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ABSTRACT 

The use of scale  patterns t o  ident i fy  the stocks of sockeye salmon ( O n c o r h y n -  
C ~ U S  n e r k a )  harvested in Nushagak Bay, Alaska was examined using data collected 
during 1977 through 1980. Overall c l a s s i f i c a t i on  accuracies fo r  three-way 
Wood, Igushik, Nuyakuk River models ranged from 54% t o  66% with approximate 
90% confidence in te rva l s  of k.52 t o  k.24. Two-way c lass i f i ca t ion  models of 
Wood and Nuyakuk River runs had average c lass i f i ca t ion  accuracies ranging from 
69% t o  76% with approximate 90% confidence in te rva l s  of 2.28 t o  2.19. Between 
and w i t h i n - r u n  v a r i a b i l i t y  of scale  variables i s  large because of the  complex- 
i t y  of the rearing environments and the  multi-population composition of the 
runs. Signif icant  differences were present in the means of scale  variables 
by sex and date and location of capture. Nearest neighbor analysis  tended t o  
yie ld  higher c l a s s i f i c a t i on  accuracies and lower confidence coeff ic ients  than 
1  inear  discriminant function analysis  since variables were not always normal l y  
dis t r ibuted.  



INTRODUCTION 

The Nushagak Bay sockeye salmon (Oncorhynchus nerka) f i shery  i s  one of the  
l a rges t  and most valuable salmon f i she r i e s  i n  Alaska. The 21 year (1961-1981 ) 
average annual harvest of sockeye salmon fo r  the Nushagak D i s t r i c t  i s  2.107 
mi 1 l ion f i s h  w i t h  a current  value t o  the fishermen of over $37 mi 1 l ion .  

The Nushagak Bay f i shery  harvests sockeye salmon destined primarily f o r  the 
Wood, Igushi k ,  and Nuyakuk Rivers (Figure 1 ).  Previous s tud ies  indicate  
t h a t  considerable m i x i n g  of these runs occurs within the Nushagak D i s t r i c t  
(S t ra ty  1975; Pennoyer and Nelson 1967; Krasnowski and Bethe 1978). The 
Nushagak Bay sockeye salmon f ishery  i s  managed on an individual r u n  bas is .  
Escapement goals f o r  each r i ve r  system a r e  established and management involves 
opening and closing the commercial f i shery  t o  maximize the commercial catch 
while s t i l l  attempting t o  meet the desired escapement goals. In order t o  
develop optimal harvest s t r a t eg i e s  f o r  t h i s  "mixed run" f i shery ,  managers 
must have r e l i ab l e  estimates of the r u n  composition of the salmon subject  t o  
the harvest. Estimates of the t o t a l  return by brood year a r e  a l so  needed t o  
model spawner-recruit re la t ionships  f o r  estimating optimum escapements and 
forecas t i  ng r u n  s i z e .  

In this paper I repor t  on the applicat ion of scale  pattern analys is  f o r  iden- 
t i f i c a t i o n  of Wood, Igushik, and Nuyakuk River runs of sockeye salmon i n  the 
Nushagak Bay sockeye salmon f ishery .  This study i s  based on 4 years (1977- 
1980) of sca le  samples from these component runs. Two s t a t i s t i c a l  techniques, 
1 inear discriminant function analys is  (LDF) and k nearest  neighbor analysis1 
( K N N ) ,  were tes ted  t o  determine the best  s t a t i s t i c  t o  discriminate the stocks. 

Class i f ica t ion models were constructed t o  examine the accuracy and i t s  approxi- 
mate confidence in terval  f o r  a Wood-Igushik-Nuyakuk model and a Wood-Nuyakuk 
model. Tagging s tud ies  had indicated t h a t  most sockeye salmon tagged along 
the Eastern and Northern par ts  of Nushagak D i s t r i c t  were of Wood and Nuyakuk 
River or ig in  (S t ra ty  1975). A two-way Wood-Nuyakuk model might, therefore ,  
be applicable in  c lass i fy ing f i s h  caught i n  the Northern and Eastern par t s  of 
Nushagak D i s t r i c t .  

This research i s  pa r t  of a l a rger  project  designed t o  evaluate d i f f e r en t  catch 
a1 location techniques fo r  Bristol  Bay f i she r i e s  by comparing each methods re la-  
t i v e  accuracy and cost .  The d i f f e r en t  catch a l locat ion techniques t o  be even- 
tual  l y  evaluated incl  ude: (1 ) the age composition method current ly  used 
(Meacham and Nelson 1980) , ( 2 )  a maximum 1 i kel i hood method (Gnanadesi kan 1977) , 
( 3 )  a migratory time density function method (Hornberger and Mathisen 1981), 
and ( 4 )  sca le  pat tern  analys is .  Overall c l a s s i f i c a t i on  accuracies and approxi- 
mate confidence in te rva l s  wil l  be determined f o r  each method. The most accurate 
and cost  e f f ec t i ve  method wi l l  then be used f o r  a l loca t ing  catches. 

k = 1,3,4,5,6,7,8,9,  or  10. A case i s  c l a s s i f i ed  t o  the category which i s  
represented most often in  the  k-closest patterns t o  the pattern being c l a s s i -  
f i ed .  When two or more categories a r e  equally represented, a case i s  c l a s s i -  
f i ed  t o  the  category which has the smallest  sum-of-distances. 



Figure 1 .  Map o f  Nushagak Bay and dra inages .  



The sp ec i f i c  objectives of the scale  pattern study were as follows: 

1 ) Calculate the  accuracy which can be expected in using scale  pattern 
analys is  t o  discriminate between the  principal  Nushagak Bay sockeye 
salmon stocks;  

2 )  Examine within-run v a r i a b i l i t y  of scale  pat terns  because of sex,  
date ,  and location of capture differences and r e l a t e  t h i s  va r iab i l -  
i t y  t o  the  applicat ion of sca le  pattern analys is ;  and 

3 )  Compare the performance of the  LDF and K N N  c l a s s i f i c a t i on  methods 
with Nushagak Bay sockeye salmon stocks.  

METHODS AND MATERIALS 

Scale Character Data Collection 

Scale data from sockeye salmon t ha t  returned t o  Nushagak Bay in 1977, 1978, 
1979, and 1980 a r e  included in the sca le  pattern analys is .  All analyses in 
t h i s  r epo r t a r e l im i t ed  t o  age 5z2 sockeye salmon s ince  they a r e  the dominant 
age c l a s s ,  comprising between 43% and 74% of the  return t o  Nushagak Bay f o r  
the  years of t h i s  study. Approximately 50 age 52 scales  were measured from 
each quar ter  of the r u n ,  y ie ld ing a t o t a l  sample s i z e  of 200 f i s h  per year. 
The methods used t o  co l l e c t  the sca le  samples and measure the scales  a r e  des- 
c r i  bed be1 ow. 

