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EXECUTIVE SUMMARY

Mixing proportion estimates of the herring stocks in the 1984
Dutch Harbor food and bait fishery were determined by scale pattern
analysis. Five eastern Bering Sea stocks (Norton Sound, Cape
Romanzof, Nelson Island, Togiak, and Port Moller) and one from the
south side of the Alaska Peninsula (Simeonof Island) were examined in
two separate linear discriminant function (LDF) analyses, one involv
ing age 7 herring and the other involving age 6 herring. More scales
were available for the age 7 analysis, and the unknowns were strati
fied by sample date into four groups. Age 6 unknowns could only be
stratified into two groups. The Cape Romanzof stock was not included
in the final analyses because it misclassified heavily with the
adjacent stocks of Norton Sound and Nelson Island.

The Togiak stock was highly favored by the age 7 and the age 6
mixing proportion estimates. The overall age 7 estimate was 78.9%
Togiak, 11.6% Port Moller, and 9.6% Nelson Island. Togiak estimates
at all time periods were significant. Norton Sound and Simeonof
Island received only negative estimates. The overall age 6 estimate
was 100% Togiak. Port Moller received an estimate of 15.9% in the
second time period, but all other estimates besides those for Togiak
were negative.

Classificatory accuracies in the age 7 analysis were higher than
those in the age 6 analysis. The age 7 overall five—way accuracy was
74.9%, and for age 6 it was 62.8%. The lowest individual accuracy
for both ages belonged to Port Moller. It was heavily misclassified
as Togiak. Simeonof Island had the highest individual accuracy, and
the scales from the herring of this stock can be separated from those
of Bering Sea herring simply by visual inspection.

The age 6 unknowns of the 1983 Dutch Harbor fishery were classi
fied with the 1984 age 7 standards, and the mixing proportion esti
mates were compared to those from the 1983 LDF analysis. The 1983
LDF analysis was different in that only the Port Moller herring of
greater length were represented, with the smaller herring having been
separated and eliminated earlier. In 1984, Port Moller herring could
not be separated, so estimates for this stock were higher than in
1983, and estimates for Togiak were lower. Estimates for Norton
Sound and Nelson Island were somehwat different than in 1983, but not
outside of the corresponding confidence limits.

Mean herring length was compared between three groups of sam—
ples. One group consisted of the 1982 age 5, 1983 age 6, and 1984
age 7 standards. Another group was comprised of mean lengths back—
calculated from 1984 age 7 standards. The third group included 1984
age 5, 6, and 7 samples. The stocks of Norton Sound, Nelson Island,
Togiak, and Port Moller were studied. Nelson Island lengths in 1984
were smaller than lengths estimated from samples in 1982 and 1983.
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FEASIBILITY OF USING SCALE ANALYSIS METHODS TO
IDENTIFY BERING SEA HERRING STOCKS

INTRODUCTION

Pacific herring of the eastern Bering Sea migrate in the spring
to spawn in Alaskan coastal waters. Although their migratory patterns
are yet obscure, it is believed that the herring remain in coastal
waters until fall, at which time the majority are believed to return
to a wintering area northwest of the Pribilof Islands (Wespestad and
Barton 1981). In late si.unmer, prior to this return migration, large
numbers of herring are found in the vicinity of Unalaska Island, and
it appears that these fish originate from the major spawning stocks
of the eastern Bering Sea (Fig. 1). This is a matter of importance
because the spawning herring are exploited by sac roe fisheries while
the herring near Unalaska Island are subjected to a food and bait
fishery based out of Dutch Harbor. It is therefore possible that
these two fisheries are exploiting the same resource.

In an effort to determine the stock composition of the herring
taken by the Dutch Harbor fishery, scale pattern analysis was first
used in 1982 with samples representing the major spawning stocks of
the eastern Bering Sea, and with samples representing the Dutch
Harbor fishery (Walker and Schnepf 1982). This work was continued in
1983, and results indicated that the Togiak stock was the major
contributor to the food and bait fishery (Rogers et al. 1984). The
Togiak stock is by far the largest stock of the eastern Bering Sea,
and provides for the largest sac roe fishery of western Alaska.
Research results indicated that other stocks were contributing to the
food and bait fishery, but at much lesser proportions.

The primary objective of this study was to verify previous
results with another year of refined research. The stock composition
in the 1984 Dutch Harbor fishery was estimated from two age classes
of herring. The results of this study were based on data collected
in 1984, and the methods follow those of the previous two years.



