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ABSTRACT

The use of scale patterns to identify the stocks of sockeye salmon (oncorhyn-
chus nerka) harvested in Nushagak Bay, Alaska was examined using data collected
during 1977 through 1980. Overall classification accuracies for three-way
Wood, Igushik, Nuyakuk River models ranged from 54% to 66% with approximate
90% confidence intervals of *=.52 to *.24. Two-way classification models of
Wood and Nuyakuk River runs had average classification accuracies ranging from
69% to 76% with approximate 90% confidence intervals of +.28 to +.19. Between
and within-run variability of scale variables is large because of the complex-
ity of the rearing environments and the multi-population composition of the
runs. Significant differences were present in the means of scale variables

by sex and date and location of capture. Nearest neighbor analysis tended to
yield higher classification accuracies and lower confidence coefficients than
Tinear discriminant function analysis since variables were not always normally
distributed.



INTRODUCTION

The Nushagak Bay sockeye salmon (oncorhynchus nerka) fishery is one of the
largest and most valuable salmon fisheries in Alaska. The 21 year (1961-1981)
average annual harvest of sockeye salmon for the Nushagak District is 2.107
million fish with a current value to the fishermen of over $37 million.

The Nushagak Bay fishery harvests sockeye salmon destined primarily for the
Wood, Igushik, and Nuyakuk Rivers (Figure 1). Previous studies indicate
that considerable mixing of these runs occurs within the Nushagak District
(Straty 1975; Pennoyer and Nelson 1967; Krasnowski and Bethe 1978). The
Nushagak Bay sockeye salmon fishery is managed on an individual run basis.
Escapement goals for each river system are established and management involves
opening and closing the commercial fishery to maximize the commercial catch
while still attempting to meet the desired escapement goals. 1In order to
develop optimal harvest strategies for this "mixed run" fishery, managers
must have reliable estimates of the run composition of the salmon subject to
the harvest. Estimates of the total return by brood year are also needed to
model spawner-recruit relationships for estimating optimum escapements and
forecasting run size.

In this paper I report on the application of scale pattern analysis for iden-
tification of Wood, Igushik, and Nuyakuk River runs of sockeye salmon in the
Nushagak Bay sockeye salmon fishery. This study is based on 4 years (1977-
1980) of scale samples from these component runs. Two statistical techniques,
linear discriminant function analysis (LDF) and k nearest neighbor analysis?
(KNN), were tested to determine the best statistic to discriminate the stocks.

Classification models were constructed to examine the accuracy and its approxi-
mate confidence interval for a Wood-Igushik-Nuyakuk model and a Wood-Nuyakuk
model. Tagging studies had indicated that most sockeye salmon tagged along

the Eastern and Northern parts of Nushagak District were of Wood and Nuyakuk
River origin (Straty 1975). A two-way Wood-Nuyakuk model might, therefore,

be applicable in classifying fish caught in the Northern and Eastern parts of
Nushagak District. '

This research is part of a larger project designed to evaluate different catch
allocation techniques for Bristol Bay fisheries by comparing each methods rela-
tive accuracy and cost. The different catch allocation techniques to be even-
tually evaluated include: (1) the age composition method currently used
(Meacham and Nelson 1980), (2) a maximum likelihood method (Gnanadesikan 1977),
(3) a migratory time density function method (Hornberger and Mathisen 1981),

and (4) scale pattern analysis. Overall classification accuracies and approxi-
mate confidence intervals will be determined for each method. The most accurate
and cost effective method will then be used for allocating catches.

' k=1,3,4,5,6,7,8,9, or 10. A case is classified to the category which is
represented most often in the k-closest patterns to the pattern being classi-
fied. When two or more categories are equally represented, a case is classi-
fied to the category which has the smallest sum-of-djstances.

-1-
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The specific objectives of the scale pattern study were as follows:

1) Calculate the accuracy which can be expected in using scale pattern
analysis to discriminate between the principal Nushagak Bay sockeye
salmon stocks;

2) Examine within-run variability of scale patterns because of sex,
date, and location of capture differences and relate this variabil-
ity to the application of scale pattern analysis; and

3) Compare the performance of the LDF and KNN classification methods
with Nushagak Bay sockeye salmon stocks.

METHODS AND MATERIALS

Scale Character Data Collection

Scale data from sockeye salmon that returned to Nushagak Bay in 1977, 1978,
1979, and 1980 are included in the scale pattern analysis. A1l analyses in
this report are Timited to age 592 sockeye salmon since they are the dominant
age class, comprising between 43% and 74% of the return to Nushagak Bay for
the years of this study. Approximately 50 age 5, scales were measured from
each quarter of the run, yielding a total sample size of 200 fish per year.
The methods used to collect the scale samples and measure the scales are des-
cribed below.

Sample Collection:

The sockeye salmon escapements into Wood, Igushik, and Nuyakuk Rivers were
sampled by beach seine near the headwaters of each river. 1In 1980, additional
scale samples were collected from spawning sockeye salmon in Ualik Lake,
Kathleen River, and Amanka Lake in the Igushik River system. Ocean age of
these fish was obtained from otoliths since resorption of scale margins in
spawning sockeye salmon makes age determination unreliable.

Scales were collected from the preferred area on the left side of the fish
approximately two rows above the lateral 1ine in the diagonal scale row down-
ward from the posterior insertion of the dorsal fin (I.N.P.F.C. 1961). Scales
were mounted on gummed cards and impressions made in cellulose acetate (Clutter
and Whitese 1956). Ages were recorded in Gilbert-Rich notation. The sex and
mid-eye to fork length were recorded for each fish.

2 Gilbert-Rich formula: Total years of life at maturity (superscript) -
year of life at emigration from freshwater (subscript).

-3-



Scale Examination and Data Processing:

Scale images were projected at 100X magnification onto a table surface using
equipment similar to that described by Bilton (1970) and later modified by
Ryan and Christie (1976). Scale data were recorded onto computer diskettes
from a digitizer tablet under the control of a FORTRAN program executing on

a microcomputer. A detailed description of the scale measurement procedure is
given by Krasnowski and Bethe (1978).

Scale variable measurements were the number of circuli (NC) and incremental
distance (ID) within certain scale zones (Figure 2). The following scale
zones measured from the 1978, 1979, and 1980 samples were: zone 1 - focus

to end of the first summer; zone 2 - beginning to end of freshwater winter
growth; zone 3 - beginning to end of plus growth; zone 4 - beginning to end

of first summer marine growth, and zone 5 - beginning to end of first winter
marine growth. The scale zones measured from the 1977 samples were: zone 1 -
focus to end of first winter; zone 2 - beginning of second summer to end of
second winter; zone 3 - beginning of third summer to end of third winter; zone
4 - beginning of fourth summer to end of fourth winter, and zone 5 - beginning
of fifth summer to edge of scale (Figure 3).

Fourteen new characters were calculated for the 1978, 1979, and 1980 data bases
on transformations of the original characters. These character transformations
were designated T1 to T4 and their formulas are listed in Table 1. No trans-
formations were calculated for the 1977 data base. These transformations were
not based on biological theory but were an attempt to determine if combinations
of the original variables would better discriminate between stocks.