Sample Collection: 

The sockeye salmon escapements i n to  Wood, Igushik, and Nuyakuk Rivers were 
sampled by beach se ine  near the headwaters of each r ive r .  In 1980, addit ional  
sca le  samples were col lec ted from spawning sockeye salmon in  Ualik Lake, 
Kathleen River, and Amanka Lake in the  Igushik River system. Ocean age of 
these f i s h  was obtained from o t o l i t h s  since resorption of scale  margins in 
spawning sockeye salmon makes age determination unreliable.  

Scales were collected from the  preferred area on the  l e f t  s ide  of the f i s h  
approximately two rows above the l a t e r a l  l i ne  i n  the diagonal sca le  row down- 
ward from the poster ior  inse r t ion  of the dorsal f i n  (I.N.P.F.C. 1961). Scales 
were mounted on gummed cards and impressions made i n  ce l lu lose  ace ta te  (Clu t t e r  
and Whi t ese  1956). Ages were recorded i n  G i  lbert-Rich notation. The sex and 
mid-eye t o  fork length were recorded f o r  each f i sh .  

Gilbert-Rich formula: Total years of l i f e  a t  maturity ( supersc r ip t )  - 
year of l i f e  a t  emigration from freshwater ( subscr ip t ) .  

- 3- 



Scale Examination and Data Processing: 

Scale images were projected a t  lOOX magnification o n t o  a table surface using 
equipment similar to  that  described by Bilton (1970) and l a t e r  modified by 
Ryan and Christie (1976). Scale data were recorded onto computer diskettes 
from a d ig i t izer  tab le t  under the control of a FORTRAN program executing on 
a microcomputer. A detailed description of the scale measurement procedure i s  
given by Krasnowski and Bethe (1978). 

Scale variable measurements were the number of c ircul i  ( N C )  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 f i r s t  summer; zone 2 - beginning to  end of freshwater winter 
growth; zone 3 - beginning to  end of plus growth; zone 4 - beginning to  end 
of f i r s t  summer marine g rowth ,  and zone 5 - beginning to  end of f i r s t  winter 
marine growth. The scale zones measured from the 1977 samples were: zone 1 - 
focus to  end of f i r s t  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 f i f t h  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 the i r  formulas are l i s t ed  in Table 1.  No trans- 
formations were calculated for  the 1977 data base. These transformations were 
not based on biological theory b u t  were an attempt to  determine i f  combinations 
of the original variables would better discriminate between stocks. 

S ta t i s t ica l  Techniques 

The method used for  scale pattern analysis in th i s  study involved selecting the 
scale characters which best discriminated between the runs, building and tes t -  
ing pattern recognition models from selected scale character data se t s ,  and 
computing classif icat ion 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 Variabili ty:  

Variability of scale character is t ics  within the major runs was examined to 
better understand the classif icat ion model resul ts .  I used analysis of vari- 
ance to  t e s t  for  differences in scale character is t ics  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 f ish sampled during different  segments of the run were 
examined for  four time periods and for  the years 1978, 1979, and 1980. Stock 
variabi l i ty  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 ab i l i t y  t o  identify the f ish sampled in these areas. 
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Ffgure 2. Diagram of scale  variables measured, 1978 to  1980. 
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Figure 3 .  Diagram of scale variables measured, 1977. 



Table 1.  Transformation formulas of s c a l e  cha rac t e r s  ca l cu la t ed  f o r  t h e  1978, 
1979, and 1980 Wood, Igushi k ,  and Nuyakuk River d a t a  bases1. 

Refer t o  Figure 2 f o r  v a r i a b l e  i d e n t i f i c a t i o n .  



Scale Character Selection:  

A stepwise procedure was used t o  s e l ec t  scale  var iables  or  transformed vari-  
ables fo r  inclusion in  the c l a s s i f i c a t i on  models. The var iables  and trans- 
formed variables from each year were f i r s t  normalized t o  have a mean of 0 
and a standard deviation of 1. This makes a l l  var iables  approximately equal 
in magnitude without destroying separation information (Duewer, Kokinen, and 
Kowal ski 1975). 

The "se lec t"  routine in the A R T H U R  pattern recognition computer program package 
(Duewer, Kokinen, and Kowalski 1975) was used to  s e l ec t  the variables fo r  inclu- 
sion in to  the c l a s s i f i c a t i on  models. This routine i s  a stepwise procedure 
which s e l ec t s  the variables w i t h  the best  l i nea r  discriminating a b i l i t y  f i r s t ,  
removes 1 inear corre la t ions  between i t  and a l l  other var iables ,  weights i t  in 
terms of i t s  discriminating power between groups, then recomputes Fisher 
weights on the remaining var iables ,  and s e l ec t s  the "next" best variable f o r  
inclusion in to  the model. This procedure continues unti l  a l l  var iables  have 
been selected and ranked i n  order of t h e i r  power t o  discriminate between runs. 
The top ranked variables were then used t o  build the c l a s s i f i c a t i on  models. 
The weighted values fo r  each variable were graphed to  aid i n  se lect ing the 
variables which contribute most t o  discriminating the stocks. The r a t i o  between 
number of variables included in the model and number of cases i n  each group was 
kept l e s s  than 1:10. 

Class i f icat ion Models: 

Class i f icat ion models w i t h  both parametric (LDF) and non-parametric ( K N N )  
assumptions were examined t o  determine which model was best  able t o  ident i fy  
the component runs. Linear discriminant function analysis  has been used exten- 
s ively  f o r  identifying racia l  origin of f i s h  (Mason 1966; Anas and Murai 1969; 
Krasnowski and Bethe 1978; Bethe and Krasnowski 1979; and Cross e t  a1 . 1981 ) .  
The LDF method assumes t h a t  the data s e t s  be mul t ivar ia te  normal and have 
common variance-covariance matrices. I t  i s ,  however, f a i r l y  robust t o  viola-  
t ions  of these assumptions when sample s i ze s  a re  large (Issacson 1954). Anal- 
y s i s  of the  LDF method was performed using the BMDP program BMDP7M (Dixon 1977). 

Nearest neighbor analysis  c l a s s i f i e s  a data case t o  the group membership of the  
nearest (measured in  mul t ivar ia te  space) known data case (Cover and Hart 1967); 
no population parameters are estimated. The computational routines of ARTHUR,  
a  pattern recognition computer program (Duewer , Koki nen , and Kowal ski 1975) 
were used fo r  the  nearest  neighbor analysis .  

Class i f icat ion Error Estimation and Variance Calculation: 

The accuracy of the L D F  model was estimated by c lass i fying a second t e s t  s e t  
of data obtained from f i s h  of known or igin .  Sp l i t t i ng  the available samples 
of known or igins  in to  learning and t e s t  groups provides an independent and 
unbiased estimates of accuracy. I therefore randomly selected one-half of the 
known samples as  the learning sample t o  construct  the model and the other half 
was used as a t e s t  sample t o  estimate the  c lass i f i ca t ion  accuracy. 



