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ABSTRACT 

Stock composition of the Alaska Peninsula Management Area sockeye salmon Oncorhynchus nerka catch 
from Harbor Point to Strogonof Point during 8-21 July 1990 was estimated using scale pattern analysis. 
This catch represented approximately 50% of the total 1990 sockeye harvest within ~s area. Age-2.2 and 
-2.3 scale patterns were used with standards derived from North Peninsula Bear River escapement and 

Nelson Lagoon catch samples; Bristol Bay standards were obtained from terminal catch district samples. 

Models derived for classifying age-specific commercial catch scales collected from fish of unknown origin 
had mean correct classifications of 77% for age-2.2 and 74% for age-2.3. The age-2.3 model was 
evaluated for stability using Monte Carlo simulations. Estimated stock composition of the Harbor Point 
to Cape Seniavin area catch, inclusive of all age classes, was 48% Nelson River, 42% Bristol Bay, and 
10% Bear River. Estimated stock composition of the Cape Seniavin to Strogonof Point area catch was 
78% Bristol Bay, 11% Bear River, and 11% Nelson River fish. Abundance of Bristol Bay sockeye salmon 
in the North Peninsula Harbor Point to Strogonof Point area, during July, may be a function of Bristol Bay 
run strength. 

KEY WORDS: Sockeye salmon, Oncorhynchus nerka, stock separation, scale pattern analysis, North 
Peninsula 





INTRODUCTION 

Alaskan commercial salmon fisheries are managed for attaining annual fixed, system-specific escapement 
goals which ensure future harvestable surplus and stock perpetuation. Escapement goals and preseason 
run forecasts are based on run reconstructions using catch and escapement statistics. To reconstruct runs 
postseason, a time series of accurate age and stock composition estimates from catches and escapements 
are required. Scale samples for completing this task are collected annually by the Alaska Department of 
Fish and Game. 

Sockeye salmon Oncorhynchus nerka fisheries of the Alaska Peninsula are managed for local stock 
harvests with several Board of Fisheries approved exceptions ADF&G (1991). Management of the 
remaining districts and areas is accomplished realizing that non-local stocks are caught to a limited extent. 

The Alaska Peninsula commercial salmon management area is separated into two distinct units: (1) South 
Peninsula, inclusive of coastal waters extending from Kupreanof Point to Scotch Cap; and (2) North 
Peninsula, incorporating coastal waters west from Cape Menshikof to Cape Sarichef, which is subdivided 
into the Northwestern and Northern Districts (Figure 1). The latter district encompasses Harbor Point to 
Strogonof Point (Figure 2). In the Herendeen-Moller Bay Section (including Harbor Point) seine and 
gillnet gear are legal. Seine and drift gillnet gear are allowed in the Bear River Section but gillnet gear 
is predominant. Within the Three Hills Section only drift gillnet gear is legal, whereas in the Ilnik Section 
both drift and set gillnet gear are permitted. A majority of effort along the outer beach of the Ilnik 
Section is drift gillnet (Murphy 1991). The Northern District includes two major sockeye systems (> 
100,000 fish escapements), Bear and Nelson Rivers, and four minor systems (usually < 100,000 fish): 
Sandy, Ilnik, Meshik, and Cinder Rivers. 

Since 1985, ADF&G has collected catch and escapement age data for performing run reconstruction to 
quantify returns from local spawning stocks. This information, coupled with data collected from adjoining 
management areas provides for estimating local and non-local contributions to Northern District fisheries. 
Geiger (1989), using scale pattern analysis (SPA), estimated that between 5 and 21 July 1987, 1988, and 
1989 North Peninsula stocks contributed 66%, 55%, and 64% of the sockeye salmon harvested within the 
Cape Seniavin to Strogonof Point area; Bristol Bay bound sockeye (Ugashik Stock only) contributed the 
balance. However, Geiger stated that stock proportions could fluctuate interannually because of variation 
in migration patterns and fleet dynamics. 

During 1990, a total of 2.4 million sockeye salmon were commercially harvested in the North Peninsula 
area with 0.88 million caught in the Harbor Point to Cape Seniavin area (Table 1) and 0.94 million caught 
within the Cape Seniavin to Strogonof Point area (Table 2). Approximately 50% (881,943) of the 
combined total catch for both areas occurred during 8-21 July, with 13% of this catch occurring within 
the Harbor Point to Cape Seniavin area and 81% in the Cape Seniavin to Strogonof Point area. 

The goal of this investigation is to estimate stock composition of commercial sockeye catches within the 
Harbor Point to Strogonof Point area of the North Peninsula for the 8-21 July 1990 period. 



