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ABSTRACT

The development and execution of an in-season stock separation
program at Chignik suggests that scale pattern analysis using a two-
class linear discriminant function is a viable and important supplement
to the present management system. Details of the program methodology
are given with an evaluation of its efficiency and effectiveness. Re-
sults of allocating the sockeye run into its two component stocks indi-
cates that the 1981 run was approximately 10 days earlier than the aver-
age time-of-entry (TOE) curve predicts, and supports the decision made
early in the run by ADF&G to shift the curve forward in time by 10 days.

The scale pattern stock separation concept is inadequate as a com-
plete substitute for the present management system. The controlled
escapement plan is based on the assumption that stock composition is
predictable over the duration of the sockeye run, whereas scale pattern
analysis produces new estimates of stock composition with each input of
new data. It is suggested that the optimum management system is a
combination of the average TOE curve verified for accuracy by intensive
in-season scale sampling and discriminant function analysis.

vii



1.0 INTRODUCTION

The production of sockeye salmon in the Chignik lakes has been
studied extensively by the Fisheries Research Institute (FRI), in coop-
eration with the Alaska Department of Fish and Game (ADF&G), since 1952.
Two major investigations conducted in the system sought to: 1) identify
ecological factors limiting the production of sockeye in the lakes (see
Narver 1966); and 2) evaluate historical stock production data (see
Dahlberg 1968) in order to recommend optimum escapement levels for re-
building each of the two principal stocks composing the total run.

These studies suggested that the decline in sockeye production in the
Chignik watershed was not related to a loss of potential spawning area,
but rather to density dependent competitive interactions between sockeye
fry and fish populations resident in the nursery lakes. From their re-
sults, Narver (1966) and Dahlberg (1968) recommended the present escape-
ment goals as being those that would maximize the production of sockeye
fry in each nursery lake,

Optimum escapements are approached by regulating the commercial har-
vest. Decisions to open or close the fishery are based on historical en-
try patterns of the early and late runs, escapement goals, and escape-
ment to date during the season. A primary feature of this controlled
escapement system is the logistic time-of-entry (TOE) curve (Dahlberg
1968) which is used to estimate the relative proportions of each stock
present in the catch and escapement on a daily basis. The Dahlberg
curve is the result of an eight-year tagging program at Chignik. Fish
tagged in Chignik Lagoon were monitored through the ADF&G weir on
Chignik River and ultimately to their spawning grounds. The curve
currently used by ADF&G in regulating the harvest is an average of the
eight year-specific curves derived from the tagging studies (Fig. 1).

Although the average TOE curve evidently has been an effective run
separation tool since 1964, two properties of the method are recognized
as potential sources of error in apportioning daily runs into the com-
ponent stocks. As an average curve, small variations in run timing be-
tween years may not be compensated for, although in some years the mid-
point of the curve arbitrarily has been advanced 7-10 days in response
to notably early runs. However, Marshall, et al (1980) point out that
in years of large returns, small variations in run timing may result in
substantial misappropriations of catch and escapement to the major
stocks. The other recognized problem is that the logistic run separa-
tion curve is appropriate for assigning catch and escapement to each
stock only when the stocks return in approximately equal magnitudes
(Pedersen and Petersen 1971). When this condition is not met, signifi-
cant overallocation to the stock in Tow abundance occurs.

Recent applications of discriminant function analysis (Fisher 1936;
Lachenbruch 1975) to problems of mixed-stock fishery management (Anas
and Murai 1969; Parsons 1972; Cook and Lord 1978; Pella and Robertson
1979) have shown great promise for estimating the relative proportions
of stocks present in a mixed-stock fishery. The advantage of a stock
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separation method based on discriminant function analysis is that infor-
mation on the stock composition of a fishery may be continuously updated
with direct evidence taken from the commercial catch. This ability
circumvents problems associated with tagging and theoretical modelling
of run dynamics.

Marshall et al. (1980) employed discriminant function analysis in
allocating the 1978 Chignik sockeye run into component stocks. In their
view, stock separation using scale pattern recognition techniques is
superior to the continued use of the average TOE curve because a TOE
curve based on scale data is independent of both yearly variations in
run timing and differences in the magnitude of the early and late runs.
Because the scale pattern technique provides direct evidence of the
relative proportions of each stock in the catch and escapement at each
sampling date, a test is possible of the assumption that the entry pat-
tern of the two stocks follows that predicted by the average TOE curve.
The scale pattern method thus provides: 1) a daily evaluation of the
status of the run in terms of catch and escapement by stock; and 2) a
measure of the reliability of the average TOE curve in accurately
modelling the transition from early run to late run through the season.
On the basis of their results, they recommended that further studies be
carried out at Chignik to better evaluate the potential of scale pattern
analysis for improved fishery management. Moreover, since the potential
usefulness of the pattern recognition technique as a management tool is
not fully exploited in post-season analyses of the run, it was suggested
that an in-season stock separation program be initiated.

We report herein the results of the first of a two-year in-season
stock separation program at Chignik. The objectives of the report are
to:

1. Present the stock separation methodology developed for in-
season use at Chignik in 1981. All phases of the procedure
are discussed, with emphasis on problems encountered in sample
collection and allocating catch and escapement in season by
alternative methods.

2. Estimate the numbers of fish of each principal stock in the
daily catch and escapement by age group. Comparisons are made
between the numbers obtained from each of two different analy-
tical treatments of the scale pattern data.

