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ABSTRACT 

Scale c h a r a c t e r i s t i c s  were used t o  est imate the  cont r ibut ion  of Kenai River 
sockeye salmon Oncorhynchus nerka t o  the  commercial harvest in upper Cook I n l e t ,  
Alaska, between 1987 and 1989. Several mul t iva r i a t e  l i n e a r  discriminant  models 
were developed t o  c l a s s i f y  age-1.3 sockeye salmon. A Monte Carlo simulation was 
used and provided confidence bounds f o r  the  es t imates .  Kenai River age-1.3 
sockeye salmon were the  predominant component, ranging from 69% t o  80% of the  
d r i f t  g i l l  net and Salamatof Beach s e t  g i l l  net harvests .  Mer is t ic  t r a i t s  f a i l e d  
t o  provide adequate d iscr iminators  t o  segregate sockeye salmon populat ions.  

KEY WORDS: upper Cook I n l e t ,  Alaska, sockeye salmon, Oncorhynchus nerka, 
stock composition, sca le  pa t tern  ana lys i s ,  discriminant  
function,  mer i s t i c  t r a i t s ,  ana lys i s ,  age 



INTRODUCTION 

In 1976 the  Alaska Department of Fish and Game (ADF&G) i n i t i a t e d  research in to  
sockeye salmon Oncorhynchus nerka stock iden t i f i ca t ion  techniques. Linear 
discriminant models t o  separate individual stocks were i n i t i a l l y  developed by 
Krasnowski and Bethe (1978) f o r  upper Cook In l e t ,  Alaska (Figure 1 ) .  For  purposes 
of t h i s  repor t ,  the de f in i t ion  of an individual f i sh  stock i s  a  group of f i sh  
or ig inat ing from the same r i ve r  system as described by Larkin (1972). Since then, 
data from t h i s  program have been an integral  par t  of the upper Cook In l e t  salmon 
management and research data base (Bethe and Krasnowski 1979; Bethe e t  a l .  1980; 
Cross e t  a1 . 1981, 1982, 1983, 1985, 1986, 1987, 1988; Waltemyer and Tarbox 
1988). However, examination of model c l a s s i f i c a t i on  accuracies,  model performance 
fo r  minor stocks ( i  . e . ,  stocks composing l e s s  than 20% of t o t a l  r e t u r n ) ,  and even 
model assumptions fo r  the years p r io r  t o  1987 indicated these models did not 
c l a s s i f y  stocks with great  accuracy. In addit ion,  preliminary r e s u l t s  indicated 
changes, in some cases,  in individual scale  variables over time within a year ( B .  
Bue, ADF&G, Anchorage, personal communication). Because of these considerat ions,  
a  review of the  stock iden t i f i ca t ion  techniques was warranted. 

Review of t h i s  data took 3 years,  during which time no stock iden t i f i ca t ion  
report  was prepared. Instead, an e f f o r t  was made t o  resolve the di rect ion of the 
upper Cook I n l e t  stock iden t i f i ca t ion  program and examine addit ional  stock 
separation techniques. This report  presents the 1987-89 contribution estimates 
fo r  age-1.3 sockeye salmon fo r  the Kenai River system; t h i s  age group comprised 
65% t o  74% of the t o t a l  upper Cook In le t  sockeye salmon re turn .  A f e a s i b i l i t y  
study using meris t ic  counts as an a l t e rna t ive  approach t o  stock iden t i f i ca t ion  
i s  a lso  reported.  We decided t ha t  contributions from minor stocks should n o t  be 
represented in fu ture  repor ts ,  and t ha t  only the Kenai River stock component 
would be reported " in  season" (C. Meacham, ADF&G, Anchorage, personal 
communication). 

METHODS 

From 1987 t o  1989 scale  samples were collected from sockeye salmon migrating u p  
the Kasilof ,  Kenai, Crescent, and Susitna Rivers. Several locat ions  within the 
Susi tna River drainage were sampled, including the Yentna River (1987-89), the 
mainstem a t  r i ve r  mile 80 (1989), and Larson Creek (1987-88). Samples were taken 
from f i sh  wheels a t  a l l  locations except Larson Creek, where they were taken from 
beach seine gear,  and Crescent r i ve r ,  where they were taken from g i l l  ne ts .  Scale 
samples were a lso  collected from sockeye salmon harvested in the commerci a1 
f i s h e r i e s  of upper Cook In l e t  (Figure 2 ) .  These f i she r i e s  consisted of s e t  g i l l  
net f i she r i e s  in the Eastern, General, Upper (Cohoe/Ninilchik Beach, Kalifonsky 
Beach, and Salamatof Beach), Western and Kalgin Island Subdis t r i c t s  and the 
Central D i s t r i c t  d r i f t  g i l l  net f i shery .  

A sample goal of 403 f i  sh per stratum was used t o  ensure an est imate of the t rue  
percentage fo r  each age c lass  within 5%, 90% of the time (Thompson 1987). 
Preferred scales  were collected according t o  the procedures of Koo (1955) and 
Clut ter  and Whitesel (1956). Impressions were made i n  ce l lu lose  aceta te  as 



described by C l u t t e r  and Whitesel (1956). Age was determined using the  c r i t e r i a  
of Mosher (1969) and recorded in European notat ion (Koo 1962). 

Linear measurements f o r  discriminant  analys is  (Moris 1975) were taken along the  
an te r io r -pos te r io r  axis  of each sca le  as  defined in C lu t t e r  and Whitesel (1956). 
Scale impressions were magnified l O O X  using equipment s imi la r  t o  t h a t  described 
by Ryan and C h r i s t i e  (1976). Scale images were measured on a Talos d i g i t i z i n g  
t a b l e t  and processed by a microcomputer. Seventy-five sca le  var iables  were 
obtained from f i v e  incremental d is tance  zones and four c i r cu l  i  count zones (Table 
1 ; Figure 3 ) .  Measurements and r e s u l t a n t  models were 1 imi ted t o  sca les  from age- 
1.3 sockeye salmon. We d i g i t i z e d  a l l  readable age-1.3 escapement sca le  samples 
t o  build the  discriminant  models and, in addi t ion ,  one hundred age-1.3 sca les  
from each commerci a1 f i she ry  sample. 

A two-way 1 inea r  discriminant  model was constructed f o r  age 1.3 f i s h ,  a s  out1 i  ned 
by Conrad (1985) using samples from (1)  the  Kenai River; (2)  the  Susi tna River 
system t h a t  included sca les  from Yentna River, Susi tna River mainstem a t  r i v e r  
mile 80, and Larson Creek; and (3)  the  Kasilof River. A weighted sample of 
Susi tna and Kasilof Rivers was combined and termed Other in t h i s  r epor t .  This 
approach provided s p e c i f i c  r e s u l t s  f o r  the  Kenai River component. We se lec ted  
sca le  c h a r a c t e r i s t i c s  f o r  each model by a forward stepwise procedure using 
p a r t i a l  F s t a t i s t i c s  (F = 4.0; Enslein e t  a1 . 1977). C lass i f i ca t ion  accuracy f o r  
each model was determined by the  1 eavi ng-one-out procedure (Lachenbruch 1967) . 
Following the  i n i t i a l  se l ec t ion  of model var iables  a  Monte Carlo simulation 
(Sokal and Rohlf 1969) was used t o  c l a s s i f y  unknown samples. This procedure 
consisted of construct ing a two-way c l a s s i f i c a t i o n  model (Kenai , Other) by 
randomly se lec t ing  sca les  with replacement from the  s e t  of sca les  of known 
o r i g i n ,  c l a s s i fy ing  the  unknown sample, and repeating the  process 100 times. The 
medians and approximate 90% confidence bounds, here defined as the  6th and 95th 
ordered es t imates ,  f o r  the  Kenai River and Other River com~onents were est imated.  
A resampling s t r a t e g y  of 100 times was based on the  work by Efron and Tibshirani  
(1985). 

Stock composition est imates were adjusted f o r  mi scl ass i  f i c a t i o n  e r r o r s  using the  
procedure of Cook and Lord (1978). Results where the  adjusted proportions were 
l e s s  than zero o r  g r e a t e r  than one were noted as zero o r  one. 