METHODS 

Estimation of Contributing Stocks 

Timing of North Peninsula and Bristol Bay (Ugashik, Egegik, and Naknek-Kvichak) stocks were used 
to identify potential contributors for Harbor Point to Cape Seniavin and Cape Seniavin to Strogonof Point 
fisheries catch. Weekly terminal commercial catches from Ugashik (UG), Egegik (EG), Naknek-Kvichak 
(NK) Districts, and Nelson River (NR) as well as escapement counts from Bear River were lagged back 
in time to approximate presence within the two areas (Appendix A.l-A.4). The geographical midpoint 
of each fishing area, and a 48-km (30 mi) per day travel rate were used in the calculations (Quinn 1988): 

Harbor Point to Cape Seniavin Reach: 

North Peninsula stocks 

Bear River: 
Nelson Lagoon: 

0 d prior 
1 d prior 

Bristol Bay stocks 

Ugashik District: 5 d prior 
Egegik District: 6 d prior 
Naknek-Kvichak District: 8 d prior 

Cape Seniavin to Strogonof Point Reach: 

North Peninsula stocks 

Bear River: 
Nelson Lagoon: 

Bristol Bay stocks 

2 d prior 
3 d prior 

Ugashik District: 3 d prior 
Egegik District: 4 d prior 
Naknek-Kvichak District: 6 d prior 



Catch Numbers, Escapement Enumeration, and Age Composition 

Commercial catch and escapement numbers for the North Peninsula were obtained from ADF&G (1991) 
and for Bristol Bay from ADF&G (1990). Catch numbers were compiled using individual harvest receipts 
(fish tickets), whereas escapement numbers were derived from weir, tower, and aerial survey counts. 
Catch and escapement scale sampling design, intensity, and procedures for the North Peninsula are 
provided in Murphy (1991) and for Bristol Bay in Cross and Stratton (1988). Catch and escapement age 
composition estimates were derived using scale samples and obtained from Murphy (1991) for the North 
Peninsula and for Bristol Bay by Beverly Cross (Alaska Department of Fish and Game, Anchorage, 
personal communication). All ages herein are reported in European notation with the integer left of the 
decimal point referring to freshwater age, and to the right, marine age (Koo 1962). Total age is the sum 
of freshwater and marine ages plus one. 

Scale Measurement and Stock Composition Estimation 

Maximum sample sizes of 200 scales were selected for establishing standards for known stocks and also 
for selecting unknown mixed stock fishery scales (Cook 1982). Standards for North Peninsula stocks were 
developed from Nelson River terminal commercial catch and Bear River weir escapement scales. Bristol 
Bay stock standards were constructed from terminal catch scale samples obtained from the Ugashik, 
Egegik, and Naknek-Kvichak Districts. For standards derived from commercial catch, scales were chosen 
proportional to the time periods with the highest back-calculated catches (refer to Appendix A.l-A.4). 
Bear River standard scales were chosen from escapement samples collected separately for the early 
component (BRE; 24 June through 21 July) and late component (BRL; 29 July through 18 August); early 
and late run timing was provided by James McCullough (ADF&G, Kodiak, personal communication). 
Unknown samples were selected by obtaining the first 200 scales available for a particular age class. The 
age classes selected for SPA were based on Harbor Point and Strogonof Point mixed stock age 
composition estimates, of which a majority (>75%) were age-2.2 and -2.3 fish (Tables 3-4). These age 
classes in composite, represented greater than 50% of the age composition for Bear and Nelson Rivers 
escapements, and Bristol Bay area terminal catches (Tables 5-7). Scale samples were not collected from 
North Peninsula minor systems, except for Unik River, which had few age-2.2 or -2.3 fish ( ~ 2 8 %  
combined). Escapement estimates for North Peninsula systems in aggregate were 958,800 sockeye salmon, 
of which minor systems comprised 17.9% (Appendix B.l). 

Scale-measurement data were collected using the Biosonics optical pattern recognition system (OPRS), 
which integrates a compound microscope, ocular lens, frame grabber, digitizing tablet, and microcomputer. 
Scale-data collection procedures consisted of (1) establishing a horizontal reference line through the 
reticulated region; (2) identifying the center of the scale focus or starting point; (3) measuring incremental 
distances from scale focus to each circuli within the first and second freshwater annular zones, off of an 
axis perpendicular to the reference line (Narver 1963); and (4) saving measured data to a file. All scale 
measurements were specific to age class and collected at about 200X magnification. Scales with poorly 



defined images and those collected from a non-preferred region (Clutter and Whitesel 1956) were not 
measured. 