2

METHODS

The main assumption in the use of scale measurements to separate
stocks of herring is that different growth patterns are displayed by
fish from different areas. Scale characters such as the distance be
tween adjacent annuli or back—calculated length are used to separate
samples (“standards”) representing known spawning stocks. These
standards can then be used to classify samples (“unknowns”) repre
senting a mixed—stock population of unknown origin. Previous research
has demonstrated that precise scale selection with reference to the
body is imperative to obtain accurate results (Rogers et al. 1983).

We first used linear discriminant function (LDF) analysis to
separate stocks of herring in 1983 and this type of analysis was also
used in 1984. Results were obtained through the use of computer pro
gram BMDP7M (Dixon and Brown 1979). Previously, we had used polynomi
al discriminant function (PDF) analysis (Cook 1982) on herring. In
all three years, the Alaska Department of Fish and Game (ADF&G) pro
vided scale samples, mounted and aged. These samples were collected
on the spawning grounds and from the Dutch Harbor fishery, usually
during a span of several weeks.

Construction of Standards

Standards were constructed for age 6 and age 7 herring of 1984.
These were the preponderant age classes for most stocks (Table 1).
Those stocks represented by standards were Norton Sound, Cape
Romanzof, Nelson Island, Security Cove — Goodnews Bay, Togiak, Port
Moller, and Simeonof Island (Table 2). For age 7, all standards
consisted of 200 scales except Cape Romanzof (n = 159) and Simeonof
Island (n = 80). The only stock not represented in previous years was
Simeonof Island; it is actually a stock from the south side of the
Alaska Peninsula, and was included to test the theory that herring
from this region may enter the Dutch Harbor fishery. For age 6, the
standards consisting of less than 200 scales were Norton Sound (n =

100), Cape Romanzof (n = 86), Nelson Island (n 100), and Simeonof
Island (n = 100). Large standards (n = 200) are preferred, but size
was sometimes limited by the number of scales available. A relative
ly small sample representing the Unalaska Island stock was obtained
and 38 age 7 scales were measured, not enough to develop a standard,
but enough to use in a comparison of frequency distributions. All
scale measurements were performed at the Fisheries Research Institute
(FRI), with scales magnified 50 times.

Frequency distributions of scale size and standard body length
were plotted for all age 6 and age 7 standards and unknowns, and the
Unalaska Island sample (Figs. 2—9). Unlike the previous two years,
none of the standards exhibited a scale size distribution that was
strikingly different from the others. No distribution was wide nor
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markedly bimodal, and a north to south gradient was apparent, in
which northern stocks were characterized by smaller scales at age
relative to the more southern stocks. This gradient coincides with
the north to south gradient of body length that was evident in past
years. However, the overall relationship of the standard length
frequency distributions for 1984 was slightly different than in the
previous two years. The mean of the Nelson Island distribution was
not greater than that for the more northerly situated stock of Cape
Romanzof, neither for age 6 nor age 7. Bimodality was evident in the
scale size and standard length distributions of Unalaska Island, but
the sample size was small. The mean values for the frequency distri
butions of this stock were relatively small, as in 1983. The age 6
and 7 standard length distributions for Simeonof Island showed a
higher frequency about the mean in comparison with the Bering Sea
stocks, and the frequency distributions for this stock were situated
intermediate to those of the Bering Sea stocks.

The decision regarding selection of standards for use in the LDF
analysis partly depended on the observed frequency distributions. The
Security Cove — Goodnews Bay standard was ommitted because 1982 and
1983 results made it certain that misclassification with Togiak would
be high. Security Cove and Goodnews Bay were therefore regarded as
part of Togiak, although the frequency distributions for their
characters were slightly different. The distributions for all the
other standards were distinct enough so that they could be entered
into the LDF analysis without modification, although heavy
misclassification among the northern stocks was anticipated. In 1982
and 1983, the standard length distribution for Port Moiler was
bimodal, indicating the presence of two coexisting stocks. For 1984,
this distribution was only slightly wide, and the age 7 standards of
Norton Sound, Cape Romanzof, and Nelson Island also displayed
relatively wide standard length distributions. For the three
subdistricts in Norton Sound and the four sections in Togiak,
representation was weighted according to biomass as in the previous
two years of research, since these are geographically wide areas.

Construction of Unknowns

The 1984 Dutch Harbor fishery lasted for a relatively short
time, and samples were collected on eight consecutive days, July 20—
27. Before 1984, sampling was spread throughout the period of
approximately one month, and we could then stratify the samples by
various time intervals when conducting our analysis. With the 1984
samples, stratification by time was limited to four 2—day intervals
for age 7 and two 4—day intervals for age 6. A~ total of 436 age 7
and 112 age 6 scales could be measured.