To iden t i fy  addit ional  stock separat ion techniques, the  numbers of f i n  rays in 
the  dorsa l ,  ana l ,  and pectoral f i n s  of sockeye salmon escapements from the  Kenai , 
Kasilof ,  Yentna, and Susi tna (mainstem r i v e r  mile 80) Rivers were examined in 
1989. Fin rays were counted using the  methods of Hubbs and Lagler (1958) and 
Trautman (1973). 

RESULTS 

During the  study commercial harvest and escapements were the  highest on record. 
In 1987 a record 9.5 mi 11 ion sockeye salmon were commercially harvested in upper 
Cook I n l e t  (Table 2 ) .  Harvest numbers decreased in 1988 t o  6.8 mi l l ion  f i s h  and 



in 1989 t o  5.0 mil 1  ion f i s h  (Table 2 ) .  Escapement es t imates  f o r  monitored systems 
ranged from approximately 1.4 t o  2.2 mi l l ion  f i s h  during t h i s  t ime.-The est imated 
Kenai River sockeye salmon escapements of 1.6 mil 1  ion f i s h  in 1987 and 1989 were 
the  h ighes t  s ince  escapement enumeration began in 1968. 

The percentage of age-1.3 sockeye salmon escapements was subs t an t i  a1 l y  d i f f e r e n t  
between r i v e r  systems. Sockeye salmon migrat ing i n t o  t h e  Kenai River were 
predominately age 1 .3 ,  t h e  cont r ibut ion  ranging from 74% t o  78% (Tables 3 - 5 ) .  In 
c o n t r a s t ,  age-1.3 sockeye salmon in t h e  Kasilof River were more v a r i a b l e ,  ranging 
from 27% t o  46% (Tables 3 - 5 ) .  The proportion of age-1.3 sockeye salmon in the  
Yentna River ranged from 42% t o  64% (Tables 3 - 5 ) .  

Age composition of t h e  commercial sockeye salmon harvest  was a s  varied as  t h e  
escapements. Both t h e  Central D i s t r i c t  d r i f t  g i l l  ne t  and Sal amatof Beach s e t  
g i l l  ne t  harves ts  of sockeye salmon had age compositions s i m i l a r  t o  t h e  Kenai 
River system (69% t o  80% age-1.3,  Tables 3 - 5 ) .  

The number of sockeye salmon s c a l e  samples co l l  ected from se l ec t ed  commerci a1 
f i s h e r i e s  ranged from 12,841 in 1989 t o  18,069 in 1987 (Table 2 ) .  In some cases ,  
notably t h e  d r i f t  g i l l  net  f i s h e r y ,  samples were severe ly  reduced o r  not taken 
due t o  f i s h e r y  c losu res  r e l a t e d  t o  t h e  M / V  Exxon Valdez o i l  s p i l l  in  1989. 

A t o t a l  of 1,361 age-1.3 escapement s c a l e s  were d i g i t i z e d  in 1987, 1,569 in 1988, 
and 2,648 in 1989 (Table 2 ) .  Over ha1 f  of t h e  s c a l e  va r i ab le s  t h a t  represent  t h e  
major growth zones in number of c i r c u l i  and incremental d i s t ance  ( v a r i a b l e s  1 ,  
2 ,  61, 62, 65, 66, 67, 70, 7 1 ,  and 109) showed interannual  dev ia t ions  g r e a t e r  
than 10% within each r i v e r  (Figures 4, 5 ) .  The mean values and standard e r r o r s  
f o r  a l l  va r i ab le s  by year  a re  presented in Tables 6-8. The number of va r i ab le s  
used in developing t h e  d iscr iminate  models ranged from four  in 1989 t o  e i g h t  in 
1988. Model mean c l a s s i f i c a t i o n  accuracy ranged from 81% in 1989 t o  94% in 1988 
(Tab1 e  9 ) .  Variables  67 and 109 were common t o  a1 1  t h r e e  yea r ly  model s .  

The proport ion of age-1.3 Kenai River sockeye salmon in  t h e  Central D i s t r i c t  
d r i f t  g i l l  ne t  f i s h e r y  increased from l a t e  June through the  end of Ju ly  in both 
1987 and 1988 (Figure 6 ) .  In 1987 t h e  Kenai River component was 5% on 24 June and 
s t e a d i l y  increased t o  97% on 31 Ju ly  (Table 10) .  The g r e a t e s t  change in t h e  Kenai 
propor t ion--a  33.5% increase--occurred between 29 June and 3  Ju ly  1987. During 
1988 t h e  Kenai River component of t h e  harvest  was 29% on 27  June and increased 
t o  100% on 25 J u l y  (Figure 6;  Table 11 ) .  Noticeable f i s h e r y  management e f f e c t s  
in t h e  Kenai River s tock  proport ion were a l so  observed. On 13 and 17 Ju ly  1988, 
when t h e  Central D i s t r i c t  d r i f t  g i l l  ne t  f l e e t  was r e s t r i c t e d  t o  within 3  miles 
of t h e  Kenai Peninsula shore l ine  in t h e  Upper S u b d i s t r i c t ,  t h e  s tock  percentage 
was est imated a t  94% and 95%. In c o n t r a s t ,  during t h e  proceeding d i s t r i c t - w i d e  
f i s h i n g  period,  t h e  Kenai River proport ions were est imated a t  71% (27 June) and 
83% (25 J u l y ) .  

In t h e  Upper S u b d i s t r i c t  s e t  g i l l  net  harvest  from Cohoe/Ninilchi k Beach we noted 
increas ing  proport ions of age-1.3 Kenai River sockeye salmon from e a r l y  Ju ly  
through t h e  end of Ju ly  in  1987-1989 (Tables 10-12).  In 1987 t h e  Kenai River 
component increased from 0% on 3  Ju ly  t o  93% on 31 Ju ly  (Table 1 0 ) .  In 1988 a  
peak of 89% was noted on 18 Ju ly ,  whereas 0% was measured on 4  Ju ly  and 79% on 
25 J u l y  (Table 11 ) .  A mid-July increase  in the  Kenai River component was a l s o  



noted in 1989 when t h e  Kenai River s tock  increased from 35% on 10 J u l y  t o  92% on 
17 Ju ly  (Table 12 ) .  

Resul ts  from Kalifonsky Beach s e t  g i l l  ne t  f i s h e r y  a l s o  had a p a t t e r n  of 
increas ing  Kenai River s tock  con t r ibu t ions  through J u l y .  In 1987 t h e  Kenai River 
sockeye salmon age-1.3 component increased from 26% t o  46% between 6 and 13 J u l y  
(Tabl e 1 0 ) .  In 1988 t h e  Kenai component ranged from 51% t o  76% f o r  t h e  same 
period (Tabl e 1 1 ) .  A more dramatic increase  from 8% t o  43% was noted in 1989 
(Table 12 ) .  

Consistent  with t h e  age composition d a t a ,  age-1.3 sockeye salmon caught on 
Salamatof Beach were predominately Kenai River s tock .  Resul ts  indica ted  
proport ions t y p i c a l l y  ranging from 78% t o  100% (Tables 10-12).  However, in 1989 
an est imated Kenai River proportion of 58% was noted on 10 Ju ly  (Table 12 ) .  

Fi: ray counts  of sockeye salmon revealed no d i s c e r n i b l e  d i f f e rences  among s tocks  
( X  = 0.35, p > 0.01; Table 13, Figures 7-11) .  The mode of dorsal  f i n  ray counts 
ranged from 10 t o  12; Kenai and Kasilof s tocks  were equal a t  11. Anal f i n  ray 
counts indica ted  t h e  same mode f o r  Kenai and Yentna River s tocks  a t  15. Pectoral  
f i n  ray  counts were t y p i c a l l y  11 o r  12 regard less  of system. 

