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Abstract 

A sample of high seas caught salmon of unknown origin was 
confiscated from a Taiwanese driftnet fishing vessel in 1987 by 
the U.S. National Marine Fisheries Service. The majority of the 
fish in the sample were chum salmon. Of these, scales from 507 
fish were used to assess continent of origin of the sample. 
Baseline samples from 1952-1955 are used in the maximum 
likelihood analysis of stock composition. Estimates of Asian 
origin salmon range from 78.1% to 95.9% depending upon the year 
of baseline data used. Fish length, sex, age, and maturity were 
also determined. Most of the fish were maturing or mature. The 
sample contained a relatively high proportion of 0.4 age fish 
(33.5%). 
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Introduction 

In an attempt to determine the origin of chum salmon taken 
on the high seas, Tanaka et. al. (1969) compared the 
characteristics of scales from chums sampled in different high 
seas areas from 1956 to 1958 with those of chums of the same 
brood years sampled in various Asian and North American coastal 
areas adjacent to the spawning grounds. 

In general they 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 (U.S.S.R.) had fewer circuli and 
smaller 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 North American chums, but second 
year counts and band measurements were even smaller than those of 
chums from the U.S.S.R. There were no consistent differences in 
the 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 churns sampled in coastal areas. On the 
basis of these comparisons the churns 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 
either Asia or North America; some churns could not be classified 
either to region or continent of origin. 

Tanaka et. al. then tested the effectiveness of the key for 
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the coastal standards by classifying the samples used to derive 
the key as to their region or continent of origin. The results 
of this test indicated that: (a) 55.9% of churns sampled in the 
British Columbia - Southeastern Alaska Region from 1956 to 1958 
had scale patterns distinctive enough to identify their origin 
correctly if they had occurred among samples taken on the high 
seas. Similar percentages for the other regions were: (b) 
Northern Alaska, 18.2%; (c) u.s.s.R., 29.0%; and (d) for three 
brood years the percentage of" identifiable" Japanese churns was 
low, averaging only 7.3%, but for two other years percentages 
were considerably higher (43.0 % and 35.2%). The percentage of 
cases in which region of origin would have been misclassified was 
low, averaging only 2.3%. 

The object of the present scale racial study was to attempt 
to identify the origin of churns in a sample of churn salmon that 
was obtained from a large number of confiscated Taiwanese high 
seas caught salmon. Review of the published literature since 
1968 indicated there has been very little research carried out to 
identify the origin of churn salmon since Tanaka et. al. in 1969. 
Hence the present study is based on the coastal standards derived 
by them from examination of scales of returning churn spawners of 
about thirty years ago. 

Methods 

Coastal Standards - 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. (1969). 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. 
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Method of scale examination 

The method used to measure the scale characters was the same 
as that described in 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, 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. 

Biological measurements 

Each fish was measured for fork length (inches, later 
converted to cm) and weight (kg). The sex of each fish was 
determined and the gonad weight (gm) was recorded. The maturity 
index for each fish was calculated and recorded using the method 
of Godfrey (1961) as follows; 

Maturity index= Gonad weight (g) x 100 

Body weight (g) 

On the basis of the maturity index each fish was classified as to 
its maturity using the criteria as described by Godfrey. Also, 
the weight of the gonads was used to estimate maturity, using the 
method of Ishida et. al .. (1961). 
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Statistical analyses 

The "unknown" high seas chum sample (507 fish) was analyzed 
four times using each brood year's coastal standards 
independently, using maximum likelihood analysis (Fournier et. 
al., 1984). In each case estimates were obtained of the 
percentages of chums from each of the four regions represented in 
the sample. This should provide some indication of the effect of 
annual variability on the results. 

Results 

Maximum likelihood analyses 

Estimates of the percentage of chums from the four regions 
in the unknown sample are given in Table 1. The results suggest 
that the mixture of seized chum salmon is primarily of Asian 
origin (89.5%), with U.S.S.R. fish making up most (75.6%) of the 
fish in the sample. Only 9.6% of the fish in the sample are 
classified as originating from North America. It is interesting 
to note that the results are consistent across four different 
brood years. 