The K N N  technique does not require t h a t  d i f f e r en t  samples be used t o  construct  
and t e s t  the  model because the data obtained from each f i s h  i s  c l a s s i f i ed  using 
the data col lec ted from a l l  other f i s h .  Therefore, a l l  the  data were used 
simultaneously. 

Expected confidence 1 imi t s  were computed f o r  the c l a s s i f i c a t i on  models by a 
modification of a method used t o  correct  the c l a s s i f i c a t i on  of unknown samples. 
The procedure f o r  making this correction was f i r s t  presented fo r  a two-class 
problem by Worlund and Fredin (1962), and expanded t o  n-classes by Cook and Lord 
(1978). The variance and confidence in terval  f o r  the  corrected est imate a r e  cal-  
culated by the procedure described by Pella and Robertson (1979). Pella and 
Robertston's o estimation formula was used f o r  this study because simulation 
s tudies  indicate  t h a t  t h i s  estimator has the smallest  bias and the smallest  var i -  
ance of the est imators studied.  T h i s  estimation procedure considers the  follow- 
ing two sources of e r ro r  in estimating the  variance of the  corrected est imates:  
(1 )  the  sampling var ia t ion i n  obtaining est imates f o r  the unknown sample, and 
(2 )  the  sampling var ia t ion i n  obtaining a t e s t  sample. 

With three  unknown groups approximately 100 f i s h  a re  required in the  unknown 
sample and 50 f i s h  a r e  necessary i n  each group of the t e s t  sample i n  order t o  
achieve reasonable est imates of variance. 

In this study no actual mixed stock samples (unknowns) were c l a s s i f i ed .  In order 
t o  obtain confidence in te rva l s  f o r  the c l a s s i f i c a t i on  models unknown samples were 
simulated with the  following assumptions: (1 )  the unknown sample contained data 
from 99 cases f o r  the three-way model and 100 cases f o r  the  two-way model, and 
( 2 )  the  unknown sample i s  assumed t o  contain equal proportions of each r u n .  

RESULTS 

Principal Run Separabi 1 i t y  

Linear discriminant function analys is  and K N N  analys is  were used t o  construct  two 
and three-way models f o r  c lass i fy ing Wood, Igushik, and Nuyakuk River sockeye 
salmon runs. Ninety percent confidence in te rva l s  were computed around these 
c l a s s i f i c a t i ons .  The between-run v a r i a b i l i t y  of measured scale  var iables  was 
a1 so examined. 

Wood-Igushik-Nuyakuk Model: 

Differences were present in c l a s s i f i c a t i on  accuracies f o r  the three-way models 
between runs, years ,  and c l a s s i f i c a t i on  methods. Tables 2 through 5 show the 
c l a s s i f i c a t i on  r e su l t s  f o r  both the K N N  and IDF methods from 1977 through 1980 
and Table 6 summarizes the  r e su l t s  f o r  a l l  years.  The average c l a s s i f i c a t i on  
accuracies f o r  the KNN analys is  ranged from .540 in  1979 t o  .630 i n  1980. Aver- 
age c l a s s i f i c a t i on  accuracies f o r  LDF analys is  ranged from .535 i n  1977 t o  .657 
in  1980. Misclassif icat ions were approximately balanced between runs. Classi-  
f i ca t ion  accuracies from KNN o r  LDF analys is  did not tend t o  be be t t e r  f o r  any 
par t i cu la r  r u n ,  Wood, Igushik, or  Nuyakuk, f o r  the years of t h i s  study. 

The bes t  discriminating var iables  were those associated with the freshwater 
growth phase, especia l ly  the f i r s t  summers growth measurements, NC1 and ID1. 
The var iables  se lected f o r  building these c l a s s i f i c a t i on  models were d i f f e r en t  
each year (Tables 2 t o  5 ) .  Only the top var iables  which contributed most t o  
discriminating the runs were used t o  build the c l a s s i f i c a t i on  models (Figure 4 ) .  



Table 2. Test classification matrices for nearest neighbor (KNN) and linear 
discriminant function (LDF) analysis of Wood, Igushik, and Nuyakuk 
River age 52 sockeye salmon, 1977. 

Actual Group Sample KNN Classified Group of Origin 
of Origin Size (Variables = IDZ,NC~,ID~,NC~~ K=7) 

Wood Igushik Nuyakuk 

Wood 87 ,609 - 
Igushi k 87 ,184 

Nuyakuk 87 .I49 .264 ,586 - 

Average correctly classified = ,571 

ActualGroup Sample LDF Classified Group of Origin 
of Origin Size (Variables = ID2,NC2,IDl ,NC1) 

Wood Igushik Nuyakuk 

Wood 62 *- 548 -290 ,161 

Igushi k 52 ,211 ,615 - ,173 

Nuyakuk 43 -139 ,419 .442 - 

Average correctly classi'fied = -535 



.e 3. Test classification matrices for nearest neighbor (RNN) and linear 
discriminant function (IDF) analysis of Wood, ~gushik, and Nuyakuk 
River age 52 sockeye salmon, 1978. 

Actual Group Sample KNN Classified Group of Origin 
of Origin Size (Variables = NCT,T1l ,ID2,T6 ,T10, K=8) 

Wood 203 

Wood Igushi k Nuyakuk 

Igushi k 211 .275 .569 .156 - 

Nuyaku k 216 .I76 -208 .616 - 

Average correctly classified = .597 

ActualGroup Sample IBF Classified Group of Origin 
of Origin Size (Variables = NCt ,T11, ID2,T6 ,T10) 

Wood Igushik Nuyakuk 

wood 100 

Igushi k 99 ,323 .525 .151 

Nuyaku k 101 

Average correctly classified = -536 



Table 4. Test c l a s s i f i c a t i a n  matrices fo r  nearest  neighbor (KNN) and linear 
discriminant function (IDF) ana lys i s  of Wood, Igushik, and Nuyakuk 
River age 52 sockeye salmon, 1979. 