Raw measurements were transformed into individual variable format using a BASIC program, REFORM1 
(Written by Larry Greer, ADF&G, Kodiak, AK). Variables constructed were circuli counts (CC) and 
incremental circuli distances (ID) which start at the scale focus and end with the last circulus of the second 
freshwater annulus. These variables represent a portion of the freshwater growth for each stock or stock 
complex (group of stocks combined), regardless of annular zone. Measurements specific to annular zone 
were not collected. The maximum number of variables available for model development was limited to 
the fewest number of circuli counted on any single scale among stock standards; e.g., if a stock had one 
scale with only 10 circuli, then the maximum number of potential variables for that stock would be 11, 
10 incremental distances and one circuli count. 

The goal of SPA is to develop a model or set of models which accurately identify individuals from known 
stocks in mixed stock samples. The most widely implemented approach relies upon the linear discriminant 
function (LDF; Fisher 1936) which was employed for this investigation. Assumptions associated with the 
LDF are (1) multivariate normality, (2) variance-covariance matrices between stocks are equal, and (3) 
all probable stocks contributing to mixed stock samples are represented. Evaluating univariate normality 
was accomplished by screening all variables for each stock using frequency histograms. Tests of the 
variance-covariance structure were performed using a procedure described by Box (1949). Variables 
assumed normal in distribution were subjected to a stepwise variable selection procedure ( ~ 0 . 1 )  @ROC 
STEPDISC, SAS Institute, 1987) for identifying variables with large discriminant weight. The accuracy 
of a model in correctly classifying individuals to stock or group of origin was determined by the "leaving- 
one-out'' approach of Lachenbruch (1967). Models were also developed which had all possible variables 
included (Davis 1987) and compared to variable-selected models. Choice of a model (variable selected 
or variable forced) for classifying unknown samples was based on correct classification accuracy 
(Habbema and Hermans 1977). Stock composition estimates derived for unknown samples were adjusted 
for misclassification error using the matrix correction approach of Cook and Lord (1978), with 90% 
confidence coefficients calculated using the variance formula of Pella and Robertson (1979). Confidence 
coefficients for two stock models were calculated assuming a normal distribution, and for multiple stock 
models, the chi-square distribution. Variable means between stocks were tested for differences using 
Hoteling's T~ test statistic at -0.05. All discriminant modeling and testing procedures were completed 
using PROC DISCRIM (SAS Institute 1987). 

Age-2.2 Model Development 

Initially, a six-stock model was constructed including NR, UG, NK, EG, BRE and BRL stock standards. 
Approximately 200 scales were measured for BRE, BRL, NR, and NK, whereas 167 were measured from 
EG and 98 from UG. Overall classification accuracy was 59.6%, with misclassification errors (>12%) 
occurring within Bristol Bay, and between Bristol Bay and North Peninsula stocks. A four-stock model 
was constructed with Bristol Bay (UG, NK, and EG combined), NR, BRE and BlRk separate. However, 
when this model was used for classifying unknowns, the BE& stock was estimated as not present, so it 



was removed and a three-stock model ( B E ,  NR, and Bristol Bay) used. Classification accuracy (77.0%) 
and balance within misclassification between stocks improved. A third model was constructed using 
Ugashik, Naknek-Kvichak, Egegik, with North Peninsula stocks combined into a separate stock complex; 
classification accuracy decreased (75.7%) compared to the three-stock model. The three-stock model was 
used to classify both Harbor Point to Cape Seniavin and Cape Seniavin to Strogonof Point unknowns. 
For commercial fisheries areas with <200 age-2.2 scales, all those available were measured. Stock 
composition estimates derived for unknowns were corrected for misclassification errors prior to estimating 
stock proportions in the commercial catch. 

Age-2.3 Model Development 

A five-stock model was constructed from scales measured from BR escapement (no distinction between 
early and late runs), NR, UG, NK, and EG commercial catch scale samples. Two hundred scales were 
measured from each stock, except Naknek-Kvichak which had a sample size of 133. Model performance 
was poor (45.7% correct classification) with high misclassification between all stocks. Next, a four-stock 
model UG, NK, and EG separate, with North Peninsula stocks combined was developed; low classification 
accuracy (49.3%) again surfaced with large misclassification between all stocks. A third model that 
collapsed both Bristol Bay and North Peninsula stocks had mean classification accuracy of 73.5%. This 
model was used to classify the age-2.3 unknowns from the Harbor Point to Strogonof Point catch. 
Unknown sample sizes ranged from 143 to 199 measured scales. Partitioning the estimated North 
Peninsula age-2.3 stock component to system of origin was accomplished using relative proportions of 
estimated age-2.2 to age-2.3 fish within Bear and Nelson Rivers escapements and age-2.2 generated stock 
composition estimates. A similar procedure is reported in Cross and Stratton (1988). 