1.1 Description of the Study Area

The Chignik watershed lies at the westerly inflection of the Alaska
Peninsula approximately 400 km southwest of King Salmon (Fig. 2). Black
Lake has a surface area of about 41.1 kmZ and an early summer mean depth
of 3 m. The lake may lose possibly one-third of its volume by late sum-
mer. Alec River tributaries and Fan Creek provide most of the spawning
grounds for sockeye which utilize Black Lake as a nursery area. Black
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River (12 km long) connects Black Lake and Chignik Lake. Two major
spawning streams, Chiaktuak and West Fork, flow into Black River. Prog-
eny of spawners in these tributaries migrate downstream at emergence,
Chignik Lake has roughly one-half the surface area and over six times
the volume of Black Lake. Most spawning activity occurs along Hatchery
Beach and in Clark River tributaries. The Chignik River (7.2 km) drains
Chignik Lake into Chignik Lagoon. A seasonal weir maintained by the
Alaska Department of Fish and Game (ADF&G) is located about 3 km from
the river mouth.

A survey of 26 sockeye salmon nursery lakes in the Bristol Bay/
Alaska Peninsula region characterized the Chignik system as high in
number of spawners per unit of surface area (second overall), pro-
ductivity and standing crop of phytoplankton (first overall), and total
dissolved solids (second overall) (Burgner, et al. 1969). Details of
the survey specific to the Chignik system are given in Narver (1966).

1.2 Review of Pertinent Literature

The existence of distinct early and late segments of the sockeye
run to Chignik was detected early in the history of the fishery, but
Narver (1963) first detailed the relationship between timing of entry
and geographical distribution of spawners within the watershed. Eight
major and three minor spawning groups were identified on the basis of
lacustrine scale pattern and age, time of entry of the returning adults,
and time and location of spawning.- Table 1 summarizes these groups and
~ their identifying characteristics. Returning sockeye bound for the tri-
butaries of Black Lake or the upper reaches of Chiaktuak Creek and West
Fork enter the system from early June through early July, while those
bound for the lower reaches of Chiaktuak, West Fork, and Chignik Lake
tributaries enter from Tate June through September. The two distinct
runs observed in the fishery since its inception therefore are conglom-
erates of several spawning groups which sequentially "load" the
watershed.

Holmesl first reported the variability in scale patterns between
sockeye which reared in Black Lake and those which reared in Chignik
Lake. He noted that the scales of juvenile sockeye collected in Black
River in June showed considerably more growth of the year than scales
sampled from juveniles in Chignik River. Similarly, Roos?2 analyzed
the Tacustrine portion of scales taken from adults on the spawning

lietter from Harlan Holmes to Dr. Willis H. Rich, July 26, 1928.
In Univ. Washington Fish. Res. Inst. Archives.

2Roos, John F. 1960. Life history of red salmon Oncorhynchus
nerka (Walbaum) at Chignik, Alaska. Univ. Washington Fish. Res. Inst.
56 pp. (unpublished manuscript).
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grounds and reported that the mean number of circuli and size of the
freshwater zone was greater for Black Lake spawners of age I and age II
than for Chignik Lake spawners of these ages. He attributed the dif-
ferences to more favorable growing conditions in Black Lake.

Narver (1966) verified that conditions for fry growth were more
favorable in Black Lake than in Chignik Lake. His conclusion was sup-
ported primarily by 1) the growth rate of fry in Black Lake, which was
essentially linear and rapid relative to that of fry rearing in Chignik
Lake; and 2) the virtual absence of age II fry in Black Lake in mid-
summer compared to the apparent abundance of age II juveniles in Chignik
Lake. On the basis of calculated carrying capacities of the nursery
lakes for sockeye fry, Narver (1966) suggested escapements of 411,000 to
Black Lake and 256,000 to Chignik Lake spawning grounds.

It remained for Dahlberg (1968) to develop an independent estimate
of optimum escapement levels and to devise some method for allocating
the total run into its principal components in order to achieve desired
escapements. Tagging studies performed in the years 1962-69 provided
the data necessary to model the transition from early to late run during
the period of unknown stock composition. This logistic time-of-entry
curve was used to apportion historical Chignik runs into component stocks
for spawner-recruit analysis. Results indicated that the maximum return
per spawner during the years of high sockeye production in Chignik
(1922-33) occurred at estimated escapements of 383,000 to Black Lake and
395,000 to Chignik Lake. The recommended escapement level for Chignik
Lake was revised to 256,000 to allow for fry emigrations from Black
Lake. The logistic TOE curve has been used since 1964 for in-season
allocation of the catch and escapement to the early and late runs.

Marshall et al. (1980) developed a logistic TOE curve for the 1978
sockeye run from data produced by discriminant function analysis of
scales taken in the commercial catch. Their post-season evaluation of
the catch and escapement by age group showed that pattern recognition
methods could be very effective for separating early run and late run
fish in mixed fishery samples. This capability allowed somewhat more
flexibility in apportioning the daily run, because the timing of entry,
arrival rates, and relative proportions of the two major stocks were
estimated directly from samples taken during the run rather than from
the rigid schedule provided by the average TOE curve. The advantages to
a year-specific separation curve were emphasized. Continued studies of
stock separation using scale pattern analysis, and establishment of an
in-season capability, were recommended.