DISCUSSION 

In previous yea r s ,  d e t a i l e d  sockeye salmon age composition and harves t  da t a  have 
been included with s tock i d e n t i f i c a t i o n  r e s u l t s  in a s i n g l e  document. Because of 
uncer ta in ty  in t h e  s tock  i d e n t i f i c a t i o n  r e s u l t s ,  t h i s  information f o r  t h e  years  
1987 t o  1989 has been independently summarized and reported by Waltemyer (1989, 
1990) . 
Typica l ly ,  s tock  i d e n t i f i c a t i o n  r e s u l t s  a r e  a l s o  used t o  sepa ra t e  a l l  age c l a s s e s  
of sockeye salmon harvested in t h e  upper Cook I n l e t  commercial f i s h e r y  by r i v e r  
of o r i g i n .  As previously noted, a dec is ion  was made not t o  examine minor-stock 
run components and o the r  age c l a s s e s .  However, t h e  authors  r e a l i z e d  t h a t  t h e  
publ ic ,  o t h e r  i n v e s t i g a t o r s ,  and t h e  commercial f i s h i n g  indus t ry  have a use f o r  
Kenai River s tock  component r e s u l t s .  Precis ion and accuracy requirements of t hese  
users  vary. Therefore,  t h i s  r epor t  has been prepared with t h e  goal of present ing  
t h e  bes t  a v a i l a b l e  da t a  on t h e  Kenai River sockeye salmon s tocks  a t  t h i s  t ime. 
Examination of t hese  da ta  suggested good mean c l  a s s i  f  i  c a t i  on accuracy between 
Kenai River s tocks  and a composite Other s tocks .  The dominance (65%-74%) of age- 
1 .3  sockeye salmon in t h e  t o t a l  re turn  and l a r g e  escapements t o  t h e  Kenai River 
system f u r t h e r  i n d i c a t e s  t h a t  t h i s  approach i s  reasonable.  

The increas ing  proport ion of Kenai River age-1.3 sockeye salmon in t h e  Central 
D i s t r i c t  d r i f t  and Upper S u b d i s t r i c t  s e t  net  f i s h e r i e s  as  t h e  1987-89 seasons 
progressed i s  a typica l  pa t t e rn  observed in  previous years  (Cross e t  a l .  1981, 
1982, 1983,1985, 1986). Some f a c t o r s  con t r ibu t ing  t o  t h i s  include:  (1 )  t h e  
Kasilof River has a d i s t i n c t  en t ry  pa t t e rn  of age-1.3 sockeye in e a r l y  Ju ly  
decreasing u n t i l  t h e  end of Ju ly ;  ( 2 )  Sus i tna  River sockeye salmon a r e  leaving 
t h e  Central D i s t r i c t  in mid- t o  l a t e  Ju ly ;  and (3 )  Kenai River s tocks  have 



dominated sockeye salmon re turns  t o  upper Cook I n l e t .  Therefore, the  majori ty of 
age-1.3 sockeye salmon in l a t e  Ju ly  a re  Kenai River s tocks .  

The h i s to ry  of the  upper Cook I n l e t  s tock i d e n t i f i c a t i o n  program i s  one of poor 
model performance. We need t o  evaluate other  d iscr iminators  in order  t o  improve 
program r e s u l t s .  The use of mer i s t i c  counts t o  iden t i fy  stocks was unsuccessful.  
Additional biological  d iscr iminators  must be explored i f  a  re1 i a b l e ,  long-term 
stock i d e n t i f i c a t i o n  program i s  t o  be successful .  
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Table 1. Scale variables screened for l inear  discriminant function analysis of age-1.3 sockeye salmon, 
upper Cook Inlet ,  Alaska, 1987-89. 

Vari able Vari abl e 
Number Name Scale Zone 

14 
15 
16 thru 24  
2 5 
2 6 
2 7 
2 8 
2 9 
3 0 

Firs t  Freshwater Annul us 

N C l F W  Number of c ircul i  f i r s t  freshwater 
SlFW Size (width) of f i r s t  freshwater 
C O - C 2  Distance, scale focus ( C O )  t o  circulus 2 (C2) 
CO-C4 Distance, scale focus t o  circulus 4 
CO-C6 Distance, scale focus t o  circulus 6 
CO-C8 Distance, scale focus t o  circulus 8 
C2-C4 Distance, circulus 2 t o  circulus 4 
C2-C6 Distance, circulus 2 t o  circulus 6 
C2-C8 Distance, circulus 2 t o  circulus 8 
C4-C6 Distance, circulus 4 t o  circulus 6 
C4-C8 Distance, circulus 4 t o  circulus 8 
C(NC-4) - E l F W  Distance, circulus (number circul i  f i r s t  freshwater minus 4) to  end f i r s t  

freshwater 
C(NC-2)-E1FW Distance, circulus (number circul i  f i r s t  freshwater minus 2 )  t o  end f i r s t  

freshwater 
C2-E1FW Distance, circulus 2 t o  end f i r s t  freshwater 
C4-ElFW Distance, circulus 4 t o  end f i r s t  freshwater 
CO-C2/SlFW . . . Re1 at ive widths, (variables 3-11)/SlFW 
C(NC-4) -ElFW/SlFW 
C(NC-2)-ElFW/SlFW 
SlFW/NClFW Average interval between circul i  in f i r s t  freshwater 
NC 1ST 3/4 Number of c ircul i  in f i r s t  3/4 of f i r s t  freshwater 
MAX DIST Maximum distance between 2 consecutive circul i  in f i r s t  freshwater 
MAX DIST/SlFW Relative width, (variable 29)/SlFW 

-Continued- 



Table 1. (p .  2  o f  3)  

Va r i  ab l  e  V a r i a b l e  
Number Name Scale Zone 

NCPG 
SPGZ 

Plus Growth 

Number o f  c i r c u l  i i n  p l u s  growth 
S ize  (w id th )  p l u s  growth zone 

Freshwater and Plus Growth 

I 6 5 NClFW + NCPG To ta l  number o f  c i r c u l i  f i r s t  f reshwater  and p l u s  growth 
w 
I 66 SlFW + SPGZ To ta l  s i z e  (w id th )  f i r s t  f reshwater  and p l u s  growth 

6 7 SlFW/(SlFW + SPGZ) Re1 a t i v e  width,  ( v a r i a b l e  2)/SlFW t SPGZ 

F i r s t  Marine Annul us 

7 0 NClOZ Number o f  c i r c u l i  i n  f i r s t  ocean zone 
7 1 S l O Z  S ize  (w id th )  f i r s t  ocean zone 

72 (90) EFW-C3 Dis tance,  end o f  f reshwater  growth t o  c i r c u l u s  3 
73 (91) EFW-C6 Dis tance,  end o f  f reshwater  growth t o  c i r c u l u s  6 
74 (92) EFW-C9 Dis tance,  end o f  f reshwater  growth t o  c i r c u l u s  9 
75 (93) EFW-C12 Dis tance,  end o f  f reshwater  growth t o  c i r c u l u s  12 
76 (94) EFW-C15 Dis tance,  end o f  f reshwater  growth t o  c i r c u l u s  15 



Tab le  1. ( p .  3 o f  3) 

Va r i  ab l  e Va r i  ab l  e 
Number Name Scale Zone 

F i r s t  Marine Annul us (cont inued)  

77 (95) C3-C6 Dis tance,  c i r c u l u s  3 t o  c i r c u l u s  6 
78 (96) C3 - C9 Dis tance,  c i r c u l u s  3 t o  c i r c u l u s  9 
79 (97) C3-C12 Dis tance,  c i r c u l u s  3 t o  c i r c u l u s  12 
80 (98) C3-C15 Dis tance,  c i r c u l u s  3 t o  c i r c u l u s  15 
8 1  (99) C6-C9 Dis tance,  c i r c u l u s  6 t o  c i r c u l u s  9 
82 (100) C6-C12 Dis tance,  c i r c u l u s  6 t o  c i r c u l u s  12 
83 (101) C6-C15 Dis tance,  c i r c u l u s  6 t o  c i r c u l u s  15 
84 (102) C9-C15 Dis tance,  c i r c u l u s  9 t o  c i r c u l u s  15 

I 
2 

0 
85 C(NC-6) - E l O Z  Dis tance,  c i r c u l u s  (number c i r c u l i  f i r s t  ocean minus 6) t o  end f i r s t  ocean 