Actual Group Sample KNN Class i f i ed  Group of Origin 
of Origin Size (Variables = T12,IDg,IDq,T6, K=10) 

Wood 173 

Wood Igushik b7uyaku k 

Igushik 173 ,237 -601 - .162 

Nuyakuk 16 9 

- -- - --- -- -- 

Average cor rec t ly  c l a s s i f i ed  = .540 

Actual Group Sample LDF Class i f i ed  Group of Origin 
of Origin S ize  (Variables = T12,1D5,q,T6) 

Wood Igushik Nuyakuk 

Wood 87 .529 .276 .I95 

Igushik 91  

Nuyakuk 80 .200 .I62 .637 - 

Average cor rec t ly  c l a s s i f i ed  = .550 



Table 5, lkst classification matrices for nearest neighbor (KNN) and linear 
discriminant function (LDF) analysis of Wood, Igushik, and Nuyakuk 
River age S2 sockeye salmon, 1980, 

Actual Group Sample KNN Classified Group of Origin 
of Origin Size (Variables = ID 1 ,T7 ,T9; K=10 

wood 

Wood Igushik Nuyakuk 

Igushi k 201 ,144 -627 - .229 

Nuyakuk 211 

- -- 

Average correctly classified = ,630 

Actual Group Sample LDF Classified Group of Origin 
of Origin Size (Variables = ID1 ,T7 ,T9) 

Wood 98 

Igushi k 99 

Wood Igushik Nuyakuk 

Nuyakuk 114 ,167 ,193 ,640 - 

Average correctly classified = ,657 



Table 6. Approxin~ate 90% confidence intervals for three-way nearest 
neighbor (KNTY') and linear ciscr irninant function (LDF) models 
classifying P!ood, Igushik, and Pluyakuk River age 5 sockeye 
salmon for the years 1977, 1978, 1979, and 1980. 2 

Average 90% Average 
90% Confidence Intervzl Confidence Correctly 

Year tcetholt Olood Igushik Nuyakuk Interval Classified 

197 8 EQqdN 
LDF 



Figu re  4. Weighted va lues  o f  the t o p  ranked v a r i a b l e s  f o r  1977, 1978, 

1979, and 1980 Wood, Igush ik ,  and Nuyakuk a n a l y s i s .  The 

v a r i a b l e s  t o  t h e  l e f t  o f  t h e  dashed l i n e  were t h o s e  s e l e c t e d  

t o  b u i l d  t h e  c l a s s i f i c a t i o n  models.  



Transformed var iables  (Table 1 )  were among the top selected var iables .  The 
same var iables  and order of entry were used t o  construct  both KNN and LDF 
model s .  

Approximate 90% confidence in te rva l s  were computed f o r  both K N N  and LDF models 
(Table 6 ) .  Average 90% confidence in te rva l s  f o r  the KNN model ranged from 
k.25 t o  k.42 and f o r  the LDF model ranged from k.24  t o  k.52. The confidence 
in te rva l s  tended t o  be smallest  f o r  Nuyakuk and l a rge s t  f o r  Igushik f o r  both 
models. 

The K N N  models tended t o  have higher average c l a s s i f i c a t i on  accuracies and 
smaller confidence in te rva l s  than the LDF models. The non-parametric K N N  method 
yielded shor te r  average confidence i n t e rva l s  f o r  1977, 1978, and 1979 and 
s l i g h t l y  longer average confidence i n t e rva l s  f o r  1980 (Table 6 ) .  To accurately 
compare the r e l a t i v e  accuracy of the  K N N  and LDF models the sample s i z e s  f o r  
each model would need t o  be the same. Since the LDF analys is  involved dividing 
the  knowns i n to  two groups, learning and t e s t ,  the sample s izes  of the LDF model 
were approximately half those i n  the K N N  model. I t  i s  possible t h a t  the confi- 
dence in te rva l s  a r e  l a rger  f o r  the L D F  analys is  primarily because the sample 
s izes  were smaller. 

Wood-Nuyakuk Model : 

Linear discriminant function analys is  was used t o  construct  two-way models f o r  
c lass i fy ing Wood and Nuyakuk River sockeye salmon. The overall  c l a s s i f i c a t i on  
accuracies f o r  the Wood-Nuyakuk model ranged from .760 i n  1980 t o  .687 in 1978 
(Tables 7-10). Confidence in terval  lengths ranged from +. 19 i n  1980 t o  k.28 
in 1977 (Table 11) .  The var iables  and var iable  transformations used t o  build 
each LDF model a r e  l i s t e d  in  Tables 7 t o  10 and a r e  the same as  those var iables  
se lected f o r  the  three-way model. Misclassif icat ions were approximately balanced 
between runs. 

Distr ibution of Scale Variables by Run :  

The d i s t r ibu t ion  of sca le  var iables  by r u n  was examined using one-way analys is  
of variance. The means, standard devia t ions ,  F value, and p robab i l i t i e s  f o r  
the measured sca le  var iables  f o r  the years 1977, 1978, 1979, and 1980 a r e  pre- 
sented in Appendix Tables 1 ,  2 ,  3, and 4. Measurements from the freshwater 
portion of the  sca les  tended t o  have the  g rea tes t  d i f ferences  between stocks.  
The fewest number of s ign i f i can t  d i f ferences  were present between the  three 
runs in  1977 (5  ins ign i f i can t  a t  the  95% confidence l e v e l ) .  Scale measurements 
f o r  the years 1978, 1979, and 1980 showed s ign i f i can t  differences in e i t h e r  a l l  
o r  a l l  b u t  one of the scale  measurements. There was considerable overlap in 
the d i s t r ibu t ion  of scale  var iables  between runs. Variable ID1 f o r  Igushi k and 
Nuyakuk in  1978 was bimodal and var iable  ID3 f o r  a l l  stocks and years was nega- 
t i ve ly  skewed (Figures 5 ,  6,  and 7 ) .  

There tended t o  be l i t t l e  d i f ference in variance of the measured sca le  var iables  
between runs. The following freshwater scale  va r iab les ,  however, did have sub- 
s t a n t i a l l y  l a rger  standard deviat ions f o r  a pa r t i cu la r  r u n ;  var iable  ID2 f o r  
Wood River in 1977; var iable  ID1 f o r  Nuyakuk River i n  1978; var iable  ID2 f o r  
Wood River in  1979; and var iable  ID3 fo r  Wood River in 1980. Years 1977 and 
1978 tended t o  have the widest v a r i a b i l i t y  of sca le  measurements from the fresh- 



Table 7. Test classification matrices for linear discriminant function 
analysis of Wood and Nuyakuk River age S2 sockeye salmon, 1977. 

Actual Group Sample 
of Origin Size 

LDF Classified Group of Origin 
(Variables = ID&,NCz, ID1 ,NC1) 

wood 

Nuyakuk 

wood Nuyakuk 

,323 

,721 

Average correctly classified = .699 



Table 8. Test c lass i f ica t ion  matrices for  l inear  discriminant function 
analysis of Wood and Nuyakuk River age 52 sockeye salmon, 1978. 

Actual  Group Sample LDF Classified Group of Origin 
of Origin Size (Variables = NCr,T1l, ID2,T6,T10) 

Wood 100 

Nuyakuk 101 

Wood Nuyakuk 

Average correctly c lass i f ied  = .687 



Table 9. Test c l a s s i f i ca t ion  matrices f o r  linear discriminant function 
ana lys i s  of Wood and Nuyakuk River age !j2 sockeye salmon, 1979. 