1.3 Scale Pattern Analysis

Discriminant function analysis of stock-specific scale characters
is based on the assumption that stocks of fish which are genetically or
geographically isolated reflect differences of life history in the
circular patterns on their scales. The analysis is straightforward in



concept but rather more complex in application. Briefly, selected
characters on scales from fish of known stocks are measured in units of
distance (resolution = 0.,001") and number (e.g., circuli produced in the
first year in freshwater). A sample ideally in excess of 200 scales is
taken from each known stock to construct statistically a mathematical
representation of the "standard" or average scale pattern for each

stock. Scales from fish of unknown origin then may be processed in iden-
tical fashion and allocated to either known stock on the basis of how
closely their scale patterns coincide. Since the growth rates and lacus-
trine residence times of sockeye fry are dissimilar between the two nurs-
ery lakes of the Chignik system (Narver 1963, 1966; Parr 1972; Marshall
1977), scale patterns formed during freshwater residence should be dis-
tinguishable between stocks. The presence of characteristic patterns on
the scales of returning adults theoretically allows for a high degree of
accuracy in separating by discriminant function analysis the commercial
catch and escapement into component stocks.



2.0 METHODS

2.1 Scale Collection

In applying pattern recognition techniques to scale pattern analy-
sis it is imperative that artificial sources of variation in scale mea-
surements be minimized so that natural differences in scale growth be-
tween stocks are emphasized. Consistency in all phases of the methodol-
ogy is essential, but it is perhaps most important in the collection of
scales for the analysis. Most scales collected for this study were
either "preferred scales" or were from the "preferred area" on the fish
(Clutter and Whitesel 1956). 1In the event no scales remained in the
preferred area (as sometimes occurs in commercial catch sampling), a
scale was taken from the identical scale row and diagonal on the right
side of the fish or the fish was not sampled. Al1l scales taken from the
right side were noted as "not preferred scale" in further analyses.

2.1.1 Early Run Standards

Scales used as early run standards were removed from spawners at
the outlet of Black Lake. Routine sampling at this site provides age
composition, sex ratio, and length-at-age data for the Black Lake stock.
We assumed that no mixing of stocks occurs at the outlet of Black Lake
since it is reasonably well removed from the nearest Black River tribu-
tary spawning ground. It is possible that some early-returning adults
which spawn far up Chiaktuak Creek (Fig. 2 and Table 1) may temporarily
mix with Black Lake fish at the sampling site before dropping back to
the mouth of Chiaktuak. However, we consider this possibility remote
and feel that the potential for variance in the early run standard added
by such behavior is insignificant.

Six separate sampling events between June 9 and June 22 produced
1233 scales from the early run escapement. Because the proportion of
2.3 age fish in the early run was unexpectedly low (see Age Composition,
Section 3.1), only 140 of these scales were suitable as 2.3 age early
run standards. Although a standard sampie of 200 scales generally is
desirable, the statistical methods employed in this study (see Data
Analysis, Section 2.3) permit smaller sample sizes when necessary.

2.1.2 Late Run Standards

In-season acquisition of scales for the late run standard is not
feasible because pure samples of scales from late run fish cannot be
obtained until well after the period of transition from early to late
run. Alternative methods for developing Tate run standards were inves-
tigated in anticipation of the 1981 field season. These were:

1. The use of scales from precocious fish of a year class as late-run
standards for the following year. Marshall et al. (1980) indicated
that only the freshwater portion of Chignik sockeye scales is
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useful in the discriminant analysis. We hypothesized that the
relevant growth patterns on 2-ocean age scales should be identical
to or, at least, proportional to those of 3-ocean scales taken from
fish of the same year class. Initial tests of the hypothesis

showed that substituting 2.2 age scales from the 1979 late run as
the 1980 2.3 age late-run standard provided a classification accura-
cy of nearly 78% in separating early-run 2.3's from late-run 2.3's
in the 1980 scale collection. This compares favorably with a class-
ification accuracy of about 82% obtained with the optimum set of
data.

2. Pooling late-run scales of appropriate age groups from previous
years to serve as late-run standards for the current year. This
method assumes that long-term differences in fry growth rates be-
tween lakes are significantly greater than short-term differences
in growth rates between years in Chignik Lake. The hypothesis was
tested using pooled 3-ocean scales from the 1978 and 1979 late runs
as late run standards in comparison with 3-ocean late run scales
from the 1980 run. In order for this method to be successful, the
variances about specific scale characters from years-pooled samples
must be small enough to allow a clear separation of scale patterns
unique to each stock.

Qur tests indicated that the "years pooled" method was not adequate,
hence we used as late run standards 200 scales from 2.2 age fish sampled
from the 1980 late run. Only scales taken after July 21, 1980 were used
as we felt that the possibility of contaminating the late run standard
with early run scales was unacceptably high in samples taken prior to
this date.

2.1.3 Unknowns

Sockeye of unknown origin were sampled at 2-, 3-, or occasionally,
4-day intervals as permitted by the accessibility of fish in the commer-
cial catch. A1l sampling was conducted within Chignik Lagoon, and at-
tempts were made to ascertain the place of capture of all fish sampled.
Time constraints of 2 hr above and below high slack water allowed sampl-
ing of about 320 fish on each occasion.