Samples were collected from purse seiners which in 1984 were
operating within Unalaska Bay. Although a few neighboring locations
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had additionally been represented in the previous two years, location
proved to be unrelated to mixing proportions. Time, on the other
hand, had been shown to be a factor.

Character Selection

A total of 30 scale characters were initially entered into each
LDF analysis (Tables 3—4). For all standards and the unknowns, the
measurement of each character is presented in Tables 5—6. The only
characters actually used for classification were those with an F—to—
enter value in excess of 4.000. Characters of lower value do not
usually enhance discrimination between stocks. The major character
types were annual scale growth, cumulative scale growth, propor
tionate scale growth, and back—calculated length—at—age.

For the final classification of age 7 herring, ten scale char
acters were used. In relative order of importance they were: 1)
back—calculated length at age 4, 2) scale growth in the fifth year,
3) back—calculated length at age 1, 4) length at age 7 (back—
calculated for unknowns), 5) scale growth in the seventh year, 6)
ratio of growth in the seventh year to growth in the third and fourth
years, 7) proportion of growth in the fifth year, 8) ratio of growth
in the sixth year to growth in the fifth year, 9) ratio of growth in
the third year to growth in the second year, 10) proportion of growth
in the fourth year.

For the final classification of age 6 herring, eight scale
characters were used. In relative order of importance they were: 1)
proportion of growth in the first year, 2) length at age 6 (back—
calculated for unknowns), 3) ratio of growth in the fourth year to
growth in the third year, 4) ratio of growth in the sixth year to
growth in the fifth year, 5) scale growth in the second year, 6)
scale size at age 2, 7) ratio of growth in the second year to growth
in the first year, 8) back—calculated length at age 3.

Classification Procedures

Six standards were initially involved in the LDF analysis of age
7 herring. They were Norton Sound, Cape Romanzof, Nelson Island,
Togiak, Port Moller, and Simeonof Island. When the classification
matrix was estimated, an overall unweighted accuracy of 64.2% was
achieved (Table 7). Although this is a desirable overall accuracy for
a six—class analysis, the individual classificatory accuracy for Cape
Romanzof was very low at 34.0%. Misclassification was high between
this standard and those of Norton Sound and Nelson Island. No spe
cific reason, such as sampling date or location, was evident for the
cause of misclassification in either direction, so Cape Romanzof was
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simply ommitted from the analysis. Therefore, some consideration
should be given to this stock when judging the final results. The
remaining five stocks were involved in the final LDF analysis of age
7 herring.

The LDF analysis of age 6 herring initially involved the same
six standards as the age 7 analysis. And as with the age 7 herring,
misclassification of the Cape Romanzof standard was high. The overall
unweighted accuracy was 54.4%, but the individual accuracy for Cape
Romanzof was only 23.5% (Table 8). Thus, the same procedure was fol
lowed as in the age 7 analysis, and the final age 6 analysis involved
the same five stocks.

Unknowns were classified in the final five—way analyses, and
nearly unbiased point estimates of the mixing proportions were cal
culated along with corresponding 90% confidence intervals. Positive
point estimates are all those greater than zero, and negative esti
mates are constrained to a value of zero. Point estimates with a
lower 90% confidence limit above zero are significant. Larger unknown
sample sizes are desirable, so stratification of the unknowns was
limited to sample sizes greater than 30.
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RESULTS

In 1984, for the first time, a complete discriminant analysis
was performed for each of two age classes of herring. Results for
the two age classes could afterwards be compared for verification.
It was also possible to use the age 7 standards to classify 1983 age
6 unknowns, so that 1984 results could be compared to those of 1983.

With the additional data of 1982 and 1983, growth patterns for
herring of the 1977 year class could be observed and compared to
lengths back—calculated from 1984 age 7 scales. Length measurements
for 1984 herring of ages 4—8 were also compared, although due to
small sample size, those for age 8 may be biased. Otolith growth was
also examined and compared to scale growth.

Classification of Standards

Classificatory accuracies for 1984 age 7 herring were substan
tially improved over the accuracies obtained for this year class in
either of the previous two years. In some part, this may be reflec
tive of improved scale sampling technique. The unweighted overall
accuracy for the final five—class analysis was 74.9% (Table 7).
Simeonof Island had a high individual accuracy of 92.5%. Scales from
the herring of this stock were so different from those of Bering Sea
herring that they could actually be separated by visual inspection
alone. The lowest individual accuracy, 63.5%, belonged to Port
Moller. A relatively high proportion of the scales from this stand
ard were misclassified as Togiak. In 1983, Port Moller was split
into two standards and was then found to misclassify relatively
little with Togiak.