Actual Group Sample 
of Origin S ize  

LDF Classif ied Group of Origin 
(Variables = T12,1D5,1D4,T6) 

Wood 

Wood Nuyakuk 

.230 

Nuyakuk 

Average cor rec t ly  c l a s s i f i e d  = .729 



Table 10. Test classification matrices for linear discriminant function 
analysis of Wood and Muy&uk River age 52 sockeye salmon, 1980. 

Actual Group Sample LDF Classified Group of Origin 
of Origin Size (Variables = ID 1,T7 ,T9) 

Wood 98 

Nuyakuk 114 

Wood Nuyakuk 

Average correctly classified = -760 



.e 11. Approxiixate 90% confidence intervals for two-way LDF 
models classifying VJood and Nuyakuk River age 5 sockeye 
salmon for the years 1977, 1978, 1979, and 1980? 

90% Confidence Intervals Average Correctly 
Year for Wood and Pluyakuk Classified 
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Figu re  5. Frequency d i s t r i b u t i o n s  of s c a l e  v a r i a b l e s  ID1, I D 2 ,  and I D 3  from Wood, I g u s h i k ,  
and Nuyakuk River  age  5 sockeye salmon, 1978. 
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Figu re  6.  Frequency d i s t r i b u t i o n s  of s c a l e  v a r i a b l e s  I D 1 ,  ID2, and ID3 from Wood, Igush ik ,  
and Nuyakuk River  age  5 sockeye salmon, 1979. 
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and Nuyakuk River  age 5 sockeye salmon, 1980. 
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water zone, pa r t i cu la r ly  fo r  var iable  ID2 i n  1977 and var iable  ID in  1978. F Large differences a re  seen i n  the means, standard deviat ions and values of 
variables between years. This suggests large  between year f luctuat ions  in the 
growth environment of the Nushagak Bay sockeye salmon. 

Wi th i  n-Run Variance 

Var iabi l i ty  of sca le  cha r ac t e r i s t i c s  within Wood, Igushik, and Nuyakuk River 
systems was examined t o  be t t e r  understand the r e su l t s  of the c l a s s i f i c a t i on  
models. The within-run v a r i a b i l i t y  in scale  pat terns  by sex, date ,  and loca- 
t ion of capture was tes ted  using one-way analys is  of variance f o r  the years 
1978, 1979, and 1980. 

Distr ibution of Scale Variables by Sex: 

Signif icant  differences (P<.05) were detected between males and females in the 
means of some measured sca le  var iables  (Appendix Tables 5 t o  7 ) .  S ignif icant  
differences were present i n  some runs and years f o r  a l l  sca le  zones 1 t o  5 ,  
b u t  no consis tent  pat tern  was discernible .  

Distr ibution of Scale Variables by Time: 

Signif icant  d i f ferences  were detected i n  the  means of some sca le  var iables  
from f i s h  sampled during d i f fe ren t  quar ters  of the r u n  (Appendix Tables 8 t o  
10).  Wood River shows consis tent  d i f ferences  in zone 2 ( a l l  y ea r s ) ,  zone 3 
(2  of 3 yea r s ) ,  zone 5 ( a l l  yea rs ) .  Igushi k River shows consis tent  differences 
in zone 1 ( 2  of 3 years )  and zone 5 ( 3  of 3 years ) .  Nuyakuk River was more 
s tab le  b u t  s i gn i f i c an t  differences were present in zone 1 (2  of 3 years)  and i n  
zones 3 and 4 in  1980. 

Distr ibution of Scale Variables by Sampl ing Location : 

Scales from spawning sockeye salmon sampled in 1980 from three  areas of the 
Igushik Lake system: Ualik Lake, Kathleen River, and Amanka Lake (Figure I ) ,  
were analyzed t o  see i f  t h e i r  scale  pat terns  were s imi lar .  One-way analys is  
of variance t e s t i ng  detected s i gn i f i c an t  d i f ferences  (P<.05, df = 2,186) 
between areas i n  the  means of the freshwater zone sca le  var iables  (Appendix 
Table 11) .  The NC1, NC2, ID1, and ID2 scale  measurements f o r  Ualik Lake f i s h  
a r e  l a rger  than in  Kathleen River and Amanka Lake f i sh .  Variable ID3 (plus 
growth) was l a rge s t  f o r  Amanka Lake (P<. 10). 

A three-way discriminant function model was constructed with Wood, Igushi k ,  and 
Nuyakuk River 1980 scale  data and tes ted  w i t h  the  Igushik stock component 
divided i n to  Uali k Lake, Kathleen River, and Amanka Lake samples (Appendix 
Table 12) .  Differences were present i n  the  c l a s s i f i c a t i on  accuracies f o r  the 
three Igushi k system samples. Sockeye salmon from Ual i k Lake were c l a s s i f i ed  
correct ly  .852 of the time compared t o  .778 fo r  Kathleen River and .556 f o r  
Amanka Lake. Amanka Lake f i s h  were misclass i f ied  most frequently as  Nuyakuk 
f i s h  (.270). Results from both the one-way analys is  of variance and LDF analy- 
s i s  indicates  measurable differences i n  sub-populations of sockeye salmon i n  
the Igushik system. 



DISCUSSION 

Feasibi l i ty  of Scale Pattern Analysis 

The scale  pattern analysis  technique f o r  discriminating Nushagak Bay sockeye 
salmon stocks worked be t te r  i n  some years than others.  In general ,  the three- 
way and two-way c lass i f i ca t ion  models had low c l a s s i f i c a t i on  accuracies and 
wide confidence in te rva l s  f o r  the years studied. T h i s  indicates  t ha t  the 
w i  t h i n - r u n  (system) va r i ab i l i t y  was s imilar  t o  the between system variabi 1 i ty. 

There a re  measurable differences in scale  patterns of sockeye salmon from 
d i f fe ren t  areas of the Wood River system (Burgner 1962; Marshall 1980) and 
Igushi k River system ( t h i s  repor t ) .  The Wood, Igushi k ,  and Nuyakuk systems 
a r e  a l l  composed of multiple lake basins. Differences in the rearing environ- 
ment within each system's lakes and r ivers  contributes to  t h i s  w i t h i n - r u n  
variabi 1 i t y  of scale  patterns.  

The Nushagak Bay drainages a re  roughly s imilar  in terms of morphology, hydro- 
1 ogy , 1 imnol ogy, geography, and c l  imati c conditions . The major 1 akes a r e  a1 1 
oligotrophic lakes and have s imilar  res ident  and anadromous f i s h  populations. 
There a r e  no environmental conditions which I would expect t o  r e s u l t  i n  con- 
s i s t e n t  large  measurable differences in sca le  patterns between the  stocks. 