Age-2.3 Model Bias Assessment 

Evaluating age-2.3 model bias as a function of true stock proportions was accomplished by a Monte Carlo 
simulation procedure which randomly selected, with replacement, predefined numbers of North Peninsula 
and Bristol Bay scale measurements from known scale files. Each scale record selected was conditionally 
independent. Scale records were read to mixture files and analyzed with the age-2.3 model developed for 
classifying fisheries unknowns. Files were constructed with known proportions of 1.0:l (N=200), 0.7:l 
(N=168), and 0.2:l (N=125) Bristol Bay to North Peninsula stocks with 90, 86, and 435 simulations 
conducted, respectively. The Cook and Lord matrix correction procedure was used for all simulation 
results. Normality of simulation data was assessed using normal probability plots of residuals. Deviations 
of mean residual errors from zero of the 0.2 North Peninsula (0.2:l North Peninsula to Bristol Bay 
mixture) expected proportion (both uncorrected and corrected) were assessed using t-tests at ce0.05. 



RESULTS 

Stock Separation Models 

Age-2.2 Models 

Among North Peninsula and Bristol Bay stocks, Bear River early had the fewest number of circuli (12), 
including both freshwater annular zones, which set the maximum number of variables considered for each 
stock at 13. A test of homogeneity of variable means for Bear River early and late run components 
yielded a significant test statistic P<0.01, prompting use of BRE and BRL standards for modeling. 
Screening of variables for each stock found no non-normal traits and all were subjected to stepwise 
selection. Variables identified as having large discriminant weights were V2, V5-V10, V12 and V13 
(Appendix C.l). A three-stock (Bristol Bay, NR, and BRE) all variable forced model performed better 
(higher mean correct classification) than the variable selected model. Tests of variance-covariance equality 
yielded significant P<0.01 statistics for all models developed. 

Correct classification accuracies by stock were Bristol Bay (62.4%), Bear River early (87.5%), and Nelson 
River (78.7%). Mean classification accuracy for this model was 77.0% (Table 8). Stock composition of 
age-2.2 sockeye catches for the periods 8-14 July and 15-21 July for Harbor Point to Cape Seniavin and 
Cape Seniavin to Strogonof Point were estimated using the three-stock all variable forced model (Table 

9). 

Age-2.3 Models 

As was the case for age-2.2 stocks, 13 variables were the maximum available for age-2.3 models, because 
only 12 circuli were present for the BR stock. No scale pattern differences between samples collected 
from the early and late Bear River run components were observed, therefore a single age-2.3 standard was 
constructed. The stepwise selection process identified V4, V5, V7, and V10 through V13 as having the 
largest discriminant weights. A variable selected, two-stock model with Bristol Bay and North Peninsula 
stocks combined had classification accuracies of 70.0% Bristol Bay and 71.0% North Peninsula, whereas 
an all-variable forced model improved classification accuracies to 72.9% and 74.0% for these stock 
complexes (Table 10). Tests of variance-covariance structure for all models evaluated were significant 
P<0.01. Age-2.3 unknown scale samples from Harbor Point to Cape Seniavin and Cape Seniavin to 
Strogonof Point collected during 8-14 and 15-21 July were analyzed using the two-stock, variable forced 
model (Table 11). 

Age-2.3 model simulations for the uncorrected estimates appear to be biased towards North Peninsula 
stocks; however, the Cook and Lord matrix correction procedure reduced the bias to a minimum (Figure 
3). Residud errors for the 11:0.25 Bristol Bay to North Peninsula proportion were approximately normal. 
A hypothesis test of whether the mean residual error for the uncorrected proportions was statistically 



different from zero was significant (P<0.01), whereas a test for the corrected propol-eions mean residual 
error was not significant (P=0.454). 

Estimated Catch Composition 

Harbor Point to Cape Seniavin 

Total sockeye catch during 8-14 July was 57,713 fish: 11.4% were age-2.2 and 84.5% age-2.3. For the 
age-2.2 component 67.3% were estimated to be of Bristol Bay origin, 22.8% of Nelson Ever origin, and 
9.9% Bear River origin (Figure 4). Age-2.3 sockeye salmon were estimated to be 29.1% Bristol Bay fish, 
64.5% Nelson River, and 6.4% Bear River (Figure 5). 

Within the period 15-21 July, 60,444 sockeye salmon were caught, including an estimated 25.4% age-2.2, 
and 68.5% age-2.3 fish (Table 3). Stock composition estimates for age-2.2 fish were 59.6% from Bristol 
Bay, 20.2% Nelson River, and 20.2% from Bear River (Figure 4). The age-2.3 catch was 45.9% Bristol 
Bay, 43.8% Nelson River, and 10.3% Bear fiver fish (Figure 5). 