Statistical Techniques

The method used for scale pattern analysis in this study involved selecting the
scale characters which best discriminated between the runs, building and test-
ing pattern recognition models from selected scale character data sets, and
computing classification accuracies and approximate 90% confidence intervals.
The within-run distribution of measured scale variables by sex, date, and loca-
tion of capture was also examined.

Within-Run Variability:

Variability of scale characteristics within the major runs was examined to
better understand the classification model results. 1 used analysis of vari-
ance to test for differences in scale characteristics by sex, time, and location
of capture for each major run. The means of measured scale variables by sex
and by run were examined for the years 1978, 1979, and 1980. Differences in
scale patterns from fish sampled during different segments of the run were
examined for four time periods and for the years 1978, 1979, and 1980. Stock
variability of scale patterns by location of capture was examined for three
locations within the Igushik River system, using the 1980 Ualik Lake, Kathleen
River, and Amanka Lake samples. Linear discriminant function analysis was per-
formed to evaluate the ability to identify the fish sampled in these areas.
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Table 1.

Transformation formulas of scale characters calculated for the 1978,
1979, and 1980 Wood, Igushik, and Nuyakuk River data bases®.

T = (ID1xNC1)/((ID2xNCZ) + (ID3xNC3))
12 = ID]/ID2
T3 = 1D,/(1Dy + ID,)
T4 = ID]/(ID2 + ID3)
T5 = ID2/(ID1 + ID3) _
T6 = (IszNCZ)/((ID1xNC]) + (ID2xNCZ))
17 = ID]/(ID] + 102 + ID3)
T8 = (ID] + 1D, + IDy + ID4 + IDS)/(NC] + NC, + NC3)
T9 = (ID] + 1D, + ID3)/(ID4 + IDB)
T10 = NC4 + NC5
T11 = ID4 + ID5
T12 = ID1/(ID1 + ID2 + ID3 + ID4 + ID5)
T13 = ID2 + 103
T14 = (ID,xNC,) + (IDgxNC;)
1 Refer to Figure 2 for variable identification.



Scale Character Selection:

A stepwise procedure was used to select scale variables or transformed vari-
ables for inclusion in the classification models. The variables and trans-
formed varijables from each year were first normalized to have a mean of 0O
and a standard deviation of 1. This makes all variables approximately equal
in magnitude without destroying separation information (Duewer, Kokinen, and
Kowalski 1975).

The "select" routine in the ARTHUR pattern recognition computer program package
(Duewer, Kokinen, and Kowalski 1975) was used to select the variables for inclu-
sion into the classification models. This routine is a stepwise procedure
which selects the variables with the best 1inear discriminating ability first,
removes linear correlations between it and all other variables, weights it in
terms of its discriminating power between groups, then recomputes Fisher
weights on the remaining variables, and selects the "next" best variable for
inclusion into the model. This procedure continues until all variables have
been selected and ranked in order of their power to discriminate between runs.
The top ranked variables were then used to build the classification models.

The weighted values for each varjable were graphed to aid in selecting the
variables which contribute most to discriminating the stocks. The ratio between
number of variables included in the model and number of cases in each group was
kept Tess than 1:10.

Classification Models:

Classification models with both parametric (LDF) and non-parametric (KNN)
assumptions were examined to determine which model was best able to identify
the component runs. Linear discriminant function analysis has been used exten-
sively for identifying racial origin of fish (Mason 1966; Anas and Murai 1969;
Krasnowski and Bethe 1978; Bethe and Krasnowski 1979; and Cross et al. 1981).
The LDF method assumes that the data sets be multivariate normal and have
common variance-covariance matrices. It is, however, fairly robust to viola-
tions of these assumptions when sample sizes are large (Issacson 1954). Anal-
ysis of the LDF method was performed using the BMDP program BMDP7M (Dixon 1977).

Nearest neighbor analysis classifies a data case to the group membership of the
nearest (measured in multivariate space) known data case (Cover and Hart 1967);
no population parameters are estimated. The computational routines of ARTHUR,
a pattern recognition computer program (Duewer, Kokinen, and Kowalski 1975)
were used for the nearest neighbor analysis.

Classification Error Estimation and Variance Calculation:

The accuracy of the LDF model was estimated by classifying a second test set
of data obtained from fish of known origin. Splitting the available samples
of known origins into learning and test groups provides an independent and
unbiased estimates of accuracy. I therefore randomly selected one-half of the
known samples as the Tlearning sample to construct the model and the other half
was used as a test sample to estimate the classification accuracy.



The KNN technique does not require that different samples be used to construct
and test the model because the data obtained from each fish is classified using
the data collected from all other fish. Therefore, all the data were used
simultaneously.

Expected confidence limits were computed for the classification models by a
modification of a method used to correct the classification of unknown samples.
The procedure for making this correction was first presented for a two-class
problem by Worlund and Fredin (1962), and expanded to n-classes by Cook and Lord
(1978). The variance and confidence interval for the corrected estimate are cal-
culated by the procedure described by Pella and Robertson (1979). Pella and
Robertston's o estimation formula was used for this study because simulation
studies indicate that this estimator has the smallest bias and the smallest vari-
ance of the estimators studied. This estimation procedure considers the follow-
ing two sources of error in estimating the variance of the corrected estimates:
(1) the sampling variation in obtaining estimates for the unknown sample, and

(2) the sampling variation in obtaining a test sample.

With three unknown groups approximately 100 fish are required in the unknown
sample and 50 fish are necessary in each group of the test sample in order to
achieve reasonable estimates of variance.

In this study no actual mixed stock samples (unknowns) were classified. In order
to obtain confidence intervals for the classification models unknown samples were
simulated with the following assumptions: (1) the unknown sample contained data
from 99 cases for the three-way model and 100 cases for the two-way model, and
(2) the unknown sample is assumed to contain equal proportions of each run.

RESULTS

Principal Run Separability

Linear discriminant function analysis and KNN analysis were used to construct two
and three-way models for classifying Wood, Iqushik, and Nuyakuk River sockeye
salmon runs. Ninety percent confidence intervals were computed around these
classifications. The between-run variability of measured scale variables was
also examined.

Wood-Igushik-Nuyakuk Model:

Differences were present in classification accuracies for the three-way models
between runs, years, and classification methods. Tables 2 through 5 show the
classification results for both the KNN and IDF methods from 1977 through 1980
and Table 6 summarizes the results for all years. The average classification
accuracies for the KNN analysis ranged from .540 in 1979 to .630 in 1980. Aver-
age classification accuracies for LDF analysis ranged from .535 in 1977 to .657
in 1980. Misclassifications were approximately balanced between runs. Classi-
fication accuracies from KNN or LDF analysis did not tend to be better for any
particular run, Wood, Igushik, or Nuyakuk, for the years of this study.

The best discriminating variables were those associated with the freshwater
growth phase, especially the first summers growth measurements, NCy and ID7.

The variables selected for building these classification models were different
each year (Tables 2 to 5). Only the top variables which contributed most to
discriminating the runs were used to build the classification models (Figure 4).