Age composition 

The percent age composition of chums in the sample (507 
fish) is given in Table 2. Most of the fish (65.7%) in the 
sample had spent three plus winters in the ocean at time of 
capture (also see Table 3, below). Of these, 23 (6.9%) had their 
third annulus at the edge of the scale. On average, age 0.3 fish 
had 4.61 (sd=2.69) circuli after the third annulus. Of the 
remaining 34.3% of the fish in the sample, virtually all were 
classified as age 0.4 fish (33.5 %). Of these, 45 (26.5%) had 
their fourth annulus at the edge of the scale. On average, age 
0.4 fish had 2.18 (sd=l.94) circuli after the fourth annulus. 
These results are similar to those found in a study of time of 
annulus formation by Bilton and Ludwig (1966). In their study 
they found from examination of scales of 14 age 0.2 and 0.3 chums 
caught in the Gulf of Alaska during January of 1964 and 1965 that 
all the scales had an annual ring (not necessarily complete) at 
the periphery of the scale, but none had any new growth. 
However, all of a sample of 54 scales taken in the Gulf of Alaska 
during April 1964 had two or more circuli (range, 2-10) beyond 
the last annulus. Depending upon the age, the average number of 
circuli beyond the last annulus ranged from 4.4 to 5.3. The 
younger fish (0.2's) had laid down more circuli than the older 
(0.3's) ( 0.2's had an average of 5.3 circuli beyond the last 
annulus compared to 4.4 circuli for 0.3's ). They concluded,that 
for some, the annual ring began to form as early as November, 
while the annulus was formed sometime in February or March. 
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Other scientists (Kobayashi 1959, Birman 1960) have placed the 
time of annulus formation for chums in the western North Pacific 
much later on, in April or May. These findings suggest that the 
chums in the present study were caught most likely between April 
and July. 

The high incidence (33.5%) of 0.4 fish in the sample also 
suggests that the fish originated from either N. Alaska 
or the U.S.S.R. rather than from the more southern stocks from 
the B.C. - S. Eastern Alaska region which usually have a 
smaller representation of age 0.4 fish in catches from this 
region. 

Fish size (length and weight) 

Tables 4 and· 5 show the mean length and weight of chums by 
age and sex in the unknown sample. Maturity of fish in the 
unknown sample are reported in Tables 6a-6d. Maturity of the 
fish are classified according to the methods of Godfrey and 
Ishida. The results indicate that most of the fish were 
classified as either definitely or most certainly mature, 
regardless of sex. It is interesting to note that both methods 
of classification used in the males determined there were about 
the same proportion of mature fish in the sample. However, there 
was a considerable difference in the proportion of females 
classified as mature between the two methods. The gonad weight 
method indicated a higher proportion of definitely mature fish in 
the sample. 

Discussion 

The results of the analyses of the scale characters using 
maximum likelihood analysis indicate that most of the fish in the 
confiscated sample originated from the U.S.S.R. and the Japan 
regions. However, it must be pointed out that the baseline data 
for each of the four regions were obtained thirty plus years ago. 
Hence 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. These data could be used as "unknowns " 
and tested against the old baseline data using maximum likelihood 
analyses to see how well the old data identified the so-called 
unknown fish. Also the true unknown fish should be tested in the 
same way against the new scale data that would now become the 
baseline data. These tests would indicate how reliable the data 
are, and would also indicate how much, if any, these scale 
characters have changed over the years. 

On the basis of either the ratio of gonad weight to body 
weight or the weight of the gonads alone, it appears that most of 
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the fish in the unknown sample were mature or maturing. These 
data suggest fish were likely about to begin, or were on their 
inshore migration to the spawning grounds at time of capture. 

The high proportion of 0.4 fish (five year olds) in the 
sample of unknowns suggests that most of these fish did not 
originate from B.C. or Southeastern Alaska, but were more likely 
to be from areas in either or both northern Alaska and/or 
the U.S.S.R .. 

The relatively low number of circuli after the last annulus 
on the scales suggests these fish were caught quite early on in 
the season, probably sometime between early April and late July. 
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Table 1. Estimated proportions of seized chum salmon by region 

Coastal 
standard 
Brood year 

1952 
1953 
1954 
1955 

Means 

using 4 separate years of baseline 

Regions 

Japan USSR N. Alaska 

24.4 65.3 6.8 
3.0 75.1 10.4 
3.0 92.9 0.0 

25.1 69.1 3.1 

13.9 75.6 5.1 

samples. 

