chums could not be classified 
either to region or continent of origin. 

As was stated earlier, the object of the previous scale 
racial study by Bilton and McKinnell (1989) was to attempt to 
identify the origin of chums in a sample of chum salmon that were 
obtained from a large number of confiscated Taiwanese high seas 
caught salmon. The results of their study using maximum 
likelihood analyses (Fournier et al. 1984) indicated virtually 
all of the fish (89.5%) were of Asian origin (75.6% from the 
U.S.S.R. and 13.9% from the Japan regions) and the remaining 9.6% 
from North America (5.1% from northern Alaska and 4.5% from 
British Columbia - southeast Alaska regions). Because, as was 
pointed out earlier, the baseline data for each of the four 
regions were obtained over thirty years ago, scale characters of 
the fish may have changed over this period of time. Therefore, 
there is a real need to update the baseline data by examination 
of scales from fish recently sampled from the four regions. The 
objective of this present report is to begin the process of 
updating the baseline data. Scales from U.S.S.R. chums were 
chosen first, because of the high proportion of the fish in the 
sample of confiscated chums that were identified as originating 
from the U.S.S.R. In this report the U.S.S.R. scale samples are 
first used as "unknowns" tested against the old baseline data 
using maximum likelihood analysis. Then the true unknown sample 
of chum seized from the Taiwanese vessel is tested in the same 
way against the new U.S.S.R. scale data that now become the 
baseline data for this region. The results of these tests will 
indicate whether the scale characters have changed over the 
thirty year period i.e. if the Soviet chum scales are classified, 
as originating from the U.S.S.R. and the "unknown" fish are 
classified as Soviet chums then it is likely the scale 
characters, of fish from this region have not changed appreciably 
over time. 
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Methods 

Old Coastal Standards (Tanaka et al. 1969) 

Four scale characters were used as coastal standards: 

L-1 width of the first year band (distance along the 
longest axis of the scale from the focus to the last 
circulus of the first ocean annulus). 

c-a number of circuli in the first half of the first year 
band. 

C-b number of circuli in the second half of the first year 
band. 

L-2 width of the second year band (distance along the 
longest axis from the outer edge of the first annulus 
to the last circulus of the second ocean annulus). 

Baseline data for each of the four major regions (B.C. -
S.E. Alaska, N. Alaska, U.S.S.R. and Japan) were obtained from 
the histograms in Tanaka et al. (1968). These data are 
representative patterns of the above four scale characters for 
four brood years : 1952 to 1955. In these histograms (Figs. 1-
4), relative frequencies of each of the scale characters are 
plotted. As the original raw data used to derive these 
histograms are no longer available, these histograms were 
converted to percentages "by eye" and the relative frequencies 
were used as the baseline data. 

Method of scale examination 

The method used to measure the scale characters was the same 
as that described in Bilton and McKinnell (1989) and Tanaka et 
al. (1969). The image of each scale impression was projected 
with a magnification of 100 times onto sheets of graph paper 
divided into one centimetre squares. A Leitz Prado microprojector 
equipped with Plano lenses (to avoid spherical aberration) was 
used. The scale was then oriented so that the longest axis of 
the image lay along the lines of the graph paper, and the centre 
of the focus was at the edge. The outer edges of the images of 
each circulus, from the focus to the end of the second winter 
ring, were then marked on the graph paper. Many circuli can be 
broken or branched, which leads to difficulties in counting 
circuli along a specific axis. In the present study only those 
circuli which continued more or less intact within a distance of 
0.1 mm on both sides of the long axis (i.e. within a distance of 
1.0 cm on the projected image) were counted. Figure 5 is a 
diagrammatic representation of a section near the long axis, 



6 

illustrating the criteria for inclusion or exclusion of circuli 
for measurements. On the graph sheets, the outer edge of each 
year band also was marked. The position of the outer edge was 
considered to be the point within each year zone in which circuli 
were most dense (i.e. the last compactly - spaced circulus within 
each year band) . 

The age of each fish was also recorded (the European system 
of age designation (Koo 1962) is used in this report where the 
first digit to the left of the decimal indicates the number of 
annuli formed in fresh water, the second digit to the right of 
the decimal the number of annuli formed while in the ocean). 
Also the number of circuli present after the last annulus on 
the scale was recorded. 

U.S.S.R. scale samples examined 

Chum salmon scales from three stocks were examined: 

a) 
b) 

C) 

Amur Estuary (n= 46) 
Nyiskii Bay (n=124) 

Anadyr River (n=160) 

September 11, 1986 
August 27, 1986 
September 4, 1986 
July 7, _1986 
August 8, 1986 
August 16, 1986 

For each of the scales the number of circuli and measurements 
were made as is described above. 