-9-



Table 2, Test classification matrices for nearest neighbor (KNN) and linear
discriminant function (LDF) analysis of Wood, Igushik, and Nuyakuk
River age 5, sockeye salmon, 1977,

Actual Group Sample KNN Classified Group of Origin
of Origin Size (Variables = ID3,NC2,ID1,NC7, K=7)
Wood Igushik Nuyakuk
Wood 87 .609 .149 .241
Igushik 87 .184 517 .299
Nuyakuk 87 .149 .264 .586

Average correctly classified = .571

Actual Grouwp Sample LDF Classified Group of Origin
of Origin Size (Variables = ID,,NCy,ID1,NCq)
Wood Igushik Nuyakuk
Wood 62 .548 .290 .161
Igushik 52 .211 615 .173
Nuyakuk 43 139 419 .442

Average correctly classified = ,535

-10-



Table 3. Test classification matrices for nearest neighbor (KNN) and linear
discriminant function (LDF) analysis of Wood, Igushik, and Nuyakuk
River age 5, sockeye salmon, 1978.

Actual Group Sample KNN Classified Group of Origin
of Origin Size (Variables = NC4,T11,ID,,T6,T10, K=8)
Wood Igushik Nuyakuk
Wood 203 .606 .286 .108
Igushik 211 .275 569 .156
Nuyakuk 216 .176 | .208 .616

Average correctly classified = ,597

Actual Group Sample LDF Classified Group'of Origin

of Origin Size (Variables = NCy,T11,ID),T6,T10)
Wood Igushik Nuyakuk
Wood 100 .490 .360 .150
Igushik 99 .323 525 151
Nuyakuk 101 .228 .178 .594

Average correctly classified = ,536

-11-



Table 4. Test classification matrices for nearest neighbor (KNN) and linear
discriminant function (LDF) analysis of Wood, Igqushik, and Nuyakuk
River age 5; sockeye salmon, 1979.

Actual Group Sample KNN Classified Group of Origin
of Origin Size (Variables = T12,ID5,ID4,T6, K=10)
Wood Igushik Nuyakuk
Wood 173 .433 .358 .208
Igushik 173 C.237 .601 .162
Nuyakuk 169 .142 .272 586

Average correctly classified = ,540

Actual Group  Sample LDF Classified Group of Origin
of Origin Size (Variables = T12,ID5,ID4,T6)
Wood Igushik Nuyakuk
Wood 87 .529 .276 .195
Igushik 91 .341 .484 .176
Nuyakuk 80 .200 .162 :gzl

Average correctly classified = ,550
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Table 5,

Test classification matrices for nearest neighbor (KNN) and linear

discriminant function (LDF) analysis of Wood, Igushik, and Nuyakuk

River age 5, sockeye salmon, 1980.

Actual Group Sample KNN Classified Group of Origin
of Origin Size (Variables = ID4,T7,T9, K=10)
Wood Igushik Nuyakuk
Wood 200 .675 .110 .215
Igushik 201 .144 .627 «229
Nuyakuk 211 .199 .213 .588
Average correctly classified = .630
Actual Group Sample LDF Classified Group of Origin
of Origin Size (Variables = IDy,T7,T9)
Wood Igushik Nuyakuk
Wood o8 .663 .102 235
Igushik 29 .182 .667 .151
Nuyakuk 114 167 .193 .640

Average correctly classified = .657

-13-



Table 6. Approximate 90% confidence intervals for three-way nearest
neichbor (KMN) and linear cdiscriminant function (IDF) models
classifying Wood, Iqushik, and Nuyakuk River age 5_ sockeye
salmon for the years 1977, 1978, 1979, and 1980.

Average 90% Average

90% Confidence Interval Confidence Correctly

Year Kethod Wood Igushik  Nuyakuk Interval Clagsified
1977 KMN +0.266 +0.412 +0.398 40.345 0.571
LDF +0.386 +0.638 +0.562 +0.523 0.535
1978 KMN +0.308 +0.349 +0.227 +0.295 0.597
LDF +0.639 +0.611 +0.259 +0.503 0.536
1979 KM +0.513 +0.457 +0.260 +0.420 C.540
LDF +0.551 +0.534 +0.260 +0.448 0.550
1980 KMN +0.219 +0.245 +0.298 +0.254 0.630
LDF +0.231 +0.219 +0.254 +0.235 0.657
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Transformed variables (Table 1) were among the top selected variables. The
same variables and order of entry were used to construct both KNN and LDF
models.

Approximate 90% confidence intervals were computed for both KNN and LDF models
(Table 6). Average 90% confidence intervals for the KNN model ranged from
+.25 to £.42 and for the LDF model ranged from +.24 to +.52. The confidence
intervals tended to be smallest for Nuyakuk and largest for Igushik for both
models.

The KNN models tended to have higher average classification accuracies and
smaller confidence intervals than the LDF models. The non-parametric KNN method
yielded shorter average confidence intervals for 1977, 1978, and 1979 and
slightly longer average confidence intervals for 1980 (Table 6). To accurately
compare the relative accuracy of the KNN and LDF models the sample sizes for
each model would need to be the same. Since the LDF analysis involved dividing
the knowns into two groups, learning and test, the sample sizes of the LDF model
were approximately half those in the KNN model. It is possible that the confi-
dence intervals are Targer for the LDF analysis primarily because the sample
sizes were smaller.

Wood-Nuyakuk Model:

Linear discriminant function analysis was used to construct two-way models for
classifying Wood and Nuyakuk River sockeye salmon. The overall classification
accuracies for the Wood-Nuyakuk model ranged from .760 in 1980 to .687 in 1978
(Tables 7-10). Confidence interval lengths ranged from +.19 in 1980 to *.28

in 1977 (Table 11). The variables and variable transformations used to build
each LDF model are listed in Tables 7 to 10 and are the same as those variables
selected for the three-way model. Misclassifications were approximately balanced
between runs.

Distribution of Scale Variables by Run:

The distribution of scale variables by run was examined using one-way analysis
of variance. The means, standard deviations, F value, and probabilities for
the measured scale variables for the years 1977, 1978, 1979, and 1980 are pre-
sented in Appendix Tables 1, 2, 3, and 4. Measurements from the freshwater
portion of the scales tended to have the greatest differences between stocks.
The fewest number of significant differences were present between the three
runs in 1977 (5 insignificant at the 95% confidence level). Scale measurements
for the years 1978, 1979, and 1980 showed significant differences in either all
or all but one of the scale measurements. There was considerable overlap in
the distribution of scale variables between runs. Variable IDy for Igushik and
Nuyakuk in 1978 was bimodal and variable ID3 for all stocks and years was nega-
tively skewed (Figures 5, 6, and 7).

There tended to be little difference in variance of the measured scale variables
between runs. The following freshwater scale variables, however, did have sub-
stantially larger standard deviations for a particular run; variable IDy for
Wood River in 1977; variable IDy for Nuyakuk River in 1978; variable IDy for
Wood River in 1979; and variable ID3 for Wood River in 1980. Years 1977/ and
1978 tended to have the widest variability of scale measurements from the fresh-
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Table 7. Test classification matrices for linear discriminant function
analysis of Wood and Nuyakuk River age 5, sockeye salmon, 1977.