I 8 6 C(NC-3)-E130Z Dis tance,  c i r c u l u s  (number c i r c u l  i f i r s t  ocean minus 3)  t o  end f i r s t  ocean 
8 7 C3-E1OZ Dis tance,  c i r c u l  us 3 t o  end o f  f i r s t  ocean 
88 C9-E1OZ Dis tance,  c i r c u l u s  9 t o  end o f  f i r s t  ocean 
89 C15-E1OZ Dis tance,  c i r c u l u s  15 t o  end o f  f i r s t  ocean 
90 t h r u  102 EFW-C3/SlOZ . . . Re1 a t i v e  widths,  ( v a r i a b l e s  72-84)/S10Z 

103 C(NC-6) -E130Z/SIOZ 
104 C(NC-3) -El30Z/SlOZ 
105 SlOZ/NClOZ Average i n t e r v a l  between c i r c u l i  i n  f i r s t  ocean 
106 NC 1ST 1/2 Number o f  c i r c u l  i i n  f i r s t  1/2 o f  f i r s t  ocean 
107 MAX DIST Maximum d i s tance  between 2 consecut ive c i r c u l i  i n  f i r s t  ocean 
108 MAX DIST/SlOZ Re1 a t i v e  w id th ,  ( v a r i a b l e  107)/S10Z 

Second Marine Annul us 

109 S20Z S ize  (w id th )  o f  second ocean zone 



Table 2. Numbers o f  sockeye salmon, t o t a l  sca le  samples, and age-1.3 sca les  d i g i t i z e d  from comnercial catches and escapements i n  upper Cook I n l e t ,  
Alaska, 1987-89. 

Locat ion  

Number To ta l  Tota l  Number Tota l  Tota l  Number Tota l  Tota l  
o f  Scale D i g i t i z e  o f  Scale D i g i t i z e  o f  Scale D i g i t i z e  

F ish  Samp l e Sample F ish  Sample Sample F ish  Sample Sample 

Commercial Catch 

Cent ra l  D i s t r i c t :  

D r i f t  f i she rya  5,631,691 8,513 1,500 4,103,472 7,800 1,200 b 

Upper S u b d i s t r i c t  3,495,802 2,426,416 4,543,066 
Cohoe/Ninilchik Beach 1 ,248,383 3,509 600 632,597 2,600 400 938,550 2,979 500 
Ka l i f onsky  Beach 1,326,159 2,400 400 910,628 3,000 500 1,796,976 3,000 500 
Salamatof Beach 921,260 1,200 200 883,191 1,200 200 1,807,540 2,320 400 

Western S u b d i s t r i c t  1 03,693 1,177 200 102,057 969 300 55,856 782 200 

Kustatan S u b d i s t r i c t  14,273 N S ~  6,999 NS 40,256 N S 

Ka lg in  I s l and  S u b d i s t r i c t  87,036 NS 33,747 N S 87,650 541 

Chin i  tna  Bay s u b d i s t r i c t d  3,089 NS 2,537 N S 3,069 N S 

Nor thern  D i s t r i c t :  

Eastern S u b d i s t r i c t  67,513 975 200 31,424 600 100 79,533 1,438 300 

General S u b d i s t r i c t  97,089 295 100 98,289 600 100 201,268 1,781 300 

Comerc ia l  Harvest T o t a l  9,500,186 18,069 3,200 6,804,941 16,769 2,800 5,010,698 12,841 2,200 

-Continued- 



Table 2. (p. 2 o f  2 )  

Locat i o n  

Number To ta l  To ta l  Number Tota l  To ta l  Number To ta l  To ta l  
o f  Scale D i g i t i z e  o f  Scale D i g i t i z e  o f  Scale D i g i t i z e  

F ish  Sample Sample F ish  Sample Sample F ish  Samp l e Sample 

Escapement 

Kenai R iver  1,596,870 867 442 1,021,469 1,799 765 1,598,042 2,721 1,107 

K a s i l o f  R iver  249,246 1,334 319 204,000 2,642 340 157,739 1,592 414 

Crescent R iver  120,218 194 0 57,716 867 0 70,532 881 0 

Packers Creek 35,401 1,357 0 15,481 1,459 0 22,304 887 0 

Susitna R iver  
~ a i n s t e m ~  

Larson Creek 

Yentna River  66,053 972 400 52,330 1,847 444 96,212 1,988 61 1 

Fish Creek 91,215 547 0 71,603 5 84 0 67,224 5 72 0 

Escapement To ta l  2,175,756 6,404 1,361 1,422,599 9,703 1,569 2,012,053 10,060 2,648 

Upper Cook I n l e t  Tota l  11,675,942 24,473 4,561 8,227,540 26,472 4,369 7,022,751 22,901 4,848 

" ~ a r v e s t  does not  inc lude Ch in i t na  Bay S u b d i s t r i c t .  
b ~ r i f t  f i s h e r y  was closed due t o  o i l  depos i ts  found i n  r i p  cu r ren ts  o f  t he  Cent ra l  D i s t r i c t .  
'NS - no t  sampled due t o  budget c o n s t r a i n t s  and r e l a t i v e  c o n t r i b u t i o n  t o  t o t a l  harvest.  
d A L l  gear types combined. 

R i ve r  m i l e  80. 
NM - no t  monitored. 
Spec ia l  sample taken on ty  one t ime du r i ng  year. 



Table 3 Estimated age composi t ion o f  sockeye salmon i n  the major commercial f i s h e r i e s  and escapements o f  upper cook I n l e t .  Alaska. i n  1987 

Aye Group 

Sample 
Locat i on  s i z e  0 . 2  1 . 1  0 . 3  1 . 2  2 . 1  0 . 4  1 . 3  2 . 2  3 .1  1 . 4  2 . 3  3 . 2  2 . 4  3 . 3  To ta l  

Commercial Harvest 

";:'if;a"'""'"" 7 . 6 7 5  # 596 32.170 459,681 4 . 5 4 8 . 1 1 0  195.724 4 . 1 7 1  391.240 
% .01  . 5 7  9 . 2 9  

5.631.691 
7 7 . 3 3  3 . 6 6  . 1 2  9 . 0 2  100.00 

salamatof Beach 1.089 # 1 , 6 7 6  
% . 1 8  

KallfOnSky Beach 2.214 # 

Cohoe/Nin i lch ik  3.198 # 866 
Beach % . 0 6  

western s u b d i s t r i c t  # 
1 , 0 3 6  % 

Northern D i s t r i c t :  
Eastern S u b d i s t r i c t  # 143 143 963 27.713 184 

849 % . 2 4  . 2 4  1 . 5 3  3 8 . 6 3  
23.363 8 .731 6 . 2 3 0  41 

35 
6 7 . 5 1 3  

36.04 1 3 . 4 3  9 . 4 2  .12  100.00 

General s u b d i s t r i c t  # 379 2 .276 19.721 379 
256 % 

39.063 13.274 
. 3 9  2 . 3 4  20.31 . 3 9  22.66 100.00 

21.997 
4 0 2 3  1 3 . 6 7  

97,089 

L 
commercial Harvest To ta l "  # 3.281 522 48.458 922.347 1 .009 7 .161.604 505.439 7  9  38  

% . 0 3  .OO .52 9 . 8 1  7 6 . 2 3  5 . 3 8  .07  7 . 9 5  .OO .OO 1%b7800 
6 . 3 3 1  746.682 

.Ol 
9 . 3 9  8C 

I 
2 

w %%F%ver 745 # 
2 . 1 4 3  203.628 2 . 1 4 3  1 .251.775 5 1 . 4 4 3  

. 1 3  1 2 . 7 5  
2 .143 8 3 . 5 9 5  

. 1 3  7 8 . 3 9  3 . 2 2  
1 . 5 9 6 . 8 7 0  

I 
. 1 3  5 . 2 3  100.00 

KaSilOf River  1.248 # 605 108,058 200 6 8 . 3 9 5  55.796 
. 2 4  4 3 . 3 5  . 0 8  