Classificatory accuracies for the 1984 age 6 herring were not as
high as for age 7 . The unweighted overall accuracy for the final
five—class analysis was 62.8% (Table 8). Simeonof Island again had a
high individual accuracy, at 90.0%. Port Moller had a low individual
accuracy of .46.5%, again being greatly misclassified as Togiak. The
individual accuracies for Norton Sound and Nelson Island would have
likely been higher if the size of these standards was 200 rather than
100.

Classification of Unknowns

The 436 scales representing the age 7 herring of the 1984 Dutch
Harbor fishery were stratified by time, such that there was classifi
cation by four groups in addition to the total (Table 9). The first
time period was represented by 56 scales, and later time periods were
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represented by progressively larger sample sizes. Confidence inter
vals were much tighter than those of the year before, and mixing pro
portion estimates for the two years were roughly comparable. The
overall estimate obtained for 1984 was 9.6% Nelson Island, 78.9%
Togiak, and 11.6% Port Moller. Estimates for Norton Sound and
Simeonof Island were negative at all time periods. Nelson Island
received higher estimates for earlier time periods while Port Moller
received higher estimates for later periods. All estimates for Togiak
were significant, and the highest estimate was in the last time
period.

The age 6 herring of the 1984 Dutch Harbor fishery were repre
sented by 112 scales, and stratification of these scales resulted in
the classification of two groups in addition to the total (Table 10).
The first group consisted of 39 scales, and 73 were in the other. As
could be expected, confidence intervals were not as tight as in the
age 7 analysis. Mixing proportion estimates were not drastically
different from those for the age 7 class, and the same general con
clusion was evident, in that the age 6 results also indicated a
strong presence of Togiak herring in the Dutch Harbor fishery. In
fact, the overall age 6 estimate was unanimous: 100% Togiak. Port
Moller received an estimate of 15.9% in the second time period, and
all other estimates, besides those for Togiak, were negative.

Classification of 1983 Unknowns with 1984 Standards

The 1983 age 6 unknowns were classified with the age 7 standards
of 1984, and results were compared to those obtained from the LDF
analysis in 1983 (Table 11). The 443 scales representing the 1983
Dutch Harbor fishery were stratified into five time intervals as they
had been in the analysis of that year. The 1983 LDF analysis in
volved the stocks of Norton Sound, Nelson Island, Togiak, and Port
Moller, but not that of Simeonof Island. The Port Moller stock was
divided in 1983, and the LDF analysis included the part comprised of
larger herring. To use the 1984 age 7 standards for classification,
the characters developed for the 1984 age 6 analysis were applied, so
that growth in the seventh year would be disregarded as a character.

There were some considerable differences between the mixing
proportion estimates for the 1984 standards and those for the stand
ards of 1983. Most obvious was that use of the 1984 Togiak standard
resulted in lower estimates than in 1983, whereas the opposite was
true for Port Moller. In 1984 the Port Holler standard was more
similar to the Togiak standard and the unknowns than in 1983, when
the Port Holler 1 standard was developed from exclusively larger
herring. Simeonof Island received slight estimates in the last two
time periods, but visual inspection of the scales classified to this
stock revealed that poor quality was a factor. For Norton Sound and
Nelson Island, the use of 1984 standards also resulted in a dissimi—
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lar set of estimates than in 1983, but not beyond corresponding
confidence limits. Confidence intervals for the 1984 standards were
tighter than those for the 1983 standards, and comparable to those
for the 1984 age 7 unknowns.

Analysis of Growth Patterns

Frequency distributions of standard length were plotted for age—
specific samples of 1984 herring (Figs. 10—14). Random samples were
developed with the use of the AWL forms supplied by ADF&G for the
stocks of Norton Sound, Cape Romanzof, Nelson Island, Togiak, and
Port Moller. Herring ages 4—8 were represented, but age 8 samples
were small. Optimal sample size was 100. Very few age 4 herring were
taken from Nelson Island, so they could not be represented. Means and
standard deviations were calculated, and no major inconsistencies
were apparent. For the stocks of Norton Sound, Cape Romanzof, and
Nelson Island, standard deviation increased with age through age 7,
but this was not so for the stocks of Togiak and Port Moller.