Biological measurements 

Along with the chum scales, some biological measurements for 
length, weight, sex and were provided through the Fisheries 
Research Institute, University of Washington. No biological data 
were provided for the Anadyr River. For all the Amur River chums 
and the Nyiskii Bay (August 27, 1986 sample), length, weight and 
sex were recorded. For the remaining fish from Nyiskii Bay, 
gonad weight was also available. Age information was determined 
when the scales were read by T. Bilton. 

Statistical analyses 

The Soviet scales were analyzed using maximum likelihood 
analysis (Fournier et al. 1984) as follows: (a) scales from each 
of the three stocks were analyzed four times using each of the 
four brood year's historical baseline data (brood years of 1952-
1955) independently; (b) scales from the three stocks were 
combined and the mixture was analyzed four times using each of 
the four brood year's historical baseline data (brood years 1952 



7 

- 1955) independently; (c) replaced the historical baseline data 
for the U.S.S.R. region with the "new" 1986 baseline data (three 
stocks were combined) for Soviet scale characters and the 
"unknown" (described in an earlier report by Bilton and 
McKinnell, 1989) seized chums were analyzed four times using each 
of four brood year's historical baseline data for the three other 
regions (B.C./S.E. Alaska, N. Alaska, and Japan; brood years 
1952-1955) independently; (d) again, replaced the historical 
baseline data for the U.S.S.R. region with the "new" 1986 
baseline data (in this case the three stocks were not combined 
and analyses using each stock was completed) for Soviet scale 
characters and the "unknown" seized chums were analyzed four 
times using each of four brood year's historical baseline data 
for the other three regions. In each case, estimates were 
obtained of the percentages of chums correctly classified to the 
u.s.s.R. region and the percentages misclassified to the other 
three regions. 
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Results 

Maximum likelihood analyses 

The results indicate that the percent of chums correctly 
identified by their scale characters was on average at least 
(74.5%) among Amur River chums and the highest percent (96.2) 
correctly identified occurred among the Anadyr River chums 
(Tables 1 - 3). For the Amur chums, the percent that were 
misclassified were virtually all assigned either to Japan (14.7) 
or to B.C./S.E. Alaska (9.2). Only 1.6 percent were assigned as 
originating from N. Alaska. Such was also the case for the 
Nyiskii Bay chums where an average of 83.8 percent were correctly 
classified with virtually all the remainder misclassified about 
equally between Japan (7.9) and B.C./S.E. Alaska (8.3). Only 0.8 
percent were assigned as originating from N. Alaska. It is 
interesting to note that the results for each stock were 
consistent across four different brood years. 

By combining all three stocks to form one mixture, the 
results indicate that virtually all (92.1%) of the Soviet chums 
were correctly classified to their region or origin (Table 4). 
Only 2.3 and 4.9 percent were incorrectly classified to Japan and 
B.C./S.E. Alaska regions, respectively. Virtually none (0.7%) of 
the fish were misclassified as originating from N. Alaska. The 
results were consistent across four different brood years. 

The results suggest that the mixture of seized chum salmon 
is primarily of Asian origin (75.4%) with U.S.S.R. fish making up 
most (54.1%) of the fish in the sample (Table 5). Of the fish in 
the sample, 24.6% are classified as originating from North 
America, with N. Alaska fish making up most (18.9%) of these. 
The results also indicate considerable variability among brood 
years. 

If the same mixture of chum of unknown origin is analyzed 
using a 6-stock baseline (Table 6), the results suggest that the 
mixture of seized chum salmon is primarily of Asian origin 
(84.6%), with U.S.S.R. fish making up most (73.5%) of the fish in 
the sample. Only 15.4% of the fish in the sample are estimated 
to originate from North America, with just 2.3% of the fish from 
B.C./S.E. Alaska region. Of the three Soviet stocks used as 
baselines for this region, the Amur River fish were estimated to 
be the dominant contributor. 
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Discussion 

The results of the analyses of the scale characters using a 
maximum likelihood method indicate that when each of the three 
Soviet stocks were treated as "unknowns" and compared with the 
historical baseline data. Most fish (89.2 - 96.8%) were 
estimated as originating from Asia, with the majority (74.5 -
96.2%) from the U.S.S.R. Only from 3.2 to 10.8% of the fish were 
estimated as North American in origin. Of these, 0.6 and 1.6% 
were of N. Alaskan and 0.3 to 9.2% were of B.C./S.E. Alaska 
origin. 

When the three Soviet stocks were combined and treated as 
"unknowns" and compared with the historical baseline data, the 
results indicated most fish (94.4%) were estimated to be of Asian 
origin, and 92.1% estimated as of Soviet origin. Only 5.6% of 
the fish were estimated to be of North American origin of which 
0.7% were of N. Alaska and 4.9% were estimated to be of B.C./S.E. 
Alaskan origin. · 

When the three Soviet stocks were combined and replaced the 
historical baseline data for the Soviet region, and then used to 
analyze the composition of the "unknown" seized chums, the 
results indicated that most fish (75.4%) were of Asian origin 
with 54.1% from the U.S.S.R. The contribution of North American 
origin fish was estimated at 24.6%, of which 18.9% were estimated 
as N. Alaskan and 5.7% as B.C./S.E. Alaska. 