1 5 . 9 9 3  200 249.246 
27.44 22.39 6 . 4 2  . 0 8  100.00 

crescent  River 191 # 3.151 57.275 5.040 
% 2 . 6 2  4 7 . 6 5  4 . 1 9  

54.125 627 
4 5 . 0 3  

120.218 
. 5 2  100.00 

Packers Creek i  ,330 # 612 4 .578 1 , 2 2 4  21.427 80 
% 1 . 7 3  1 2 . 9 3  19.47 1 . 1 3  . 3 8  . 1 5  1 0 0 . 0 0  

6 . 8 9 4  399 133 53 
3 .46 6 0 . 5 3  . 2 3  

35.401 

Susi tna River 
Mainstem 

 arson creek 638 # 1 , 7 3 3  14.101 53 5 3  814 16.753 
1 0 . 3 4  84.17 .31 .31  4 . 8 6  100.00 

ventna RlVer 1 . 0 8 9  # 869 596 1 .607 15.405 33.445 5 . 6 9 9  689 7 .744 66.053 
% 1 . 3 2  . 9 0  2 . 4 3  23.31 50.64 8 . 6 3  1 . 0 4  1 1 . 7 3  100.00 

F I S ~  Creek 772 # 6 . 0 2 6  7 8 , 3 3 6  2.481 4 , 3 7 2  
6 . 6 1  8 5 . 8 8  2 . 7 2  4 . 7 9  100.00 

91.215 

Escapement To ta l  # 869 7 .227 3 . 7 5 0  410,923 4 .778 2 .143 1 .428.696 143.830 80 2 , 8 8 5  169.165 599 760 53 2 , 1 7 5 , 7 5 6 ~  
% . 0 4  . 3 3  .17  1 8 . 8 9  . 2 2  .10  6 5 . 6 6  6 . 6 1  .OO . 1 3  7  77 . 0 3  . 0 3  .OO 100.00 

upper cook I n l e t  To ta l  # 4.150 7 . 7 4 9  52.208 1 , 3 3 3 , 2 7 0  5 .787 2 .143 8 . 5 9 0 . 3 0 0  649,269 80 9 , 2 1 6  915.847 678 798 53 1 1 , 5 7 1 , 5 4 4 ~  
% .04  .07  . 4 5  11.52 . 0 5  .02  7 4 . 2 4  5 .61 .OO . 0 8  7 . 9 1  .OO .01 .OO 100.00 

Harvest does not  lnc lude Ch ln l t na  Bay s u b d ~ s t ~ ~ c t ,  
EKUStatan. K a l g l n  I s land  and Ch in i t na  Ba S u b d l s t r ~ c t s  were no t  sampled. These f i s h e r l e s  represented 1.1% o f  the t o t a l  ha rves t .  

sum o f  age group t o t a l s  may d i f f e r  s l i g z t l y  from the ac tua l  t o t a l  due t o  rounding e r r o r  



Table 4. Estimated age composi t ion o f  sockeye salmon i n  the  major commercial f i s h e r i e s  and escapements o f  upper cook I n l e t .  Alaska. i n  1988 

Age Croup 

Samp I e 
Locat i on  size 0.2 1.1 0.3 1.2 2.1 1.3 2.2 3.1 1.4 2.3 3.2 2.4 3.3 TOta l 

Salamatof Beach 1.022 # 
% 

Ka i i f onsky  Beach 2.629 # 
% 

Cohoe/Nin i lch ik  2.314 # 
Beach x 

Western S u b d i s t r i c t  823 # 
% 

Nor thern D i s t r i c t :  
Eastern S u b d i s t r i c t  x 60 121 15.531 242 

520 % 
7.070 6.527 

.19 .38 49.42 .77 
1.873 31.424 

22.50 20.77 5.96 100.00 

General s u b d i s t r i c t  # 
473 % 

1,039 29,092 45,092 6.650 623 15.793 
1.06 29.60 45.88 6.77 .63 16.07 100.00 

98.289 

L 
Commercial Harvest t o t a l V  # 4.550 1.133 19.574 783,912 3.037 4.45 

% .07 .02 
5 0,292 26,618 915.626 843 3.980 6,761 ,658O 

.29 11.59 .04 i89824 '8.14 .39 13 54 .01 .06 100 00 

ESCapement 
- r e m E f T v e  r 1.420 # 2.981 720 120.547 2.236 756,507 31.734 3.505 103.238 

.28 .07 11.62 .21 
1.021.469 

74.15 3.10 .35 10.21 100.00 

KaSilOf River 2.282 # 131 68.734 223 74,307 35.715 
% .06 

325 24.457 110 204. OOod 
33.69 .ll 36.43 17.51 .16 11.99 .05 100.00 

Crescent River 741 # 5.461 51 28,498 9,290 
% 10.39 .13 318 14,047 

5 1 57.716 
44.94 17.81 .54 26.05 . 13 100.00 

Packers creek 902 # 146 264 992 1.172 12.169 162 
% .78 1.55 5.10 

18 3,502 159 24 18.607 
6.87 63.64 .78 .10 20.18 .89 1 1  100.00 

Susi tna River  
Malnstem 

Larson creeke 413 # 
.24 82.81 7.75 8.23 .24 .73 100.00 

Yentna River  1.727 # 1.303 222 1.226 14.935 614 25.014 3.056 
70 2.72 .41 2.43 3353 1.74 

116 5.817 26 52.330 
41.92 6.54 .23 10.42 .06 100.00 

F ish  Creek 584 # 9,686 59.465 368 
% 13.53 83.05 5 1 1.37 1.54 100.00 

981 1.103 71.603 

Escapement To ta l  # 1.303 13.166 1.946 269.406 4.484 886,479 93.067 162 4.282 151,061 210 136 
% .09 .92 .14 18.90 31 62.18 6.53 .01 .30 10.60 .01 .01 .OO 100.00 

24 1.4~5.725~ 

upper cook I n l e t  To ta l  # 5.853 14.299 21.520 1,053,318 7.521 5,338,571 643,359 162 30,900 1,066,687 1.053 4.116 
% .07 .17 .26 12.87 .09 65.21 7.86 .OO .38 13.03 .01 .05 .OO 100.00 

24 8.187.383O 

Harvest does not  Inc lude c h l n l t n a  Bay S u b d l s t r l c t ,  
'Kustatan K a l g l n  I s land  and Ch ln l t na  Ba S u b d i s t r f c t s  were no t  sampled. These , f i she r ies  represented 0.6% o f  the t o t a l  ha rves t .  

sum o f  abe group t o t a l s  may d i f f e r  s l  i g z t l y  from the  a c t u a l  t o t a l  due t o  roundlng e! ror .  
$ T o t a l  escapement o f  204.000 f  l s h  represents the expanded count t o  account f o r  the d l f  ference between the sonar es t  lmate and spawncng ground survey est imate.  

Larson Creek was not moni tored t o  enumerate escapement. on l y  t o  c o l l e c t  a sample for  age composition. 



Table 5. Estimated age composi t ion o f  sockeye salmon i n  the major commercial f i s h e r i e s  and escapements o f  upper Cook l n l e t .  Alaska. i n  1989 

A Y C  UIVUI)  

sample 
~ o c a  t i on  s i z e  0.2 1.1 0.3 1.2 2.1 0.4 1.3 2.2 3.1 I .4 2.3 3.2 2.4 3.3 To ta l  

commerclal Harvest 

salamatof Beach 2.039 # 180.077 1,587 1,299,516 76,350 5.536 244.474 1.807.540 
10.99 10 71.31 4.17 .39 13.05 100.00 

Kal i fonsky Beach 2.686 # 1.069 423,403 1.069 1.189.339 56,283 7,739 118.074 1.796.976 
% .04 21.37 .04 68.43 3.54 .34 6.25 100 00 

Cohoe/Nin i lch ik  2.577 # 561 1,406 1.406 123.398 3.557 845 648.170 58.459 5,073 95,675 938.550 
Beach % .04 .08 .08 14.20 .19 .04 69.50 5.82 .43 9.62 100.00 

western s u b d i s t r i c t  # 85 4.264 45.026 597 256 5.628 55.856 
655 % .I5 7.63 80.61 1.07 .46 10.08 100.00 