Three years of data were available for herring of the 1977 year
class, so that for each year mean lengths could be compared to
lengths back—calculated from scales of 1984 age 7 herring. These
lengths could further be compared to those of 1984 herring represent
ing other year classes. In 1982, the 1977 year class was age 5, so
comparisons were restricted to age 5—7 herring. Length—at—age was
graphed for herring samples from Norton Sound, Nelson Island, Togiak,
and Port Moller (Fig. 15). Mean length—at—capture for the standards
of the 1982, 1983, and 1984 analyses was plotted alongside back—
calculated mean length for the 1984 age 7 standards, and plotted
alongside these lengths was mean length for the samples of 1984 age
5, 6, and 7 herring. Two major discrepancies are apparent from the
graph. One is that the 1984 samples, including the age 7 standard,
for Nelson Island have lower mean values than would be projected by
the means of the 1982 and 1983 standards. Consequently, the back—
calculated means are lower, also. The other major discrepency is that
the back—calculated lengths for Port Moller are greater than those of
the 1982 and 1983 standards, and those of the 1984 age 5 and 6 sam
ples. The lower mean values for the 1982 and 1983 standards can be
attributed to bimodal frequency distributions. The plots for Norton
Sound match up as well as would be anticipated, as do those for
Togiak. The means for 1982 and 1983 standards would be expected to
closely match the back—calculated means.

Otolith Analysis

Otoljths and scales were taken from several Togiak herring so
that growth comparisons could be made. The otoliths from four herring



9

were soaked in 50% glycerin solution, polished with fine—grain dental
equipment, and mounted with epoxy on glass slides. Scales from the
four herring were mounted on a glass slide and aged. The otoliths
were viewed through a dissecting scope at 50 power so that annuli
could be discerned, and age was determined. Ages from the otoliths
agreed with those from the scales; two herring were age 7, one was
age 6, and the other age 5. The annuli on each otolith were measured
with a micrometer along a radius perpendicular to the total length of
the otolith, where there appears to be less growth distortion (Fig.
16). Scales were magnified 50 times and measured as in the LDF
analysis. Yearly proportionate growth was then determined and
compared between the scales and otoliths corresponding to each herr
ing (Table 12). Similarities in growth were apparent when the radius
of measurement on the otolith was begun at the edge of the nucleus.
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DISCUSSION

Mixing proportion estimates from the 1984 herring study are
comparable to those from the 1983 study in a number of ways. Most
notable is that the Togiak stock was again found to contribute to the
Dutch Harbor fishery at high proportions. For the age 7 herring of
1984, the Nelson Island stock was estimated to be a minor contributor
to the fishery, as it was for the age 6 herring of 1983. And once
again, there was evidence of Port Moller herring in the fishery. The
same general pattern was apparent in the estimates of both years,
whereas stocks of smaller herring (Norton Sound and Nelson Island in
1983, Nelson Island in 1984) received higher estimates at earlier
time periods and stocks of larger herring (Togiak in 1983, Togiak and
Port Moller in 1984) received higher estimates at later time periods.

There was some significant new information provided by the mix
ing proportion estimates of 1984. Norton Sound was not detected as a
contibutor to the fishery. This was also the case in 1982. Simeonof
Island was added to the analysis, marking the first time that a stock
from outside of the Bering Sea was included, and it received only
negative estimates. Also for the first time, estimates were derived
for two age classes rather than just one. While estimates for the two
classes were roughly comparable, there was a major difference, in
that the Nelson Island stock received only negative estimates in the
age 6 analysis.

Classificatory accuracies for the 1984 age 7 analysis were quite
satisfactory, and a great improvement over those of the 1982 and 1983
analyses. Consistently precise selection of preferred scales by the
ADF&G sampling crews, at all field stations, was likely a factor.
The success of scale pattern analysis depends on precise definition
of the preferred body area for selection of scales. The 1984 fre
quency distributions for scale size, when compared with those of 1982
or 1983, clearly show the difference that resulted from a coordinated
effort at all sampling locations to precisely locate and select pre
ferred scales. One effect of this difference was that proportionate
scale growth became a much more valuable character for discrimination
of stocks. The greatest overall effect was improved accuracies and
increased confidence.

Since the classificatory accuracies of the 1984 standards were
improved, these standards could be used to classify the 1983 unknowns
with higher accuracy. However, the unknowns suffer as well as the
standards in 1983 from greater variation in scale size. Therefore,
inaccurate representation by some unknown scales must, to some de
gree, bias the mixing proportion estimates. This was likely the case
for Simeonof Island. Use of the 1984 standards is complicated by the
difference in quality of Port Moller from the year before. Since
this standard in 1983 represented only the larger herring from the
district, mixing proportion estimates for that year do not compare
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with those for the 1984 standard. If estimates for the 1984 stand
ards of Port Moller and Togiak were merged, they would compare favor
ably to those for the 1983 Togiak standard. There were more unknowns
classified to the 1984 Norton Sound standard than the 1983 standard,
and the reason for this must lie with the 1983 unknowns, since the
1984 standard received only negative estimates with the 1984
unknowns.