Differences in freshwater growth of sockeye salmon i s  primarily a f ac to r  of 
differences in the  f r y  rearing density between systems. Burgner (1962) and 
Rogers (1973) found evidence of density dependent growth fo r  sockeye salmon 
f r y  in the Wood River lakes system, the growth of f r y  being f a s t e r  i n  years of 
low f r y  abundance than i n  years of high f r y  abundance. Newcombe (1976) found 
evidence of density dependent growth i n  the Igushik lake system where f r y  in 
the l e s s  densely populated Ualik Lake grew f a s t e r  than f r y  i n  the  more populated 
Amanka Lake. The scale  pattern analysis  technique would then be best in years 
where there a re  large differences in the f r y  rearing density between systems. 

The app l icab i l i ty  of sca le  pattern analysis  in identifying Nushagak Bay stocks 
might be reduced by differences i n  scale  patterns between sexes. I t  i s  advis- 
able t o  r e s t r i c t  the variables i n  scale  pattern analysis  t o  those which are 
independent of sex i f  there a re  differences in the sex composition between 
catch samples and escapement samples. For the years of t h i s  study there were 
s ign i f ican t  differences (P<.05) in the sex composition of the catch and escape- 
ment samples (1977 X 2  = 62.96, 1978 X 2  = 13.26, 1979 XZ = 33.66, 1980 X 2  = 6.79). 
This indicates differences between gear types ( g i l l  net and beach seine)  in 
sex s e l ec t i v i t y .  Class i f icat ion models b u i l t  w i t h  sexes combined will  have 
reduced accuracy from increased w i t h i n - r u n  va r i ab i l i t y .  I t  would be best ,  
therefore ,  t o  build separate models f o r  males and females i f  the highest poss- 
i ble c l a s s i f i c a t i on  accuracy i s  desired.  This wi l l  require larger  sample 
s izes  and cost  more i n  terms of sampling , processing, and computing time. 

Differences i n  the means of scale  variables from f i sh  sampled during d i f fe ren t  
quarters of the r u n  a r e  l ike ly  the r e s u l t  of differences i n  r u n  timing of the 
component populations of f i sh  comprising the r u n .  The between date variabi 1 i t y  
information was especia l ly  s ign i f ican t  f o r  the Wood and Igushik River runs 
which a r e  composed of multiple stocks. Most s ign i f ican t  differences i n  means 



of sca le  var iables  by date were w i t h  var iables  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 sca le  var i -  
abl es by date reduces the  appl i cabi 1 i ty  of i n-season cl  ass i  f i  c a t i  on models 
s ince  the scale  pat terns  of early-run f i s h  a re  d i f f e r en t  from t h a t  of late-run 
f i sh .  In-season models constructed from f i s h  sampled ear ly  in  the  r u n  wi l l  be 
l e a s t  accurate f o r  c lass i fy ing l a t e  returning f i s h .  Post-season c l a s s i f i c a t i on  
models should cons i s t  of scale  data from f i s h  sampled i n  proportion t o  the 
escapement. 

Sockeye salmon sca les  from the Nushagak Bay drainages a r e  r e l a t i ve ly  d i f f i c u l t  
t o  read because of poor de f in i t ion  of the beginning and ends of sca le  zones. 
The f i r s t  marine winter check i s  pa r t i cu la r ly  hard t o  d is t inguish .  A 1978 
study i n  the Stock Separation lab  on t h a t  years Wood, Igushik, and Nuyakuk 
River data base revealed differences between readers i n  the  means of sca le  var i -  
ables (Appendix Table 13) .  For this reason one sca le  reader read a1 1 scales  
analyzed i n  t h i s  repor t .  In-season catch a l locat ion of Nushagak Bay stocks 
would require a t  l e a s t  two sca le  readers f o r  timely reading of catch and escape- 
ment sca les .  Scale reading assignments would have t o  be d i s t r ibu ted  between 
readers t o  el iminate reader bias.  

Recommended S t a t i s t i c a l  Technique 

The K N N  method tended t o  y ie ld  higher c l a s s i f i c a t i on  accuracies and lower con- 
fidence in te rva l s  than the LDF method, however, the 1980 LDF three-way model 
yielded the bes t  c l a s s i f i c a t i on  matrix. I conclude t h a t  in years when non- 
normal d i s t r ibu t ion  of sca le  var iables  i s  suspected, then K N N  i s  the superior 
method. In years t h a t  scale  var iables  a r e  normally d i s t r ibu ted  then the LDF 
method i s  best s ince  c l a s s i f i c a t i on  accuracies and confidence in te rva l s  a r e  a t  
l e a s t  as good as  the K N N  models, and LDF analysis  i s  f a s t e r ,  requires l e s s  data 
manipulation, l e s s  computer processing time making i t  e a s i e r  and l e s s  expensive 
than K N N  analys is .  

CONCLUSIONS 

Current catch a1 location methodology f o r  Nushagak Bay stocks involves comparing 
the age and sex composition of the  catch samples with the escapement samples 
from the  contributing r ive r  systems (Meacham and Nelson 1980). Confidence 
in te rva l s  have not been computed fo r  these catch a l locat ions .  The s impl ic i ty  
and low cos t  by which these catch a l locat ions  a r e  derived warrants t h e i r  con- 
tinued used unless an a l t e rna t e  method produces estimates w i t h  an acceptable 
level of accuracy a t  an acceptable cos t .  

The generally low accuracies and correspondingly high ant ic ipated confidence 
in te rva l s  obtained w i t h  s ca le  pat tern  analys is  do not warrant an intensive 
scale  pattern analys is  based catch a l locat ion program f o r  Nushagak Bay. As 
mentioned i n  the introduction of this paper this study i s  pa r t  of a l a rger  
project  designed t o  evaluate the r e l a t i ve  accuracy and costs  of d i f f e r en t  catch 
a l locat ion techniques, sca le  pattern analys is  being only one of the  methods. 



Development of an in-season scale  pattern analysis  model i s  not recmnended 
because of the likelihood of obtaining unacceptable c l a s s i f i c a t i on  accuracies. 
An in-season catch a l locat ion program would be l og i s t i c a l l y  d i f f i c u l t  t o  s e t  
u p  because of the shor t  duration of the r u n .  Eighty percent of the Nushagak 
D i s t r i c t  r u n  usually passes within a 10-day period. I t  would be d i f f i c u l t  t o  
sample, age, read, and analyze samples quickly enough for  management purposes. 

I f  sca le  pattern analysis  i s  found t o  be the most accurate method for  post- 
season a l locat ion of Nushagak Bay catches i t  can be implemented r e l a t i ve ly  
eas i ly .  There would be a limited need fo r  special samples since sampling catch 
and escapement i s  par t  of the  regular management program. More intensive catch 
sampling would be desi red,  however, i f  scale  pattern analysis  i s  used fo r  entry  
pattern analysis .  
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APPENDICES 



Appendix Table 1. Group means, standard deviations ( in  paren thes i s ) ,  and 
one-way ana lys i s  of variance F t e s t  and probabi l i ty  fo r  
equa l i ty  of group means fo r  measured s c a l e  var iab les  
between age 52 sockeye salmon sampled from Wood, Igushik, 
and Nuyakuk Rivers, 1977. 