2.2 Age Composition

Scales which had been pressed into acetate cards were projected 10x
to the screen of a microfiche reader during the early part of the season
(prior to 7/3) and 43x thereafter. All scales were aged using criteria
established by Marshall (1977) for aging Chignik sockeye. The relative-
ly Tow magnification at 10x often made aging the freshwater portion of
scales difficult. In fact, a review at 43x of scales aged before 7/3
revealed a substantial bias toward misclassifying 1.3 age fish as 2.3's
(Table 2). However, all scales selected for the discriminant function
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Table 2. Comparison of age composition estimates by viewing scale
images at 10x and 43x. A1l scales taken after 7/1 were

aged at 43x.
10x 43x
Date % 1.3 % 2.3 % 1.3 % 2.3
6/3 90.6 5.1 88.3 7.1
6/8 80.8 9.4 79.9 4.0
6/11 70.5 19.8 78.2 12.1
6/15 60.5 30.5 77.3 13.6
6/17 57.9 26.6 68.1 16.7
6/19 65.1 26.4 74.2 17.1
6/22 64.3 25.3 69.8 19.4
6/24 50.8 41.1 63.7 28.0
6/28 45.5 50.0 54.7 41.3
7/01 44,4 50.0 40.6 53.1
7/03 39.6 56.2
7/06 26.5 70.7
7/09 18.4 74.8

7/12 18.5 /6.0
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analysis were projected 100x to a digitizer screen and thereby verified
before measurement.

We calculated the age composition for each stock separately using
the subtraction method of Marshall and Burgner (1977). This method uses
the age composition of the total run (numbers by age group) as deter-
mined by fishery scale samples and subtracts the numbers by age group
calculated for the early run to estimate the numbers by age group in the
late run.

2.3 Data Analysis

A minicomputer-based scale digitizing system was used to record,
store, and edit raw data. Biological information accompanying each
measured scale was compiled on a pre-formatted CRT display along with
other identifying data. Scale images projected at 100x onto the surface
of an electronic digitizer were measured by moving a hand-operated cur-
sor across the projected image. Measurements initialized at the scale
focus recorded the distance and number of circuli from the focus to the
end of lacustrine scale growth and the number of circuli within each
annulus. The scale radius from which these measurements were made was
selected in a manner described by Narver (1963) and is considered to be
standard practice. A FORTRAN computer program was written to compile,
interpret, and store data. Biological data and other identifiers, scale
characters measured, their card-image format, and a brief explanation of
codes are presented in Table 3.

Thirteen variables measured or counted from the scales in each
standard sample and 21 variables added by transformation of scale meas-
urements were analytically reduced to the fewest that significantly con-
tributed to the separating power of the discriminant function. A FORTRAN
program designed to be used on Vector Graphics minicomputers provided an
initial set of "best" variables for inclusion in the procedure. Program
FSTAT (Conrad and Burgner 1981) was used to calculate an F-statistic for
each variable. Larger F-values indicate a greater distance between vari-
able group centroids.

Variables selected by FSTAT were entered into program DSCRM 2
(Conrad and Burgner 1981) to estimate classification accuracy of the
two-group linear discriminant function. A key advantage to DSCRM 2 is
‘the leaving-one-out approach (Lachenbruch and Mickey 1968) to estimating
classification accuracy. This feature allows for much smaller standard
sample sizes because each scale in the standard is classified by all
other scales in the sample, rather than one-half of the sample being
used to classify the other half of the sample.

Finally, program CLASS (Conrad and Burgner 1981) was used to esti-
mate the relative proportions of early and late run fish in samples
taken in the fishery between June 11 and July 12. This program adjusts
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Biological data and other identifiers, scale characters
measured, their format on key-punched cards, and explana-
tions of coded data for sockeye scales.

Identifier Card Column Explanation
Fish number 1-2 Refers to position of scale on card
Sample number 3-6 Scale card number
Date 7-8 Year of sample
9-10 Month
11-12 Day
Location 13 1 = Chignik Lagoon
2 = Chignik River
3 = Chignik Lake
4 = Black Lake
Stock 14 1 = Black Lake
2 = Chignik Lake
3 = Unknown
Age 15-16 Column 15 refers to freshwater (FW) age,
16 refers to oceans age
V1 17-18 Number of circuli in fist FW zone
V1 19-22 Size of first FW zone
V3 23-24 The number of the first circulus of the
widest pair in the first FW zone
V4 25-28 Distance between the pair of circuli in
V3
V5 29-30 Number of circuli in the second FW zone
V6 31-34 Size of the second FW zone
V7 35-36 The number of the first circulus of the
widest pair in the second FW zone
V8 37-40 Distance between the pair of circuli in
V7
V9-V1i3 41-60 Five fields of four digits recording the

distance from the scale focus to the
outer edge of every third circulus in the
freshwater growth zone
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proportional estimates for classification error using the procedure of
Cook and Lord (1978).

2.3.1 Allocation of Daily Catch and Escapement

Estimation of run magnitude on a daily basis was computed by ad-
justing the dates of catch and escapement to account for migration time
(Appendix Table I). The numbers of fish in the catch and escapement
were provided by ADF&G (Nicholson per. comm.). We adjusted all catches
to coincide with the dates of escapements at the ADF&G weir on Chignik
River. We assumed a 2-day lag time between catches in Chignik Lagoon
and appearance at the weir of fish which had avoided capture (Dahlberg
1968). For the distant fisheries we used a migration rate of 20 miles
per day (Dahlberg 1968; French, et al. 1976). The estimated travel time
between the ADF&G weir and the distant fisheries is: Cape Igvak, 8
days; Chiginagak, 7 days; Aniakchak, 5 days; Kujulik, 4 days; Hook Bay,
3 days. The Cape Igvak catch of Chignik-bound sockeye was estimated as
80% of the total Cape Igvak catch (Nicholson pers. comm.). Catches in
the Western and Perryville districts (total = 21,168) were not included.