Use of the 1984 standards to classify 1983 unknowns implies that
data collection can be minimized. Not all standards need to be from
samples collected in the same year, as long as standards are re
stricted to one year class of herring. Thus, sampling can be
concentrated in different locations each year. One standard may
itself consist of scales collected in different years, which would be
a concept ideal for weak year classes. With standards already
developed, mixing proportion estimates could be determined soon after
the unknowns were made available. If other mixed—stock herring
fisheries should arise, these possibilities should not be
disregarded. Beforehand, further research into herring length
distributions is necessary.

The analysis of herring mean lengths for the stocks of Norton
Sound, Nelson Island, Togiak, and Port Moller showed that certain
inconsistencies exist which need to be resolved. The 1984 Nelson
Island lengths were smaller than projected by 1982 and 1983 lengths.
Since all 1984 sampling of this stock was conducted in one day, bias
is possible. The 1982 and 1983 Port Moller standards had bimodal
frequency distributions for herring length and this caused the mean
lengths for these samples to be lower than those back—calculated from
the 1984 age 7 standard. The frequency distributions for the age 6
and 7 standards of 1984 were wide, suggesting the coexistence of two
stocks, but the evidence for this thoery is not as apparent as it was
in the previous two years. The herring of Port Moller deserve closer
attention.

Classification in the 1984 age 6 analysis was not as accurate as
in the age 7 analysis. Part of the reason for this may be the smaller
size of the standards for Norton Sound and Nelson Island, but regard
less of sample size, Norton Sound was misclassified heavily as Nelson
Island. The reason for this may be seen in the frequency distribu
tions of standard length for these stocks. The Port Moller standard
had the lowest individual accuracy in both the age 6 and age 7 analy
ses, and was heavily misclassified as Togiak. In 1983, when Port
Moller was divided into two standards, much of the misclassification
with Togiak was eliminated.

The herring of Simeonof Island display a very different growth
pattern than that of Bering Sea stocks. Classificatory accuracies
for Simeonof Island were high, and all 1984 mixing proportion esti
mates were negative. From this it may be assumed that only Bering
Sea herring exist in the Dutch Harbor fishery.
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There still exists the possibility that a stock which contri
butes substantially to the fishery was not represented in the analy
sis. That stock would then be classified as the most similar stock
that was represented. This possibility will exist as long as the
Alaska Peninsula/Aleutian Islands region remains unsurveyed or un—
sampled. If the Unalaska Island stock is representative of this
entire region, then herring stocks from this region are characterized
by a mean length—at—age comparable to that of northern Bering Sea
stocks. Therefore, those unknown scales classified as Nelson Island
may be of another stock.

Otolith annuli can be measured, and proportionate measurements
compare with those of scales. If the variability of scale measure
ments had not been reduced in 1984, otoliths would deserve serious
investigation. Since accurate results can be obtained with scales and
they can be processed efficiently, scale pattern analysis is
practical.
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CONCLUS IONS

The basic conclusion of this report is that Togiak is the most
abundant stock in the Dutch Harbor fishery. Analyses for two age
classes of herring support this conlusion, and this is the same con
clusion that was drawn from the results of the 1983 analysis on herr
ing. It appears that other Bering Sea stocks exist in the fishery,
but at low proportions. In consideration of previous findings, the
mixing proportion estimates for Port Moller may be optimistic. It is
possible that a stock which enters the fishery was not represented in
the analysis. If so, it is likely one from the Aleutian Islands!
Alaska Peninsula region, and may, therefore, account for the unknowns
classified as Nelson Island. Based on the character of the Simeonof
Island herring scales, it is concluded that only Bering Sea herring
enter the fishery.

The classificatory accuracies of the age 7 analysis were favor
able. Precise selection of preferred scales by samplers is import
ant, and until this year, variability in scale measurements was a
problem . At the current accuracy level, scale pattern analysis with
herring is practical. Classificatory accuracies of the age 6 analy
sis were lower than those of the age 7 analysis, and the greatest
problem was misclassification of Port Moller with Togiak. This was
also a problem for age 7 herring, but not as severe. Although not so
apparent in 1984, it still appears that two stocks exist at Port
Moller. Norton Sound misclassified heavily with Nelson Island, and
it is possible that the Nelson Island sample was biased. Classifica
tory accuracies for Cape Romanzof were very low due to misclassifica
tion with Norton Sound and Nelson Island, so it could not be included
in the final analyses. It appears that this stock deserves a portion
of the mixing proportion estimates for Nelson Island.