Estimated sockeye harvests by stock for both periods and all age classes were 57,188 Nelson River, 49,271 
Bristol Bay, and 11,697 Bear River. First-period local stock contribution was 66.3%, second period 
50.4%, with 33.7% and 49.6% being non-local stocks, respectively. In composite, North Peninsula local 
stocks contributed 58.3%, and non-local stocks 41.7% of the sockeye harvest. 

Cape Seniavin to Strogonof Point 

Total sockeye catch for 8-14 July was 453,538, of which 31.9% were age-2.2, and 56.1% age-2.3 fish. 
Estimated stock contributions for age-2.2 fish were 87.6% Bristol Bay, 8.3% Bear River, and 4.1% Nelson 
River fish (Figure 6). Age-2.3 sockeye stock contributions were 77.2% Bristol Bay, 15.3% Nelson River, 
and 7.5% Bear Kver (Figure 7). During the period 15-21 July, 307,288 sockeye were caught, of which 
44.3% were age-2.2 and 43.6% age-2.3 fish. Percent contribution by stock (age-2.2) was 58.6% Bristol 
Bay, 28.1% Bear Ever, and 13.3% Nelson Ever (Figure 6). Age-2.3 catch was an estimated 89.2% 
Bristol Bay, 7.1% Nelson River, and 3.7% Bear River (Figure 7). 

Total sockeye catch combining periods and ages was 671,501 fish, of which an estimated 524,289 were 
Bristol Bay, 72,750 Nelson River, and 74,461 Bear River. Local stock contributions for 8-14 July and 
15-21 July were 19.0% and 18.7%, respectively. Combined, local stocks contributed 18.9%, and non-local 
stocks 81.1% of the sockeye harvest within this area. 



Harbor Point to Strogonof Point 

In total 881,943 sockeye salmon were harvested during 8-21 July 1990. Including all age classes, 13.4% 
were caught in the Harbor Point to Cape Seniavin area, and 86.6% in the Cape Seniavin to Strogonof 
Point area. Assuming stock composition estimates generated for the age-2.2 and -2.3 fish were applicable 
to all other age classes present, then 10.9% were of Bear River origin, 15.9% were from Nelson River, 
and 73.2% were from Bristol Bay (Figure 8). 

DISCUSSION 

Reported stock composition and catch estimates were accurate and without bias in misclassification 
towards North Peninsula or Bristol Bay stocks. The Monte Carlo simulations support this claim for the 
age-2.3 analyses. The age-2.2 model, having a higher mean classification accuracy was not evaluated. 
However, the probability that substantial bias exists for this model is remote, considering the observed 
precision of the correction procedure for the age-2.3 known proportions. 

Error in the catch estimates undoubtedly exists because of the absence of minor North Peninsula stocks 
within the analyses. The extent to which these stocks would correctly or incorrectly classify to stock of 
origin based on their scale patterns is speculative. However, the catch contributions from these stocks is 
probably minor considering that they collectively constitute 17% of all North Peninsula escapements. 
Error could also surface from our approach of estimating catches of minor age classes using stock 
composition estimates derived from age-2.2 and -2.3 analyses. The magnitude of such error is probably 
negligible because minor age classes comprised approximately 7% of catches within the Harbor Point to 
Cape Seniavin area and 12.5% within the Cape Seniavin to Strogonof Point area during periods 
investigated. 

The numbers of Bristol Bay sockeye caught within the Harbor Point and Strogonof Point areas are 
substantially higher than those found by Geiger (1989) within the same areas and periods. However this 
could be attributed to the inclusion in the analysis of Bristol Bay stocks other than Ugashik, relative 
differences in run size, or aberrant migration behavior. Migrational pathways presented by Straty (1975) 
indicate that sockeye salmon migrating nearshore in the North Peninsula area comprise a small fraction 
of the totd Bristol Bay run. However, the number of Bristol Bay sockeye salmon caught within the North 
Peninsula area in 1990 may not be deviant but reflect a near-record run. 

If a North Peninsula SPA study is performed again the following changes should be made: (1) standard 
scales for each stock should be collected from escapement samples; (2) minor stock, catch contributions 
should be quantified; and (3) scale variables should incorporate information specific to freshwater annular 
zone for each stock. 
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Table 1. Harbor Po in t  t o  Cape Sen iav in  commercial salmon c a t c h  b y  
week and s p e c i e s ,  1 9 9 0 .  