We chose to evaluate two alternative methods for allocating catch
and escapement. We felt a comparison of catch and escapement statistics
produced by 1) corrected proportional estimates smoothed to fit a logis-
tic TOE curve (SPE) and 2) unsmoothed corrected proportional estimates
(CPE) by sampling date would be of value in light of certain compromises
which must be met when allocating the daily run using either method.
Briefly, prior experience in using the SPE method indicated that the
shape and inflection point of the logistic form of the curve is
extremely sensitive to fitting the proportional estimates obtained by
discriminant analysis. Consequently, inaccuracy of proportional esti-
mates resulting from bias in scale sampling, measurement error, or
classification error may be magnified by the curve fitting procedure.

However, the alternative CPE method is not without drawbacks. 1In a
similar exercise using scales sampled during the 1979 sockeye run to
Chignik, the estimated relative proportions by day were shown to be
quite variable between sampling dates prior to and subsequent to the
transition from early to late run (Table 4). This variability makes
questionable the interpolation of relative proportions of early and late
fish in daily runs on intervening dates and undoubtedly contributes some
uncertainty to the allocation of catch and escapement.

2.3.1.1 Smoothed Proportional Estimates (SPE)

In this method, estimated proportions of each stock in the catch by
sampling date are fitted to a logistic curve of the form

1
p = E;;;?C§+bt) (1)

where:



Table 4.

Proportional estimates from a two-class dis-

criminant function analysis of 2.3 age sockeye

in the 1979 Chignik run.

Corrected proportions

Smoothed proportions

Date (early) (Tate) (early) (Tate)
6/21 .752 . 248 .914 .086
6/23 .854 . 146 .843 .157
6/27 .595 . 405 .575 .425
6/28 .880 .120 .490 .510
7/1 .492 .508 .255 .745
7/3 .120 .880 .147 .853
717 .104 .896 .042 .958
7/8 .001 .999 .030 .970
7/10 .001 .999 .015 .985
7/12 .196 .804 .008 .992
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proportion of late run fish
base of Naperian logarithms
time (in Julian dates)
constants

o Do
oHonn

a,

Values of "a" and "b" in equation (1) are obtained via the smoothing
function: 1
a+bt=—1n—;fl (2)

He Ul

where "p" again is the proportion of late run fish on day t estimated
from discriminant function analysis. In this linearized form of equa-
tion (1) "a" is the intercept of the regression and "b" is the slope.
Two properties of the smoothing function must be recognized during its
use: 1) it is extremely sensitive to the values of Togg-transformed
proportional estimates; and 2) the loge-transform of 0.000 or 1.000 is a
complex number. Therefore, any sample classified by the discriminant
function as 0% or 100% late run was assigned a proportional estimate of
0.001 or 0.999, respectively. Furthermore, since the number of decimal
places in the proportional estimates alters the resultant loge-transformed
value (e.g., 0.01 = -4,60517; 0.001 = -6.90776; 0.0001 = -9.21034), and
hence, the slope and intercept of the regression line, we arbitrarily
chose three decimals for proportional estimates. Finally, because the
values of "a" and "b" from the regression are computed in loge-scale,
their estimated values were carried to five decimal places for insertion
in equation 1.

2.3.1.2 Corrected Proportional Estimates (CPE)

Proportional estimates for days on which no sampling occurred were
obtained by linear interpolation between proportional estimates for
dates on which sampling occurred. For estimating proportions of late
fish in the run prior to the first sampling date (6/11, p = .667) and
after the last sampling date (7/12, p = .970) we arbitrarily assigned
values of .001 to 6/5 and .999 to 7/15. These dates are + 20 days of
the calculated midpoint of the transition period (6/25, p = .495).
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3.0 RESULTS AND DISCUSSION

3.1 Age Composition

Table 5 summarizes the age composition data for the 1981 sockeye
return. Figure 3 illustrates the trends in age composition expressed as
percentages of the total run by day. The early phase of the return was
composed primarily of 1.3 age fish, with the other ages constituting a
relatively small fraction until 6/22. The increasing abundance of 2.3's
in the commercial catch samples was mirrored by a decline in abundance
of 1.3's, and roughly followed by about 5 days the transition from early
run to late run (Fig. 4). The correlation of age composition with stock
composition in the commercial catch is consistent with past observations
that the early (Black Lake) stock produces mainly l-check smolts and the
late (Chignik Lake) stock produces primarily 2-check smolts. It is this
observed stock-specific freshwater age characteristic that forms the
basis for Marshall and Burgner's (1977) contention that the use of
fishery age composition statistics may generate misleading estimates of
the early run age composition in some years.