Kal i n  I s land  454 196 1,543 196 19.695 1.157 31.274 17.179 196 14,865 1,349 87,650 
s u i j d i s t r i c t  % 22 1.76 .22 22.47 1.32 35.68 19.60 .22 16.96 1.54 1oo.oo 

Northern D i S t r I C t :  
 astern S u b d i s t r i c t  # 258 4.559 371 29.604 326 32.074 7.142 258 4,941 79.533 

1.159 % .26 4.23 .35 39.17 .43 41.67 8.02 .26 5.61 100.00 

~ e n e r a l  S u b d i s t r i c t  # 104 385 405 30.852 963 146.402 6.770 245 15.141 201.268 
1.389 % .14 .14 .14 16.05 .36 66.88 5.54 .14 10.58 100.00 

L 
Commercial Harvest To ta l "  # 2.188 7.978 2.378 811,293 8.659 845 3.391.801 222.780 19.303 498.798 1.349 4.967. 343' 

% .04 . 16 .05 16.33 .17 .02 68.28 4.49 .39 10.04 .03 100.00 

% F R % V e  r 2.275 # 655 1.966 2,055 145.962 8,364 1,199.495 68.215 16.078 154.596 655 1.598.042 
% .04 .13 .I3 9.05 .48 75.30 4.13 1.01 9.67 .04 100.00 

KaSilOf River 1.216 # 234 70.482 71.574 8.563 200 6.667 157.739 
.16 44.00 46.30 5.18 .16 4.19 100.00 

crescent  River 728 # 1.841 57.259 388 388 10,560 97 70.532 
2.61 81.18 .55 .55 14.97 14 100.00 

Packers Creek 733 # 3.094 8.498 2.092 971 4.667 30 2,258 634 30 31 22.304 
% 13.92 38.06 9.41 4.37 20.87 .14 10.10 2.86 .14 .14 100.00 

sus i tna  R i p r  
~ a l n s t e m  1.169 B 

.43 .17 28.66 65.95 3.25 1.54 100.00 

ventna River  1.362 # 154 1,128 210 25.831 176 61.669 2.750 439 3.855 96.212 
% .15 1.32 .22 27 17 .22 63.51 3.01 37 4.04 100.00 

F ish  Creek 493 # 136 4.500 41.862 1,909 13.636 3.409 1.773 67.224 
% .20 6.69 62.27 2.84 20.28 5.07 2.64 100 00 

Escapement r o t a !  # 945 10.922 2.265 294.476 12.541 1,404,604 87.992 30 17.125 179,709 634 782 31 2.012.053~ 
% .05 .54 . 1 1  14.64 62 69.81 4.37 00 85 8.93 04 .04 .OO 100.00 

upper Cook l n l e t  Tota l  # 3,133 18.900 4.643 1.105.769 21,200 845 4.796.405 310.772 30 36.428 678,507 1,983 782 31 6.979.426' 
% .05 .27 .07 15.84 .30 .02 68 72 4 45 .OO .52 9.72 03 .01 .OO 100.00 

NO a rves t  occurred due t o  0 1 1  deposl s tound I n  the r l p  cu r ren ts  o t  t he  c e n t r a l  D l s  r l c  . 
EKus ta tan  and Ch in l t na  Bay Subd is t r t c t :  were no t  sampled. These f i s h e r i e s  represente; 0 :% o f  the t o t a l  ha rves t .  

Sum o f  age group t o t a l s  may d l f f e r  slightly from the ac tua l  t o t a l  due t o  roundlng e r r o r .  



Table 6. Mean and standard e r r o r  of sca le  var iables  screened f o r  l i n e a r  
discriminant  analys is  of age-1.3 sockeye salmon sampled in the  Kenai 
and Other r i v e r  systems, upper Cook I n l e t ,  Alaska, in 1987. 

Kenaia Other" 

Number Vari abl e Mean S.E. Mean S.E. 

F i r s t  Freshwater Annulus 

N C l  FW 
SlFW 
CO-C2 
CO-C4 
CO-C6 
CO - C8 
C2-C4 

Plus Growth 

NCPG 
SPGZ 

Freshwater and Plus Growth 



Tab le  6. (p .  2 o f  2) 

Kenaia Otheru 

Number V a r i  a b l  e Mean S.E. Mean S.E. 

F i r s t  Mar ine  Annulus 

NClOZ 
SlOZ 
EFW-C3 
EFW-C6 
EFW-C9 
EFW-C12 
EFW-C15 
C3 - C6 
C3-C9 

Second Mar ine  Annul us 

109 S20Z 345.672 2.303 311.155 2.102 

a Kenai R i v e r  s c a l e  sample was 442. 
Other  R i v e r  s c a l e  sample o f  426 was we igh ted  p r o p o r t i o n a t e l y  t o  escapement and 
r e p r e s e n t e d  Yentna R i v e r  w i t h  85, Larson Creek w i t h  22, and K a s i l o f  R i v e r  w i t h  
319 s c a l e s .  



Table 7 .  Mean and standard e r r o r  of sca le  var iables  screened f o r  l i n e a r  
discriminant  analys is  of age-1.3 sockeye salmon sampled in the  Kenai 
and Other r i v e r  systems, upper Cook I n l e t ,  Alaska, in  1988. 

Kenaia Other" 

Number Vari able Mean S.E. Mean S.E. 

F i r s t  Freshwater Annulus 

Plus Growth 

6 1  NCPG 
6 2 SPGZ 

Freshwater and Plus Growth 



Table  7. (p .  2 o f  2)  

Kenaid Other" 

Number V a r i  a b l  e  Mean S.E. Mean S.E. 

F i r s t  Mar ine Annul us 

c3-ci2 
C3-C15 
C6 - C9 
C6-C12 
C6-C15 
C9-C15 

C9-E1OZ 
C15-E1OZ 
EFW-C3/SlOZ 
EFW-C6/SlOZ 
EFW-C9/SlOZ 
EFW-C12/SlOZ 
EFW-C15/SlOZ 
C3-C6/SlOZ 
C3-C9/SlOZ 
C3-C12/SlOZ 
C3-C15/SlOZ 
C6-C9/SlOZ 
C6-C12/SlOZ 
C6-C15/SlOZ 
C9-C15/SlOZ 
VAR 85/S10Z 
VAR 86/S10Z 
SlOZ/NClOZ 
NC 1ST 1/2 
MAX DIST 
VAR 107/S10Z 

Second Mar ine Annul us 

109 5202 368.495 1.785 

" Kenai R i v e r  s c a l e  sample was 765. 
b Other R i v e r  s c a l e  sample o f  430 was we igh ted  p r o p o r t i o n a t e l y  t o  escapement and 

r e p r e s e n t e d  Yentna R i v e r  w i t h  90 and K a s i l o f  R i v e r  w i t h  340 s c a l e s .  



Tab1 e 8. Mean and standard error of scale variables screened for 1 i near 
discriminant analysis of age-1.3 sockeye salmon sampled in the Kenai 
and Other  river systems, upper Cook Inlet, Alaska, in 1989. 

Kenaia Other" 

Number Vari abl e Mean S.E. Mean S.E. 

First Freshwater Annul us 

NClFW 
SlFW 
CO - C2 
CO - C4 
CO - C6 
CO - C8 
C2-C4 
C2-C6 
C2-C8 
C4-C6 

CO-C2/SlFW 
CO-C4/SlFW 
CO-C6/SlFW 
CO-C8/SlFW 
C2-C4/SlFW 
C2-C6/SlFW 
C2-C8/SlFW 
C4-C6/SlFW 
C4-C8/SlFW 
VAR 12/SlFW 
VAR 13/SlFW 
SlFW/NClFW 
NC 1ST 3/4 
MAX DIST 
VAR 29/SlFW 

Pl us Growth 

6 1 NCPG 
62 SPGZ 

Freshwater and Plus Growth 



Table 8. (p .  2 of 2) 

Kenai" OtherD 

Number Variable  Mean S.E. Mean S.E. 