When the data for the three Soviet stocks were each used to 
replace the historical baseline (hence there were three separate 
baseline samples for the Soviet region) and the "unknown" seized 
chums were analyzed the results indicated that most fish (84.6%) 
were of Asian origin, of which 73.5% were estimated as Soviet 
fish. Of the remaining 15.4% that were classified as N. American 
fish 13.1% were estimated from N. Alaska and 2.3% to be of 
B.C./S.E. Alaskan origin. 

The results indicate that the Soviet scale characters may 
have changed but not enough to eliminate their usefulness for 
separating stocks on a regional basis. What are considered to be 
more stable scale characters were used in the historical analyses 
of chum data (Tanaka et al, 1969) which were not available in 
these analyses for the reason that the original data could not be 
found. Only recently was some of this data located and it is our 
intention that these scale characters (the average space between 
circuli in the first and second halves of the first year) are 
included in a subsequent analysis of these same data. 

Further updating of the baseline data is essential. This 
will confirm that stocks from other regions have not become 
similar to U.S.S.R. stocks over time. If this ~ere true, it 
could have the effect, in mixture problems, of increasing 
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allocations to Soviet stocks when, in fact, the fish were of non
Soviet origin. 

It is our intention to update the baseline data for other 
regions as a next step. These data could then be used as 
"unknowns" and tested against the old baseline data using maximum 
likelihood analyses to see how well the old baselines identify 
recent fish. The seized chum salmon mixture can then be analyzed 
with a baseline updated to include recent samples. 
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Table 1. Estimated percent of Amur River chum salmon by region 
using 4 separate years of historical baseline samples. 

Coastal 
standard 
Brood year 

Regions 

Japan USSR 

1952 25.1 61.1 
1953 7.6 72.1 
1954 5.4 94.6 
1955 20.6 70.0 

Means 14.7 74.5 

Mean Asian (14.7 + 74.5)= 89.2 
Mean N. Am. (1.6 + 9.2)= 10.8 

N. Alaska 

4.3 
o.o 
o.o 
2.2 

1.6 

B.C./ 
S.E. Alaska 

9.5 
20.3 
0.0 
7.2 

9.2 

Table 2. Estimated percent of Nyiskii Bay chum salmon by region 
using 4 separate years of historical baseline samples. 

Coastal 
standard 
Brood year 

1952 
1953 
1954 
1955 

Means 

Japan USSR 

14.0 78.0 
o.o 82.8 
0.0 100.0 

17.4 71.0 

7.9 83.0 

Mean Asian (7.9 + 83.0)= 90.9 
Mean N. Am. (0.8 + 8.3)= 9.1 

Regions 
B.C./ 

N. Alaska S.E. Alaska 

0.0 8.0 
0.0 17.2 
0.0 0.0 
3.2 8.4 

0.8 8.3 
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Table 3. Estimated percent of Anadyr River chum salmon by region 
using 4 separate years of historical baseline samples. 

Coastal 
standard 
Brood year Japan USSR 

1952 2.4 96.8 
1953 0.0 99.3 
1954 0.0 89.6 
1955 o.o 99.1 

Means 0.6 96.2 

Mean Asian (0.6 + 96.2)= 96.8 
Mean N. Am. (0.6 + 2.6)= 3.2 

Regions 
B.C./ 

N. Alaska S.E. Alaska 

0.8 o.o 
0.7 o.o 
o.o 10.4 
0.9 o.o 

0.6 2.6 

Table 4. Data from 1986 U.S.S.R. stocks are combined into 1 
sample and analyzed with historical baselines. 

Coastal Regions 
standard B.C./ 
Brood year Japan USSR N. Alaska S.E. Alaska 

1952 4.8 90.2 0.7 4.3 
1953 0.1 92.7 0.8 6.4 
1954 0.6 96.1 0.0 3.3 
1955 3.8 92.1 1.2 5.7 

Means 2.3 92.1 0.7 4.9 

Mean Asian (2.3 + 92.1)= 94.4 
Mean N. Am. (0.7 + 4.9)= 5.6 
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Table 5. Historical U.S.S.R. baseline data is replaced with a 
composite baseline of the three 1986 Soviet chum scale 
data. The unknown mixture of seized chum salmon was 
analyzed using historical baselines for Japan, N. 
Alaska, and B.C./S.E. Alaska and 1986 U.S.S.R. scales. 