Age composition estimates for the Black Lake escapement are given
in Table 6. Trends in age composition over time are apparent but sta-
tistically not significant (Students' "t"; 95%). Differences in numbers
of fish allocated to each age group using an average age composition as
opposed to following the observed trends in calculating the age
composition of the early run are surprisingly minor:

Age Group

0.2 1.2 2.2 0.3 1.3 2.3
Average
age comp 1,293 128,039 16,425 9,959 968,701 169,037
Age comp
by day 1,175 123,223 15,603 8,755 972,223 172,476
Percent
difference 9.1 3.8 5.0 12.1 0.4 2.0

We computed absolute numbers of early run fish by age group using
the unweighted average age composition. The numbers of early run fish
by age group were subtracted from the estimated numbers of fish of each
age in the total return to obtain an estimate of the numbers of late run
fish by age group.
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Table 6. Age composition of the early run from samples
collected at the outlet of Black Lake, 1981.

Age group

Date 0.2 1.2 2.2 0.3 1.3 2.3 n

6/9  Number 11 1 2 100 14 128
Percent 8.6 0.8 1.6 78.1 10.9

6/10 1 36 4 2 159 20 222
0.5 16.2 1.8 0.9 71.6 9.0

6/12 13 5 2 143 30 193
' 6.7 2.6 1.0 74.1 15.6

6/13 24 1 2 132 22 181
13.3 0.6 1.1 72.8 12.2

6/21 12 3 133 34 182
6.6 1.6 73.1 18.7

6/22 11 144 22 177
6.2 81.4 12.4

Total 1 107 14 8 811 142 1083

0.1 9.9 1.3 0.7 74.9 13.1
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3.2 Estimation of Relative Proportions

From the results of program FSTAT and the sequential entering of
ranked variables into the discriminant function, we found that the
following three variables provided maximum classification accuracy:

1)  Total number of circuli in the freshwater growth zone.

2) Total size of the freshwater growth zone, excluding plus
growth,

3) The ratio of the size of the first freshwater growth zone to
the size of the total freshwater growth zone, excluding plus
growth.

Because identification of plus growth on scales was often equivocal, we
excluded this feature from analyses.

The classification matrix calculated using the "leaving-one-out"
method is presented in Table 7. Although classification accuracy was

Table 7. Classification matrix for 2.3 age sockeye in the 1981

return.
Decisions
Stock Percent correct Percent incorrect
Black Lake 68.0 32.0
Chignik Lake 65.0 35.0

Mean classification accuracy = 66.5%

somewhat lower than expected, we believe the resultant proportional esti-
mates computed for each sample provide a reasonable reflection of the
actual mixing proportions of the two stocks in the fishery. The
source(s) of error causing the reduced classification accuracy presently
eludes us, but two possibilities are likely. First, the use of scales
from 2.2 age Chignik Lake fish from the 1980 return as the 1981 2.3
Chignik Lake standard may have contributed to a reduction in segregating
power of the discriminant function. Some evidence suggests that the
early growth of precocious fish is rapid relative to others of a cohort.
Since the separation of Black from Chignik Lake fish is based on the
presumed fast freshwater growth of Black Lake fish compared to Chignik
Lake fish, the hypothesized rapid growth of precocious Chignik Lake fish
used for the 1981 standard may have diminished the natural variation in
the scale patterns between stocks. A second potential factor involves
the measurement and analysis of individual scales. Scales composing the
late run standard were measured in the lab at 200x prior to leaving for
the field season. All computer software was programmed in the lab for
scale measurements taken at 200x. However, logistical problems precluded
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the use of a 200x lens in the field, hence all scale measurements taken
in-season at 100x were transformed to 200x by the minicomputer to be
compatible with prewritten programs and the existing late run standard.
Any measurement error occuring at 100x consequently was doubled during
transformation.

3.2.1 Run Allocation

The relative proportions of early and late run fish present in the
fishery on each sampling date, as estimated by discriminant function
analysis, are given in Table 8, A logistic TOE curve has been fit to
the data in Fig. 5a. Figures 5b-c illustrate the differences in total
run allocation using the SPE method (Fig. 5b) and the CPE method (Fig.
5¢). It is apparent from the figures that the SPE method allocated
significantly more fish to the early run than did the CPE method. This
is attributable primarily to the estimate of relative proportions in the
sample taken on 6/11 (p = 0.667) during the period of large daily
returns. The SPE curve minimized the impact of that single sample by
allocating to the late run less than 5% of any daily total prior to
6/17, whereas the CPE method maximized its impact because proportional
estimates for dates prior to 6/11 and between 6/11 and 6/15 were derived
from linear interpolation. The SPE schedule allocated 16,813 fish to
the late run during the period 6/6 to 6/15, while the CPE schedule allo-
cated 211,408. The difference of 194,595 was partially offset by differ-
ences in the two methods over the remainder of the run; however, the
late run total as estimated by CPE was 168,531 greater than that esti-
mated by SPE. Of this total, 43,062 was the difference in estimated
late run escapements and 125,469 was the difference in catch (Table 9).
Estimates of daily catch and escapement by run using SPE and CPE are
presented in Appendix Tables II and III, respectively.

The inflection point of the logistic curve --that point where
theoretically each stock is equally abundant in the run-- falls on 6/25,
fully 10 days earlier than the average date observed during the tagging
studies in 1962-69. The ADF&G detected the earliness of the run early
in the season and arbitrarily shifted their management schedule forward
by 10 days to compensate. Nonetheless, the point must be made that
yearly run timing may be highly variable and in some years not
sufficiently pronounced to be detectable. In years of large returns
this may produce significant errors in partitioning the run, while in
years of low or unequal returns to both stocks the placement in time of
the TOE curve early in the season, when actual run strength is not yet
known, can be extremely confusing and ambiguous.