F i r s t  Marine Annul us 

Second Marine Annul us 

109 S20Z 329.917 1.229 301.170 1.647 

" Kenai River s c a l e  sample was 1,107. 
Other  River s c a l e  sample of 600 was weighted p ropor t iona te ly  t o  escapement and 
represented  Yentna River with 113, Sus i tna  River mainstem ( r i v e r  mile  80) with 
114, and Kasi lof  River with 373 s c a l e s .  



Table 9.  I n i t i a l  c l a s s i f i c a t i o n  mat r ices  der ived from discr iminant  ana lyses  of 
s e l e c t e d  s c a l e  v a r i a b l e s  of age-1.3 sockeye salmon s c a l e  samples from 
t h e  Kenai and Other Rivers t h a t  maximized c l a s s i f i c a t i o n  of t h e  Kenai 
River component, upper Cook I n l e t ,  Alaska, 1987-89. 

Actual Group Sample 
Year of Origin S ize  C l a s s i f i c a t i o n  Matrix 

Kenai Other 

Kenai 

mean c l a s s i f i c a t i o n  accuracy 0.846 

Kenai Other 

1988" Kenai 765 0.954 0.046 

mean c l  a s s i  f i  c a t  i on accuracy 0.942 

Ken a i  Other 

Kenai 

mean c l  a s s i  f  i  c a t  i  on accuracy 0.809 

a 1987 two way model included va r i ab l e s  67, 109, 70, 5 ,  76, 62, and 93. 
Other included Yentna River with 85, Larson Creek with 22 and Kasi lof  River 
with 319 s c a l e s .  
1988 two way model included va r i ab l e s  67, 109, 70, 26, 14, 16, 1 ,  and 4 .  
Other  included Yentna River with 90 and Kasi lof  River with 340 s c a l e s .  
1989 two way model included va r i ab l e s  2,  1,  109 and 67. 
Other included Yentna River with 113, Sus i tna  River mainstem ( r i v e r  mile  80) 
with 114 and Kasi lof  River with 373 s c a l e s .  



Table 10. Estimates o f  s tock composition and s t a t i s t i c a l  p r e c i s i o n  (90% i n t e r v a l )  o f  100 resamples o f  
cormercial  catches us ing Monte Car lo  technique i n  con junct ion w i t h  l i n e a r  d i sc r im inan t  ana lys is  of 
age-1.3 sockeye salmon, upper Cook I n l e t ,  Alaska, i n  1987. 

Kenai o thera 

90% intervalb 90% I n t e r v a l  

Fishery  ate' M C A ~  Medianef Lower Upper Median Lower Upper 

Central  D i s t r i c t :  
D r i f t  6/24 0.844 0.049 0.005 0.082 0.951 0.918 0.995 

Cohoe/Nini lchik 6/26 0.844 0.000 0.000 0.000 1 .OOO 1.000 1 .OOO 
Set 

7/03 0.844 0.000 0.000 0.000 1.000 1 .OOO 1 .OOO 

Ka l i f onsky  Beach 7/06 0.844 0.261 0.209 0.308 0.739 0.692 0.791 
Set 

7/13" 0.844 0.464 0.399 0.512 0.536 0.488 0.601 



Table 10. (p. 2 of 2) 

Kena i othera 

90% intervalb 90% In te rva l  

Fishery OateC M C A ~  ~ e d i a n ~ ~  Lower Upper Median Lower Upper 

Central D i s t r i c t :  

Salamatof Beach 7/20 0.844 0.890 0.832 0.940 0.110 0.060 0.168 
Set 

7/27 0.844 1.000 0.954 1.000 0.000 0.000 0.046 

Western Subd is t r i c t  7/06 0.844 0.596 0.529 0.668 0.403 0.332 0.471 
Set 

7/31k 0.844 0.193 0.119 0.349 0.805 0.651 0.881 

Northern D i s t r i c t :  

Eastern Subd is t r i c t  7/20 0.844 0.148 0.099 0.201 0.851 0.799 0.901 
Set 

7/27 0.844 0.607 0.540 0.666 0.393 0.334 0.460 

General Subd is t r i c t  7/27 0.844 0.295 0.249 0.339 0.704 0.661 0.751 
Set 

=o ther  represents Yentna River, Larson Creek and Kas i lo f  River samples combined. 
b90% i n t e r v a l  - represents the lower and upper in te rva l  estimates o f  the mid 90% of  100 ordered model resul ts .  

Standard 12 h f i s h i n g  per iod i f  not otherwise noted. 
MCA - Mean c l a s s i f i c a t i o n  accuracy o f  the 50th model o f  100 ordered model resul ts .  

e ~ e d i a n  - r e s u l t  o f  the 50th model. Represents an adjusted estimate derived from the Cook and Lord (1978) 
procedure. 

*Est imate i s  less than zero o r  greater than one as a resu l t  o f  the Cook and Lord (1978) procedure and noted 
as 0 or  1, respect ively. 

:Restricted t o  the area south o f  the l a t i t u d e  o f  Redoubt Point.  
Restr ic ted t o  the area south o f  the southern t i p  o f  Kalgin Island. 

i Restr ic ted t o  the area south of mid Kal i fonsky Beach and w i th in  three miles. 
j Restr ic ted t o  the area east o f  a  Line from the East Foreland l i g h t  t o  Cape N in i l ch ik .  
24 h r  f i s h i n g  period. 
Restr ic ted t o  1/2 m i  from shore f o r  19 h and opened Upper Subdis t r ic t  f o r  5 h. 

m Restr ic ted t o  Upper Subd is t r i c t  nor th  of Clam Gulch access road f o r  12 h and opened Upper Subdis t r ic t  f o r  
12 h. 

n Restr ic ted t o  area south of Blanchard Line f o r  24 h. 
O ~ e s t r i c t e d  t o  area south of Blanchard Line f o r  7 h and opened Upper Subd is t r i c t  f o r  12 h 



Table 11. Estimates o f  s tock composition and s t a t i s t i c a l  p r e c i s i o n  (90% i n t e r v a l )  o f  100 resamples o f  
comnercial catches us ing Monte Carlo technique i n  con junct ion w i t h  Linear d i sc r im inan t  ana lys is  o f  
age-1.3 sockeye salmon, uper Cook I n l e t ,  Alaska,in 1988. 

Kena i otherd 

90% intervalb 90% I n t e r v a l  

F ishery  i ate' M C A ~  ~ e d i a n ~ ~  Lower Upper Median Lower Upper 

Central  D i s t r i c t :  
D r i f t  6/27 0.937 0.285 0.246 0.323 0.715 0.677 0.754 

7/01 0.937 0.456 0.436 0.473 0.544 0.527 0.564 

7/04 0.937 0.524 0.508 0.548 0.476 0.452 0.492 

Cohoe/Nini l c h i k  7/04 0.937 0.000 0.000 0.000 1 .OOO 1 .OOO 1 .OOO 
Set 

7/08 0.937 0.240 0.205 0.262 0.760 0.738 0.795 

Ka l i f onsky  Beach 7/08 0.937 0.708 0.686 0.735 0.291 0.265 0.314 
Set 

7/11 0.937 0.512 0.493 0.529 0.488 0.471 0.507 

Salamatof Beach 7/18j 0.937 1.000 0.984 1.000 0.000 0.000 0.016 
Set 

7/25j 0.937 1.000 0.985 1.000 0.000 0.000 0.015 



Table 1 1 .  (p. 2 of 2) 

Kenai other" 

90% intervalb 90% In te rva l  

Fishery  ate^ M C A ~  MedianehLower Upper Median Lower Upper 

Central D i s t r i c t :  

Western Subd is t r i c t  7/08l 0.937 0.700 0.674 0.737 0.298 0.263 0.326 
Set 

7/14' 0.937 0.721 0.699 0.760 0.279 0.240 0.301 

Northern D i s t r i c t :  

Eastern Subd is t r i c t  7/22 0.937 0.367 0.337 0.394 0.633 0.606 0.663 
Set 

General Subd is t r i c t  7/22 0.937 0.323 0.300 0.352 0.676 0.648 0.700 
Set 

a ~ t h e r  represents Yentna River and Kasi lo f  River samples combined. 
b90% i n t e r v a l  - represents the Lower and upper i n t e r v a l  estimates o f  the mid 90% of  100 ordered model resul ts .  
C ~ t a n d a r d  12 h f i s h i n g  period unless otherwise noted. 