With consistently accurate representation of stocks, more than
one year of data can be included in a discriminant analysis, provided
that all data pertains to a single year class. Standards from differ
ent years can be used together, and each standard itself can consist
of scales collected in different years. Herring scale pattern
analysis could evolve to be very efficient.
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RECOMNENDATIONS

Future scale pattern analysis with Bering Sea herring should include
the following:

1) Sampling of stocks at Port Heiden, Unimak Island, and Adak/Atka
Islands.

2) Collection of scales from herring at the wintering grounds north
west of the Pribilof Islands.

3) Sampling of the Nelson Island stock for a period of at least two
weeks.

4) Herring in the 1985 Dutch Harbor fishery or in other areas of
mixing could be classified with the 1984 standards, but research
on 1985 spawning stocks would be desirable.
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ABSTRACT

Scale pattern analysis was applied to eastern Bering Sea herring
stocks so that the origins of the herring in the 1984 Dutch Harbor
food and bait fishery could be determined. Two separate analyses
were performed, one with age 7 and one with age 6 herring. The final
analysis for both ages included four Bering Sea stocks and one from
the south side of the Alaska Peninsula. These stocks were separated
by scale characters which included yearly growth increments, propor
tionate scale growth, and back—calculated lengths. Mixing proportion
estimates of the stocks present in the fishery indicated that one
stock, Togiak, was predominant. Further research was performed to
support the analysis. This included a comparison of lengths through
3 years of data, a comparison of scales and otoliths, and a compari
son of mixing proportion estimates determined by 1984 scales and by
those of 1983.
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Table 2. The initial construction of spawning stock standards for
the discriminant function analysis of 1984 age 6 and 7
Pacific herring.

Stock Percent of No. of scales
(district Subdistrict Estimated district measured
or area) or section biomassa biomassb Age 7 Age 6

Norton Sound Cape Denbigh 27 114 58
Unalakleet 3 28 13
St. Michael 70 58 29

TOTAL 21 , 000 100 200 100

Cape Romanzof 5,500 159 68

Nelson Island 10,000 200 100

Goodnews Bay 3,700 100 91

Security Cove 4,600 100 109

Togiak Hagemeister 14 31 19
Togiak 17 24 27
Nunavachak 7 30 31
Kulukak 62 115 123

TOTAL 104,200 100 200 200

Port Moller — 200 200

Unalaska Island — 38 0

Simeonof Island — 80 100

aAerial survey estimates (personal communication, Robert C. Lebida,
Alaska Department of Fish and Game, September 4, 1984).

bBiomass distribution on date of peak survey (personal communication,
Robert C. Lebida, Alaska Department of Fish and Game, September 4, 1984).
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Table 3. Scale characters examined for use in the discriminant function
analysis of age 7 Pacific herring.

Character
numb e r* Description

1 Distance
2 Distance
3 Distance
4 Distance
5 Distance
6 Distance
7 Distance
8 Distance
9 Distance

10 Distance
11 Distance
12 Distance
13 Distance
14 Proportion of
15 Proportion of
16 Proportion of
17 Proportion of
18 Proportion of
19 Proportion of
20 Proportion of
21 Back—calculated
22 Back—calculated
23 Back—calculated
24 Back—calculated
25 Back—calculated
26 Back—calculated
27 Length at age 7
28 Ratio of growth
29 Ratio of growth
30 Ratio of growth

years.

and third annuli.
and fourth annuli.

and fifth annuli.
and sixth annuli.
and seventh annuli.

to second annulus.
to third annulus.
to fourth annulus.
to fifth annulus.
to sixth annulus.
to seventh annulus.
growth in first year.
growth in second year.
growth in third year.
growth in fourth year.
growth in fifth year.
growth in sixth year.
growth in seventh year.

between focus and first annulus.
between first and second annuli.
between
between
between
between
between

second
third
fourth
fifth
sixth

from
from
from
from
from
from

focus
focus
focus
focus
focus
focus
scale
scale
scale
scale
scale
scale
scale

length at age 1.
length at age 2.
length at age 3.
length at age 4.
length at age 5.
length at age 6.
(back—calculated for unknown summer samples).
in third year to growth in second year.
in sixth year to growth in fifth year.
in seventh year to growth in third and fourth

*S1 characters 1—13 are in inches. and characters 21—27 are in
millimeters. Character 13 is total scale size for all spawning samples.
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Table 4. Scale characters examined for use in the discriminant function
analysis of age 6 Pacific herring.