Actual Group Sample LDF Classified Group of Origin
of Origin Size (Variables = ID4,NC»,ID7,NC7)
Wood Nuyakuk
Wood 62 677 .323
Nuyakuk 43 279 .721

Average correctly classified = .699

-17-



Table 8. Test classification matrices for linear discriminant function
analysis of Wood and Nuyakuk River age 5, sockeye salmon, 1978,

Actual Group Sample LDF Classified Group of Origin
of Origin Size (Variables = NCy,T11,ID,,T6,T10)
Wood Nuyakuk
Wood 100 .740 .260
Nuyakuk 101 .366 .634

Average correctly classified = .687
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Table 9. Test classification matrices for linear discriminant function
analysis of Wood and Nuyakuk River age 5, sockeye salmon, 1979.

Actual Group Sample LDF Classified Group of Origin
of Origin Size (Variables = T12,ID5,ID4,T6)
Wood Nuyakuk
Wood 87 .770 .230
Nuyakuk 80 .312 .687

Average correctly classified = ,729
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Table 10. Test classification matrices for linear discriminant function
analysis of Wood and Muyakuk River age 53 sockeye salmon, 1980.

Actual Group Sample LDF Classified Group of Origin
of Origin Size (Variables = ID1{,T7,T9)
Wood Nuyakuk
Wood 98 .704 «296
Nuyakuk 114 .184 816

Average correctly classified = ,760
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Table 11. Approximate 90% confidence intérvals for two-way LDF
models classifying Wood and Muyakuk River age 5_ sockeye
salmon for the years 1977, 1978, 1979, and 19802

90% Confidence Intervals Average Correctly
Year for Wood and Nuyakuk Classified
1977 +0.277 0.699
1978 +0.268 0.687
1979 +0.221 0.729
1980 +0.187 0.760

-21-



_ZZ—

1978 i 1978 102

1978 ID3
0.3 Wood R. 8.2 Vood R. _
] © ] 8.4 Vood R. [T
0.2 : 0.3 ———— NORMAL
: 0.1 0.2
8.1 ] 3
] E B.I"E »
il 0'0—_TTITT 8.6 [T 1 LA I B
F .37 TushikR. 8.2 Igushik R. 8.4 Iguchik R.
r ] ]
5 8.2 : ] 0.3
u ] 8.1 9.2
AN ENS %
;a.a-llllllllllllIIlllllllllllllllllllllll0.0||||' O.GI S R R B A
8.3~ Nuyauk R. ‘ 9.2 Muyokuk R. _ 043 Muyalads R.
] 1 03 [ |
0.2 i 025
3 8.1 -2 p—
N g m
aﬁ-Tll”lll”llHll‘l RRERRNERRRRN 4.9 1r‘x||||&3 L L L L
50 IS 100 125 150 {75 20 25 259 ] 19 20 30 ’ 40 50 60 0 20 49 s 80 108 120
Inch X 16° Inch X 18 Inch X 19

Figure 5. Frequency distributions of scale variables ID], ID?, and ID 3 from Wood, Igushik,
and Nuyakuk River age 52 sockeye salmon, 1978.



_EZ_

1979 Int

1979 I3

[ Jsnpie

———— NORMAL

8.6
0.4
8.3
0.2
0.1

Muyddk R.

e

0.0 [
(]

2

4

™
60
Inch X 18°

1

I
8

0.3~ Nood R. 8.2 Wood R 1979 1b2
8.2 N ]
ﬂlé B.I—: | |
] ] -
Fﬂ.u T 7TV T T 717 ]oe AN RN RS ERRRR AR
. 0.3-5 Tgushik R. 8.2 Tpushik R.
e - ]
u k 0.1
e 0.1 ]
n E ] ]
;0.6 T 17 |l|l|l|9-5 TTTT T [T [T P TTTT
8.3 Muyokak R. 8.2 Muyakuk R.
0.2 ]
3 / O.I-:
817 1 ]
0.6 T R |13-|||||ll||||||||| 1]
49 60 8 188 1% 140 160 je8 208 O 10 2 5 ® % 68
Inch X 10° Inch X 10
Figure 6. Frequency distributions of scale variables ID}, IDp, and ID3 from Wood, Igushik,

and Nuyakuk River age 5

2

sockeye salmon, 1979.

100

I
(20



_172—

- 1988 0! 1988 102 : 1989 103
9.3 Wood R. 8.2 Vood R. 8.4 Yood R. [ Tsupe

[~ [~
> =
II]lLI_l_Il
=
IIIL
s =
~3 — ™~
311 Illllll
—
—

.8 N I B L T 171 0.0 111115 -rrrrrrq 9 . T 1 7
F 9.3 Igushik R. 0.2 Igushik R. 9.4 loushik R.
r ] E 3
PE ] a.aj —
q T T E
N 7£71 8.1 . 8.2 /
e 0.1 ] . /
n ] 7{% 1 3
;B.a_ L B LN I B O |0.0‘j—rr T‘I’Trr‘,-.ﬁ' 1 71 Y 1 7 1 7]
0.3 Nuydkuk R. 0.2] Nuyokuk R. 0.4 Moydak R.
0.2 0 3 7_:Y
0.1 8.2 k
0.1 944’_' 01
0.0 I‘ T [ 1 | } I 9-8 I'I'T'I'T'I—T'I—l 0.0 I T I T l T I T |
L] 60 8 160 120 140 168 180 200 @ 18 20 30 40 50 60 3 % 40 60 80 108 120
Inch X 10° Tnch X 10° Inch X 19°

Figure 7. Frequency distributions of scale variables ID], IDZ, and ID3 from Wood, Igushik,
and Nuyakuk River age 52 sockeye salmon, 1980.



water zone, particularly for variable IDp in 1977 and variable IDy in 1978.
Large differences are seen in the means, standard deviations and F values of
variables between years. This suggests large between year fluctuations in the
growth environment of the Nushagak Bay sockeye salmon.

Within-Run Variance

Variability of scale characteristics within Wood, Igushik, and Nuyakuk River
systems was examined to better understand the results of the classification
models. The within-run variability in scale patterns by sex, date, and Toca-
tion of capture was tested using one-way analysis of variance for the years
1978, 1979, and 1980.

Distribution of Scale Variables by Sex:

Significant differences (P<.05) were detected between males and females in the
means of some measured scale variables (Appendix Tables 5 to 7). Significant
differences were present in some runs and years for all scale zones 1 to 5,
but no consistent pattern was discernible.

Distribution of Scale Variables by Time:

Significant differences were detected in the means of some scale variables

from fish sampled during different quarters of the run (Appendix Tables 8 to
10). Wood River shows consistent differences in zone 2 (all years), zone 3

(2 of 3 years), zone 5 (a1l years). Igushik River shows consistent differences
in zone 1 (2 of 3 years) and zone 5 (3 of 3 years). Nuyakuk River was more
stable but significant differences were present in zone 1 (2 of 3 years) and in
zones 3 and 4 1in 1980.

Distribution of Scale Variables by Sampling Location:

Scales from spawning sockeye salmon sampled in 1980 from three areas of the
Iqushik Lake system: Ualik Lake, Kathleen River, and Amanka Lake (Figure 1),
were analyzed to see if their scale patterns were similar. One-way analysis
of variance testing detected significant differences (P<.05, df = 2,186)
between areas in the means of the freshwater zone scale variables (Appendix
Table 11). The NCy, NCo, ID7, and IDp scale measurements for Ualik Lake fish
are Targer than in KathTeen River and Amanka Lake fish. Variable ID3 (plus
growth) was largest for Amanka Lake (P<.10).