Coastal Regions 
standard B.C./ 
Brood year Japan USSR N. Alaska S.E. Alaska 

1952 46.9 39.0 12.8 1.3 
1953 2.1 52.6 38.5 6.8 
1954 7.8 59.3 18.1 14.8 
1955 28.6 65.3 6.1 o.o 

Means 21. 3 54.1 18.9 5.7 

Mean Asian ( 21. 3 + 54.1)= 75.4 
Mean N. Am. (18.9 + 5.7)= 24.6 

Table 6. Analyses of the seized chum mixture after replacing the 
1986 U.S.S.R. composite baseline with individual 
u.s.s.R. baseline samples. 

Coastal Regions 
standard 
Brood Yr. 

Japan u.s.s.R. N. Alaska B.C./S.E. 
Nyiskii Amur Anadyr Alaska 

Bay River River 

1952 22.1 16.5 38.2 6.9 14.8 1.5 
1953 2.0 17.2 50.1 6.1 21. 4 3.2 
1954 5.7 16.3 58.4 5.1 10.7 3.8 
1955 14.7 17.5 55.9 5.7 5.7 0.6 

Means 11.1 16.9 50.7 5.9 13.1 2.3 

By summing estimates of Soviet locations within brood year, 
the estimated u.s.S.R. component in the seized chum sample is 

Brood Year ·Percent 

1952 
1953 
1954 
1955 

Mean 

Mean Asian (11.1 + 73.5)= 84.6 
Mean N. Am. (13.l + 2.3)= 15.4. 

61.6 
73.4 
79.8 
79.1 

73.5 
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Table 7. Mean and standard deviation of fork length and body 
weight by sex and age for 1986 Nyiskii Bay churn sample. 

Age Male Female Combined 

0.2 Numbers 16 4 20 
Mean Fork Length ( cm) 61.937 59.250 61.400 
S.D. 5.756 4.272 5.500 

Body Weight ( gm) 3276.3 2632.5 3147.5 
s.o. 1278.5 637.1 1193.5 

0.3 Numbers 29 18 47 
Mean Fork Length ( cm) 68.000 62.722 65.979 
S. D. 5.632 3.691 5.574 

Body Weight (gm) 4292.8 3140.0 3851.3 
s.o. 1077.4 587.4 1074.7 

0.4 Numbers 24 33 57 
Mean Fork Length (cm) 70.083 66.727 68.140 
S.D. 5.340 2.553 4.270 

Body Weight ( gm) 4460.8 3873.9 4121. 1 
s.o. 884.7 838.5 899.3 

Combined Ages 69 55 124 
Mean Fork Length ( cm) 67.319 64.873 66.234 
s.o. 6.302 3.892 5.486 

Body Weight ( gm) 4115.5 3543.5 3861.8 
S.D. 1150.9 854.6 1065.0 
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Table 8. Mean and standard deviation of gonad weight for 1986 
Nyiskii Bay chum sample~ 

Age Male Female Combined 

0.2 Numbers 12 4 16 
Mean Gonad Weight (gm) 158.33 288.75 190.94 
S.D. 32.50 92.32 76.69 

0.3 Numbers 15 13 28 
Mean Gonad Weight (gm) 203.93 321.92 258.71 
S.D. 46.50 111.85 101.35 

0.4 Numbers 18 14 32 
Mean Gonad Weight (gm) 202.11 332.29 259.06 
S.D. 43.95 132.84 112.98 

Combined Ages 45 31 76 
Mean Gonad Weight (gm) 191.04 322.32 244.59 
S.D. 45.79 117.05 104.54 
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Table 9. Mean fork length, body weight and standard deviations 
for Amur River chum salmon. 

Age Male Female Combined 

0.2 Numbers 2 1 3 
Mean Fork Length (cm) 66.000 72.000 68.000 
S. D. 0.000 3.464 

Mean Body Weight (gm) 3400.0 4300.0 3700.0 
S.D. 141.4 529.2 

0.3 Numbers 18 17 35 
Mean Fork Length (cm) 71. 778 68.412 70.143 
S.D. 4.466 2.763 4.059 

Mean Body Length (gm) 4616.7 3788.2 4214.3 
S.D. 990.1 438.6 870.1 

0.4 Numbers 3 5 8 
Mean Fork Length (cm) 70.333 67.200 68.375 
S.D. 7.234 4.658 5.476 

Mean Body Weight (gm) 4400.0 3760.0 4000.0 
S.D. 1385.6 1006.5 1112.3 

Combined Ages 23 23 46 
Mean Fork Length (cm) 71.087 68.304 69.696 
S.D. 4.795 3.225 4.278 

Mean Body Weight (gm) 4482.6 3804.3 4143.5 
S. D. 1027.2 579.6 893.1 

I 

Table 10. Anadyr River age composition 

Age Numbers Percent 

0.2 5 3.1 
0.3 115 71.9 
0.4 40 25.0 

., 
Total 160 100.0 