Variable Wood Igushik Nuyakuk F value Probabi l i ty  

NC 1 

ID1 

NC2 

ID2 

NC3 

ID3 

NC4 

ID4 

NCij 

ID5 

Sample Size 



Appendix Table 2. Group means, standard deviations ( in parenthesis), and 
one-way analysis of variance F t e s t  and probability for 
equality of group means for measured scale variables 
between age 52 sockeye salmon sampled from Wood, Igushik, 
and Nuyakuk Rivers, 1978. 

- - - - -- - 

Variable Wood Igushik Nuyakuk F value Probability 

Nc1 

ID1 

NC2 

ID2 

Nc3 

ID3 

NC4 

ID4 

K 5  

ID5 

Smple Size 



Appendix Table 3.  Group means, standard deviations ( in  parenthesis),  and 
one-way analysis of variance F t e s t  and probabili ty for 
equality of group means for  measured sca le  variables 
between age 52 sockeye salmon sampled from Wood, Igushik, 
and Nuyakuk Rivers, 1979. 

Variable Wood Igushik Nuyakuk F value Probability 

XI 

ID1  

Nc2 

I D 2  

=3 

ID3 

m4 

ID 4 

Nc5 

ID5 

Sample Size 



Appendix Table 4. Group means, standard deviations ( in  parenthesis),  and 
one-way analysis of variance F t e s t  and probabili ty for 
equality of group means for  measured sca le  variables 
between age 52 sockeye salmon sampled from Wood, Igushik, 
and Nuyakuk Rivers, 1980 . 

- 

Variable Wood Igus h i  k Nuyaku k F value Probability 

Ncl 

ID1 

Nc2 

ID2 

Nc3 

ID3 

NC4 

ID4 

Nc5 

ID5 

Sample Size 



m d i x  Table 5. Group means, and standard deviations (In garenthesis),  and one-way 
analysis of varlance F test and p r o b b l l i  y for differences 
In  group means of measured sca le  variables b sex for  Wood, 
Igushik, and Nuyakuk River age 52 sockeye sa%ncn, 1978. 

Stock Variable Females Males F value Probabili ty 

Wood R. NC1 

mi  
NC2 

ID2 

NC3 

ID3 

NC4 

ID4 

NC5 

ID5 

Smple Size 

Igushik R. NC1 

I D 1  

NC2 

ID2 

NC3 

ID3 

NC4 

ID4 

NC5 

ID5 

Smple Size 

Nuyakuk R. NC1 

I D 1  

NC2 

ID2 

NC3 

ID3 

NC4 

ID4 

NC5 

ID5 

Sample Size 



Appendix Table 6. Group means, standard deviations ( i n  garenthesis  and one-way 
analys ls  of varlance F t e s t  and proba i l l t y  for  k f f e r e n c e s  i n  
grou means of neaasured s c a l e  var iables  b sex for k i d ,  Igushik, 
and jfuyakuk Rlver age 5 sockeye salmon, %79. 

2 
-- 

Stock Variable Females ?.!a1 e s  F value Probabi l i ty  

PIC1 

I D 1  

KC2 

ID2 

NC3 

ID3 

NC4 

ID4 

NC5 

ID5 

Sample Size  

Igushik R. NC1 

I D 1  

NC2 

ID2 

1x3 

ID3 

NC4 

ID4 

NC5 

ID5 

Sample Size  

Nuyakuk R. NC1 

I D 1  

NC2 

ID2 

NC3 

ID3 

NC4 

ID4 

NC5 

ID5 

Sample S ize  



Appndix Table 7. Group means, standard devia t ions  ( i n  &ar en thes i s  and one-way 
ana lys i s  of v i r i ance  F t e s t  and proba i h t y  fo r  k f f e r e n c e s  i n  
grqu means of meaasured sca  e var iables  b3 8ex f o r  I.1md. Igushik, 
anci iuya!iuk Rlver acje 52 sockeye salmon, 1 8 . 

Stock Variable Females Ida1 e s  F value Probabi l i ty  

NC1 

ID1 

NC2 

ID2 

NC3 

ID3 

NC4 

ID4 

NC5 

ID5 

Sample Size 

IgushikR. NC1 9.9 0.5238 0.4701 
ID1 lik:!' 0.2151 0.6433 

NC2 
(18.9) 
3.6 0.0001 0.9915 

 ID^ 183' 0.4728 0.4925 

NC3 4.6826 0.0317 

ID3 2.5473 0.1121 

NC4 
(13.4) 
16.5 

(14.5) 
16.6 0.0813 0.7759 

ID4 3 11-41 1.6 3 41-61 6.9 1.5575 .21355 

NC5 
(30.5) 
5.8 

(28 -8) 
5.7 0,0304 0.8619 

ID5 $23' J8:3' 0.1709 0.6798 
(13.0) 

Sample Size 
(13.4) 

117 84 

Nuyakuk R. NC1 0.4047 0.5254 
ID1 

(16.9) 
0.6295 0.4284 

NC2 3.1 1.0971 0.2961 

ID2 8::' 1!:83) 3.0068 0.0844 

NC3 
(5.4) (6.2) 

2.4 4.4422 0.0363 
ID3 if 2' 2.0396 0.1547 

NC4 16.5 (2;) 1.8592 
61-61 

0.1742 

ID4 3 9.3 3 61.6) 4.6 1.1000 
(30.1) 

0.2955 

NC5 
(28.7) 

5.2 5.4 0.9929 0.3202 
ID5 4%) $0.8) 2.3 0.0097 

(11.1) 
0.9216 

(11.6) 
Sample Size 147 6 4 



W d i x  Table 8.  Group means, standard deviat ions ( i n  garenthesis  and one-way 
analysis of varlance F t e s t  and proba l l l t y  fo r  b ~ f f e r e n c e s  in 

r o u  means of measured s c a l e  var iab les  by-date of capture fo r  
8cxCf Igushik, and Nuyakuk River age 52 sockeye salmon, 1978. 