A three-way discriminant function model was constructed with Wood, Igushik, and
Nuyakuk River 1980 scale data and tested with the Igushik stock component
divided into Ualik Lake, Kathleen River, and Amanka Lake samples (Appendix
Table 12). Differences were present in the classification accuracies for the
three Igqushik system samples. Sockeye salmon from Ualik Lake were classified
correctly .852 of the time compared to .778 for Kathleen River and .556 for
Amanka Lake. Amanka Lake fish were misclassified most frequently as Nuyakuk
fish (.270). Results from both the one-way analysis of variance and LDF analy-
sis indicates measurable differences in sub-populations of sockeye salmon in
the Igushik system.
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DISCUSSION

Feasibility of Scale Pattern Analysis

The scale pattern analysis technique for discriminating Nushagak Bay sockeye
salmon stocks worked better in some years than others. In general, the three-
way and two-way classification models had Tow classification accuracies and
wide confidence intervals for the years studied. This indicates that the
within-run (system) variability was similar to the between system variability.

There are measurable differences in scale patterns of sockeye salmon from
different areas of the Wood River system (Burgner 1962; Marshall 1980) and
Igushik River system (this report). The Wood, Igushik, and Nuyakuk systems
are all composed of mu1t1p1e Take basins. Differences in the rearing environ-
ment within each system's lakes and rivers contributes to this within-run
variability of scale patterns.

The Nushagak Bay drainages are roughly similar in terms of morphology, hydro-
logy, limnology, geography, and climatic conditions. The major lakes are all
oligotrophic lakes and have similar resident and anadromous fish populations.
There are no environmental conditions which I would expect to result in con-

sistent large measurable differences in scale patterns between the stocks.

Differences in freshwater growth of sockeye salmon is primarily a factor of
differences in the fry rearing density between systems. Burgner (1962) and
Rogers (1973) found evidence of density dependent growth for sockeye salmon

fry in the Wood River lakes system, the growth of fry being faster in years of
low fry abundance than in years of high fry abundance. Newcombe (1976) found
evidence of density dependent growth in the Igushik lake system where fry in

the less densely populated Ualik Lake grew faster than fry in the more populated
Amanka Lake. The scale pattern analysis technique would then be best in years
where there are large differences in the fry rearing density between systems.

The applicability of scale pattern analysis in identifying Nushagak Bay stocks
might be reduced by differences in scale patterns between sexes. It is advis-
able to restrict the variables in scale pattern analysis to those which are
independent of sex if there are differences in the sex composition between
catch samples and escapement samples. For the years of this study there were
significant differences (P<.05) in the sex composition of the catch and escape-
ment samples (1977 X2 = 62.96, 1978 X2 = 13.26, 1979 X2 = 33.66, 1980 X2 = 6.79).
This indicates differences between gear types (gill net and beach seine) in

sex selectivity. Classification models built with sexes combined will have
reduced accuracy from increased within-run varjability. It would be best,
therefore, to build separate models for males and females if the highest poss-
ible classification accuracy is desired. This will require larger sample

sizes and cost more in terms of sampling, processing, and computing time.

Differences in the means of scale variables from fish samp1ed during different
quarters of the run are likely the result of differences in run timing of the
component populations of fish comprising the run. The between date variability
information was especially significant for the Wood and Igushik River runs
which are composed of multiple stocks. Most significant differences in means
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of scale variables by date were with variables from the freshwater zones 1, 2,
and 3, which suggests differences in freshwater rearing environments of the
sub-populations within each system. These differences in means of scale vari-
ables by date reduces the applicability of in-season classification models
since the scale patterns of early-run fish are different from that of late-run
fish. In-season models constructed from fish sampled early in the run will be
Jeast accurate for classifying late returning fish. Post-season classification
models should consist of scale data from fish sampled in proportion to the
escapement.

Sockeye salmon scales from the Nushagak Bay drainages are relatively difficult
to read because of poor definition of the beginning and ends of scale zones.

The first marine winter check is particularly hard to distinguish. A 1978

study in the Stock Separation lab on that years Wood, Igushik, and Nuyakuk

River data base revealed differences between readers in the means of scale vari-
ables (Appendix Table 13). For this reason one scale reader read all scales
analyzed in this report. In-season catch allocation of Nushagak Bay stocks
would require at least two scale readers for timely reading of catch and escape-
ment scales. Scale reading assignments would have to be distributed between
readers to eliminate reader bias.

Recommended Statistical Technique

The KNN method tended to yield higher classification accuracies and lower con-
fidence intervals than the LDF method, however, the 1980 LDF three-way model
yielded the best classification matrix. I conclude that in years when non-
normal distribution of scale variables is suspected, then KNN is the superior
method. In years that scale variables are normally distributed then the LDF
method is best since classification accuracies and confidence intervals are at
Teast as good as the KNN models, and LDF analysis is faster, requires less data
manipulation, less computer processing time making it easier and less expensive
than KNN analysis.

CONCLUSIONS

Current catch allocation methodology for Nushagak Bay stocks involves comparing
the age and sex composition of the catch samples with the escapement samples
from the contributing river systems (Meacham and Nelson 1980). Confidence
intervals have not been computed for these catch allocations. The simplicity
and Tow cost by which these catch allocations are derived warrants their con-
tinued used unless an alternate method produces estimates with an acceptable
level of accuracy at an acceptable cost. ’

The generally low accuracies and correspondingly high anticipated confidence
intervals obtained with scale pattern analysis do not warrant an intensive
scale pattern analysis based catch allocation program for Nushagak Bay. As
mentioned in the introduction of this paper this study is part of a larger
project designed to evaluate the relative accuracy and costs of different catch
allocation techniques, scale pattern analysis being only one of the methods.
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Development of an in-season scale pattern analysis model is not recmmended
because of the 1ikelihood of obtaining unacceptable classification accuracies.
An in-season catch allocation program would be logistically difficult to set
up because of the short duration of the run. Eighty percent of the Nushagak
District run usually passes within a 10-day period. It would be difficult to
sample, age, read, and analyze samples quickly enough for management purposes.

If scale pattern analysis is found to be the most accurate method for post-
season allocation of Nushagak Bay catches it can be implemented relatively
easily. There would be a Timited need for special samples since sampling catch
and escapement is part of the regular management program. More intensive catch
sampling would be desired, however, if scale pattern analysis is used for entry
pattern analysis.
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Appendix Table 1. Group means, standard deviations (in parenthesis), and
one-way analysis of variance F test and probability for
equality of group means for measured scale variables
between age 5 sockeye salmon sampled from Wood, Igushik,
and Nuyakuk Rivers, 1977.