MCA - Mean c l a s s i f i c a t i o n  accuracy of the 50th model o f  100 ordered model resul ts .  
e ~ e d i a n  - r e s u l t  o f  the 50th  model. Represents an adjusted estimate derived from the Cook and Lord (1978) 

procedure. 
*Res t r i c ted  t o  the area N i k i s k i  t o  N i n i l c h i k  w i t h i n  three miles f o r  a  minimum o f  12 h. 

Restr ic ted t o  the area N i k i s k i  t o  mid Kal i fonsky Beach w i t h i n  three miles f o r  a  minimum o f  12 h. 
hEstimate i s  less than zero o r  Sreater than one as a resu l t  o f  the Cook and Lord (1978) procedure and noted 

i 
as 0 or  1, respect ively. 
Upper Subd is t r i c t  - 19 h. 

j 24 hr f i s h i n g  period. 
k ~ p p e r  Subd is t r i c t  north of mid Kal i fonsky Beach - 12 h; Upper Subd is t r i c t  - 12 h. 
17 hr f i s h i n g  period. 



Table 12. Estimates o f  s tock composit ion and s t a t i s t i c a l  p rec i s ion  (90% i n t e r v a l )  o f  100 resamples o f  
comnercial catches us ing Monte Car lo  technique i n  con junct ion w i th  l i n e a r  d i sc r im inan t  ana lys is  o f  
age-1.3 sockeye salmon, upper Cook I n l e t ,  Alaska, i n  1989. 

Kena i othera 

90% intervalb 90% I n t e r v a l  

F ishery   ate^ M C A ~  ~ e d i a n ~ ~  Lower Upper Median Lower Upper 

Cent ra l  D i s t r i c t :  

Cohoe/Nini lchik 7/03 0.797 0.000 0.000 0.034 1 .OOO 0.966 1 .OOO 
Set 

7/10 0.797 0.347 0.297 0.445 0.648 0.555 0.703 

Ka l i f onsky  Beach 7/03 0.797 0.126 0.060 0.190 0.873 0.810 0.940 
Set 

7/07 0.797 0.076 0.014 0.204 0.923 0.796 0.986 

Salamatof Beach 
Set 

Western S u b d i s t r i c t  7/07 0.797 0.477 0.427 0.542 0.523 0.458 0.573 
Set 

7/14 0.797 0.438 0.398 0.504 0.561 0.496 0.602 

Northern D i s t r i c t :  

Eastern S u b d i s t r i c t  7/17 0.797 0.110 0.068 0.155 0.887 0.845 0.932 
Set 

7/2 1 0.797 0.064 0.021 0.106 0.936 0.894 0.979 

General S u b d i s t r i c t  7/17 0.797 0.566 0.533 0.602 0.434 0.398 0.467 
Set 

7/24 0.797 0.141 0.101 0.201 0.858 0.799 0.899 



Table 12. (p. 2 of 2)  

a ~ t h e r  represents Yentna River, Susitna River mainstem and Kasi lo f  River samples combined. 
b90% i n t e r v a l  - represents the Lower and upper in te rva l  estimates o f  the mid 90% o f  100 ordered model resul ts .  

Standard 12 h f i s h i n g  per iod i f  not  otherwise noted. 
MCA - Mean c l a s s i f i c a t i o n  accuracy o f  the 50th model o f  100 ordered model resul ts .  

eMedian - r e s u l t  of the 50th model. Represents an adjusted estimate derived from the Cook and Lord (1978) 
procedure. 
Estimate i s  less than zero or greater than one as a resu l t  o f  the Cook and Lord (1978) procedure and noted 
as 0 or 1, respect ively. 
24 h f i s h i n g  period. 

h ~ p p e r  Subd is t r i c t  - 19 h; Upper Subdis t r ic t  nor th  of mid Kal i fonsky Beach - 5 h .  
i Upper Subd is t r i c t  nor th  o f  mid Kal i fonsky Beach - 11 h; Upper Subd is t i r c t  - 13 h. 



Table 13. Mer is t i c  counts of adul t  sockeye salmon from the Yentna, Susitna, 
Kenai, and Kasi lo f  Rivers, upper Cook I n l e t ,  Alaska, i n  1989. 

F in  Ray Count 

Sample L e f t  Riclht Character 
Location s i ze  S t a t i s t i c  Dorsal ~ n a l ~  pectorala pectorala I ndexb 

Yentna 159 Mode 12 15 11 11 48 
Range 9-12 12-16 9- 13 9-13 43-53 

~ u s i  tnaC 158 Mode 10 13 11 12 47 
Range 8-12 10-15 10-13 9-15 38-50 

Kenai 412 Mode 11 15 12 12 5 0 
Range 9-15 8-16 9- 15 9-16 36-57 

Kasi lo f  617 Mode 11 14 11 11 46 
Range 9-13 10-16 9- 13 8-13 39-52 

a F in  rays were not counted i f  less than h a l f  the length o f  the longest rays. 
Character Index i s  the sum o f  dorsal, anal, and both pectoral f i n  ray counts. 
Susitna River sampled a t  r i v e r  m i le  80, the locat ion referred t o  as Sunshine Stat ion. 



F i g u r e  1 .  Map o f  uppe r  Cook I n l e t  a r e a  showing  l o c a t i o n s  o f  the N o r t h e r n  and  
C e n t r a l  D i s t r i c t s  a n d  t h e  p r i m a r y  sa lmon spawning  d r a i n a g e s .  
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Figure 2 .  Map of upper Cook I n l e t  area showing commercial f i sh ing  d i s t r i c t s  
and s u b d i s t r i c t s .  



Figure 3 .  Age-1.3 sockeye salmon sca le  showing the  freshwater and marine 
growth zones t h a t  a r e  measured t o  generate variables used to build 
l i nea r  discriminant functions. 
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Figure 4 .  Number of circul  i (upper) and incremental distance (lower) of 
the major growth zones of age-1-3 sockeye salmon scales  from 
the Kenai River, 1987-89. 
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Figure 5. Number of c i r c u l i  (upper) and incremental distance (lower) of 
the major growth zones of age-1.3 sockeye salmon scales  from 
the Other River, 1987-89. 
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Figure 6.  Kenai River stock composition of age-1 .3  sockeye salmon in 
the Central D i s t r i c t  d r i f t  g i l l  net f i shery  during 1987 
(upper) and 1988 (lower).  
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Figure 7 .  Dorsal f i n  ray frequency d i s t r ibu t ions  of age-1.2 (upper) and 
age-1.3 (lower) sockeye salmon fo r  the Yentna, Susitna,  Kenai, 
and Kasilof Rivers, upper Cook I n l e t ,  1989. 
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Figure 8. Anal f i n  ray frequency d i s t r ibu t ions  of age-1 .2 (upper) and 
age-1 - 3  (lower) sockeye salmon fo r  the Yentna, Susi tna ,  Kenai , 
and Kasilof Rivers, upper Cook I n l e t ,  1989. 



FIN RAY COUNT 

Figure  9. L e f t  p e c t o r a l  f i n  r a y  f requency  d i s t r i b u t i o n s  o f  age-1 -2 
( u p p e r )  and age-1.3 ( l o w e r )  sockeye salmon f o r  t h e  Yentna, 
S u s i t n a ,  Kenai, and Kas i lo f  R i v e r s ,  upper Cool I n l e t ,  1989. 
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Figure 10. Right pectoral  f i n  ray  frequency d i s t r i b u t i o n s  of age-1.2 
(upper )  and age-1 . 3  ( lower)  sockeye salmon f o r  t he  Yentna, 
Sus i tna ,  Kenai, and Kasilof Rivers ,  upper Cook I n l e t ,  1983. 
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Figure 11. Character index freauencv d i s t r i b u t i o n s  of aqe 1 . 2  ( u ~ ~ e r )  and 
age-1.3 (lower) sockeye salmon for  the Yentna, Susi tna ,  Kenai, 
and Kasilof Rivers, upper Cook I n l e t ,  1989. 
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