3.3 Age Composition by Run

In Table 10 we compare age composition estimates for each run
calculated using the alternative run allocation methods in conjunction
with the subtraction method of Marshall and Burgner (1977). O0f immed-
iate interest is the apparent overestimation by both allocation methods
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Table 8. Proportional estimates derived from the two-class discrim-
inant function analysis of unknown 2.3 age sockeye in the
fishery by sampling date, 1981.

Smoothed proportions (SPE) Corrected proportions (CPE)

Date N Black Chignik Black Chignik
6/11 50 . 987 .013 .333 .667
6/15 46 .963 .037 1.000 .000
6/17 50 .939 .061 .697 .303
6/19 50 .899 .101 .939 .061
6/22 49 .798 .202 .980 .020
6/24 75 .697 .303 .636 . 364
6/28 75 438 .562 .111 .889
7/1 75 .257 743 .030 .970
7/3 75 .168 .832 .232 .768
7/6 75 .082 .918 .192 .808
7/9 75 .038 .962 .000 1.000

7/12 75 .017 .983 .030 .970
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Fig. 5a. Corrected.proportional estimates (CPE) and the smoothed (SPE)
scale pattern TOE curve for the 1981 sockeye run.
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Fig. 5b. Daily totals for the 1981 sockeye run partitioned into
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of the numbers of 1.2 age fish in the early run. However, this is pro-
bably an artefact of the subtraction method and may be partially ex-
plained by either or both of the following factors:

1. Variance in estimates of the percentage of 1.2 age fish in
samples collected at the outlet of Black Lake. The 95% confi-
dence interval on our estimate of the number of 1.2's in the
early run ranges from 80,970 to 167,373.

2. The presence of an indeterminate number of Black River spawners
in the early and late runs. Marshall et al. (1980) resolved a
similar allocation problem by showing that fish bound for Black
River tributaries constituted a much larger fraction of the
total run than previously thought.

We were unable to distinguish the return of Black River adults by
discriminant function analysis because scales of these fish are virtual-
ly identical to those of Chignik Lake spawners and are classified into a
composite late run category. The age composition stock separation meth-
od of Fredin and Worland (1974) could not be used because necessary data
were unavailable. Consequently, we cannot estimate the magnitude or age
composition of the Black River adult return with sufficient confidence
to help explain the negative estimates of the number of 1.2 age fish in
the late run obtained using the subtraction method. The most parsimoni-
ous solution is to acknowledge an unmeasured influence from the Black
River component of the early run, and to attribute the discrepancy in
the age composition statistics to uncertainty in our estimate of the
number of 1.2 age fish in the Black Lake escapement.

3.4 Evaluation of the Methodology

This appraisal of the in-season stock separation method based on
scale pattern analysis is limited to aspects of day-to-day operation of
the program that were noted during initial field tests. We assume that
the theoretical underpinnings of discriminant function analysis are
secure, and that adaptation of the technology to fisheries problems is
appropriate. Our concern in this section centers mainly on identifying
sources of potential error contributed by methods of collection and
interpretation of data.

3.4.1 Sample Collection

As mentioned previously, careful collection and measurement of
scales for the analysis is imperative. Consistency during scale measure-
ment is not a serious problem because a single technician measures all
the scales analyzed during the season. Significant problems may arise
during collection of scales from the commercial catch.

The allocation of daily catch and escapement using proportional
estimates from scale samples taken in the fishery is based on the
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assumptions that 1) scale samples are representative of the entire sock-
eye population in Chignik Lagoon; and 2) the relative proportions of
each stock present in the commercial catch will apply to the escapement
at the weir two days later. These assumptions may be routinely violated
by collecting scales aboard commercial tenders in Chignik Lagoon. To
illustrate how this occurs, it is convenient to conceptualize the sock-
eye run as daily arrivals and departures of discrete groups of fish into
and out of the Lagoon. Each of these groups has a unique stock composi-
tion, later-arriving groups having higher proportions of late run fish
than early-arriving groups. Since the currency of the model is time,
the spatial distribution of groups is important as it relates to the
timing of their movements into and out of the Lagoon.

Although we generally sampled only the catch from a single fishing
boat and attempted to ascertain the time and location of capture, the
nature of the fishery and fishing grounds unavoidably introduces the
chance of bias in scale collections. The commercial tenders inside the
Lagoon service boats which may have fished from inside the mouth of
Chignik River throughout the Lagoon to just outside its mouth. Fish
caught in Chignik River are presumed to be actively migrating upstream
and will Tikely pass the weir with the next high tide, whereas fish
taken within the Lagoon may not pass the weir for two days on average.
Migration time for fish caught outside the Lagoon is uncertain. In the
hypothetical case, if a sample of scales represents fish distributed
across these locations, then the obtained proportional estimates may
not accurately represent the true mixing proportions in the escapement
two days later.