Variable Wood Igqushik Nuyakuk F value Probability

NCjy 12.6 12.3 11.9 1.6099 0.2016
(2.7) (2.7) - (3.0)

ID7 99.5 94.3 97.3 2.3888 0.0934
(18.3) (17.9) (17.6)

NC2 25.6 26.5 24.6 5.8184 0.0033
(4.7) (3.2) (2.5)

ID2 240.9 269.1 253.3 19.2522 0.0000
(43.5) (26.6) (26.3)

NC3 23.3 21.8 22.3 8.9992 0.0002
(2.8) (2.4) (2.7)

ID3 210.3 208.5 215.9 2.0814 0.1265
(27.0) (23.2) (27.9)

NCy4 16.6 16.5 16.6 0.1149 0.8915
(2.4) (2.4) (2.7)

IDg 161.0 163.0 165.5 0.6901 0.5023
(26.7) (28.7) (26.2)

NCp 4.5 3.4 3.6 22,1622 0.0000
(1.3) (1.3) (1.5)

IDg 50.8 35.3 39.6 30.6698 0.0000
(15.2) (15.1) (16.4)
Sample Size 124 105 87
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Appendix Table 2. Group means, standard deviations (in parenthesis), and
one-way analysis of variance F test and probability for
equality of group means for measured scale variables
between age 53 sockeye salmon sampled from Wood, Igushik,
and Nuyakuk Rivers, 1978.

Variable Wood Igushik Nuyakuk F value Probability

NC7 9.3 9.5 11.8 66.6873 0.0000

(1.8) (2.3) (3.1) »

ID) 127.2 131.0 .154.7 53.1598 0.0000
(22.3) (28.8) (36.2)

NC» 4.0 3.9 3.6 12,3840 0.0000
(0.9) (1.0) (0.8)

1Dy 32.0 32,5 28.7 18.8767 0.0000
(7.1) (7.5) (6.2)

NC3 3.6 2,9 2.5 15,2831 0.0000
(1.9) (1.8) (2.1)

ID3 37.2 33.3 29,2 7.5297 0.0006
(20.3) (20.2) (22.7)

NCg 14.9 15.2 14.3 8.5297 0.0002
(2.5) (2.5) (1.9)

ID4 269.3 286.8 272.6 12,0364 0.0000
(39.9) (42.0) (34.3)

NCg 6.9 6.9 6.6 5.0471 0.0067
(1.0) (1.2) (1.1)

IDg 102.6 103.1 97.7 9.,7491 0.0001
(13.5) (14.8) (14.1)
Sample Size 203 211 216
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Appendix Table 3. Group means, standard deviations (in parenthesis), and
one-way analysis of variance F test and probability for
equality of group means for measured scale variables
between age 57 sockeye salmon sampled from Wood, Igushik,
and Nuyakuk Rivers, 1979.

Variable Wood Igushik Nuyakuk F value Probability

NCy 9.1 9.2 9.9 12,4690 0.0000
(1.7) (1.7) (1.7)

IDj 116.7 118.7 132.6 33.6243 0.0000
(17.2) (20.6) (20.5)

NC?2 3.3 3.2 3.5 4.8754 0.0080
(1.1) (0.8) (0.9)

ID? 28.1 26.7 28.7 2.8433 0.0592
(9.4) (5.8) (7.3)

NC3 4.0 3.9 2.5 34,2922 0.0000
(2.1) (2.0) (1.5)

ID3 42.2 41.2 25,7 33,9459 0.0000
(3.1) (21.6) (16.8)

NC4 14.7 15.4 14.7 5.3996 0.0048
(2.3) (2.4) (2.0)

ID4 282.8 304.9 295.1 14,2812 - 0.0000
(39.5) (38.7) (36.9)

NCx 6.0 5.8 5.4 13,7273 0.0000
(1.2) (0.8) (0.9)

IDg 91.0 , 89.4 8l.1 28.1085 0.0000
(15.8) (10.9) (12.2)
Sample Size 173 173 169
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Appendix Table 4. Group means, standard deviations (in parenthesis), and
one-way analysis of variance F test and probability for
equality of group means for measured scale variables
between age 57 sockeye salmon sampled from Wood, Igushik,
and Nuyakuk Rivers, 1980.

Variable Wood Igushik Nuyakuk F value Probability

NC; 7.8 9.9 8.6 89,7622 0.0000
(1.8) (1.5) - (1.3)

IDy 94.3 127.8 111.0 172.2436 0.0000
(17.9) (18.8) (17.6)

NC2 3.4 3.6 3.1 15,9929 0.0080
(0.9) (0.8) (0.8)

IDp 26.2 28.7 24.3 23,9531 0.0000
(6.6) (6.8) (5.7)

NC3 3.7 2.5 2.1 66.6374 0.0000
(1.9) (1.3) (1.2)

ID3 37.9 26.4 22.0 53.9700 0.0000
(20.5) (13.9) (12.6)

NC4 16.4 16.5 16.4 0.5473 0.5846
(2.2) (1.5) (1.6)

IDy 294.4 323.8 307.9 44,4444 0.0000
(34.0) (29.8) (29.7)

NCs 5.8 5.7 5.3 19.3377 0.0000
(1.0) (0.9) (0.8)

ID5 72.9 79.0 72.4 18.6583 0.0000
(14.2) (13.2) (11.2)
Sample Size 200 201 211
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Appendix Table 5. Group means, and standard deviations (in_garenthesis), and one-way
analysis of variance F test and probability for differences
in group means of measured scale variables by sex for Wood,
Igushik, and Nuyakuk River age 5, sockeye salmon, 1978.

Stock Variable Females Males F value Probability
Wood R. NC1 9.4 9.1 1.3457 0.2474
D1 1 1.2) 15%'3) 0.8107 0.3690
(3:6) (20.9) ) )
NC2 4.0 4.0 0.2101 0.6471
éo.e) §0.9)
1D2 1.5 2.4 0.8547 0.3563
NC3 (g%) (g'g) 0.2143 0.6439
§129) §220) : :
D3 (13'2) ( ﬁz) 0.1042 0.7472
NC4 14.9 14.9 0.0098 0.9213
;2.5) 52.4)
ID4 276.9 270.8 0.2632 0.6085
NC5 (32'3) (4%'8) 2.3231 0.1290
(13.4) (13.5) ' )
D5 103.0 102.2 0.1844 0.6681
, (13.4) (13.5)
Sample Size 105 a8
Igqushik R. NCl 9.4 9,7 0.7534 0.3864
. D1 153'3) 13(3'64) 0.4894 0.4850
NC2 (23:8) (291:3) 0‘0257 0.8729
§120) (1.0) * '
ID2 2.2 32.8 0.2431 0.6225
NC3 (3'3) (Z'g) 0.0505 0.8225
§1:8) (1:8) ) :
D3 3.4 33.2 0.0064 0.9364
NC4 (fg'g) (fg’%) 0.0911 0.7630
ID4 2§§:3) 28(%:9) 0.0643 0.8001
NC5 (481:5) (32:3) 0.0108 0.9175
31:1) 61:3) ' )
D5 103.2 102.9 0.0179 0.8939
. (12.4) (15.3)
Sample Size 123 88
Nuyakuk R. NC1 11.8 11.9 0.0815 0.7755
¥ D1 1&'%) 1§§'(2)) 0.0164 0.8981
NC2 (35:32) (331:%) 0.5283 0.4681
0.8 0.8 : '
ID2 58.7) 58.6) 0.0010 0.9744
NC3 (3'2) (g'g) 0.7929 0.3742
éziz) élie) * '
D3 (22.2) (13'%) 1.5271 0.2179
NC4 143 14.2 0.1246 0.7244
51.9) ;2.0)
ID4 272.4 272.9 0.0088 0.9254
NC5 (33'2) (32"2/) 0.9976 0.3190
5121) 61:0) * ‘
D5 6.5 100.0 2.9471 0.0875
_ (14.2) (13.4)
Sample Size 147 69

-36-



Appendix Table 6. Group means, standard deviations (in g@renthesisé, and one-way
analysis of variance F test and probability for differences in
group means of meaasured scale variables bg sex for Wood, Iqushik,
and Muyakuk River age 52 sockeye "salmon, 1979.