Character
number* Description

1 Distance between focus and first annulus.
2 Distance between first and second annuli.
3 Distance between second and third annuli.
4 Distance between third and fourth annuli.
5 Distance between fourth and fifth annuli.
6 Distance between fifth and sixth annuli.
7 Distance from focus to second annulus.
8 Distance from focus to third annulus.
9 Distance from focus to fourth annulus.

10 Distance from focus to fifth annulus.
11 Distance from focus to sixth annulus.
12 Proportion of scale growth in first year.
13 Proportion of scale growth in second year.
14 Proportion of scale growth in third year.
15 Proportion of scale growth in fourth year.
16 Proportion of scale growth in fifth year.
17 Proportion of scale growth in sixth year.
18 Back—calculated length at age 1.
19 Back—calculated length at age 2.
20 Back—calculated length at age 3.
21 Back—calculated length at age 4.
22 Back—calculated length at age 5.
23 Length at age 6 (back—calculated for unknown summer samples).
24 Proportion of growth in first three years.
25 Proportion of growth in last three years.
26 Ratio of growth in second year to growth in first year.
27 Ratio of growth in third year to growth in second year.
28 Ratio of growth in fourth year to growth in third year.
29 Ratio of growth in fifth year to growth in fourth year.
30 Ratio of growth in sixth year to growth in fifth year.

*Scale ctharacters 1—11 are in inches and characters 18—23 are in

millimeters. Character 11 is total scale size for all spawning samples.
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Table 12. Comparison of scale growth measurements vs. otolith
growth measurements for each of four Togiak herring.

Herring Yearly proportion of growth
length 1 2 3 4 5 6 7

287 Scale .284 .265 .204 .107 .054 .048 .038
Otolith .326 .273 .179 .093 .055 .040 .034

270 .281 .242 .213 .098 .073 .059 .034
.276 .245 .205 .087 .083 .063 .041

252 .280 .317 .182 .104 .077 .040
.293 .323 .166 .101 .065 .052

249 .374 .261 .226 .090 .049
.391 .276 .198 .083 .052
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magnified 50X.
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SCPLE SIZE RT RDE 6

Fig. 5. Frequency distributions of scale size at age 6 for the 1984
age 6 herring standards representing the Alaska Peninsula
spawning stocks considered for discriminant function analysis.
Also, frequency distribution for the Dutch Harbor unknown
origin sample. Measurements are in 0.1 inches with scales
magnified 50X.
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Fig. 6. Frequency distributions of standard length at age 7 for the
1984 age 7 herring standards representing the western Alaskan
coastal spawning stocks considered for discriminant function
analysis. Lengths are in millimeters.
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Fig. 7. Frequency distributions of standard length at age 7 for the
1984 age 7 herring standards representing the Alaska Peninsula
spawning stocks considered for discriminant function analysis.
Also, frequency distributions for the Dutch Harbor unknown
origin sample and the spawning stock sample obtained from
Unalaska Island. Lengths are in millimeters.
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Fig. 8. Frequency distributions of standard length at age 6 for the
1984 age 6 herring standards representing the western Alaskan
coastal spawning stocks considered for discriminant function
analysis. Lengths are in millimeters.
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Fig. 9. Frequency distributions of standard length at age 6 for the
1984 age 6 herring standards representing the Alaska Peninsula
spawning stocks considered for discriminant function analysis.
Also, frequency distribution for the Dutch Harbor unknown
origin sample. Lengths are in millimeters.
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NORTON SOUND HERRING

STANDARD LENGTH

Fig. 10. Frequency distributions of standard length for age—specific
samples of 1984 Norton Sound herring. Lengths are in
mu limeters.
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Fig. 11. Frequency distributions of standard length for age—specific
samples of 1984 Cape Romanzof herring. Lengths are in
millimeters.
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Fig. 12. Frequency distributions of standard length for age—specific

samples of 1984 Nelson Island herring. Lengths are in

millimeters.
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Fig. 13. Frequency distributions of standard length for age—specific
samples of 1984 Togiak herring. Lengths are in millimeters.
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PORT MOLLER HERRING

STANDARD LENGTH

Fig. 14. Frequency distributions of standard length for age—specific
samples of 1984 Port Moller herring. Lengths are in
millimeters.
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Fig. 15. Mean length by age for herring samples representing the
stocks of Norton Sound, Nelson Island, Togiak, and Port
Moller.
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Fig. 16. Representation of an age 5 otolith with the radius of measure
ment drawn over it.