# P e r m i t s  
C a l e n d a r  P u r s e  D r i f t  S e t  Number o f  Salmon 

Week S e i n e  N e t  N e t  Ch inook  Sockeye  Coho P i n k  Chum T o t a l  

Totals 1 1 4 1  4  2 , 1 9 9  8 8 0 , 1 0 1  2 0 , 6 3 5  1 8 , 5 0 4  31 ,574  9 5 3 , 0 1 3  

" C o n f i d e n t i a l i t y  r u l e s  p reven t  r e l e a s e  of c a t c h  d a t a  f o r  t h r e e  and 
l e s s  permit  h o l d e r s .  



Table 2 .  Cape Seniavin  t o  Strogonof Po in t  commercial salmon c a t c h  
by  week and s p e c i e s ,  1 9 9 0 .  

# P e r m i t s  
C a l e n d a r  P u r s e  D r i f t  S e t  Number o f  Salmon 

Week S e i n e  N e t  N e t  Ch inook  S o c k e y e  Coho P i n k  Chum T o t a l  

D r i f t  n e t  
S e t  n e t  
T o t a l s  

" C o n f i d e n t i a l i t y  r u l e s  p reven t  r e l e a s e  of c a t c h  d a t a  f o r  t h r e e  and 
l e s s  permi t  h o l d e r s .  
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Table 5. Estimated age composition of the sockeye salmon catch within the Ugashik, 
Egegik, and Naknek-Kvichak Districts, 1990. 

Sample Aqe C l a s s e s  
D i s t r i c t  S i z e  0.2 0 . 3  1 . 2  1 . 3  2 . 2  1 . 4  2.3 3 .2  2.4 3 . 3  T o t a l  

Ugash ik  2 ,650  Number 2,950 25,503 318 ,815  516,656 673 ,465  12 ,557  590,690 2 ,907  720 0 2 ,144 ,263  
P e r c e n t  0.14 1 .19  14.87 24.09 31 .41  0.59 27.55 0.14 0.03 0.00 

E g e g i k  5 ,258  Number 1 6 7  13 ,054  1,203,574 1 ,215 ,720  3 ,248 ,740  9,369 4,192,760 166 ,725  21,097 15,580 10,086,786 
P e r c e n t  0.00 0 .13  11.93 12 .05  32 .21  0.09 41.57 1 .65  0 .21  0.15 

Naknek-Kvichak 7 , 5 2 7  Number 18 ,561  22,029 1,985,272 3,867,918 7,702,820 19 ,827  3,491,358 12 ,627  0 2,020 17 ,122 ,432  
P e r c e n t  0.11 0.13 11 .59  22.59 44.99 0.12 20.39 0.07 0.00 0.01 
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Table 7. Estimated age composition of sockeye salmon escapement from Nelson River (Sapsuk 
River-Hoodoo Lake) by calendar week, based on Nelson Lagoon terminal catch 
samples, 1990. 

Calendar Sample 
Week Size 

Aqe Classes 
0.2 0.3 1.2 2.1 0.4 1.3 2.2 1.4 2.3 3.2 2.4 3.3 Total 

Percent 
Numbers 

Percent 
Numbers 

Percent 
Numbers 

Percent 
Numbers 

Percent 
Numbers 

Percent 
Numbers 

Percent 
Numbers 

Percent 
Numbers 

Percent 
Numbers 

Total 5,578 Percentb 0.0 0.7 3.2 0.0 0.0 15.6 33.2 0.1 44.6 1.7 0.5 0.5 100.0 
Numbers 1 3  1,648 7,821 0 62 37,527 79,852 1 7 1  107,282 4,040 1,192 1 ,091  240,700 

a For 7 / 2 9 - 8 / 0 4 ,  the escapement of 6,053 represents post season estimate. 

Percentages are calculated on escapement numbers, not samples. Sample sizes are for 
the week indicated, and age composition is calculated daily. When the date falls 
between two sample dates age composition is interpolated. When the date falls on a 
sample date, before the first or after the last sample, calculations are based upon a 
single date. 



Table 8 .  C l a s s i f i c a t i o n  a c c u r a c y  f o r  s t o c k s  
i n c l u d e d  i n  a g e - 2 . 2  a l l  v a r i a b l e  fo rced  
SPA model. 

C l a s s i f i e d  S t o c k  o f  O r i q i n  
A c t u a l  
S t o c k  o f  S a m p l e  B r i s t o l  N e l s o n  B e a r  
O r i g i n  S i z e  B a y  R i v e r  R i v e r  

B r i s t o l  B a y  458 6 3 . 5 %  1 9 . 9 %  1 6 . 6 %  

Nelson R i v e r  201 1 6 . 9 %  8 0 . 6 %  2 . 5 %  

B e a r  R i v e r  215  8 . 4 %  4 . 6 %  8 7 . 0 %  
- 
Xcc = 7 7 . 0 % "  

"Mean c o r r e c t l y  c l a s s i f i ed .  