Stock Variable Females Males F value Probability
Wood R. NC1 &:5) &:59)) 0.9451 0.3324
ID1 1&;3) 1&;:5/) 0.4352 0.5104
NC2 3.1 3.7 12.9845 0.0004
ID2 %2; %éé; 6.8466 0,0097
NC3 4.0 3.1 0.0573 0.8111
ID3 (égigi (é%;; 0.2010 0.6545
NC4 14.6 14.9 0.5751 0.4493
ID4 %égii . éé‘é: 0.5431 0.4622
NCS5 5.9 6.1 0.9585 0.3289
ID5 é%:%) é%:g) 0.8854 0.3481
_ (16.6) (14,32)
Sample Size 108 65
Igushik R. NC1 9.4 8.9 3.9762 0.0477
ID1 %%é; %1(2%%; 5.2375 0.0233
NC2 3.2 3.3 1.9611 0.1632
ID2 53:3) 59:91) 1.4842 0.2248
NC3 ‘3:%’ (21%? 4.7754 0.0302
D3 (%1%1 (§:§; 4,2698 0.0403
NC4 15.3 15.6 0.4124 0.5216
ID4 3(é§22; %éé:(%: 0.2263 0.6349
NC5 5.8 5.8 0.2849 0.5942
ID5 égig) égig) 0.1467 0.7022
_ (11:2) (10.5)
Sample Size 105 68
Nuyakuk R. NC1 (%:g) 1(({:3) 0.0069 0.9339
ID1 %%:%) 1(32%:3) 0.3893 0.5335
NC2 8:3) (13:3) 1.1083 0.2940
ID2 %_97:%) %;:g) 1.1805 0.1805
NC3 2.5 2.4 0.2971 0.5865
D3 é%:g) ?%:é) 0.4557 0.5006
NC4 (:l%?%gz (%%g 2.9675 0.0868
ID4 2(%2:;) 3(%32%) 9.5175 0.0024
NC5 5.5 5.2 0.3669 0.5455
(1.0) (0.8)
ID5 80.6 82.0 0.4958 0.4823
_ (12:5) (11.9)
Sample Size 108 61
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Appendix Table 7. Group means, standard deviations (in garenthesisé, and one-way
analysis of variance F test and probability for differences in .
group means of meaasured scale variables bg gex for Wood, Iqushik,
and Nuyakuk Rilver age 52 sockeye salmon, 1980.

Stock Variable Females Males F value Probability

Wood R. NC1 (zzg) &:g) 0.0622 0.8033
D1 (gg:%) &g:g) 1.2317 0.2684
NC2 (%:3) (%:g) 1.0999 0.2956
ID2 %g:g) 2(2:%) 0.0963 0.7567
NC3 (%:g) &:g” 0.2097 0.6475
ID3 (%72:§) (31§:§) 0.1585 0.6909
NC4 %gﬁ) 1&:3) 0.0066 0.9354
1D4 %%%421) %gg:g) 0.2326 0.6301
NC5 5.8 5.8 0,0372 0.8472
ID5 7%22) '%13) 0.0540 0.8164
Sample Size (%%52) (1371)

Igqushik R. NCl 9.8 9.9 0.5238 0.4701
D1 %:%;3’;; 1(%31%; 0.2151 0.6433
NC2 3.6 3.6 0.0001 0.9915
ID2 %%i 5((2’2?) 0.4728 0.4925
NC3 2.3 2.7 4.6826 0.0317
ID3 (%é; (%é; 2.5473 0.1121
NC4 16.5 16.6 0.0813 0.7759
ID4 3&23) 35%:3) 1.5575 .21355
NC5 (3823) (2‘.%1%) 0.0304 0.8619
D5 5%:%) '58:.%) 0.1709 0.6798

, (13.0) (13.3)

Sample Size 117 84

Nuyakuk R. NC1 8.7 8.6 0.4047 0.5254
ID1 :ééii‘z; 1((1%%; 0.6295 0.4284
NC2 3.1 3.2 1.0971 0.2961
ID2 5(%%; ﬁ(g%)) 3.0068 0.0844
NC3 2.0 2.4 4,4422 0.0363
ID3 (;Z%; (%Zé; 2.039 0.1547
NC4 16.5 6.1 1.8592 0.1742
ID4 33%23) 35%22) 1.1000 0.2955
NCS5 (3(5335) (2%1‘71) 0.9929 0.3202
1D5 482%) 5%:2) 0.0097 0.9216

_ (11.1) (113%)

Sample Size 147 64

-38-



¢ .and one-way

for élfferences in

Y
y date of capture for

renthesis
variables b

g? :

lit

F test and proba

lance

means, of measured scale
» Igushik, and Nuyakuk River age 5; sockeye salmon, 1978.

up means, standard deviations (in
sis of var

Gro
analy

%r ou

Appendix Table 8.

7/3-7/4 7/5-7/13 F value Probability

Dates

7/1-1/2

Variable 6/25-6/30

Stock

™M W0 M O M N 1N A &Y I~
— WV WV 0 O I & © N ~
~ O A NN O
< 4 O O O O N MmO o
. . . L] L] * L) L] . .
o 0O 0O 0O 0 0 0O O o
(=AY~ N o s SN« I Vo } M <t ™M
M N O AN W N % ~ % <
< >~ O O H & < N o
O N~ ™M o O T NN M~
. . . L [} . L] L] . L]
O ~ N M N N H 4 N ™M

e T e e e e T T s
HONNONO ONNTNH S ONOO P <P
O NS OIS ANENOHD S
AHO NI O—OM
1\32 R et I.\—.Jull.\—.ld. ~O -
—— ~ o~ ——

— o~ ~ o~ L T T ) ~~
ONOONM OTNO NN OOV

® 2 0 6 0 2 0 0 0 v 0 s 8 0 0 0 s v )
QAL OIS Ord M0 4289616B
~OI M~ OO M O

P e e e e e e e e

~O MY HA-HLNOUN PO =4

o 8 o 5 0 & O 3 0 0 0 0 st e v e e 0 )
911130063127526961 ot
~ N~ =0 M -
]~ ~ N~ ~—

RN a1
NSO IS~ O < <
N~ N0 O
—~— ~ o~—

—~~—qQ
N
-
wn
(0]
2
o N N M < < un
SCHSE2BSRBEE

Wood R.