Dates 
Stock Variable 6/25-6/30 7/1-7/2 7/3-7/4 7/5-7/13 F value Probabi l i ty  

Wood R. NC1 

ID1 
(24.3) 

NC2 4.2 

ID2 
jO.9) 

4.5 

NC3 
(;:;I 

ID3 kZ::' 
NC4 

ID4 

m 
ID5 

(14.2) 
Sample S ize  52 
- - - - - - -- 

Dates 6/23-7/2 7/3-7/4 7/5-7/6 7/7-7/16 

Igushik R. NC1 9.1 10.1 9.8 2.5900 0.0539 

ID1 1 6.1 0.0514 

NC2 
( j : g )  (?:$I (30.81 (284:;) 

3.9 0.5929 0.6203 

 ID^ 1:::' 8 M:3' 4k!' 0.43, 0.7309 

NC3 
(8.2) (3::) (4:59) (z:!) 
3.1 1.3019 0.2749 

 ID^ lsZ:8' : )  j?:!' 8.41 .9 1.2988 0.2759 
(19.4) (&g) (16.7) 

NC4 14.8 15.4 0.6994 0.5534 

 ID^ 28::) 243:;) 2402:$) 1.1140 0.3444 
(42.7) (38.4) (4l:z) (44.7) 

NC5 6.8 7.3 6.8 2.1596 0.0939 

 ID^ 44:P 164::' 16k3' 153::) 4.8963 0.0026 
(12.0) (15$f) (15d) (14.5) 

Sample S ize  61 47 

Dates 7/1-7/4 7/5-7/6 7/7-7/9 7/10-7/26 
- -  

Nuyakuk R. 
- 

NC1 12.1 

ID1 163:8' 
NC2 

(38.3) 

ID2 $85) .6 

NC3 
(3:;) 

ID3 g::) 
NC4 'a:;' 
ID4 2 k 8 '  

(35.3) 
NC5 6.6 

ID5 4k8' 
(15.3) 

Sample Size 56 



ApFendix Table 9. Group means, stqndard deviations ( in  renthesis  and one-way 
analysis of varlance F t e s t  and ppCoba&ity for Aifferences i n  
roup means of measured sca le  variables by date of capture for  

#cod, Igushik, and Nuyakuk River age 52 sockeye salmon, 1979. 

Dates 
Stock Variable 6/22-6/25 6/26-6/28 6/29-7/1 7/2-7/10 F value Probability 

Wood R. NC1 9.0 

I D 1  14s'::) 
(17.8) 

NC2 

ID2 l# 
NC3 

( Z : $ )  
ID3 4 4 3 )  

NC4 'B:Y 
ID4 2%?) 

(38.6) 
NC5 6.9 

ID5 4:;' 
(14.2) 

Sanple Size 41 

Dates 6/21-6/28 6/29-7/1 7/2-7/5 7/6-7/16 

Igushik R, NC1 

I D 1  

NC2 
(18.5) 

3.2 

ID2 4;:;) 
NC3 

'3::) 
ID3 443 '  

(18.5) 
NC4 15.1 

ID4 362:;) 

NC5 
'385 :J' 

ID5 $90::' 
(10 7) 

Sanple Size 44 

Dates 7/2-7/4 7/5-7/7 7/8-7/9 7/10-7/13 

Nuyakuk R. NC1 10.2 

 ID^ 148' 
(19.5) 

NC2 3.6 

ID2 &8) 
NC3 

ID3 
(16.4) 

NC4 14.5 

ID4 
41.9' 

2 0.3 
(33.4) 

NC5 5.6 

ID5 $00::' 
(U.0) 

Sanple Size 65 



Appendix Table 10. Group means. s tmdard  deviations ( in  p r e n t h e s i s  and one-wa 
analysis  of varlance F t e s t  and proba l l l t y  for  Aifferences 
group means of measured sca l e  variables by date of capture for  
Wood; Igushik, and Nuyakuk River age 52 sockeye salmon, 1980. 

Dates 
Stock Variable 6/29-7/2 7/3-7/ 4 7/5-7/8 7/9-7/17 F value Probability 

Wood R. NC1 8.2 

ID1 44::' 
(19.1) 

NC2 3.5 

ID2 

NC3 
(5.9) 
4.1 

ID3 122::' 
m 'g::' 
ID4 2$8:!' 

(35.5) 
NC5 6.0 

ID5 Lk!) 
(12.9) 

Sample Size 54 

Dates 6/23-7/6 7/7-7/9 7/10-7/U 7/14-7/21 

Igushik R. NC1 

I D 1  1 14:8) 6.6 

NC2 

ID2 

NC3 

ID3 #:?) 
(14.8) 

NC4 16.4 

ID4 
11.2) 

3 7.2 
(27.7) 

NC5 6.0 

ID5 $!:? 
(12.6) 

Sample Size 51 

Dates 7/6-7/9 7/10-7/l3 7/14-7/16 7/17-7/24 

Nuyakuk R. NC1 8.6 

I D 1  li:::' 
(18.2) 

NC2 3.1 

ID2 18:3' 
NC3 

(2:j) 
 ID^ 8:3' 

(12.9) 
NC4 16.1 

ID4 
61-81 

3 4.4 
(32.6) 

NC5 5.2 

ID5 R85' 
(11.7) 

Sample Size 54 



Appendix Table 11. 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 52 sockeye salmon sampled from 
U a l i k  Lake, Kathleen River, and Amanka Lake, 1980. 

Variable U a l i k  Kathleen Amanka F value Probability 

Sample Size 61 6 3 63 



w n d i x  Table 12 .  Linear discriminant function test c l a s s i f i c a t i o n  matrix 
c l a s s i f y ing  Ualik Lake, Kathleen River, and Amanka Lake 
age 52 sockeye salmon with a three-way Wood, Igushik, 
Nuyakuk River model, 1980. 

Actual Group Sample Class i f i ed  Group of Origin 
of Origin S ize  (Variables se lec ted  = ~l,NC3,NC4rLength,ID5.1D2) 

Igushik Wood Nuyakuk 

Ualik 61 .852 .033 -115 

Kathleen 63 .778 .111 -111 

Amanka 6 3 .556 .175 .270 

Wood 100 .070 .710 .220 

Nuyakuk 105 .267 -124 .609 

- - - 

Average cor rec t ly  c l a s s i f i e d  = .701 

Ualik Lake, Kathleen River, and Amanka Lake a re  par t  o f  the Tgushik 
Lake system. Ualik Lake flows into  Arnanka Lake via the Kathleen River. 



Appendix Table 13. Comparisons of means and standard deviat ions f o r  1978 Wood, Igushik, and Nuyakuk River 
age 52 sockeye salmon scale  var iables  read by three  d i f f e r en t  readers1. 

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

ID1 I D  2 I D  3 ID4 
Reader Sample - - - - 

System Number Size  X S X S X S X S . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Wood R. 1 100 82.6 14.2 18.7 4.6 23.4 14.8 170.1 28.7 

I 
2 98 76.4 10.5 18.5 5.4 19.2 12.2 167.1 25.6 

P 
P 

I 

Igushik R. 2 5 4 82.1 14.3 23.0 6.2 12.1 15.7 187.1 21.8 

Nuyakuk R. 1 104 105.7 22.7 19.1 4.0 21.6 10.9 168.6 27.0 

Scales were magnified l O O X  and measurements recorded using a 1 inear  d i g i t i z e r  and encoder manufactured 
by Glenayre Electronics Ltd.,  r e f e r  t o  Krasnowski and Bethe (1978) f o r  descript ion 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 II 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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