Table 9. Stock composition estimates for age-2.2 mixed stock 
unknowns from Harbor Point to Cape Seniavin and Cape 
Seniavin to Strogonof Point, 1990. 

C l a s s i f i e d  Stock of  O r i q i n  

B r i s t o l  Bay Nelson River  Bear River  
Sample P t . E s t .  P t  .Est . P t  . E s t .  

Catch Area Date S i z e  ( % )  90% C C ~  ( % )  90% cca ( % )  90% cca 

Harbor Po in t -  8-14 J u l y  5 9  6 7 . 3  2 8 . 8  2 2 . 8  2 2 . 1  9 . 9  1 6 . 3  
Cape S e n i a v i n  

1 5 - 2 1  J u l y  93 5 9 . 6  2 2 . 8  2 0 . 2  1 4 . 4  2 0 . 2  1 7 . 1  

Cape Sen iav in -  8-14 J u l y  1 4 7  87 .6  1 9 . 3  4 . 2  1 1 . 6  8 . 2  1 3 . 5  
Strogonof P o i n t  

1 5 - 2 1  J u l y  203  58 .6  1 5 . 9  1 3 . 3  1 1 . 2  2 8 . 1  1 0 . 7  

"90% confidence coefficient. 



T a b l e  1 0 .  C l a s s i f i c a t i o n  a c c u r a c y  f o r  s t o c k s  i n c l u d e d  
i n  age-2 .3  a l l  v a r i a b l e  f o r c e d  SPA model .  

C l a s s i f i e d  S t o c k  of  O r i q i n  

A c t u a l  S tock  
o f  O r i g i n  

Sample 
S i z e  

B r i s t o l  
Bay 

Nor th  
P e n i n s u l a  

B r i s t o l  Bay 

Nor th  P e n i n s u l a  

"Mean c o r r e c t l y  c lass i f ied .  



Table 11. Stock composition estimates for age-2.3 mixed stock 
unknowns from Harbor Point to Cape Seniavin and Cape 
Seniavin to Strogonof Point, 1990. 

Classified Stock of Orisin 

Bristol Bay North Peninsula 
Sample Pt.Est. Pt .Est. 

Catch Area Date Size ( % )  90% CCa ( % )  90% CCa 

Harbor Point- 8-14 July 199 29.1 13.2 70.9 13.2 
Cape Seniavin 

15-21 July 199 45.9 13.2 54.1 13.2 

Cape Seniavin- 8-14 July 196 77.2 13.1 22.8 13.1 
Strogonof Point 

15-21 July 175 89.2 13.5 10.8 13.5 

"90% confidence coefficient. 
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Figure 1- Map depicting boundaries of the Alaska Peninsula Management Area- 
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Figure 3. Distributions of Monte Carlo simulation results conducted with 
known age2.3 proportions of North Peninsula and Bristol Bay 
stocks. 
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1990 Harbor Point to Cape Seniavin Age - 2.2 Catch 

Nelson River 
(4,604) 

Bristol Bay 
(1 3,591 ) 

Catch 21,952 

8-July = 21-July 

Bear River 

Catch = 6,593 

8-July - 14-July 

Nelson River 

(3,1011 

Bear River 

Catch = 15,359 

15-July - 21-July 

Figure 4. Estimated stock muposition of the age-2-2 sockeye salmon catch 
based on scale pattern analysis,, Harbor Point to Cape Seniavinrq 
1990. 



1990 Harbor Point to Cape Seniavin Age - 2.3 Catch 

Bear River 

Bristol Bay 
(33,195) 

Nelson River 
(49,590) 

Total Catch = 90,162 

8July - 21-July 

Bear River Bear River 
3,11O).+--l 

\ Brlstol Bay 

Catch = 48,743 

8-July - 14-July 

Bristol Bay 

Catch = 41,419 

15-July - 21-July 

Figure 5. Estimated stock conpsition of the age-2.3 sockeye salmon catch 
based on scale pattern analysisr, harbor Point to Cape Seniavin,, 
1990. 
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1990 Cape Seniavin to Strogonof Point Age 1 2.2 Catch 

Nelson River 
(24,056) 

Bristol Bay 
(207,118) 

Total Catch 281,472 

Bear River 

Catch = 145,433 

8-July - 14-July 

Bristol Bay 
(79,719) 

Catch 136,039 

15-July - 21-July 

Figure 6 .  Estimated stock composition of the age2.2 sockeye salmon catch 
based on scale pattern analysis8 Cape Seniavin to Strogonof 
Point#, 1990. 
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1990 Cape Seniavin to Strogonof Point - 2.3 Catch 

Bear River 

Total Catch 390,029 

8-July - 21-July 

Bear River 
Bear River (4,954) 

Catch = 256,124 Catch = 133,905 
8-July - 14-July 15-July - 21-July 

Figure 7. Estimated stock composition of the -2.3 sockeye salmon catch 
based on scale analysis,, Cape Seniavin to Strogomf Point,, 1990. 