7/3-1/4 1/5-1/6

6/23-7/2

Dates

7/7-1/16

O T M QA O S O
M 4 0 O ¢ N M I M N
n n N ™~ N~ n ¢ 0O
o O W M AN NN Mmoo
. L] L] L4 . L] L] L] L] *
O O O 0O 0O o o o o o
QO 1N O ~« N @@ W O W M
QO VW AN o d 0 O F A WO
AN D MmO O D ~4 1N O
n O N <« 7 N W ~H ~
L . - L] . . . L] . .
NN O O A H O 4NN

-~~~ - -~ —— L - Lt ~~ —— Lot
QO OMEL) IO~ NN

® & 6 0 0 5 0 0 % 2 B s 0 e 0 e s e o]
926%413721 O NOMMO i <!
] N~ o O
—— ~ N~ ]

Lt ~~ — -~ -~ Ll —— - — ——
SN ON NN O ALMNMOWO N MO

® 6 8 9 8 0 5 8 9 & 0 8 0 0 0 0 8 0o N
H~MO =~ —NH-o" T —O

L T e R e - e
—HONOF A T~ 00 NOYH N N0
® ® 0 5 0 0 0 08 2 0 80 5 0 e 9 e W
~ Y~ =t~ O

ANONOM 0 M CMOCNIN NNOIO O
— ~— Y~ ~Q

NC1
ID1
NC2
ID2
NC3
ID3
NC4
ID4
NC5
ID5

Igushik R.

7/5=1/6 1/7-1/9 7/10-7/26

7/1-1/4

Dates

N WO - MO oo
S598KQReRKDQS
0 o ~ O M~ ®
N R NA®MAN O N~ M
e €& & & & e & s o
O O O 0O O O O O o O

M0 NN~ NS M
N n N D q N MmO
MmN Mmoo mAaI 9 &
*s & & e & e & s 2
- - A O H O A O

B
~ONHM 0 COM—NMANINOOC O
..'.......Q......liis
HON M OO ONNMNF—IOMO—n M
—HNM = e NHOmM o
l( e 2( S

e e e e e e R
NEOMOT O <O TNMOOMM OO
R EEE N NN
22823077217m41926193

~ N~

e I e e e T T T T
IO OO N O N TN NN HOY <
e " & " 8 0 0 00 0 0t e e e o N
L L) 3%6221441856164
1.'\4 e I.\«.J21f\73 ~r
1( Sr? 2( St

P I e R e o e e
OO0 MNANOMNOINNOIMMONNND

® 6 8 ® 0 0 0 6 0 " e s 0 a0 0 N

N QMO 5225242656185
10t NNt OV
—— ~ o ~Q
N
ol
471
g
Q,
CHDBBBDRLB S

Nuyakuk R.

-39-



¢ .and one-way

for élfferences in

yydate of capture for

ba it
ariables b

renthesis

1

B

pro

ariance F test_and
Igushik, and Nuyakuk River age 5; sockeye salmon, 1979.

means of measured scale v

sis of v

r

up means, standard deviations (in

Gro
analy
%roup

Appendix Table 9.
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Appendix Table 10.
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Appendix Table 1l1. Group means, standard deviations (in parenthesis), and
one-way analysis of variance F-test and probability
for equality of group means for measured scale
variables between age 57 sockeye salmon sampled from
Ualik Lake, Kathleen River, and Amanka Lake, 1980.

Variable Ualik Kathleen Amanka F value Probability

NC; 10.0 9.9 9.3 3.3600 0.0369
(1.3) (1.5) (1.8)

ID1 131.7 127.9 115.5 13,2493 0.0000
(15.7) (20.0) (19.1)

NC2 3.6 3.2 3.1 7.0282 0.0011
(0.8) (0.7) (0.7)

IDo 28.6 26.2 26.4 3.4152 0.0350
(6.2) (5.8) (5.3)

NC3 2.2 2.6 2.7 2,2637 0.1069
(1.0) (1.5) (1.9)

ID3 22,9 25.4 29.3 2.7009 0.0698
(10.8) (15.9) (18.6)

NCq 17.0 17.4 16.9 1.3928 0.2510
(1.6) (1.9) (2.0)
(26.6) (36.0) (36.3)

NCs 5.0 5.2 5.0 0.7605 0.4689
(1.1) (0.9) (0.8)

IDg 66.9 67.4 69.5 0.9004 0.4082
(13.4) (11.2) (10.4)
Sample Size 61 63 63
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Appendix Table 12. Linear discriminant function test classification matrix
classifying Ualik Lake, Kathleen River, and Amanka Lake *.
age 52 sockeye salmon with a three-way Wood, Iqushik,
Nuyakuk River model, 1980,

Actual Group Sample Classified Group of Origin
of Origin Size (Variables selected = ID 4,NC3,NC4,Length, IDg,IDy)
Igushik | Wood Nuyakuk
Ualik 61 852 .033 .115
Kathleen 63 778 111 111
Amanka 63 556 .175 .270
Wood 100 .070 .710 .220
Nuyakuk 105 «267 124 .609

Average correctly classified = .701

1 Ualik Lake, Kathleen River, and Amanka Lake are part of the Igqushik
Lake system. Ualik Lake flows into Amanka Lake via‘the Kathleen River.
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Appendix Table

13. Comparisons of means and standard deviations for 1978 Wood, Igushik, and Nuyakuk River
age 5p sockeye salmon scale variables read by three different readers’.

1Dy ID2 ID3 1D4
Reader Sample _ - — -
System Number Size X S X S X S X S
wWood R, 1 100 82.6 14,2 18.7 4,6 23.4 14.8 170.1 28.7
2 98 76.4 10.5 18.5 5.4 19.2 12.2 167.1 25.6
Igushik R. 2 54 82.1 14.3 23.0 6.2 12.1 15.7 187.1 21.8
3 51 94.3 20.5 17.3 4.8 14.6 13.8 176.6  24.5
Nuyakuk R. 1 104 105.7 22,7 19.1 4,0 21.6 10.9 168.6 27.0
3 112 102.5 24.7 18.2 6.0 13.5 7.4 176.9 25.3

1

Scales were magnified 100X and measurements recorded using a linear digitizer and encoder manufactured

by Glenayre Electronics Ltd., refer to Krasnowski and Bethe (1978) for description of equipment and

procedure.



The Alaska Department of Fish and Game administers all programs and activities free from discrimination
based on race, color, national origin, age, sex, religion, marital status, pregnancy, parenthood, or disability.
The department administers all programs and activities in compliance with Title VI of the Civil Rights Act
of 1964, Section 504 of the Rehabilitation Act of 1973, Title Il of the Americans with Disabilities Act of
1990, the Age Discrimination Act of 1975, and Title IX of the Education Amendments of 1972.

If you believe you have been discriminated against in any program, activity, or facility, or if you desire
further information please write to ADF&G, P.O. Box 25526, Juneau, AK 99802-5526; U.S. Fish and
Wildlife Service, 4040 N. Fairfax Drive, Suite 300 Webb, Arlington, VA 22203 or O.E.O., U.S.
Department of the Interior, Washington DC 20240.

For information on alternative formats for this and other department publications, please contact the
department ADA Coordinator at (voice) 907-465-6077, (TDD) 907-465-3646, or (FAX) 907-465-6078.
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