B.C./ 
S.E. Alaska 

3.7 
11.6 
0.4 
2.2 

4.5 

Mean Asian (13.9 + 75.6)= 89.5% 
Mean N. Am. (5.1 + 4.5 )= 9.6% 

Table 2. Percent of seized chum salmon by _age. 

Table 3. 
annulus 

Age 
class 

0.2 
0.3 
0.4 
0.5 

Table 

Age 

0.2 
0.3 
0.4 
0.5 

0 

0 
23 
45 

1 

4. 

Age class 

0.2 
0.3 
0.4 
0.5 

Percent 

0.6 
65.7 
33.5 
0.2 

Numbers of fish by age and circuli after the last 

Number of circuli after the last 
1 2 3 4 5 6 7 8 9 10 11 12 13 

0 0 0 0 0 0 0 0 0 1 0 1 0 
7 46 43 57 42 41 28 19 13 6 2 3 1 

16 40 36 20 4 3 3 2 0 0 0 1 0 
0 0 0 0 0 0 0 0 0 0 0 0 0 

Mean length, weight and standard deviation 
chums of 

Mean 
length 

(cm) 

58.4 
57.9 
59.9 
66.0 

different ages. 

s.o. 

5.4 
3.0 
3.2 

Mean 
weight 

(g) 

2420.0 
2405.2 
2519.6 
3450.0 

annulus 
14 15 

0 1 
2 0 
0 0 
0 0 

of male 

s.o. 

495.0 
408.7 
410.1 

N 

2 
145 

55 
1 
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Table 5. Mean length, weight and standard deviations of female 
chums of different ages. 

Age 

0.2 
0.3 
0.4 

Table 6a. 

Category 

Definitely 
mature 

All mature 
if caught 
in early 
part of 
season 

Possibly 
mature 
if caught 
in early 
part of 
season 

Almost 
certainly 
immature 

Total 

Mean 
length 

(cm) 

54.6 
56.6 
58.7 

s.o. 

2.3 
2.4 

Maturity of males 

Classification 
Maturity 

index 

0.3 & more 

0.2-0.29 

0.1-0.19 

0.1 & less 

classified 

Mean 
weight 

(g) 

2290.0 
2282.2 
2501.3 

S.D. N 

1 
289.3 188 
307.3 115 

by maturity index. 

Classifed by maturity index 

N % 

123 60.6 

40 19.7 

10 4.9 

30 14.8 

203 100.0 
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Table 6b. Maturity of males classified by testis weight. 

Classification Classified by testis weight 
Category testis weight (g) N % 

Definitely 7 & more 116 57.1 
mature 

Almost 6-6.9 31 15.7 
certainly 
mature 

All mature 5-5.9 14 6.7 
if caught 
in early 
part of 
season 

Possibly 2-4.9 14 6.7 
mature if 
caught in 
early part 
of season 

Almost 0.19 & less 28 13.8 
certainly 
immature 

Total 203 100.0 
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Table 6c. Maturity of females classified by maturity index. 

Category 

Definitely 
mature 

Almost 
certainly 
mature 

May be 
considered 
mature if 
caught in 
early part 
of season 

Possibly 
m3ture if 
caught in 
early part 
of season 

Almost 
certainly 
immature 

Definitely 
immature 

Total 

Classification 
maturity index 

1.9 & more 

1.45-1.89 

1.0- 1.44 

0.8-0.99 

0.5-0.79 

0.49 & less 

Classified by maturity index 
N % 

211 69.4 

38 12.5 

36 11.8 

10 3.3 

8 2.7 

1 0.3 

304 100.0 
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Table 6d. Maturity of females classified by ovary weight. 

Classification classified by ovary weight 
Category ovary weight ( g) N % 

Definitely 33 & more 247 81.3 
mature 

Almost 26-32.9 28 9.2 
certainly mature 

May be considered 18-25.9 19 6.2 
mature if 
caught in early 
part of season 

Possibly mature 9-17.9 10 3.3 
if caught in 
early part 
of season 

Almost certainly 5-8.9 0 o.o 
immature 

Definitely 4.9 & less 0 o.o 
immature 

Total 304 100.0 
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1969). 