1990 Harbor Point to Cape Seniavin Catch 

Bear River 
(1 1,697) 

Nelson River 
(57,188) 

Catch = 118,157 
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Bristol Bay 
(49,271 

1990 Cape Seniavin to Strogonof Point Catch 

Bear River 

1 78.1% I Bristol Bay 

Catch = 763,786 

8-July - 21-July 

Figure 8. Estimated stock ampsition (all age classes) of sockeye sahmn 
catch based on scale analysis of -2.2 and -2.3 fish,, Barbor 
mint to Cape Seniavin and Cape Seniavin to Strogamf Point,, 1990. 
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Appendix A.1- Mrmber of sockeye salmon caught by week, Harbor Point to Cape 
Seniavin (upper panel) and Cape Seniavin to Strogonof Point 
( lower panel ) , 1990 - 



Harbor Point to Cape Seniavin - ........................................................................................... 

Cape Seniavin to Strogonof Point -.. ......................................................................................... 
-.............................. ........................................................ 
- .............................a ........................................................ 
-.........................*..*. ........................................................ 

-.........................*.... ........................................................ 
............................... ........................................................ 
- .............................. ........................................................ 

.................................................. - .............................. 

.................................................. - .............................. 

.................................................. - .............................. 
................................ - ........................ 

............................................ -. ....................... 
I I I I I I I 

V 

612 619 6/16 6/23 6/30 717 7/14 7/21 7/28 814 8/11 8/18 8/25 911 918 

Date 

Appendix A-2- Ugashik District sockeye salmon weekly catch, back- 
calculated in time to the North Peninsula EIarbor Point 
to Cape Seniavin (upper panel) and Cape Seniavin to 
Strogonof Point (lower panel) areas, 1990- 
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Appendix A.3. Egegik District sockeye salmon catch, back-calculated in time 
to the North Peninsula Ebrbor Point to Cape Seniavin (upper 
panel) and Cape Seniavin to Strogonof Point (lower panel) 
areas, 1990. 
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Appendix A-4, Naknek-Kvichak District sockeye salmon catch, back-calculated 
in time to the North Peninsula Harbor Point to Cape Seniavin 
(upper panel) and Cape Seniavin to Strogonof Point (lower 
panel) areas, 1990. 
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A p p e n d i x  B . 1 .  N o r t h  P e n i n s u l a  s y s t e m s  e s t i m a t e d  s o c k e y e  
e s c a p e m e n t s ,  1 9 9 0 .  

S y s t e m  
T o t a l  P e r c e n t a g e  

E s c a p e m e n t  o f  T o t a l  

N e l s o n  R i v e r  2 4 0 , 7 0 0  

B e a r  R i v e r  5 4 6 , 8 0 0  

S a n d y  R i v e r  2 1 , 8 7 5  

I l n i k  R i v e r  4 8 , 7 2 5  

M e s h i k  R i v e r  7 7 , 0 4 0  

C i n d e r  R i v e r  2 3 , 6 6 0  

T o t a l  9 5 8 , 8 0 0  



Appendix C.1. Description of scale measurement variables 
constructed using program REFORMI. 

Variable 
Description Name 

Total Number of Circuli V1 

First Incrimental Distance 
(Focus to First Circulus) 

Second Incrimental Distance 
(Focus to Second Circulus) 

Third Incrimental Distance 
(Focus to Third Circulus) 

Forth Incrimental Distance 
(Focus to Fourth Circulus) 

Fifth Incrimental Distance 
(Focus to Fifth Circulus) 

Sixth Incrimental Distance 
(Focus to Sixth Circulus) 

Seventh Incrimenal Distance 
(Focus to Seventh Circulus) 

Eighth Incrimental Distance 
(Focus to Eighth Circulus) 

Ninth Incrimental Distance 
(Focus to Ninth Circulus) 

Tenth Incrimental Distance 
(Focus to Tenth Circulus) 

Eleventh Incrimental Distance 
(Focus to Eleventh Circulus) 

Twelfth Incrimental Distance 
(Focus to Twelfth Circulus) 



The Alaska Department of Fish and Game receives federal funding. All of its public 
programs and activities are operated free from discrimination on the basis of race, 
religion, sex, color, national origin, age, or handicap. Any person who believes he 
or she has been discriminated against by this agency should write to: OEO, U.S. 
Department of the Interior, Washington, DC 20240. 
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