The problem is aggravated by a behavior characteristic of salmon
preparing to migrate into home streams. Sockeye commonly are observed
to congregate in Chignik Lagoon for variable periods of time before
moving into Chignik River. Dahlberg (1968) found an average of two days
between release of tagged fish in the Lagoon and their subsequent ap-
pearance at the weir, but others (Nicholson, pers. comm.) have noted
delays of up to 10 days. Consider a case wherein the presence of large
numbers of fish in the Lagoon is known although escapements at the weir
remain Tow. Fish entering the Lagoon each day are, as our time-of-entry
model predicts, increasingly likely to be late run fish. Their entry
into the Lagoon effectively dilutes the proportion of early run fish
congregated there relative to those departing upstream each day. Sam-
ples taken from the commercial catch during such a period overrepresent
the proportion of late run fish in the escapement two days later.

The error in proportional estimates attributable to biased scale
samples undoubtedly was a small fraction of the total. Classification
accuracy during the season was such that relatively small variations in
run timing could not significantly have influenced calculations of the
proportional estimates. It is nonetheless desireable to acknowledge the
potential for bias in scale collections, since eliminating inconsisten-
cies in scale collection and processing enhances the intrinsic variation
in stock-specific scale characteristics. In future applications of the



31

method, when classification accuracy is sufficiently high that small-
scale variance components are detectable, the effect of bias in scale
samples can be more rigorously evaluated.

3.4.2 Choice of Allocation Method

From previous experience with the scale pattern stock separation
technique, (Marshall et al. 1980; unpub. data), we anticipated some of
the confusing aspects of using it on an in-season basis. These essen-
tially concerned the relative merits of fitting the estimates of stock
composition in each sample to a logistic TOE curve (SPE) as opposed to
using the proportional estimates directly with no attempt to fit them to
a curve (CPE). What we discovered while attempting to implement the
scale pattern technique during the season is that it does not by itself
meet requirements imposed by the controlled escapement management
concept.

The controlled escapement plan used at Chignik to regulate the com-
mercial harvest is based on a simple information feedback loop wherein
cumulative escapements to each stock are compared against escapement
goals for each stock by day. So long as escapements meet daily escape-
ment goals, surplus fish may be harvested. The daily escapement goals
have been computed for each stock on the assumption that the values of
"a" and "b" in the logistic TOE curve remain constant over the season,
i.e. the relative proportions of each stock in the escapement on day i
can be predicted from the relative proportions of each stock present on
day i-n, n < i. The feasibility of the controlled escapement scheme
thus hinges on the ability to predict the stock composition of future
escapements. In contrast, the SPE stock separation method produces new
estimates of "a" and "b" with each input of new data and, consequently,
new estimates of stock composition on all days prior to the latest
sampling date (Table 11). Although future stock compositions can be
predicted with the SPE method by virtue of the curve-fitting procedure,
changes in the slope and intercept of the curve with new data alter
predicted values. This necessarily changes the status of the cumulative
escapements to each stock vis-a-vis their escapement goals and forces
the management biologist to regulate the harvest somewhat in retrospect.

Even though the SPE and CPE stock separation techniques do not
offer complete alternatives to the existing method, we must emphasize
that the failure of the scale pattern method to fit the controlled-
escapement plan at Chignik should not over-shadow the positive aspects
of the scale pattern stock separation concept. The scale pattern
approach is most effective in detecting yearly variations in run timing
and monitoring the transition from early to late run on a day-to-day
hasis. Furthermore, allocation of daily runs to each stock 1is indepen-
dent of the relative magnitudes of the early and late runs. Gross
errors associated with proportioning unequal quantities are avoided by
partitioning daily returns on the basis of stock compositions measured
directly from fishery scale samples. These characteristics undoubtedly
contribute to a more accurate and reliable representation of the actual
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Table 11. Summaﬁy of proportional estimates by sampling date,

their logg-transformed values, and estimates of "a",
"b", and the projected midpoint in the transition from
early to late run based on new data at each sampling
date.

Proportion Calculated

Early Late -In 1-p Run Midpoint
Date (1-p) (p) p a b (date)
6/11 0.333 0.667 0.69465
6/15 0.999 0.001 -6.90675 310.4520  -1.90035 6/12
6/17 0.697 0.303 -0.83305 79.10860 -0.48972 6/11
6/19 0.939 0.061 -2.73394 47.76175 -0.29974 6/9
6/22 0.980 0.020 -3.89182 41.46679 -0.26185 6/8
6/24 0.636 0.364 -0.55804 5.15512 -0.04427 4/26
6/28 0.111  0.889 2.08057  -30.52318 0.16793 7/1
7/1 0.030 0.970 3.47610  -48.28342  0.27303 6/25
7/3 0.232 0.768 1.19705 -44.,05972  0,24813 6/26
7/6 0.192 0.808 1.43707 -40.10897  0.22497 6/27
7/9 0.001  0.999 6.90675 -51.79159  0.29305 6/25
7/12 0.030 0.970 3.47610  -47.90675  0.27054 6/25
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sockeye run dynamics than that described by the average TOE curve in any
year.

Our conclusion from the perspective of efficient in-season sockeye
run management at Chignik is that the scale pattern stock separation
method is not yet sufficiently developed that a complete dismantling of
the present management system is warranted. Rather, the strength of the
scale pattern concept should be exploited as an in-season reference for
1) checking the placement in time of the average TOE curve, and 2)
monitoring the rate of transition from early to late run. We therefore
recommend that the optimum in-season management design consists of the
current ADFE&G harvest plan verified by intensive scale sampling and
discriminant function analysis.
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